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Terms and Abbreviations 
Terms and Abbreviation
Acute: A sudden onset of symptoms or disease.
Albumin: Water-soluble proteins that are found in blood serum. 
Alkylating Agent: A chemotherapeutic agent such as melphalan or cyclophosphamide. Alkylating refers to the mechanism in which these agents cross-link to the DNA of myeloma cells and blocking cell division.
Amyloidosis: A condition in which myeloma light chains (Bence Jones proteins) are deposited in tissues and organs throughout the body. This occurs more commonly with lambda versus kappa Bence Jones proteins. In patients with amyloidosis, the light chain proteins bind to certain tissues such as heart, nerves and kidney rather than being excreted out of the body through the kidneys.
Analgesic: Any drug that relieves pain. Aspirin and Paracetamol are mild analgesics.
Anaemia: A decrease in the haemoglobin, usually below 10 g/dL with over 13-14 g/dL being normal. Myeloma cells in the bone marrow can block the red blood cell production, causing shortness of breath, weakness, and tiredness.
Angiogenesis: Blood vessel formation, which usually accompanies the growth of malignant tissue, including myeloma.
Angiogenesis inhibitors: Compounds that attempt to cut off the blood supply to tumours. 
Antibiotics: Drugs used to treat infection.
Antibody: A protein produced by certain white blood cells (for e.g. plasma cells) to fight infection and disease in the form of antigens such as bacteria, viruses, toxins, or tumours. Each antibody can bind only to a specific antigen. The purpose of this binding is to help destroy the antigen. 
Apoptosis: A normal cellular process involving a genetically programmed series of events leading to the death of a cell.
Asymptomatic myeloma: Myeloma that presents no signs or symptoms of disease, also called indolent, smouldering, or early myeloma.
Axial skeleton: The skull, spine, and pelvis region of the skeleton.
B cells: White blood cells that develop into plasma cells in the bone marrow and are the source of antibodies, also known as B lymphocytes.
Bence Jones: A myeloma monoclonal protein present in urine. The amount of Bence Jones protein is expressed in terms of grams per 24 hours. Normally a very small amount of protein (<0.1 g/24 h) can be present in the urine, but this is albumin rather than Bence Jones protein. The presence of any Bence Jones protein is abnormal.
Benign: Not cancerous; does not invade nearby tissue or spread to other parts of the body.
Biopsy: The removal of a sample of tissue for microscopic examination to aid in diagnosis.
Bisphosphonate: A type of drug that binds to the surface of bone where it is being resorbed (or destroyed) and protects against osteoclast activity.
CAT or CT [Computerized (Axial) Tomography scan]: A test using computerized X-rays to create three-dimensional images of organs and structures inside the body, used to detect small areas of bone damage or soft tissue involvement.
Cell differentiation: The process during which young, immature (unspecialized) cells take on individual characteristics and reach their mature (specialized) form and function.
Chemotherapy: The treatment of cancer with drugs that kill all rapidly-dividing cells.
Combination chemotherapy: The use of several different chemotherapeutic agents simultaneously in order to enhance their effectiveness.
Chronic: Persisting over a long period of time.
Clinical: Involving direct observation of a patient.
Clinical trial: A research study of new treatment that involves patients. Each study is designed to find better ways to prevent, detect, diagnose, or treat cancer and to answer scientific questions. 
• Control group – The arm of a randomized clinical trial that gets the standard treatment.
• End Point – What a clinical trial is trying to measure or find out; the goal of the trial. Typical end points include measurements of toxicity, response rate, and survival.
• Experimental group – The arm of a randomized trial that gets the new treatment.
• Randomized clinical trial – A research study in which subjects are randomly assigned to receive a particular treatment.
Creatinine: A small chemical compound normally excreted by the kidneys. If the kidneys are damaged, the serum level of creatinine builds up, resulting in an elevated serum creatinine. The serum creatinine test is used to measure kidney function.
Dexamethasone: A powerful corticosteroid given alone or with other drugs.
Disease-free survival: The length of time the patient survives without any detectable cancer.
Drug resistance: The result of cells’ ability to resist the effects of a specific drug.
Efficacy: The power to produce an effect; in cancer research ‘efficacy’ refers to whether the treatment is effective.
Electrophoresis: is the motion of charged particle relative to a fluid under the influence of a spatially uniform electric field.  For myeloma patients, electrophoresis of the blood or urine allows both the calculation of the amount of myeloma protein (M-protein) as well as the identification of the specific M-spike characteristic for each patient. Electrophoresis is used as a tool both for diagnosis and for monitoring
Erythropoietin: A hormone produced by the kidneys. Myeloma patients with damaged kidneys don’t produce enough erythropoietin and can become anaemic. Injections with synthetic erythropoietin can be helpful. Blood transfusion is another alternative, especially in an emergency. Synthetic erythropoietin is used as a supportive therapy during anti-myeloma treatment to avoid anaemia.
Free light chains in serum: Measurement of immunoglobulin free light chains in serum as an alternative to the analysis of Bence Jones proteins in urine. These tests are used as an aid in the diagnosis and monitoring of multiple myeloma and related disorders. There are two types of immunoglobulin light chain produced in humans, designated by the Greek letters kappa (κ) and lambda (λ).
Haematologic: Originating in the blood, or disseminated by the circulation or through the bloodstream.
Hypercalcemia: A higher-than-normal level of calcium in the blood. This condition can cause a number of symptoms, including loss of appetite, nausea, thirst, fatigue, muscle weakness, restlessness, and confusion. Hypercalcemia is common in myeloma patients and usually resulting from bone destruction with release of calcium into the blood stream. 
IgG, IgA myeloma: The two most common types of myeloma. The G and the A refer to the type of protein produced by the myeloma cells. The myeloma protein, which is an immunoglobulin, consists of two heavy chains, (for example of a G type) combined with two light chains, which are either kappa or lambda. Therefore, the two most common subtypes of myeloma have identical heavy chains (i.e. IgG kappa and IgG lambda). The terms heavy and light refer to the size or molecular weight of the protein, with the heavy chains being larger than the light chains. Since the light chains are smaller, they are more likely to leak out into the urine, resulting in urine Bence Jones protein. 
IgD, IgE myeloma: Two types of myeloma that occur less frequently.
IgM: Usually associated with Waldenstrom’s macroglobulemia. In rare cases can be a type of myeloma.
Immunodeficiency: A lowering of the body’s ability to fight off infection and disease.
Immunofixation: An immunologic test of the serum or urine used to identify proteins in the blood. For myeloma patients, it enables the doctor to identify the M-protein type (IgG, IgA, kappa, or lambda). The most sensitive routine immuno-staining technique, it identifies the exact heavy and light chain type of M-protein.
Immunoglobulin (Ig): A protein produced by plasma cells; an essential part of the body’s immune system. Immunoglobulin attaches to foreign substances (antigens) and assist in destroying them. The classes of immunoglobulins are IgA, IgG, IgM, IgD, and IgE.
Immunosuppression: Weakening of the immune system that causes a lowered ability to fight infection and disease. 
Immunotherapy: Treatment that stimulates the body’s natural defences to fight cancer. also called biological therapy.
Incidence: The number of new cases of a disease diagnosed each year.
Induction therapy: The initial treatment used in an effort to achieve remission in a newly diagnosed myeloma patient.
Informed consent: The process requiring a doctor to give patient enough information about a proposed procedure for the patient to make an informed decision about whether or not to undergo it. The doctor must, in addition to explaining all procedures, address the issues of risks, benefits, alternatives. 
 LDH: Lactate dehydrogenase, an enzyme that may be used to monitor myeloma activity. 
Leucopoenia: A low number of white blood cells.
Lymphocytes: White blood cells that fight infection and disease.
Lytic lesions: The damaged area of a bone that shows up as a dark spot on an X-ray when enough of the healthy bone in any one area is eaten away. Lytic lesions look like holes in the bone and are evidence that the bone is being weakened.
M proteins (M spike): Antibodies or parts of antibodies found in unusually large amounts in the blood or urine of multiple myeloma patients. M spike refers to the sharp pattern that occurs on protein electrophoresis when an M protein is present. This is synonymous with monoclonal and myeloma protein. 
Maintenance therapy: Drugs given to patients in remission to delay or prevent a relapse.
MGUS (Monoclonal Gammapathy of Undetermined Significance): A benign condition in which the M protein is present but there is no underlying disease.
Monoclonal: A clone or duplicate of a single cell. Myeloma develops from a single malignant plasma cell (monoclonal). The type of myeloma protein produced is also monoclonal; a single form rather than many forms (polyclonal). The important practical aspect of a monoclonal protein is that it shows up as a sharp spike (M spike) in the serum electrophoresis test.
MRI (Magnetic Resonance Imaging): A diagnostic test that uses magnetic energy, rather than X-ray energy, to produce detailed two- or three-dimensional images of organs and structures inside the body. Gives very fine resolution of soft tissues, especially encroachments on the spinal cord, but is less accurate for bone lesions.
MTD (Maximum Tolerated Dose): The highest dose of a treatment that most people can safely withstand.
Myelosuppression: A decrease in the production of red blood cells, platelets, and some white blood cells by the bone marrow.
Neutropenia: A reduced level of neutrophils. Cytotoxic chemotherapy has a tendency to induce neutropenia. In contrast, lymphocytes which are more important in viral infections, tend not to be affected by cytotoxic treatment. Neutropenia can be prevented or reduced using a synthetic hormone called G-CSF (e.g. Neupogen).
Osteoblast: The cell that produces osteoid, which becomes mineralized with calcium to form new hard bone.
Osteoclast: A cell found in the bone marrow at the junction between the bone marrow and the bone that resorbs or breaks down old bone. In myeloma, the osteoclasts are over-stimulated while osteoblast activity is blocked. The combination of accelerated bone resorption and blocked new bone formation results in lytic lesions.
Osteoporosis: Reduction in bone density typically associated with old age. Diffuse involvement of bones with myeloma produces what looks like osteoporosis on X-ray and bone density measurement.
Palliative treatment: Aimed to improve the quality of life by relieving pain and symptoms of disease but not intended to alter its course.
Pathological fracture: A break in a bone usually caused by cancer or some disease condition.  This is occurs in myeloma-weakened bones, which can’t bear normal weight or stress.
PET (Positron Emission Tomography) scan: A diagnostic test that uses a sophisticated camera and computer to produce images of the body. PET scans show the difference between healthy and abnormally functioning tissues.
Plasma cells: Special white blood cells that produce antibodies. The malignant cells in myeloma. Normal plasma cells produce antibodies to fight infection. In myeloma, malignant plasma cells produce large amounts of abnormal antibodies that lack the capability to fight infection. The abnormal antibodies are the monoclonal protein, or M protein. Plasma cells also produce other chemicals that can cause organ and tissue damage (i.e., anaemia, kidney damage, and nerve damage).
Plasmacytoma: A collection of plasma cells found in a single location rather than diffusely throughout the bone marrow, soft tissue, or bone.
Plasmapheresis: The process of removing certain proteins from the blood. Plasmapheresis can be used to remove high levels of monoclonal myeloma protein from the blood of multiple myeloma patients.
Progression-free survival: The time period during which the patient survives and the cancer does not become worse. The improved survival rate that can be directly attributed to the given treatment. This term identifies myeloma patients who are in complete remission versus those who have had an episode of relapse or progression.
Progressive disease: Disease that is becoming worse, as documented by tests.
Protocol: A detailed plan of treatment including the dose and schedule of any drugs used.
Precancerous: A term used to describe a condition that may, or is likely to become, cancer.
Radiation therapy: Treatment with x-rays, gamma rays, or electrons to damage or kill malignant cells. The radiation may come from outside the body (external radiation) or from radioactive materials placed directly in the tumour (implant radiation).
Relapse disease: The recurrence or relapse of a sign, symptom or disease after a remission. Relapse can  occur after several weeks or months of remission. 
Refractory: Disease that is unresponsive to standard treatments.
Relapse: The reappearance of signs and symptoms of a disease after a period remission.
Remission or response: Complete or partial disappearance of the signs and symptoms of cancer. Remission and response are used interchangeably.
• Complete Remission (CR) – CR is the absence of myeloma protein from the serum and/or urine by standard testing; absence of myeloma cells from the bone marrow and/ or other areas of myeloma involvement; clinical remission and improvement of other laboratory parameters to normal. CR is not the same thing as a cure.
. Very Good Partial Remission (VGPR) – VGPR is just less than CR, that is, when myeloma protein levels are reduced by ≥ 90%, but not gone.
Side effects: Problems that occur due to drugs used for disease treatment. Common side effects of cancer chemotherapy are fatigue, nausea, vomiting, decreased blood cell counts, hair loss, and mouth sores. 
Skeletal survey (metastatic survey): A series of plain X-rays of the skull, spine, ribs, pelvis, and long bones to look for lytic lesions and/or osteoporosis.
Stable disease: This describes patients who have some response to treatment but
<50% reduction in myeloma protein levels. Stable disease is not necessarily bad or sub-optimal (as compared with CR or PR) provided the myeloma has stabilized and is not progressing. With slow-moving myeloma, stabilization can last for many years.
Stage: The extent of a cancer in the body.
Staging: Doing exams and tests to learn the extent of the cancer in the body.
Supportive care: Treatment given to prevent, control, or relieve complications and side effects and to improve the patient’s comfort and quality of life.
TNF (Tumour Necrosis Factor): A type of biological response modifier that can improve the body’s natural response to disease.
Transfusion: The transfer of blood or blood products.
Transplantation: There are several different types of transplantation.
Bone marrow transplantation – This term refers to the process of collecting stem cells from the bone marrow and infusing them into a patient. This term is used less frequently today in myeloma as stem cells are now collected from the peripheral or circulating blood.
Peripheral blood stem cell transplantation: Doctors remove healthy stem cells from a patient’s circulating blood system (not from the bone marrow) and store them before the patient receives high-dose chemotherapy to destroy the cancer cells. The stem cells are then returned to the patient, where they can produce new blood cells to replace cells destroyed by the treatment.
. Allogeneic – The infusion of bone marrow or stem cells from one individual (donor) to another (recipient). A patient receives bone marrow or stem cells from a compatible, though not genetically identical, donor.
. Autologous – A procedure in which stem cells are removed from a patient’s blood and then are infused back to the patient following intensive chemotherapy treatment.
Tumour marker: A substance in blood or other body fluids that may suggest that a person has cancer.
Waldenstrom’s macroglobulinemia: A rare type of indolent lymphoma that affects plasma cells. Excessive amounts of IgM protein are produced. Not a type of myeloma.
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Abstract

Multiple Myeloma is a heterogeneous group of disorders of plasma cell proliferation both genotypically and phenotypically. Thalidomide is an effective treatment for multiple myeloma. However, some patients fail to respond to thalidomide treatment and identifying this cohort may provide better individualized treatment. Proteomic analysis was performed on serum samples collected prior to treatment from 39 newly-diagnosed multiple myeloma patients receiving thalidomide-based regimens (22 responders; 17 non-responders). Serum samples were initially immunodepleted to enrich for low-abundance proteins, followed by 2D-DIGE separation and subsequent mass spectrometry to identify differentially expressed protein spots. ELISA-based assays were used to validate the candidate protein biomarkers using unfractionated serum samples from 51 consecutive newly-diagnosed multiple myeloma patients (29 responders; 22 non-responders). Six serum proteins exhibited a statistically significant difference in abundance level between the thalidomide responders and non-responders. Vitamin D binding Precursor (VDB), Transthyretin (TYR), Zinc alpha 2-glycoprotein (ZAG), Serum Amyloid A protein (SAA), Beta-2-microglobulin (B2M), had higher abundance level with fold changes of 1.31 (p=0.00044), 1.32 (p=0.0077), 1.48 (p= 0.0000022),  3.01 (p=0.006) and 1.96 (p=0.0015) fold increase in non-responders compared to responders, respectively. In contrast Haptoglobin (Hp) had a lower abundance level in non-responders compared to responders with a fold change of 3.01 (p=0.0015).  Logistic Regression (LR) models were constructed and receiver operating characteristic (ROC) curve analyses carried out on all possible combinations of the differentially expressed proteins. Using logistic regression models, the best possible area under the curve (AUC) was 0.96 using ZAG, VDB and SAA in combination. A more stringent Leave-one-out-cross-validation (LOOCV) indicated an overall predictive accuracy of 84% with associated sensitivity and specificity values of 81.8% and 86.2% respectively. Subsequently 16 of 22 thalidomide-refractory patients successfully achieved complete response or very good partial response using second-line treatment suggesting that the biomarker profile is specific to thalidomide response rather than identifying multiple myeloma patients refractory to all therapies. Using this novel panel of predictive biomarkers, the feasibility of predicting response to thalidomide-based therapy in previously untreated MM has been demonstrated. This approach has the potential for individualizing therapy for patients presenting with newly diagnosed MM.  
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[bookmark: _Toc312169151][bookmark: _Toc312172078][bookmark: _Toc312257627]	Brief History 
Saturday, November 1, 1845:
Dear Dr Jones,
The tube contains urine of very high specific gravity. When boiled it becomes slightly opaque. On the addition of nitric acid, it effervesces, assumes a reddish hue, and becomes quite clear; but as it cools, assumes the consistence and appearance which you see. Heat liquefies it. What is it?
The above note marks one of the first described cases of multiple myeloma and was sent, along with a urine sample, by the consultant physician based in St Georges Hospital London, Dr William Macintyre to the well-known chemical pathologist, Dr Henry Bence Jones (Kyle and Rajkumar, 2008)

Mr Thomas Alexander Mc Bean, aged 45, a highly-respectable tradesman and a wealthy grocer in London, was on a holiday in September 1844, in the countryside. While vaulting out of an underground cavern, he had instantly felt as if something had snapped or given way within the chest, and for some minutes he lay in intense agony with severe pain and was unable to move. Mr. Mc Bean was treated by Dr. Thomas Watson. However he was mostly confined to his house by excruciating pain in his chest, back and loins. He was treated by the removal of a pint of blood and, subsequently, the application of leeches as a "maintenance therapy". This resulted in considerable weakness but alleviation of his pain. The pain then subsided for 6 months. Dr Thomas Watson also prescribed him steel and quinine, which resulted in rapid improvement of his symptoms. In September 1845, the pain recurred and subsequently worsened. 

In October 1845, Dr. Watson, sought a second opinion from one of his friends, Dr. William Macintyre, a 53-year-old, a consultant physician to the Western General Dispensary. Dr Macintyre personally examined a urine specimen from Mr. Mc Bean but found no evidence of sugar. He sent the above notes and urine samples to Dr. Henry Bence Jones, a 31-year-old physician, at St. George's Hospital, who already had an established reputation as a Chemical Pathologist.

Dr. Bence Jones calculated that the patient had a daily excretion equivalent to 67 gram of a protein. He also concluded that this protein is, specifically ‘hydrated deutoxide of albumin. Dr Jones emphasized its role in the diagnosis of myeloma. He said, “I need hardly remark on the importance of seeking for this oxide of albumen in other cases of mollities osseum” (softening of the bone). Meanwhile, Mr Mc Bean’s pain worsened and despite a variety of therapies, he died on January 1, 1846. At autopsy, the sternum, cervical, thoracic and lumbar vertebrae were soft, fragile and easily breakable and could be cut with a knife. This abnormal softness of the bones was named ‘mollities ossium’. Histological examination of the affected bones was made by John Dalrymple, surgeon in the Royal Ophthalmic Hospital and a member of the Microscopical Society. He described great numbers of nucleated cells, of variable size and shape, and often larger than an erythrocyte.

These descriptions, though incomplete, are consistent with malignant plasma cells. He also noticed the high degree of vascularity in the diseased bone. All three physicians Dalrymple, Bence Jones and Macintyre believed this disorder to be a malignant bone disease. With the following statement Dr Bence Jones emphasized the role of ‘albumenosuria’ in the diagnosis of multiple myeloma: ‘This substance must again be looked for in acute cases of mollities ossium’. Hereby the first monoclonal protein, and the first tumour bio marker, the ‘Bence Jones protein’ had been described. 

From ‘mollities ossium’ to multiple myeloma:  Two years before the death of Mc Bean, another possible description of multiple myeloma was given in 1884 by Solly as ‘mollities ossium’. The patient he described was a 39-year-old woman who died four years after an illness that caused progressive bone pains, kyphoscoliosis and eventually spontaneous fractures of clavicles, the right arm and both thighs. Her appetite was failing despite an allowance of wine, arrow-root, a mutton chop, a pint of porter and an infusion of orange peel, a rhubarb pill and an opiate at night. On autopsy multiple fractures were present with fragile bones with ‘an unnatural degree of vascularity’. Microscopic examination revealed numerous oval cells with one, rarely two, bright central nuclei. 

Another famous case of multiple myeloma was described in 1889 by Dr Otto Kahler. A 46-year-old physician named Dr Loos suffered from severe pains in the ribs, spine, left shoulder and right clavicle. Albuminuria was first noted after two years, after which anaemia, severe kyphosis (backward curvature of the thoracic spine or humpback),   recurrent bronchial infections and loss of height occurred. On autopsy masses containing large round cells in ribs and thoracic vertebrae were seen. Kahler recognized that the urinary protein had the same characteristics as those described by Bence Jones and the urine was described in detail by Huppert. In 1900 Wright was the first to identify the plasma cells as tumour cells. 

The term ‘Multiple Myeloma’ was introduced by a Russian doctor, Von Rustizky in 1873. During an autopsy, he found eight separate tumours of the bone marrow, which he designated as ‘Multiple Myelomas’. The name multiple myeloma (MM) stuck until today, though this disease is still occasionally referred to as ‘Kahler’s disease’ in The Netherlands and ‘Rustizky’s disease’ in Russia. Aside from diagnostic advances in serum protein examinations clinical diagnosis of multiple myeloma was greatly enhanced by utilizing X-rays and bone marrow examination. No effective treatment was found until 1947 when urethane was discovered and followed 15 years later by melphalan, which remained the corner stone of multiple myeloma therapy up until a decade ago.

In 1956, Dr. Korngold  (Korngold and Lipari, 1956) demonstrated a relationship between Bence Jones protein and the serum proteins of multiple myeloma. The designation of the two major classes of Bence Jones protein as Kappa and Lambda is a tribute to Korngold and Lipari.

In 1962, one hundred and seventeen years after the description of the unique heat-related properties of Bence Jones protein, Dr. Edelman (Edelman and Gally, 1962) demonstrated that the light chains prepared from a serum IgG myeloma protein and the Bence Jones protein from the same patient's urine were identical. 

In 1984 Dr Barlogie (Barlogie et al., 1984) introduced combination chemotherapy treatment for MM called VAD (vincristine, adriamycin and dexamethasone). Between, 1986-1996, a large numbers of randomised clinical trials evaluating high dose chemotherapy therapy with autologous bone marrow or peripheral stem cell rescue by various investigators showed a higher response rate. 
In 1999 thalidomide was shown to be an effective anti-myeloma therapy in patients with relapsing and refractory disease. 

Between the years 2000-2005 for the first time, there were several promising new approaches for myeloma therapy. New clinical trials include thalidomide and its analogue lenalidomide and proteasome inhibitors, bortezomib. In 2005, the International Staging System (ISS) developed by the International Myeloma Working Group of the International Myeloma Foundation (IMF) was published (Greipp et al., 2005). 

In January 2008 thalidomide was approved by the European Medicines Agency (EMEA) as part of the “MPT” regimen (melphalan, prednisone and thalidomide) and proteasome inhibitor velcade was approved by the Food and Drug Administration (FDA) in United States as a combination therapy ‘VMP’ regimen (velcade, melphalan and prednisolone) for the frontline therapy in newly diagnosed myeloma patients (Harousseau, 2008, Palumbo et al., 2008a). 
New agents in development include: heat shock protein-90 inhibitors such as tanespimycin, new second generation of proteasome inhibitor inhibitors such as carfilzomib. All these new agents are showing promising results in early clinical trials (Figure 1-1).
[image: ]
[bookmark: _Toc304195958]Figure 1‑1 shows the timeline depicting the history and treatment of multiple myeloma from 1844 to the present day, Since then diagnosis of Multiple Myeloma has essentially become a routine procedure in clinical laboratory and especially in clinical chemistry.  (Kyle and Rajkumar, 2008).
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MM is part of a spectrum of diseases that involves the neoplastic proliferation of monoclonal plasma cells.  It is characterized by a clonal proliferation of immunoglobulin producing B cells (Figure 1-2) and induces a plethora of clinical problems.    

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]There is a decline in bone marrow and immune function, progressive damage to the skeleton in the form of osteolytic lesions and potentially, significant hypercalcemia, and renal impairment (Fonseca et al., 2009). These have an enormous clinical impact on the patients as the disease progresses. Early diagnosis and treatment is vital to delay the onset of complications and preserve quality of life. 

There are several types of plasma cell neoplasms including following: amyloidosis, solitary plasmacytoma and the aggressive plasma cell leukaemia as well as monoclonal gammapathy of undetermined significance (MGUS), a benign condition. Because of the high prevalence of MGUS (up to 3% in those over 70 years old) and the frequent use of serum protein electrophoresis as a screening test, most patients presenting with a mono-clonal protein in the serum will have MGUS rather than MM. Criteria for distinguishing these conditions are discussed later in this chapter (Mollee, 2009, Vogt and Marti, 2007).


[image: ]

[bookmark: _Toc304195959]Figure 1‑2 MM is a plasma cell disorder characterized by neoplastic proliferation of single clone of plasma cell that usually produce an immunoglobulin. 
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	Epidemiology and incidence 
Multiple myeloma accounts for 1.3 percent of all cases of cancer per year in males and 1.2 per cent in females and about 10-15 % of all haematological malignancies in adult population and cause of 20% death from haematological malignancies (Kyle and Rajkumar, 2007, Caers et al., 2008).
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[bookmark: _Toc304195960]Figure 1‑3 Multiple myeloma is responsible for 10-20% of hematologic malignancies (adapted from: Annals of Oncology, chapter 1, epidemiology of haematological malignancies).
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The annual incidence of MM in the EU and Scandinavian countries is approximately 50 per million (www.myeloma-euronet.org). There were approximately 20000 new Multiple Myeloma cases in the EU in 2007, including 11000 men and 9000 women. In the UK and Ireland, the highest incidence rates in males were in Northern Ireland and Ireland where the rates were 15-20 per cent higher than the average for males. The overall annual incidence of newly diagnosed multiple myeloma in the UK and Ireland, in male patients is 1,800 cases and 1,700 cases in females. In 2008 MM accounted for 1.3 per cent of all cases of cancer per year in males and 1.2 per cent in females. Overall, the age-standardised incidence rates were 5.5 and 3.7 per 100,000 in males and females, respectively and male-to-female ratio of 1.5 to 1 (Figure 1-4).
[image: ]Rate per 100,000

[bookmark: _Toc304195961][bookmark: _Toc260495730][bookmark: _Toc260927155]Figure 1‑4  Multiple Myeloma: incidence by sex, country, and region. Highest incidence rates were noted in males leaving in Northern Ireland and Republic of Ireland (Adopted from website of cancer research UK, chapter: cancer statistics).
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The mean age of affected individuals was 62 years for men (75% older than 70 years) and 61 years for women (79% older than 70 years). Approximately 15% of patients are age <60 years and a further 15% are age between 60 and 65 years. Fewer than 2% of myeloma patients are under 40 years old at diagnosis (Figure 1-5). This also has implications for the ageing population eligible for specific types of treatment, such as high-dose therapy (HDT) and stem cell transplantation. In 2008, approximately 3500 patients in UK and Ireland died of MM related complications (Table 1-1). 
Multiple Myeloma has a higher incidence in Afro-Caribbean ethnic groups compared with Caucasians; little else is known specifically about its epidemiology.  Most cases present de novo; a minority evolve from Monoclonal Gammapathy of Undetermined Significance (MGUS).
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[bookmark: _Toc304195962]Figure 1‑5  Multiple Myeloma: numbers of new cases and incidence rates, by patients age and sex. Overall, 75% of patients were older than 70 years and less than 2% of patients were under 40 years old (Adopted from website of cancer research UK, chapter: cancer statistics).
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[bookmark: _Toc260496030][bookmark: _Toc260500423][bookmark: _Toc261098449]Patients may present with the bony pain, pathological bone fractures, generalized weakness, anaemia, infections (such as pneumococcal), hypercalcemia, spinal cord compression and renal failure. Increasingly, physicians are identifying asymptomatic patients through routine blood screening. Typically, a large gap between the total protein and the albumin levels observed on an automated serum chemistry panel suggests presence of an abnormal protein. Symptomatic patients with suspected MM require urgent specialist referral (Kumar et al., 2009, Ozaki, 2009, Rajkumar and Buadi, 2007). 

[bookmark: _Toc305759095]	


 Symptoms of bone disease
This is the most common presenting symptom in multiple myeloma. Most clinical studies report that up to 70% of patients have bone pain and few may present with the pathological fractures at clinical presentation. Despite more than 90% of patients having more than one site of bony involvement; the unexplained backache at lumbar spine is one of the most common sites of pain. There are various mechanisms involved, both myeloma cells and increased of osteoclastic activities are present at the sites of bone destruction. Many clinical studies have shown that the myeloma cells produce ‘osteoclast activating factors’ (OAFs).  This factor is involved in producing increased numbers and activity of osteoclasts. Most recently a substance called RANK ligand (RANKL) has also been identified as a critical mediator of osteoclast activation (Hou, 2009, Ozaki, 2009, Nagura, 2007). 


[bookmark: _Toc305759096]		Cytopenias
Typically MM are associated with the normochromic normocytic anaemia and less frequently leucopoenia and thrombocytopenia. Anaemia is a characteristic feature of MM, it can be quite severe and is the most common cause of generalised weakness in MM patients. Although simple physical displacement of bone marrow red blood cell precursors is undoubtedly a factor, the specific inhibition of red cell production by micro-environmental cytokine and adhesion molecule effects is a more functional explanation. TNF-alpha has been identified as one important inhibitor of erythropoiesis; active myeloma, however, results in a complex interplay of factors that can cause not only the anaemia, but also neutropenia, and sometimes either increased or decreased platelet counts. Improvement in anaemia occurs with successful MM treatment and can also be enhanced by use of recombinant erythropoietin therapy (Ozaki, 2009). 
[bookmark: _Toc305759097]		Hypercalcemia   
Hypercalcemia may be present in as many as 30% of MM patients at presentation. It is most common in patients with higher tumour volume, irrespective of serum parathyroid hormone-related protein (PTHrP) status. The reasons for this are still unclear but they may be related to the amount of bone-resorbing activity produced by myeloma cells as well as renal function. These myeloma patients may have irreversible impairment in renal function, which can lead to increased renal tubular calcium reabsorption. The capacity of the kidneys to clear excess calcium load from the circulation effectively is overwhelmed, resulting in high serum calcium levels. 

Presenting symptoms of hypercalcemia are confusion, somnolence, bone pain, constipation, nausea, and thirst. In most solid malignancies, hypercalcemia carries an ominous prognosis, but in MM its occurrence does not adversely affect survival (Santarpia et al. 2010). 
[bookmark: _Toc305759098]		Impaired kidney function 
The kidney function is abnormal at diagnosis in about half of MM patients. The excess of monoclonal immunoglobulin and high serum calcium levels associated with MM can damage the kidneys. Occasionally, kidney failure is the first sign of MM. Acute renal insufficiency in MM patients can also occur secondary to dehydration associated with hypercalcemia, side effects of medications (NSAIDs) or tumour lysis syndrome and occasionally cast nephropathy and amyloidosis.  However, the most common cause  are considered to be specifically related to monoclonal immunoglobulin light chains  deposition disease (Hiromura and Nojima, 2007). Reversal of renal function can be achieved with chemotherapy and other anti-myeloma novel agents (Pineda-Roman and Tricot, 2007, Hiromura and Nojima, 2007).
[bookmark: _Toc305759099]		Recurrent or persistent bacterial infection
The predisposition to infections is one of most characteristic feature of MM patients. The mechanisms responsible for infection susceptibility are variable. The presence of active myeloma in the bone marrow results in impairment of normal immune function, by reducing normal antibody production (hypogammaglobulinemia), impaired lymphocyte function, activated but aberrant macrophage function and leucopoenia. The abnormal immunity and leucopoenia may lead to a severe infection. The Pneumococcal organisms are most commonly involved, but shingles (herpes zoster), Haemophilus infections and Meningitis (especially that resulting from pneumococcal or meningococcal infection) are also common (Hou, 2009).

[bookmark: _Toc305759100]		Neurologic findings 
Symptomatic neuropathy is reported in up to 50% of MM patients. Nerve tissue is often affected in MM patients either by the direct antibody effects of myeloma proteins against nerves (e.g. myelin sheaths) or deposition of amyloid fibrils on nerves, thus impairing function. Patients may present with peripheral neuropathies, a sensory level change, weakness, and carpal tunnel syndrome. Because of the susceptibility to infection, viral infections of nerve tissue are quite common, most particularly varicella zoster (shingles) and Bell’s palsy (partial facial paralysis). (Dispenzieri and Kyle, 2005, Decaux et al., 2009).


[bookmark: _Toc305759101]		Hyperviscosity 
The presence of excessive monoclonal immunoglobulin can increase plasma viscosity     and is the most common cause of hyperviscosity syndrome. Monoclonal hypergammaglobulinemia resulting in hyperviscosity syndrome is seen in multiple myeloma and Waldenstrom’s macroglobulinemia (WM). The reasons for elevated viscosity are increased protein content and large molecular size, abnormal polymerization, and abnormal shape of immunoglobulin molecules. Symptomatic hyperviscosity is much more common in WM (10 to 30%) than it is in MM (2 to 6%). Patients may present with headaches, somnolence, easy bruising, epistaxis and hazy vision. Occasionally patients present with complication such as stroke, myocardial ischemia, or infarction. These symptoms are more common when the serum viscosity is greater than 4 times that of normal serum. 
Amyloidosis may develop in some patients with MM. The characteristic physical examination findings are related to malfunction or failure of organs or structures infiltrated by amyloid deposits. Sign and Symptom of amyloidosis include, enlarged tongue (Macroglossia), bilateral swelling of the shoulder joints (shoulder pad sign), purpuric skin rash and subcutaneous nodules (Tanasilovic et al., 2007).

[bookmark: _Toc260495780][bookmark: _Toc260496031][bookmark: _Toc260500424][bookmark: _Toc261098450][bookmark: _Toc305759102]   		Testing required for confirmation of MM at diagnosis
The diagnosis of MM is based on the presence of characteristic signs and symptoms and the results of special tests on the blood and bone marrow. Several tests are used to determine the presence and severity of MM. Most of these recommended tests are well established and widely accepted, such as following:

		Investigations
Full blood count (FBC) and peripheral blood smear review, Serum chemistry panel including calcium and creatinine are essential first line blood investigations. As the bone is resorbed the lytic lesions are formed and calcium is a by-product that may lead to increased blood levels. Creatinine is a good general indicator of kidney’s function and whether or not patients’ kidneys are being affected by the MM. 
Serum protein electrophoresis with immunofixation and quantitation of immunoglobulins is also elevated. Hence, it is possible to monitor progress or response to treatment by the measurement of total protein. Immunofixation is used to determine which of the immunoglobulin’s (IgG, IgA, IgM, IgE) is involved (Caers et al., 2008, Kyle and Rajkumar, 2008). 

Urine analysis: 24-hour urine collection for electrophoresis and Immunofixation and quantification of Bence Jones Protein (free immunoglobulin light-chains) in urine.  Normally light-chains are produced in excess of heavy chains; therefore free light-chains are normally present in a small amount in urine.  Not all monoclonal free light-chains exhibit Bence-Jones behavior, but all are abnormal.  Urine immunofixation is one of the standard tests for detecting free monoclonal light chains. Since Bence-Jones proteins are relatively small, they can be filtered by the glomerulus of the nephron. Hence when urine protein is elevated, it may be suggestive of diagnosis of MM (Sirohi et al., 2001).

B2 Macroglobulin (B2M): High levels occur in patients with active myeloma. Low or normal levels occur in patients with early myeloma and/or inactive disease. Approximately 10% of patients with myeloma do not produce B2M. At the time of relapse, B2M can increase before there is any change in the myeloma protein level. However other factors such as viral infection can also sometimes produce elevated serum B2M levels. B2M is one of the important independent prognostic factors in MM (Rossi et al., Stella-Holowiecka et al., 2007). 

The International Staging System (ISS) was developed using only the values of albumin and B2M. The ISS is a simple and effective grouping method for patients with MM that predicts survival (Conte et al., 2008). Serum Free Light Chain assay (sFLC assay): is a new immunodiagnostic assay system permitting, for the first time, the accurate and rapid quantification of free kappa and free lambda light-chain concentrations in serum. Between 1-3% of MM cases are non-secretory. In these patients serum protein electrophoresis and immunofixation are negative in both serum and urine samples. sFLC assay can be used as a screening test to measure the free kappa and free lambda levels, their ratio is clinically used to monitor the response to therapy (Kawaguchi and Nosaka, 2009, Dispenzieri et al., 2009). Measurement of sFLC at diagnosis of MM can be an important predictor of prognosis, and can be incorporated into the ISS for improved risk stratification (Snozek et al., 2008, Choi et al., 2007).

		Bone marrow aspirate and trephine biopsy
In most individuals with MM, a bone marrow aspiration and biopsy (usually taken from the hip bone) shows that plasma cells comprise an abnormally high percentage of bone marrow cells (more than 10 percent) (Subramanian et al., 2009). 

Baseline Cytogenetic: Numerous correlations exist between chromosome abnormalities and prognosis or different patterns of disease. Chromosome 13 deletion is widely recognized as a poor prognostic factor. However, there is no consensus as to whether or not cytogenetic testing is a mandatory baseline procedure. This is because standardized bone marrow cytogenetic testing is not universally available. However, in clinical practice, availability of cytogenetic information is helpful to guide potential treatment selection and future clinical trial eligibility.


		Radiological tests
[bookmark: _GoBack]1.1.2.4.8.3.1		Skeletal Survey
 In the majority of MM centres, the skeletal survey remains the standard method for radiological screening at diagnosis; there is a clear association between the extent of disease (in terms of the number of lytic lesions at presentation) and tumour load at diagnosis. Plain x-rays are universally available, allows large areas of the skeleton to be visualised and may also identify long bones at risk of impending fracture. Almost 80% of patients with myeloma will have radiological evidence of skeletal involvement on the skeletal survey, most commonly affecting the following sites: vertebrae in 66% of patients, ribs in 45%, skull in 40%, shoulder in 40%, pelvis in 30% and long bones in 25% (Durie and Salmon, 1975, Hokamp and Grundmann, 1983).	
1.1.2.4.8.3.2		FDG (fluorine-18-fluorodeoxyglucose)-PET (Positron Emission Tomography) / CT scan
This scan was first used for MM in the late 1990s. The FDG scan identifies "hot spots", that is, areas of active tumour activity (in our case active myeloma activity). It can actually indicate the level of disease activity, not just a reading of the damage that has occurred. This scan can also clarify prognostic and diagnostic category (e.g., demonstration of extra-medullary plasmacytoma). 

Therefore PET scan is also recommended for staging, restaging, and/or serial monitoring of MM patients. It has higher sensitivity than plain radiographs at detecting small lytic lesions, solitary plasmacytoma and can also accurately detect the presence and extent of associated soft tissue disease. It frequently clarifies the significance of suspicious areas on plain films, symptomatic areas that do not show abnormalities on plain films or parts of the skeleton that cannot be accurately visualised by plain radiography, e.g. scapulae, ribs and sternum (Caers et al., 2008) . 

1.1.2.4.8.3.3		Whole-body MRI
Has a higher sensitivity and specificity comparing with PET / CT and Skeletal Survey. The positive predictive value of whole-body MRI in the assessment of active disease is high at 88%. When used in combination and with concordant findings, PET / CT and whole-body MRI is found to have a specificity and positive predictive value of 100%, which may be of value to clinicians assessing the effectiveness of aggressive and expensive treatment regimens (Gleeson et al., 2009, Shortt et al., 2009). In addition Diffuse marrow replacement on Whole body MRI adds to the evaluation of MM patients and their management (Moulopoulos et al., 2005).

[bookmark: _Toc260495781][bookmark: _Toc260496032][bookmark: _Toc260500425][bookmark: _Toc261098451]

[bookmark: _Toc305759103]		Criteria for diagnosis of MM requires the following
A bone marrow aspirate or biopsy showing that at least 10 percent of the cells are plasma cells or the presence of a biopsy-proven plasma cell tumour (called a plasmacytoma). Monoclonal protein present in the serum and/or urine (If no monoclonal protein is detected that is non-secretary disease, then > 30% monoclonal bone marrow plasma cells and/or a biopsy-proven plasmacytoma required) 
In addition one or more of the following Myeloma-related organ dysfunction are required: [C] Calcium elevation in the blood, [R] Renal insufficiency, [A] Anaemia, [B] Lytic bone lesions or osteoporosis, (CRAB) (Kumar et al., 2009, Durie et al., 2003, Kyle and Rajkumar, 2009a). 
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[bookmark: _Toc307067598][bookmark: _Toc312169157][bookmark: _Toc312172084][bookmark: _Toc312257633]	Staging of Multiple Myeloma
[bookmark: _Toc305759105][bookmark: _Toc306570534][bookmark: _Toc307067599][bookmark: _Toc312169158][bookmark: _Toc312172085][bookmark: _Toc312257634]	The International Staging System (ISS)
This system divides MM cases into 3 stages based on the serum B2M and serum albumin levels (Caers et al., 2008, Yun et al., 2006). Stage I: Serum B2M is less than 3.5 (mg/L) and the albumin level is 3.5 (g/dL) or higher. Stage II: Neither stage I or III, meaning that either: the B2M level is between 3.5 and 5.5 (g/dL) with any albumin level or the albumin is below 3.5 (g/dL) while the B2M is less than 3.5 (g/dL). Stage III: Serum B2M is greater than 5.5 (g/dL) (Greipp et al., 2005, Kim et al., 2006).

[bookmark: _Toc305759106][bookmark: _Toc306570535][bookmark: _Toc307067600][bookmark: _Toc312169159][bookmark: _Toc312172086][bookmark: _Toc312257635]	Durie-Salmon Staging System
This system also divides MM cases into 3 stages (stage I, II, or III), Based on four measurements (Ong et al., 1995, Caers et al., 2008): levels of mono clonal protein, the number of lytic bone lesions, haemoglobin values, serum calcium levels, In addition, stages are further divided according to renal function. ‘A’ when the Renal Function is normal and ‘B’, when the renal function is abnormal.The Durie-Salmon staging system has proven to be an effective and informative prognostic tool, but the complexity of the criteria made its implementation more difficult (Durie and Salmon, 1975) (Table 1-1).
[image: http://imaging.ubmmedica.com/cancernetwork/cmhb11/11_31_Tab_3.gif]
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Table 1‑1  Durie-Salmon staging system, taking into account a combination of clinical factors: amount of M-protein, serum haemoglobin level, serum calcium level, number of lytic bone lesions, and renal function (adopted from Cancer-Network website).



[bookmark: _Toc260495784][bookmark: _Toc260496035][bookmark: _Toc260500428][bookmark: _Toc261098454][bookmark: _Toc305759107][bookmark: _Toc306570536][bookmark: _Toc307067601][bookmark: _Toc312169160][bookmark: _Toc312172087][bookmark: _Toc312257636]	Treatment
Currently, while the response versus lack of response to therapy can be detected and monitored on an on-going basis (e.g. by measuring serum M-protein, serum free light chain assay, B2M, assessment of percentage of plasma cell in the bone marrow, whole body MRI and skeletal survey to monitor bony lesions) unfortunately, however, there is no way of predicting response to given therapies. Therefore such information would, undoubtedly aid in choosing the best possible treatment.

Treatment strategies for multiple myeloma have changed substantially over the past 10 years following the introduction of the immunomodulatory drugs, thalidomide, lenalidomide and a proteasome inhibitor; bortezomib (Tosi et al., Niparuck et al. 2010). The 5-year survival rate reported in the Surveillance Epidemiology and End Results database has increased from approximately 20% in 1975 to 34% in 2003 owing to newer and more effective treatment options available (Ozaki, 2009). 

In the front-line setting, combination chemotherapy regimens incorporating these novel agents are demonstrating substantial activity, which is translating into improved outcomes compared with previous standards of care.  

MM is typically sensitive to a variety of cytotoxic drugs, both as initial treatment or as treatment of relapsed disease. Selecting optimal front-line therapy can be difficult, as there is no head-to-head trial data. Therefore selection of optimal treatment in newly diagnosed patients is based on available clinical evidence and the risk: benefit profiles of the various therapies assessed according to key presenting features, such as age, co-morbidities, eligibility for stem cell transplant, impaired renal function, or a history of thrombosis (Dimopoulos and Kastritis, 2008).

Currently, the standard treatment for patients up to the age of 65 involves initial combination chemotherapy (Palumbo et al.) aiming to achieve rapid reduction in disease, which is then followed by collection of peripheral blood stem cells; after high dose chemotherapy the patient is ‘rescued’ by infusion of stored autologous peripheral blood stem cells; with this approach some 30–60% of patients may achieve complete remission (Table 1-2)  (Kumar, 2009, Harousseau, 2009). Although there has been a rise in the upper age limit for intensive therapy  in many countries such as USA, to 65-70 years, this approach is considered only for the fit and motivated patients (Musto et al., 2009, Raab et al., 2009, Anagnostopoulos et al., 2005).  Therefore test or biomarkers predictive of response to certain novel agent undoubtedly will aid in choosing the best possible treatment option for achieving rapid reduction in disease and achieving remission status. 

[image: ]
[bookmark: _Toc304195956]Table 	1‑2 The choice of initial therapy for symptomatic patients depends on whether or not the patient is a candidate for stem cell transplantation (SCT).  Patients who are candidates for SCT receive 4-6 courses of induction therapy to determine initial response and to allow for collection of stem cells. Patients who are not SCT candidates are commenced on induction therapy and continue until a partial response is achieved.  



Considering the age profile of multiple myeloma patients at diagnosis, the majority of patients are still treated with combination therapies such as thalidomide and dexamethasone (Levi et al., 2001). By using novel agents such as thalidomide, response rates that were previously only seen with high-dose therapy plus stem-cell transplantation (HDT–SCT) can now be achieved (Kristinsson et al., 2009).  

Furthermore, these novel agents combine well with traditional therapies such as melphalan and are generally well tolerated in the front-line setting, including in patients with poor prognostic characteristics (Table 1-3). The choice of initial therapy for symptomatic patients depends on whether or not the patient is a candidate for stem cell transplantation (SCT).  Patients who are candidates for SCT receive a course induction like therapy to determine initial response and to allow for collection of stem cells.  Patients may go immediately to transplant or may continue with the initial therapy and delay transplant.  On other hand patients who are not transplant candidates are also evaluated for an initial response and continue initial therapy if at least a partial response is achieved.  The length of therapy in this population is not well defined.  The overall goal is to prolong overall survival and improve quality of life (Stewart, 2009).

Overall, there is no one standard initial therapy, the choice the initial drug regimen is based on, treatment related side effects, patient related factors (Offidani et al.). The most common patients related factors for the choice of regimen include (Barrick, 2006): age, performance status, renal function, other co-morbidities (pre-existing neuropathy, neuromuscular diseases, diabetes), ability to adhere to a treatment regimen, past compliance with oral medications and hospital appointments, risk for thrombosis, travel barrier and distance to travel to and from the treatment site,  availability of other supportive care such as home care nurse. These general factors suggest that in the future risk- adapted approaches will further refine patient management.
[image: ]

[bookmark: _Toc304195957]Table 1‑3 shows treatment options incorporating novel agents for newly diagnosed multiple myeloma patients based on current National Comprehensive Cancer Network (NCCN) guidelines recommendations 2009- This table is sourced from Bras. Hematol. Hemoter. vol.30  suppl.2 São Paulo June 2008.






[bookmark: _Toc260495785][bookmark: _Toc260496036][bookmark: _Toc260500429][bookmark: _Toc261098455][bookmark: _Toc305759108][bookmark: _Toc306570537][bookmark: _Toc307067602]	


[bookmark: _Toc312169161][bookmark: _Toc312172088][bookmark: _Toc312257637]	Response Criteria for Multiple Myeloma
European Group for Blood and Marrow Transplantation (EBMT), definition of response, relapse, and progression in patients with multiple myeloma treated by high dose therapy and stem cell transplant are as follows (Harousseau and Dreyling, 2009, Goldschmidt et al., 2003, Kumar et al., 2003).

	Complete response (CR) 
CR requires all of the following: Absence or disappearance of the original monoclonal Para protein from the patient’s serum or urine by Immunofixation and maintained for a minimum of 6 weeks. Bone marrow aspirate and trephine bone biopsy shows less than 5% plasma cells.  No increase in size or number of lytic bone lesions and disappearance of soft tissue plasmacytoma.   

	Very good partial response (VGPR) 
VGPR is defined when the serum and urine M-protein are only detectable by immunofixation but not on electrophoresis or more than 90% or greater reduction in serum monoclonal Para protein. 

	Partial response (PR) 
PR defines when patients in whom some, but not all, the criteria for CR are fulfilled are classified as partial response (PR), providing the remaining criteria satisfy the requirements for PR. This includes patients in whom routine protein electrophoresis is negative but in whom immunofixation has not been performed. PR requires all of the following: 50% reduction in the level of the serum monoclonal Para protein, maintained for a minimum of 6 weeks. Reduction in 24 hours urinary light chain excretion either by 90% and maintained for a minimum of 6 weeks. 

	
	Minimal response (MR) 
MR defines when patients in whom some, but not all, the criteria for PR are fulfilled are classified as MR, provided the remaining criteria satisfy the requirements. MR requires all of the following: 25-49% reduction in the level of the serum monoclonal Para protein maintained for a minimum of 6 weeks. 50-89% reduction in 24 hour urinary light chain excretion, which still exceeds 200 mg/24 hours, maintained for a minimum of 6 weeks. 

	No change (NC) or stable disease
Not meeting the criteria of either minimal response or progressive disease.

	Relapse from CR requires at least one of the following
CR defines when patients reappearance of serum or urinary Para protein on immunofixation or routine electrophoresis, > than 5% plasma cells in a bone marrow aspirate or on trephine bone biopsy and development of new lytic bone lesions or soft tissue plasmacytoma or definite increase in the size of residual bone lesions. 
  
   	Progressive disease (PD)
PD defines when patients are not in CR and requires one or more of the following: 25% increase in the level of the serum monoclonal Para protein, which must also be absolute increase of at least 5 g/L or 25% increase in the 24 hours urinary light chain excretion, which must also be an absolute increase of at least 200 mg/24 hours or 25% increase in plasma cells in a bone marrow aspirate or on trephine biopsy, which must also be an absolute increase of at least 10%. 
[bookmark: _Toc260495786][bookmark: _Toc260496037][bookmark: _Toc260500430][bookmark: _Toc261098456][bookmark: _Toc305759109][bookmark: _Toc306570538][bookmark: _Toc307067603]

[bookmark: _Toc312169162][bookmark: _Toc312172089][bookmark: _Toc312257638]	Thalidomide
Thalidomide (C13H10N2O4; phthalimido-glutarimide; one of a number of systematic names is 2-(2,6-dioxo-3-piperidinyl)-1H-isoindole-1,3(2H)-dione) (Figure 1-6) is a sedative and hypnotic drug.  

[image: ]

[bookmark: _Toc304195963]Figure 1‑6 Thalidomide is racemic, it contains both left and right handed isomers in equal amounts: one enantiomer is effective against morning sickness, and the other is teratogenic. The enantiomers are converted to each other in vivo. That is, if a human is given D-thalidomide or L-thalidomide, both isomers can be found in the serum. Hence, administering only one enantiomer will not prevent the teratogenic effect in humans.



[bookmark: _Toc305759111][bookmark: _Toc306570539][bookmark: _Toc307067604][bookmark: _Toc312169163][bookmark: _Toc312172090][bookmark: _Toc312257639]	Chemical structure of thalidomide
[bookmark: _Toc260496038][bookmark: _Toc260500431][bookmark: _Toc261098457][bookmark: _Toc260495788][bookmark: _Toc260496039][bookmark: _Toc260500432][bookmark: _Toc261098458]Thalidomide is one of the most puzzling drugs in medical history. It has sedative property, causes peripheral neuropathy and severe birth defects. Once abandoned because of these devastating teratogenic effects, thalidomide has re-emerged as an alternative treatment in many diseases. Its Immunomodulatory effects, improves sign and symptoms of leprosy, HIV replication, and inhibits some cancers including MM. This mini review elaborates the background of thalidomide. 

[bookmark: _Toc305759112][bookmark: _Toc306570540][bookmark: _Toc307067605][bookmark: _Toc312169164][bookmark: _Toc312172091][bookmark: _Toc312257640]	Drug Discovery 
[bookmark: _Toc305759113][bookmark: _Toc306570541][bookmark: _Toc307067606][bookmark: _Toc312169165][bookmark: _Toc312172092][bookmark: _Toc312257641]	Historical overview
In 1954, Chemie Grünenthal, a small pharmaceutical company in West Germany was anxious to cash in on the burgeoning post-war antibiotic boom. Grünenthal chemists were trying to find simple and inexpensive antibiotics. The resulting molecule, was very quickly called thalidomide. Grünenthal eventually patented the molecule and began searching for the diseases thalidomide could cure. Grünenthal scientists subsequently could not find any antibiotic activity. However, they saw that the new chemical seemed to be harmless and non-toxic. Even at very high doses it did not kill rabbits, rodents, cats, or dogs. Herbert Keller, Grünenthal's pharmacologist, reasoned that even though thalidomide did not exhibit sedative effects in animals, it might work in humans. Even if it didn't do anything in humans, it wasn't toxic, so no harm done. In clinical trials, Grünenthal researchers found that thalidomide put patients into a deep, all-night, ‘natural’ sleep. 

These results were amazing, a sleeping pill was big business in post-war Europe, but existing pills were toxic. The pharmaceutical company began to dream of the lucrative prospects of this exciting new find; a nonlethal sedative would have enormous market potential. No large and extended clinical trials were planned and no other scientific ground was sought. Many clinical trials were carried out with around 350 patients for a period of a maximum of 12 weeks. Grünenthal began distributing free samples of thalidomide to doctors in Switzerland and West Germany. The only real adverse effects were labelled as slight constipation. This was not enough time to see what effect it could have on a new born baby and thus the teratogenic effects were not observed. 

An employee of Grünenthal brought home samples of this new wonder drug for his pregnant wife, about ten months before thalidomide was put on the market in Germany. On Christmas Day in 1956, their child was born with a birth defect; without ears. A few years later, the father learned that his daughter was the first living victim of the epidemic of thalidomide-induced infant malformations and deaths.

The company began selling the drug over the counter in Germany in October 1957, under the brand name Contergan and by 1960, Grünenthal was selling thalidomide to thousands of women and spread to most corners of the globe (except the United States) without any additional independent testing, and was the drug of choice for pregnant women with morning sickness. Although thalidomide was available in many countries and under several trade names, it was used mostly in Germany and Britain and to a lesser extent in Ireland. By 1961 thalidomide was the best-selling sleeping pill in West Germany and the UK. It was advertised as completely safe, even for pregnant and nursing mothers, although there were no data to support this claim. 

Thalidomide was never marketed in United States. Dr Frances Kelsey a newly appointed  Medical Officer of the Food and Drug Administration (FDA), rejected the drug firm’s application to market Kevadon (thalidomide) in the United States, because among other reasons, she was not satisfied that the drug would be safe to take during pregnancy. She was under tremendous pressure to approve thalidomide quickly, not just from the original manufacturer, but also from the larger drug using community. As this argument was going on, which included calls from the industry for her removal, the reports from Europe about birth defects began showing up. 

[bookmark: _Toc305759114][bookmark: _Toc306570542][bookmark: _Toc307067607][bookmark: _Toc312169166][bookmark: _Toc312172093][bookmark: _Toc312257642]	Teratogenicity 
It was then discovered that this drug was teratogenic in foetal development by interfering with blood vessel development and the worst side effects happened in the first couple of months of pregnancy. 

As many as 24,000 embryos may have been damaged by thalidomide. Nearly half died before birth. Around 12,000 children were born with some kind of birth defect due to damage caused by thalidomide between 1956 and 1962. Many of survivors died soon after birth. Worldwide about 5000 are thought to be alive today. It was proved that thalidomide did cause these effects and was not used as a drug for decades.

[bookmark: _Toc260495789][bookmark: _Toc260496040][bookmark: _Toc260500433][bookmark: _Toc261098459][bookmark: _Toc305759115][bookmark: _Toc306570543][bookmark: _Toc307067608][bookmark: _Toc312169167][bookmark: _Toc312172094][bookmark: _Toc312257643]	 Reinventing thalidomide 
There are always a few researchers and scientists looking for other ways to use the drug and continued testing thalidomide in various experiments and studies. New discoveries were made and it was proven that thalidomide had good effects on certain types of diseases such as leprosy and cancer including MM. 
In 1964, a critically ill, bedridden patient with an advanced inflammatory complication of leprosy known as ENL (Erythema Nodosum Laprosum) was referred to Dr Jacob Sheskin at the Jerusalem Hospital for Leprosy. The man was in such severe pain that he hadn't slept in weeks. 
Dr Sheskin looked for something that might ease the pain or allow the man to sleep. He found a bottle of thalidomide and gave the patient two tablets. The man slept soundly for 20 hours, and, upon waking, was able to get out of bed. After two more tablets, his pain disappeared. Six other ENL patients in the hospital were treated with similar results. Dr Sheskin later conducted double-blind clinical studies on ENL patients. Ninety-two per cent of 173 patients were relieved of symptoms. A follow-up study by the World Health Organization, involving 4552 ENL patients demonstrated that 99 per cent of patients improved. For leprosy patients, thalidomide was indeed a wonder drug. Forty-five years later, thalidomide still remains one of the drugs used to treat ENL. 
Gilla Kaplan at Rockefeller University, USA, wanted to know how thalidomide works in treating ENL. She has interest in two diseases: tuberculosis and ENL, both of which are caused by mycobacteria. She began to look at the immune system for clues. One clue was that ENL patients have elevated levels of TNF-alpha (tumour necrosis factor alpha), which is responsible for the tissue inflammation accompanying the body's immune response to these diseases. In 1987, David Stirling, at Celgene, a new, small pharmaceutical company in Warren, New Jersey, was looking to develop a drug that could help combat the growing problem of tuberculosis in Aids patients. He contacted one of the leading authorities on tuberculosis, Gilla Kaplan. She told him about her work with thalidomide. Stirling and his group, in collaboration with Kaplan, have demonstrated that thalidomide and several of its analogues not only inhibit TNF-a but also stimulate T cell responses an Immunomodulatory property. 
The (U.S. Food and Drug Administration) FDA approved thalidomide in 1998, under a restricted access system, for the treatment of ENL associated with leprosy (Hansen's disease).Based on earlier studies, Dr Bart Barlogie at the University of Arkansas decided to see whether thalidomide might have any effect on cancer.
 In 1999, Singhal and Barlogie's group reported the results of studies of 84 patients with advanced MM. Treatment with thalidomide gave some interesting results: about a third of patients showed a significant reduction in cancer progression with some patients achieving complete remission. At the time the exact mechanism of anti-myeloma was unknown, but it was likely that thalidomide was working as an anti-angiogenic agent. On May 26, 2006, FDA granted accelerated approval for thalidomide (Thalomid, Celgene Corporation) for the treatment of newly diagnosed MM patients.
At this moment in time, studies are still underway to see if this drug could help with other cancer treatment. Thalidomide is also being investigated in HIV-related symptoms by reducing inflammation (blocking TNF), prostate cancer, glioblastoma, and Crohn's disease (Shannon et al., 2007).  
[bookmark: _Toc260495790][bookmark: _Toc260496041][bookmark: _Toc260500434][bookmark: _Toc261098460][bookmark: _Toc305759116][bookmark: _Toc306570544][bookmark: _Toc307067609][bookmark: _Toc312169168][bookmark: _Toc312172095][bookmark: _Toc312257644]	Pharmacokinetics 
Thalidomide, when taken orally absorbs slowly from the gastrointestinal tract. It is less soluble in the gastrointestinal tract. Thalidomide is sparingly soluble in water so there is no intravenous preparation for administration. It undergoes spontaneous hydrolysis in aqueous solution at pH 7.0. Thalidomide is a lipophilic substance and so, can be distributed throughout the body. It can also cross the placenta and the blood brain barrier. Thalidomide is metabolized by cytochrome P450 isozyme and converted into active metabolites. Maximum serum concentration of a 200 mg dose of thalidomide is reached within a mean of 4 hours. Thalidomide metabolites can be rapidly excreted in urine whereas the non-absorbed part is excreted in faeces. Pharmacokinetics of the hepatic and renal function has not been established. Over 90% of the absorbed dose is excreted in urine and faeces within 48 hours. The mean elimination half-life is about 5 to 7 hours after a single dose and does not change with repeated dosing. Thalidomide itself has a renal clearance of 1.15 ml/min with less than 0.7% of the dose excreted in urine unchanged. Age, sex and smoking have no effect on the toxic kinetics of thalidomide. Food also has minimum toxic kinetic effect (Kamikawa et al., 2006, Breitkreutz and Anderson, 2008).



[bookmark: _Toc260495791][bookmark: _Toc260496042][bookmark: _Toc260500435][bookmark: _Toc261098461][bookmark: _Toc305759117][bookmark: _Toc306570545][bookmark: _Toc307067610][bookmark: _Toc312169169][bookmark: _Toc312172096][bookmark: _Toc312257645]	Mechanism of action
There is no clear mechanism as to how thalidomide affects the body. However, three main possible mechanisms have been proposed. These proposals are based on side effects patients experience after taking thalidomide such as birth defects, sedation, risk of blood clots, vomiting, loss of appetite, swelling and fluid retention. 

First proposed mechanism shows that the brain is a target of thalidomide. This is because; it was able to induce sleep in pregnant women. This also shows that, thalidomide stimulated the part of the brain responsible for sleep while inhibiting the part of the brain responsible for being alert or staying awake. Since thalidomide prevented normal limb growth of the foetus, the second mechanism proposed indicated that thalidomide inhibits angiogenesis and hence truncated foetal development. Thirdly, it has been proposed that thalidomide reduces inflammation since TNF-alpha production is blocked by thalidomide (Oliveira et al., 2009). In MM, the mechanism of action of thalidomide is more complex.  Thalidomide was found to boost the immune system of MM patients and by anti-angiogenesis property; it is capable of blocking tumour cells’ blood supply (Blade and Rosinol, 2008, Barlogie et al., 2008a). In MM patients, thalidomide also mediates through modulation of the bone marrow microenvironment. These include down-regulation of stromal cell adhesion molecules, inhibition of secretion of angiogenic and survival growth factors, pleiotropic immunomodulatory effects including inhibition of tumour necrosis factor-alpha (TNFa) secretion, stimulation of IL2 and Interferon-gamma. Cellular targets include lymphocytes, monocytes, and NK cells (Anderson, 2005, Yasui et al., 2005, Gockel et al., 2004, Vallet et al., 2008). 

In patients with an activated immune system thalidomide inhibits TNF-alpha secretion from monocytes  and down regulates secretion of stimulatory cytokines including IL1, IL6, IL12, GMCSF(Bartlett et al., 2004) (Granulocyte-macrophage colony-stimulating factor). Conversely, thalidomide has been shown to co-stimulate CD4+ T cells by CD28 phosphorylation (LeBlanc et al., 2004, Zidi et al., 2009). 

[image: ]

[bookmark: _Toc260495732][bookmark: _Toc304195965][bookmark: _Toc260927157]Figure 1‑7 Shows the pathways of thalidomide activity against multiple myeloma (MM) in the host microenvironment. A, Induction of apoptosis or growth arrest of MM cells; B, anti-angiogenesis in bone marrow (BM) milieu; C, inhibition of MM cell adherence to BM stromal cells (BMSCs); D, inhibition of cytokine secretion from MM cells and BMSCs; E, augmentation of host anti-MM activity. bFGF = basic fibroblast growth factor; CTL = cytotoxic T lymphocytes; ICAM-1 = intercellular adhesion molecule 1; IFN = interferon; IGF-1 = insulin-like growth factor 1; IL = interleukin; NF-κB = nuclear factor κ B; NK = natural killer cells; SDF-1α = stromal cell-derived factor 1α; TGF-β1 = transforming growth factor β1; TNFα = tumour necrosis factor α; VCAM-1 = vascular cell adhesion molecule; VEGF = vascular endothelial growth factor (Richardson et al., 2004).

[bookmark: _Toc260495792][bookmark: _Toc260496043][bookmark: _Toc260500436][bookmark: _Toc261098462][bookmark: _Toc305759118]

[bookmark: _Toc306570546][bookmark: _Toc307067611][bookmark: _Toc312169170][bookmark: _Toc312172097][bookmark: _Toc312257646]	Thalidomide in Clinical trials
Thousands of patients with myeloma have already benefited from thalidomide and it continues to be researched widely in order to find the best ways in which it may be used (Cavo et al., 2009, Kyle and Rajkumar, 2009b, Breitkreutz and Anderson, 2008).  Induction chemotherapy with thalidomide-dexamethasone consistently provides a high response rate prior to transplantation.  There are also a significant number of complete remissions and near complete remissions.  Further, patients are able to undergo transplantation successfully (Saad et al., 2009).  In contrast to VAD (vincristine, adriamycin, dexamethasone) induction chemotherapy, the thalidomide bases regimen is oral and does not require a hospital stay.  Thalidomide based regimen has a higher response rate than dexamethasone alone, but is associated with higher toxicity.  However, the use of thalidomide dexamethasone in combination is associated with an increased risk of deep vein thrombosis and pulmonary embolism. Accurate prediction of sensitivity to thalidomide will help to progress toward the goal of personalized medicine in MM patients by avoiding thalidomide in unresponsive patients (LeBlanc et al., 2004).

[bookmark: _Toc305759119][bookmark: _Toc306570547][bookmark: _Toc307067612][bookmark: _Toc312169171][bookmark: _Toc312172098][bookmark: _Toc312257647]	 Land mark thalidomide papers in MM
Paper by Barlogie's group (Singhal et al., 1999), Eighty-four previously treated patients with refractory myeloma (76 with a relapse after high-dose chemotherapy) received oral thalidomide as a single agent for a median of 80 days. After 12 months of follow-up, Kaplan-Meier estimates of the mean (+/-SE) rates of event-free survival and overall survival for all patients were 22+/-5 percent and 58+/-5 percent, respectively. This is one of the first studies to demonstrate that thalidomide is active against advanced MM and can induce marked and durable clinical responses in some patients including those who relapse after high-dose chemotherapy. 

Paper by Cavo, (Cavo et al., 2005) is a retrospective case control study with two hundred patients.  The response rate was higher for thalidomide-dexamethasone than for VAD. Thalidomide-dexamethasone also produced larger reductions in immunoglobulin levels for patients with both IgG myelomas (p=0.02) and IgA myelomas (P=0.03). Deep venous thrombosis was more frequent in the thalidomide-dexamethasone arm (15% versus 2%); neutropenia was more common in the VAD arm (12% versus 0%).  
The paper by Rajkumar  (Rajkumar et al., 2006) was a randomized clinical trial involving 207 patients.  The response rate to thalidomide-dexamethasone was significantly superior in newly diagnosed MM compared with dexamethasone alone (p=0.0017). Toxicity was higher in patients receiving thalidomide based regimen.  Deep venous thrombosis and neuropathy (≥ grade 3) were more common in the thalidomide-dexamethasone arm.  Stem cell collection was successful in 90% of patients in each arm.  

The paper by Kumar et al (Kumar et al., 2008) was a retrospective study of 472 patients who underwent stem cell transplantation within 12 months of diagnosis.  The purpose of the study was to determine if the type of initial chemotherapy affected the post-transplant outcome.  There were four treatment groups, VAD, dexamethasone alone, thalidomide plus dexamethasone and lenalidomide plus dexamethasone.  No difference in survival or time to progression was found.  However on further analysis the major weakness of this study is that it is retrospective and the different treatment groups were not matched.  

[bookmark: _Toc260495793][bookmark: _Toc260496044][bookmark: _Toc260500437][bookmark: _Toc261098463]The paper by Hussein (Hussein et al., 2009) was a phase II study with 142 patients treated with thalidomide-dexamethasone and second group with VAD based regimen.  Collection of stem cells sufficient for two transplantations was achieved in 88% of 111 patients.   Two analyses were carried out.  The first was for all patients on each protocol.  In the second analysis, 121 patients were matched for ISS stage.  The overall survival (p=0.0002) and event-free survival (p=0.0001) for patients treated with thalidomide-dexamethasone in both analysis were superior to patients treated with VAD chemotherapy. 




[bookmark: _Toc305759120][bookmark: _Toc306570548][bookmark: _Toc307067613][bookmark: _Toc312169172][bookmark: _Toc312172099][bookmark: _Toc312257648]	Thalidomide side effects
Thalidomide is associated with several known side effects. The most frequently reported serious adverse events in MM patients, occurring in ≥20% of patients treated with thalidomide are listed below: 

[bookmark: _Toc305759121][bookmark: _Toc306570549][bookmark: _Toc307067614][bookmark: _Toc312169173][bookmark: _Toc312172100][bookmark: _Toc312257649]	Common side effects 
Common side effect are, constipation, tiredness, generalized weakness, bodily discomfort, sleepiness and decreased alertness, nausea, skin rash; itchiness, dryness of skin, mouth, eyes, numbness, tingling, or pain in hands or feet caused by damage to the peripheral nerves that may be permanent, muscle pain, heartburn and indigestion (Warzocha et al., 2008, Levesque and Bradette, 2009, Zangari et al., 2009, Eo et al., Gay and Palumbo, 2009).
[bookmark: _Toc305759122][bookmark: _Toc306570550][bookmark: _Toc307067615][bookmark: _Toc312169174][bookmark: _Toc312172101][bookmark: _Toc312257650]	Less common side effects
Less common side effects are: Headache, Blurry vision, Muscle weakness, Trembling, or shaking, Mood changes such as depression, confusion, dizziness, swelling of the face, hands, or feet, decreased blood counts, which could lead to an increased risk of infection, weakness and fatigue, or bleeding complications, shortness of breath, low thyroid level, which can result in tiredness, weakness and weight gain (Warzocha et al., 2008, Levesque and Bradette, 2009, Zangari et al., 2009, Eo et al., Gay and Palumbo, 2009).
[bookmark: _Toc305759123][bookmark: _Toc306570551][bookmark: _Toc307067616][bookmark: _Toc312169175][bookmark: _Toc312172102][bookmark: _Toc312257651]	Uncommon side effects 
Uncommon side effects are, blood clots in the legs, lungs, and brain, seizures, severe allergic reaction, low blood pressure and dizziness, derange  liver functions (Eo, Kim et al. ; Gay and Palumbo 2009; Zangari, Fink et al. 2009.

[bookmark: _Toc305759124][bookmark: _Toc306570552][bookmark: _Toc307067617][bookmark: _Toc312169176][bookmark: _Toc312172103][bookmark: _Toc312257652]	Thalidomide dosage
Currently the optimum starting dose of thalidomide is not clear and still under consideration. The dosage does not depend on the patients’ body weight or body surface area and goal of therapy is to take the patient to the maximal tolerated dosage and maintain that level until tolerance declines or the disease progresses. In the earlier studies, the dose was escalated to a target of 800 mg/day. A recent studies demonstrated that there is no clear evidence of a dose response relationship; therefore in practice most patients received up to 200 mg/day which is tolerable by most patients (Dimopoulos and Kastritis, 2008).  

The efficacy of thalidomide or initial therapy depends on the individual patients; this may depend on patient’s capacity to metabolize thalidomide. As additional scientific trials are conducted, the thalidomide pharmacokinetics will become more clearly defined. In addition pharmacokinetics of thalidomide and its plasma level may be related to the patients experiencing a variety of adverse effects with various grade and intensity (as explained above). This may depend on the capacity of individual patients to metabolize and excrete thalidomide. If thalidomide dosage dependent side effects are managed inappropriately, this can limit the delivery of optimal dosages of the drug to the patients. This can effect long term survival (Eby, 2009). 
[bookmark: _Toc260495794][bookmark: _Toc260496045][bookmark: _Toc260500438][bookmark: _Toc261098464][bookmark: _Toc305759125][bookmark: _Toc306570553][bookmark: _Toc307067618][bookmark: _Toc312169177][bookmark: _Toc312172104][bookmark: _Toc312257653]
	Biological bank
[bookmark: _Toc260495795][bookmark: _Toc260496046][bookmark: _Toc260500439][bookmark: _Toc261098465][bookmark: _Toc305759126][bookmark: _Toc306570554][bookmark: _Toc307067619][bookmark: _Toc312169178][bookmark: _Toc312172105][bookmark: _Toc312257654]	Purpose and Overview
Biological specimens serve as the basis for the novel research and development needed for the discovery of tomorrow’s drugs and medical treatments. The past decade has seen a surge in the number of samples generated for research, largely due to the increased focus on translational medicine and epidemiology (Bovenberg et al., 2009, Forsberg et al., 2009, Barnes et al., 2008). This has led to the development of extensive biological banks and biological repositories that feed the demand for samples and libraries to be screened by these high capacity, high throughput laboratories (Mohanty et al., 2008). 

With these advances, the growing need and focus on high quality sample yields and how they are accurately and efficiently managed. In addition, the availability of high quality biological and environmental specimens for research purposes requires the development of standardized methods for collection, long-term storage, retrieval and distribution of specimens that will enable their future use (Rustad et al., 2004, Stigbrand et al., 2005). 

[bookmark: _Toc305759127][bookmark: _Toc306570555][bookmark: _Toc307067620][bookmark: _Toc312169179][bookmark: _Toc312172106][bookmark: _Toc312257655]	Biological banking main functions
Biological banking is a promising activity that includes the collection and preservation and storage of biological samples (tissues, cells, serum, plasma, saliva and bone marrows) for later analysis under conditions that permit efficient recovery and best possible stability of the clinical samples. Different biological banks collect different types of samples (such as blood and bone marrow) with associated clinical information (Thornton, 2009, Henny, 2003). 

The modern biological bank facilities include all the necessary staff and management, ethical and legal requirement, storage facilities, research laboratories, proper access and security systems and bio informatics department to fully put into practice their operations (Giles, 2006). 

The types of information and samples collected depend on the specific purpose of the biological bank. For example, some biological banks are specific to a particular disease, such as haematological malignancies such as multiple myeloma. Other biological banks can be population based and contain samples and information from people in a specific population or disease (Alvarez et al., 2003, Tjonneland and Olsen, 2003). 

[bookmark: _Toc305759128][bookmark: _Toc306570556][bookmark: _Toc307067621][bookmark: _Toc312169180][bookmark: _Toc312172107][bookmark: _Toc312257656]	Disease specific biological bank
This disease specific biological bank ensures adequate and continuous supply of certain biological specimens and associated data within an ethical framework. This centralized resource can help the research scientist in need of characteristic biological specimens. Having a biological bank at site, the time and resources needed to recruit new participants for each research study can be greatly reduced because samples and corresponding medical information are already available in one place. This could also transform the ability of major programs studying specific disease and obtain reproducible data from large number of bio-specimen (Ravid, 2008) (Figure 1-7). Creating a biological bank is advantageous for many reasons (Ollier et al., 2005) : 
Firstly by providing research scientists with secure, non-patient identifying access to the biological specimens and associated data needed for their research protocols (Roa and Artigas, 2008). 
Secondly, costs and time scale duration of the future studies are decreased with the elimination of the sample collection stage, ethical approval etc. 
Thirdly, a specimen bank is available for future development of new methods and new technology to utilize historical biological specimen (Nakamura). 
Last but not least, in today’s tight budget environment, biological banks can provide additional incentives for external collaboration and funding such as pharmaceutical companies (Luc et al., 2003). 
	
[bookmark: _Toc260495796][bookmark: _Toc260496047][bookmark: _Toc260500440][bookmark: _Toc261098466][bookmark: _Toc305759129][bookmark: _Toc306570557][bookmark: _Toc307067622]

[bookmark: _Toc312169181][bookmark: _Toc312172108][bookmark: _Toc312257657]	Biological banks basic activities
An essential element of translational research and scientific, economic and societal benefits is the availability of large collections of patient samples and corresponding clinical data. This can achieved through collaboration with the clinical team to recruit donors and support them through the informed consent process (Ravid, 2008). Such recruitment also involves coordination with ethics review boards and committees to design protocols that provide the full scope of donor protection (Felding et al., 2004). Interaction with the clinical physicians and their teams to collect clinical specimen during various patient visits to the clinics, hospitals, research centres, other clinical facilities that study specific diseases (Nakamura, 2007, Asslaber and Zatloukal, 2007). 
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Figure 1‑8  A biological bank is a carefully managed collection of biological and clinical samples with related clinical information from anonymous donors.  These samples are used by research scientists in their efforts to better understand the mechanism of the disease, to develop new drugs, to assess the validity of diagnostic markers, and to devise tailor made therapies for the treatment of cancer.



Similarly, the biological bank also provides systems and support to collect the donor’s clinical information from the medical record and from the patient or doctor interviews. That information is then formatted for storage as per ethical committee’s guideline.

[bookmark: _Toc305759130][bookmark: _Toc306570558][bookmark: _Toc307067623][bookmark: _Toc312169182][bookmark: _Toc312172109][bookmark: _Toc312257658]	Logistical support
A biological bank provides facilities for (Palmer, 2007, Leppaluoto, 2006): (1) Providing the safe transportation of biological specimens from the collection points as above. (2) The protocols and procedures to receive and manage, the biological specimens providing secure long term storage capability. (3) Providing scientists with secure, non-patient identifying access to biological specimen. (4) Supporting processing laboratories for the translational research (Alvarez et al., 2003, Yuille et al., 2009). 
[bookmark: _Toc260495797][bookmark: _Toc260496048][bookmark: _Toc260500441][bookmark: _Toc261098467][bookmark: _Toc305759131][bookmark: _Toc306570559][bookmark: _Toc307067624][bookmark: _Toc312169183][bookmark: _Toc312172110][bookmark: _Toc312257659]	Storage Facility
The variety of storage systems available for specimen collections continues to expand as technologies advance. Storage equipment selections should be based on the type of specimens to be stored, the anticipated length of time the specimens will be stored, and on the intended use for the specimens (Elliott and Peakman, 2008, Nakamura, 2007). 

	Liquid Nitrogen
The use of liquid nitrogen freezers for continuing specimen conservation is most favourable for the storage of some types of biological material. Cryogenic storage using liquid nitrogen is an effective long-term storage stage, because the extreme cold temperature reduces most chemical and physical reactions that cause specimens to deteriorate and also on-site liquid nitrogen supplies reduce dependence on mechanical freezers that use electrical power (Nsabimana et al., 2003).



	Vapour Phase Storage
In general, liquid nitrogen vapour phase storage is preferred over storage in the liquid phase of nitrogen because the vapour phase provides sufficiently low temperatures for long-term specimen conservation.  Storage in the vapour phase also avoids the safety hazards inherent in liquid phase storage. Many commercially available vials are penetrable by liquid nitrogen so vials selected for storage should be tested before they are used (Mericka et al., 2002). 

	 Mechanical Freezers 
The Mechanical freezers are in use in a variety of storage temperature ranges, such as -20, -40, to -80 °C.  Mechanical freezers come in a wide selection of sizes, configurations. Because mechanical freezers are devices are powered by commercial electricity, a backup power plan and emergency response plans are usually in place. The length of time that results in the significant warming of the stored material will vary by the properties of the stored material, the temperature of the material stored in the freezer. In many modern biological banks, the mechanical freezers are equipped with emergency backup systems that automatically cool their contents with either liquid nitrogen or liquid carbon dioxide (CO2) in the event of an extended power loss (Pegg, 2006).

	Refrigerators  
They are commonly used where the long life of the material being stored is enhanced by storage below room temperature. This is the preferred storage medium when the material should be kept cool, but does not require freezing. It is important to ensure that the temperature is maintained within the specified operating range, not just below a maximum temperature. 


[bookmark: _Toc260495798][bookmark: _Toc260496049][bookmark: _Toc260500442][bookmark: _Toc261098468][bookmark: _Toc305759132][bookmark: _Toc306570560][bookmark: _Toc307067625]

[bookmark: _Toc312169184][bookmark: _Toc312172111][bookmark: _Toc312257660]	Legal and Ethical Issues 
The collection, storage, distribution and use of human biological materials in research raise many legal and ethical issues (Ravid, 2008). On an international level, the collection and use of these materials is currently regulated by the combination of differing and occasionally conflicting laws and policies (Kaufman et al., 2009). Key discussions of ethics in human subjects’ research are found in a number of documents, including the Declaration of Helsinki adopted by the World Medical Association in 1964 and revised several times subsequently, most recently in 2000. The fundamental key concepts are (Murphy et al., 2009): (1) Freely-given informed patient consent is necessary before research on humans and clinical specimen may be conducted.(2) Research should be well designed, conducted by persons with appropriate expertise and expected to lead to a meaningful conclusions.(3) Every effort should be taken to reduce the risks to patients and ensure that the risks do not exceed the benefit of the expected findings.(4) Studies in animals should provide reason to believe that the study of humans is needed and is the only way to get the necessary information. (5) The collection, storage, and use of human specimens and associated data should be done in a way that respects the individual and maintains privacy and confidentiality (Goffin et al., 2000).

[bookmark: _Toc260495799][bookmark: _Toc260496050][bookmark: _Toc260500443][bookmark: _Toc261098469][bookmark: _Toc305759133][bookmark: _Toc306570561][bookmark: _Toc307067626][bookmark: _Toc312169185][bookmark: _Toc312172112][bookmark: _Toc312257661]	Informed Consent
Consent can be seen as a kind of respect of a person. It is recognising the donors’ moral status by asking their permission (Murphy et al., 2009). Consent, first of all, protects from invasive procedures and disrespectful treatment. Second, it provides the researchers and clinicians with usually written limits to the access. However, consent is not worth much if it doesn’t fulfil some prerequisites such as guaranteeing that the consenter has a sufficient amount of relevant information available to her to expressively consent to something (Roa and Artigas, 2008). 

The collection, retention and use of specimens is a process that offers subjects information sufficient to allow them to make an informed choice about whether to provide specimens and associated clinical data and agree, where applicable, to future research use. Furthermore, the consenter is usually required to be free in a sense that no one is forcing her/him to consent against her/his will or try to manipulate her/him by lying, omitting information or providing misleading information (Henny, 2003). 

Consent may be obtained for a specific research project, such that the details of the project can be specifically outlined; alternatively consent may be obtained for unspecified future research and clinical trial, in which case general information about the possible future research uses is provided in patient information leaflets, in accordance with local ethical committees guidelines (Ormond et al., 2009). 

Patient or volunteers also have the right to withdraw consent and to have their unused clinical specimens removed or destroyed from the biological-bank. 
Care should be taken to minimize the risks to subjects, and ensure that risks do not outweigh the benefits of the expected findings from studies using the specimens (Hofmann, 2009). This includes minimizing physical risks and psychosocial risks associated with the collection of specimens and/or data and ensuring that the collection of specimens and data does not affect patient care (De Paoli, 2005, Gertz, 2008).

[bookmark: _Toc260495800][bookmark: _Toc260496051][bookmark: _Toc260500444][bookmark: _Toc261098470][bookmark: _Toc305759134][bookmark: _Toc306570562][bookmark: _Toc307067627][bookmark: _Toc312169186][bookmark: _Toc312172113][bookmark: _Toc312257662]	Privacy and Confidentiality
The informational privacy is the most fundamental in relation to biological banks. In the EU, the patients Data and samples stores in biological bank can only be used for ethically and scientifically approved research.  Strong safeguards should be maintained to ensure that the confidentiality of the participant’s data and samples are respected.  Only anonyms data are available for research only purposes  (Gilbertson et al., 2004). 

Therefore biological bank should follow well-documented measures to protect the privacy and confidentiality of the subjects from whom the specimens and/or data are obtained. These may include completely anonymising specimens and data, where appropriate or assigning a unique code and removing all identifying information from the specimens and data. These specimens should store securely, restricting access to the specimens and may also further securing by providing password protracted data (De Paoli, 2005). 

[bookmark: _Toc260495801][bookmark: _Toc260496052][bookmark: _Toc260500445][bookmark: _Toc261098471][bookmark: _Toc305759135][bookmark: _Toc306570563][bookmark: _Toc307067628][bookmark: _Toc312169187][bookmark: _Toc312172114][bookmark: _Toc312257663]	Sharing and Distribution of Specimens
Mechanisms should be in place to maintain the quality of specimens and data, protect subject privacy and confidentiality, and to make sure that specimens are shared in a manner that is consistent with any consent obtained for the specimens. Biological bank should have well-established policies for sharing and distributing specimens and clear and transparent procedures for determining what constitutes appropriate research uses of the specimens and/or data. Requests to use samples should undergo some level of scientific review. This maybe is based on considerations such as the scientific merit and potential impact of the proposed research. Wherever possible, specimens and/or data should be distributed with identifying information removed (Pegg, 2006, Tjonneland and Olsen, 2003). 
[bookmark: _Toc305759136][bookmark: _Toc306570564][bookmark: _Toc307067629][bookmark: _Toc312169188][bookmark: _Toc312172115][bookmark: _Toc312257664]
	Biomarkers in Body Fluids
The first decision to be made in a search for a biomarker is whether to look in a body fluid or a tissue. Body fluids have the advantage of being more easily accessible and are more likely to be of clinical use because serum or urine can be obtained by non-invasive methods as a routine (Jain et al., 2007). However, plasma (together with serum) is the largest and deepest version of the human proteome and presents challenges for the investigators. The emerging scientific field of proteomics encompasses the identification, characterization, and quantification of the protein content or proteome of whole cells, tissues, or body fluids (Hudler et al., 2010).The potential for proteomic technologies to identify and quantify novel proteins in the plasma that can function as biomarkers of the presence or severity of clinical disease states holds great promise for clinical use (Gerszten et al., 2008, Xiao and Wong, 2010).

[bookmark: _Toc305759137][bookmark: _Toc306570565][bookmark: _Toc307067630][bookmark: _Toc312169189][bookmark: _Toc312172116][bookmark: _Toc312257665]	Challenges and strategies for discovery of protein biomarkers in plasma
Plasma is one of the difficult samples to work with in proteomics, despite the relatively good solubility of its protein components. The daunting size of the plasma proteome is a reflection of the sheer number of different proteins to be tested. Approximately half of the total protein mass in plasma is accounted for by only one protein (the albumin present approximately 55,000,000,000 pg/ml) (Jacobs et al., 2005), while roughly 22 proteins, which also include transferrin, fibrinogen, and other, make up 99% of the total. The remaining 1% contains secreted proteins, some of which are promising biomarkers. At the other end of the concentration histogram are the cytokines, such as interleukin-6 (IL-6), which is normally present at 1–5 pg/ml (Ditto et al., 2009). The difference in concentration between albumin and IL-6 is thus ∼1010. This range covers the proteins that are known and considered to be useful as biomarkers but ignores those to be discovered in the future at even lower concentrations. Characterization of the plasma proteome, therefore, poses many challenges. The aim is to create a reliable human blood plasma reference base as a basis for future biomarker discoveries. Focus of research during the past decade has been on complete analysis of plasma samples to see all differences rather than targeted analysis to measure one or more hypothesis-generated candidates. Complete analysis has the advantage that it enables the direct selection of optimal biomarker proteins at the outset. The number of proteins detectable in plasma has risen to over 1000, as reported in various recent studies (Gerszten et al., 2008, Xiao and Wong, 2010). Targeted analysis, however, is more meaningful for disease–biomarker association and hybrid approaches have been proposed that combine the multi protein view of proteomics and the advantages of targeted-specific assays and are termed targeted proteomics. Identification of rare proteins in blood is often hindered by highly abundant proteins, such as albumin and immunoglobulin, which obscure less plentiful molecules (Jimenez et al., 2007). 

A solution to this problem is an immunoaffinity column, Multiple Affinity Removal System (Agilent Technologies), which comprises antibodies to the six most abundant proteins found in human blood. By merely running a sample over the matrix, one can specifically remove all six proteins at once, unveiling lower-abundance species that may represent new biomarkers for disease diagnosis and therapy (Ge et al., 2011). The process removes about 85% of the total protein mass. The multiple affinity removal system works with blood, cerebrospinal fluid, and urine, all of which contain the same major proteins. Blood serum is the favoured source for investigators interested in large-scale proteomics because it has the most proteins. However, so far only about 500 of the 30,000 proteins in serum have been identified. By removing albumin and the other five major proteins, the scientists will be able to dig further into the proteome.
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Figure 1‑9 Low abundance Biomarkers are at very low levels in tissue and bio fluids. Albumin is approximately a billion times more concentrated than interleukin-6 in blood. Tumour specific biomarkers likely to be many times lower in concentration levels than interleukin-6. Adopted from Agilent technologies website http://www.chem.agilent.com). 
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	Proteomics in other Haematological Malignancies

[bookmark: _Toc260495803][bookmark: _Toc260496054][bookmark: _Toc260500447][bookmark: _Toc261098473][bookmark: _Toc305759139][bookmark: _Toc306570567][bookmark: _Toc307067632][bookmark: _Toc312169191][bookmark: _Toc312172118][bookmark: _Toc312257667]	Background
The understanding of haematological malignancies at the protein level is important for the prediction of therapy response, the possibility for disease diagnostics,(Zelena and Hajek, 2007) and the development of targeted treatment. ‘Proteomics’ describes the analysis of the entire proteome of a cell or tissue (Thadikkaran et al., 2005) and incorporates multiple technologies including 2-DE, 2D-DIGE,(Seshi, 2007) ICAT, protein arrays, MudPIT and high-resolution mass spectrometers capable of faster sequencing including  (MALDI-TOF MS) (Zhang et al., 2007a, Birkner et al., 2006). Although there is a limited number of studies to date in haematological malignancies, those already performed highlight the potential impact of these technologies in the discovery of potential novel proteins biomarkers (Unwin and Whetton, 2007), associated with  drug resistance. 

The identification of these proteins may help in the development of new diagnostic and prognostic tests that might be easily applicable in the clinical setting. As such, proteomics can help translate basic science discoveries into the clinical practice of personalized medicine (Ge et al., 2011). This approach aims to minimize that one-size-fits-all approach by matching each patient to a specific treatment based on the proteomic characteristics (Hanash et al., 2002, Fujii et al., 2006) of that person's malignancy. In this review we evaluate how best to apply proteomic biomarkers (Yocum et al., 2006) in the context of haematological malignancies. 

[bookmark: _Toc260495806][bookmark: _Toc260496057][bookmark: _Toc260500450][bookmark: _Toc261098479][bookmark: _Toc260495804][bookmark: _Toc260496055][bookmark: _Toc260500448][bookmark: _Toc261098474][bookmark: _Toc312169192][bookmark: _Toc312172119][bookmark: _Toc312257668]	Malignant Lymphoma
The group of cancers under the general term Malignant Lymphoma is quite broad. They are clonal proliferations of lymphocytes that arise from B- or T-cells and are heterogeneous with respect to their clinical presentation, pathogenesis, and biologic behaviour (Verrills et al., 2003). Hodgkin lymphoma and non- Hodgkin lymphoma (NHL) are the two major categories of malignant lymphomas recognized. Important advances in the understanding of the molecular biology and immunology of the lymphocytes and related cells have culminated in the World Health Organization classification scheme that incorporates the clinical, histopathology, immunophenotypic, and molecular genetic characteristics of the lymphomas and defines distinct pathobiologic entities (Poirier et al., 2001). The distinctions between types of lymphoma are based on the different characteristics of the cancerous cells. The diagnosis and treatment of B cell lymphoma is based on morphologic, immunophenotypic / immuno-staining and cytogenetic finding (Higgins et al., 2008). 

[bookmark: _Toc260495807][bookmark: _Toc260496058][bookmark: _Toc260500451][bookmark: _Toc261098480][bookmark: _Toc312169193][bookmark: _Toc312172120][bookmark: _Toc312257669]	Anaplastic large cell lymphoma (ALCL) 
ALCL is a T-cell lymphoma consisting of large lymphoid cells with abundant cytoplasm and harboring chromosomal translocation involving the ALK tyrosine kinase.  The most common translocation in ALCL is the t (2; 5) (p23;q35). This results in the formation of a chimeric fusion kinase, nucleophosmin/ALK, which plays a key role in ALCL lymphomagenesis (Lim and Elenitoba-Johnson, 2006) . 

However, the global molecular and cellular global and molecular consequence of NPM-ALK over expression is largely unknown. Functional quantitative proteomic approach was used to determine the global effect of NPM-ALK expression on cell function. To determine the inventory of proteins from NPM/ALK-positive ALCL SUDHL-1 cells, the membrane, cytoplasm, and nuclear sub cellular fractions were resolved by one-dimensional sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and analysed using liquid chromatography-tandem mass spectrometry (LC-MS/MS) (Fujii et al., 2006). 

A total of 623 proteins consisting of 210 membrane, 229 cytoplasm, and 184 nuclear proteins were identified, 209 representative proteins indicated that 19.9% were reported to be expressed in T cells and 44.7% were reported to have important function in cancers, while only 4.3% were reported to be involved in ALCL pathogenesis (Lim and Elenitoba-Johnson, 2006, Fujii et al., 2005). 




[bookmark: _Toc260495808][bookmark: _Toc260496059][bookmark: _Toc260500452][bookmark: _Toc261098481][bookmark: _Toc312169194][bookmark: _Toc312172121][bookmark: _Toc312257670]	Chronic lymphocytic leukemia (CLL) / Small lymphocytic
lymphoma (SLL)
CLL is a common hematopoietic malignant disease. CLL cells share particular immunophenotypic features (expression of mature B-cell markers, CD23, CD5, and weak expression of surface immunoglobulin). However, in different cases of the disease, there may be considerable variation in clinical course, in aggressive disease, the CLL cells usually express an unmutated immunoglobulin heavy chain variable region (IgVH) and higher level of CD38 expression (Habib and Finn, 2006, Bouley et al., 2006). 

Using proteomics to identify and distinct various CLL cells,(Bouley et al., 2006) 12 cases were analysed :six mutated M-CLL and six unmutated UM-CLL immunoglobulin heavy-chain loci; (seven CD38-negative and five CD38-positive) using two-dimensional gel electrophoresis. A gel with a pH range from 4 to 7 is giving a high level of spot resolution. Approximately 800 protein spots were detected. Gel were scanned and analyzed by the Progenesis Same Spots v2.0 software. Principal components analyses (PCA) of the individual gels of the dataset was employed to further investigate the level of similarity between the UM-CLL and M-CLL gels and also rapidly to identify protein spots that contribute to any potential differences between the two groups (Fujii et al., 2005, Boyd et al., 2010). 

The levels of F-actin-capping protein beta subunit, 14-3-3 beta protein, and laminin-binding protein precursor were significantly increased in M-CLL relative to UM-CLL. In addition, primary sequence data from tandem mass spectrometry showed that nucleophosmin was present as several protein spots in M-CLL but was not detected in UM-CLL samples, suggesting that several post-translationally modified forms of nucleophosmin vary between these two sample groups. No specific differences were found between CD38-positive and -negative patient samples using the same approach (Cochran et al., 2003). 

The results presented show that proteomic analysis can complement other approaches in identifying proteins that may have potential value in the biological and diagnostic distinction between UM- and M-CLL that either may contribute to differential prognosis or may developed as a marker for disease outcome (Cochran et al., 2003). 

[bookmark: _Toc260495809][bookmark: _Toc260496060][bookmark: _Toc260500453][bookmark: _Toc261098482][bookmark: _Toc312169195][bookmark: _Toc312172122][bookmark: _Toc312257671]	Follicular Lymphoma
Follicular lymphoma (FL) is the second most common and incurable non-Hodgkin’s B-cell lymphoma. Most cases over express Bcl-2 that blocks programmed cell death (apoptosis) and show t (14; 18) by cytogenetic but the pathogenesis of FL remains incompletely understood. On the other hand FL exhibits marked clinical heterogeneity and reliable prognostic markers to differentiate patients who progress rapidly from those who survive for years with indolent disease have not been established (Solal-Celigny, 2006, Boyd et al., 2010). 

Some patients undergo rapid transformation to aggressive lymphoma and die, whereas others survive for years with indolent disease. Pathologic grading lacks adequate reproducibility and the clinically based International Prognostic Index  (Solal-Celigny, 2005) relatively identifies only few high risk patients. 

To determine if proteomic approach can overcome this obstacle; frozen tissue from 20 cases of FL and 15 cases of Benign Follicular Hyperplasia (FH) were analyzed. Lysates were spotted on reverse-phase protein microarray to allow comparison of protein expression in multiple tissue samples simultaneously (Scielzo et al., 2005, Habib and Finn, 2006). They were probed with 21 antibodies to proteins in the intrinsic apoptotic pathway. A panel of three antibodies segregated most cases of FL from FH. Phospho- Akt (Ser473) and Bcl-2 were significantly increased in FL (P = 0.001and P < 0.0001, respectively). Additionally, the Bcl-2/Bak ratio completely discriminate FL from FH and patients with high ratios died significantly sooner than patient with low ratio with differences in median survival times of 7.3 years (P = 0.0085) and 3.8 years (P = 0.018), respectively. These studies demonstrated new prognostic markers including Bcl-2/Bak ratio. Because protein are the direct functional effectors of apoptotic decision making in the cells, proteins that have biological importance in FL can also be the potential therapeutic target (Bouley et al., 2006). 
[bookmark: _Toc260495810][bookmark: _Toc260496061][bookmark: _Toc260500454][bookmark: _Toc261098483][bookmark: _Toc312169196][bookmark: _Toc312172123][bookmark: _Toc312257672]	Hodgkin Lymphoma (HL)
It is one of the most common forms of malignancy affecting young adults, with an average age at diagnosis of 32 years. HL is characterized morphologically by the presence of a distinct population of neoplastic Reed–Sternberg cells (RS), that are surrounded by a non-neoplastic mixed inflammatory infiltrate RS cells in Hodgkin lymphoma (HL) secrete factors that interact with inflammatory background cells and may serve as biomarkers for disease activity.(Ma et al., 2008b). Accurate tissue-based diagnosis and staging are critical to the successful treatment of HL. 

When accurately diagnosed, HL can be treated and cured with local treatment.  However, 20–30% of patients experience relapse and die of complications associated with progressive disease and or treatment. (Wallentine et al., 2007) Therefore, early diagnosis and the ability to monitor the disease more effectively during and following treatment are important for the management of HD (Fujii et al., 2005). Mass spectrometry-based proteomics in conjunction with liquid chromatography and bioinformatics analysis provides a highly sensitive and high-throughput approach for the identification of proteins in Hodgkin lymphoma-derived from Reed–Sternberg cells (Brown and Nazmi, 2002). 

The sub cellular proteome of the three cellular compartments from L428 and KMH2 Hodgkin lymphoma-derived cell lines were fractionated, and analysed by reverse-phase liquid chromatography coupled with electro spray ionization tandem mass spectrometry. 

Additionally, proteins released by Hodgkin lymphoma-derived L428 cells were extracted from serum-free culture media and analysed. A subset of the identified proteins was validated by Western blot analysis, immunofluorescence microscopy and immuno-histochemistry. A total of 1945 proteins were identified with 785 from the cytosolic fraction, 305 from the membrane fraction, 441 from the nuclear fraction and 414 released proteins using a minimum of two peptide identifications per protein and an error rate of <5.0% (Boyd et al., 2010). Identification of proteins from diverse functional groups reflected the functional complexity of the Reed-Sternberg proteome. Selected proteins without previously demonstrated expression in Hodgkin lymphoma were validated by Western blot analysis (B-RAF, Erb-B3), immunofluorescence microscopy (Axin1, Tenascin-X, Mucin-2) and immunohistochemistry using a tissue microarray (BRAF, PIM1). 

This study demonstrates the utility of combining cellular sub fractionation, protein precipitation, tandem mass spectrometry and bioinformatics analysis for comprehensive identification of proteins that may represent potential biomarkers of the disease (Wallentine et al., 2007).

[bookmark: _Toc260495811][bookmark: _Toc260496062][bookmark: _Toc260500455][bookmark: _Toc261098484][bookmark: _Toc312169197][bookmark: _Toc312172124][bookmark: _Toc312257673]	Central Nervous System (CNS) lymphoma
Non-Hodgkin lymphomas (NHL) of the CNS are rare but they nonetheless constitute a clinical, biological and diagnostic problem. A significant number of patients are poor candidates for brain biopsy because of tumour location. 
The Cerebrospinal fluid (CSF) is markedly less invasive than brain biopsy and is current standard of care in the evaluation of CNS lymphoma.  However cytologic examination of CSF is less than 50% sensitive. In addition on many occasions radiographic and neuro-imaging features are not conclusive and differential diagnosis between multiple sclerosis, neuro-sarcoid and CNS lymphoma are difficult. Early diagnosis and treatment of CNS lymphoma attenuates disease progression and neurologic deterioration. New biomarkers are needed to facilitate diagnosis (Li et al., 2008, Holland et al., 2011) .

To test the hypothesis that individual CSF proteins distinguish CNS lymphoma from benign focal brain lesions CSF from 31 patients with CNS Lymphoma and non-neoplastic control conditions were analysed. Using a liquid chromatography/mass spectrometry–based method to differentially quantify and identify several hundred CSF proteins in CNS lymphoma and control patients. The ELISA was used to confirm these markers (Roy et al., 2008). Approximately 80 CSF proteins were identified and found to be present at significantly different concentrations both higher and lower. To further validate these observations, candidate biomarkers, anti-thrombin III (ATIII) were further defined. ATIII RNA transcripts were identified within CNS lymphomas, and ATIII protein was localized selectively to tumour neovasculature. Determination of ATIII concentration by ELISA was significantly more accurate (75% sensitivity and 98% specificity) than cytology in the identification of cancer. Measurement of CSF ATIII levels was found to potentially enhance the ability to diagnose and predict outcome. (Roy et al., 2008, Boyd et al., 2010). These findings demonstrate that proteomic analysis of CSF yields individual biomarkers with better diagnostic sensitivity than CSF cytology. The discovery of CSF protein biomarkers will facilitate early and non-invasive diagnosis in patients with lesions not amenable to brain biopsy, as well as provide improved surrogates of prognosis and treatment response in CNS lymphoma (Li et al., 2008, Holland et al., 2011).

[bookmark: _Toc260495812][bookmark: _Toc260496063][bookmark: _Toc260500456][bookmark: _Toc261098485][bookmark: _Toc312169198][bookmark: _Toc312172125][bookmark: _Toc312257674]	Acute myeloid leukaemia (AML)
AML is characterized by accumulating myeloid precursor or myeloblast cells in the bone marrow, if left untreated the survival rate is 2/3 months. Despite advances in the treatment modalities, the five years overall survival hardly exceeds 50%. The current classification of AML uses WHO and French- American-British (FAB) system based on morphological, cytogenetic and recurrent molecular abnormalities (Kornblau et al., 2009, Valk et al., 2005).

These classification schemes have prognostic relevance and may select individualized therapy in certain subsets of AML such as acute promyelocytic leukaemia with t (15; 17); PML-RARA, long-term survival above 70% can be achieved in this subgroup. However, approximately half of the AML patients have no risk stratifying features, and early reports indicate that proteomic approaches may be utilized for disease classification as well as development of novel biomarkers related to prognosis. (Sjoholt et al., 2006) . 

A functional proteomic classification system can provide important information for pathogenesis and prognosis. With the goal of ultimately developing a proteomic-based classification of acute myeloid leukaemia (AML), bone marrow sample from 256 newly diagnosed AML patients were analysed. The expression in matched blood and marrow samples were similar for 44 proteins; another 7 had small fold changes (8%-55%), suggesting that functional proteomics of leukaemia-enriched cells in the marrow and periphery are similar (Forshed et al., 2008, Cui et al., 2004). 

Protein expression patterns were independent of clinical characteristics and there was 24 unique protein expression signature for different FAB types, defining distinct signatures for each (Kornblau et al., 2009). Expression signatures for AML with cytogenetic abnormalities involving chromosomal abnormality -5 or -7 were similar suggesting mechanistic commonalities. Distinct expression patterns for FMS-like tyrosine kinase 3-internal tandem duplication were also identified. Principal component analysis defined 7 protein signature groups, with prognostic information distinct from cytogenetic that correlated with remission attainment, relapse, and overall survival. In conclusion, protein expression profiling patterns in AML correlate with known morphologic features, cytogenetic, and outcome. (Carlson et al., 2007).

[bookmark: _Toc305759140][bookmark: _Toc306570568][bookmark: _Toc307067633][bookmark: _Toc312169199][bookmark: _Toc312172126][bookmark: _Toc312257675]
 	Proteomic based approaches to biomarker discovery
[bookmark: _Toc305759141][bookmark: _Toc306570569][bookmark: _Toc307067634][bookmark: _Toc312169200][bookmark: _Toc312172127][bookmark: _Toc312257676]	Background
Biomarkers are essential for cancer detection, diagnosis, prognosis and therapeutic monitoring. However, currently available cancer biomarkers have the weakness of lacking sensitivity and specificity resulting in an urgent need for greater quality biomarkers. Recent advances in proteomics technologies and sample preparation have enabled in-depth analysis of many low abundant proteins/peptides, unlocking a large pool of potentially clinically valuable biomarkers (Xiao and Wong, 2010).

Proteomic technologies applied to biomarker discovery are very much to the forefront in this specific area and have accounted for many new potential clinically useful markers being identified over the last few years. Proteomics approaches to biomarker discovery include both gel-based methods and gel-free MS-based methods (Kalinina et al., 2011).
 
[bookmark: _Toc305759142][bookmark: _Toc306570570][bookmark: _Toc307067635][bookmark: _Toc312169201][bookmark: _Toc312172128][bookmark: _Toc312257677]	Proteomic techniques
2-dimensional polyacrylamide gel electrophoresis (2D-PAGE) is still a very popular protein separation technique. 2-dimensional Difference Gel Electrophoresis (2D-DIGE) differs from 2D-PAGE in that each sample is pre-labelled with a fluorescent dye prior to isoelectric focusing (called Cy2, Cy3 and Cy5)(Seike et al., 2004, Maurya et al., 2007, Kossmann, 1984) .

[bookmark: _Toc261098475][bookmark: _Toc305759146]	2D-DIGE (Two-dimensional difference gel electrophoresis)
Separation and relative quantitation of complex protein mixtures remain two of the most challenging aspects of proteomics (Yan et al., 2002). Two-dimensional gel electrophoresis (2D-DIGE) is a powerful technique enabling simultaneous visualization of relatively large portions of the proteome (Marouga et al., 2005). This technique allows separation of complex protein mixtures at highest resolution (Gade et al., 2003). 2D-DIGE is a fluorescence-based technique that allows the use of multiplexed samples (multiple samples are labelled and run in the same gel). Such multiplexing reduces the number of gels for analysis, minimizes experimental errors and greatly eliminates gel-to-gel variability (Because the samples have been subjected to essentially the same environment during separation) (Henkel et al., 2005). 

2D-DIGE also involves use of a reference sample, known as an internal standard, which comprises equal amounts of all biological samples in the experiment. Including the internal standard on each gel in the experiment with the individual biological samples means that the abundance of each protein spot on a gel can be measured relative (i.e. as a ratio) to its corresponding spot in the internal standard present on the same gel (Lilley and Friedman, 2004). This will result in increased confidence that differences found between samples are due to real induced changes, rather than inherent biological variation or experimental variability (Tannu and Hemby, 2006). 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]
2D-DIGE can provide detection of changes in protein abundance (quantitative expression profiling) (Lilley et al., 2002) with the statistical confidence, while controlling for gel-to-gel variation and other variations of non-biological origin (Kondo and Hirohashi, 2009). 2D-DIGE has quickly become the “gold standard” for gel-based proteomics for studying tissues, as well as cell culture and bodily fluids such as serum or plasma (Brown et al., 2006).

Samples obtained from different sources or groups (such as serum sample from responder and non-responder to thalidomide) are differentially labelled with spectrally resolvable fluorescent dyes (Cy2, Cy3 and Cy5) and co-resolved on a single 2D gel for direct quantitation (Figure 1-9). The proteins in each sample are covalently tagged with these colour fluorescent dyes that are designed to have no effect on the relative migration of proteins during electrophoresis. There are currently two types of CyDye labelling chemistries available from Amersham Biosciences (Viswanathan et al., 2006).



[bookmark: _Toc305759143]	Minimal Labelling
The most established is the ‘minimal labelling’ method which has been available from this supplier since July 2002.  Here, the CyDyes are supplied with a N-hydroxy succinimidyl ester group which reacts with the epsilon amino group of lysine side chains. Labelling reactions are engineered such that the stoichiometry of protein to fluor results in only 2-5% of the total number of lysine residues being labelled. It is imperative to keep a low dye: protein ratio to avoid multiple dye additions, as these would result in multiple spots being resolved in the second dimension of the DIGE gel (Lilley, Razzaq et al. 2002). The typically high lysine content of most proteins makes it challenging to force the labelling reaction to saturation without using excessive amounts of reagent. The fluors carry an intrinsic charge of +1, such that the pI of the protein is preserved upon labelling. The three fluors are also mass matched, each labelling event adding approximately 500 Da to the mass of the protein. Labelling with CyDye DIGE Fluors is very sensitive with a detection limit of around 500 pg of a single protein, and a linear response in protein concentration over at least five orders of magnitude (Shaw et al., 2003). 

In comparison, the limit of detection with silver stain is in the region of 1ng of protein with a dynamic range of no more than two orders of magnitude (Lilley, Razzaq et al. 2002). The labelling system is compatible with the downstream processing commonly used to identify proteins, which involves the generation of tryptic peptides (Ruepp et al., 2002, Tonge et al., 2001). Trypsin cleaves the peptide bonds on the C-terminal side of lysine and arginine residues, but, as so few lysine residues are modified by dye labelling peptide generation is largely unhindered. It is also unlikely that a peptide modified with a CyDye DIGE Fluor would be extracted from a gel piece, hence interference by the fluors in peptide mass fingerprinting and de novo sequencing mass spectrometric techniques is minimal (Hagner-McWhirter et al., 2008). 

A drawback of this minimal labelling system is the fact that the majority of the protein within a sample remains unlabelled and, in the case of smaller molecular weight species, the labelled portion of the protein may migrate to a slightly different position on a 2D gel (McNamara et al., 2010).  To ensure that the maximum amount of protein is excised for downstream processing, minimally labelled DIGE gels are often post-stained with a total protein stain such as SyproRuby (Lilley et al., 2002). 

[bookmark: _Toc305759144]	Saturation Labelling
The second more recent chemistry was released by Amersham Biosciences in July 2003 and is designed for use in situations where sample abundance is limited.  This differs from the original N-hydroxy succinimidyl chemistry in that CyDyes with no intrinsic charge are supplied with a thiol reactive maleimide group. These ‘saturation’ dyes are utilised in such a way to bring about labelling of every cysteine residues within a protein. The saturation labelling is much more sensitive as more fluorophor is introduced into each protein species, Shaw et al reporting an order of magnitude increase in sensitivity over the original minimal dyes (Shaw et al., 2003). Whilst the added sensitivity that these dyes provide is desirable, their use is technically more challenging (Alban et al., 2003).  

The reaction conditions have to be carefully optimised for each type of sample to ensure complete reduction of cysteine residues and a protein:dye ratio sufficient for stoichiometric labelling.  Sub-stoichiometric labelling will lead to multiple spots in the second dimension, whereas the use of too much dye may lead to unwanted addition reactions with lysine residues, resulting in the formation of charge trains in the first dimension. 

 It is also impossible to compare the 2D spot maps between samples labelled with the two chemistries. Proteins containing multiple cysteine residues may appear as larger molecular weight species when labelled with the saturation dyes.   For studies where identification by mass spectrometric techniques is required, a preparative gel with increased protein loading will be required to produce a 2D protein map.  In situations where the amount of sample is very small this technique at best can be considered of diagnostic value (Lilley et al., 2002). 

The use of these saturation dyes is not well established and the maleimide dyes are currently only available for Cy3 and Cy5. The CyDye technique is a sensitive method for the detection of proteins from numerous sample types including bio fluids, cell culture lysates/conditioned media and laser-micro dissected tissue (Dowling et al., 2007b)  (Kirana et al., 2009). In addition in case of the minimal dyes, a system bias at low spot volumes is observed owing to the different fluorescence characteristics of acrylamide at the different wavelengths of excitation for Cy2, Cy3 and Cy5. This system bias can be greatly reduced by employing a dye swap approach; several replicate gels are run where each sample appears with the opposite labelling, i.e. gel 1 would contain pooled sample in Cy2 channel, wild type in Cy3 channel and mutant in Cy5; gel 2 would contain pooled sample Cy2 channel, mutant in the Cy3 channel and wild type in Cy5 channel) (Karp, Kreil et al. 2004).
  
[bookmark: _Toc305759145][bookmark: _Toc306570571][bookmark: _Toc307067636][bookmark: _Toc312169202][bookmark: _Toc312172129][bookmark: _Toc312257678]	Experimental design
DIGE is a particularly powerful approach to study the changes in protein abundance in experimental studies involving comparison of multiple samples. In such studies involving the use of minimal dyes, it is desirable to label samples with either Cy3 or Cy5 minimal dyes, whereas Cy2 is used to label a pooled sample comprising equal amounts of each of the samples within the study, and acts as an internal standard (Cairns, 2011, Karp and Lilley, 2005).  This ensures that all proteins present in the samples are represented, allowing both inter- and intra-gel matching. Variation in spot volumes due to gel-specific experimental factors, for example protein loss during sample entry into the immobilized pH gradient strip, will be the same for each sample within a single gel (Alban et al., 2003). Consequently, the relative amount of a protein in a gel in one sample compared with another will be unaffected (Kikuta et al., 2010).  The spot volumes are normalized for dye discrepancy, arising from differences in laser intensities, fluorescence, and filter transmittance, using a method based on the assumption that the majority of protein spots have not changed in expression level (Alban et al., 2003).





	DeCyder software for the DIGE system
The spot volumes from the labelled samples are compared to the internal standard giving standardised abundances, which allows the variation in spot running success to be taken into consideration. For the analysis, software developed for the DIGE system (DeCyderTM by Amersham Bioscience, Sweden) is typically used. This software has a co-detection algorithm that simultaneously detects labelled protein spots from images that arise from the same gel and increases accuracy in the quantification of standardized abundance (Alban, David et al. 2003). The recent addition of DeCyder Extended Data Analysis (EDA) software now allows multivariate analysis and sophisticated clustering methods to uncover patterns in protein expression data derived from 2D-DIGE experiments. 

The standardised abundances can then be compared across groups to detect changes in protein expression. In the case of the saturation dyes, where a Cy2 label is not available, the internal standard is labelled with one of the dyes and individual samples appear on separate gels labelled with the other dyes. This approach reduces the extent of multiplexing and increases the number of gels within a comparative experiment. (Shaw, Rowlinson et al. 2003) 

The design of a protein profiling analysis experiment using DIGE is crucial to the amount of statistical significance that can be placed on the data. Consideration must be given to methods employed to assess both biological and experimental noise within the system being studied and ample biological and technical replicates must be processed. 

It is essential to measure the experimental variation in the DIGE process for any new set of samples. This can be achieved by running sets of gels where the same sample is labelled with all dyes to be used, loaded onto one gel and fully analysed. This will also give an indication of the inherent error of the system and suggest the threshold of significance or a fold change above which true changes in expression can be measured. 
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[bookmark: _Toc260927160][bookmark: _Toc304195968]Figure 1‑10 showing labelling of sample with spectrally resolvable fluorescent dyes Cy2, Cy3 and Cy5. This diagram is adopted from Principles and Methods; GE Healthcare website. (http:// www.gelifescience.com). 


2D-DIGE is capable of resolving thousands of protein spot features in a single separation(Von Eggeling et al., 2001). Proteins that are common to the samples appear as 'spots' with a fixed ratio of fluorescent signals, whereas proteins that differ between the samples have different fluorescence ratios. With the appropriate imaging system, 2D-DIGE is capable of reliably detecting as little as 0.5 femtomole of protein, and protein differences down to +/- 15%, over a >10,000-fold protein concentration range. 2D-DIGE combined with digital image analysis greatly improves the statistical assessment of proteome variation(Viswanathan et al., 2006). 

This is mainly due to the fact that the generated images from the two different fluorescent channels could be superimposed by standard image analysis, so that changes in the protein pattern could be easily detected either by a different colour or by comparing grey values of corresponding spots(Von Eggeling et al., 2001). This method will be especially helpful in comparing proteins from two different biological or clinical groups such as responder and non-responders to thalidomide in multiple myeloma (Henkel et al., 2005). 

[bookmark: _Toc305759147][bookmark: _Toc306570572][bookmark: _Toc307067637][bookmark: _Toc312169203][bookmark: _Toc312172130][bookmark: _Toc312257679]	Multiplexing the samples 
2D-DIGE technology can co-resolve multiple samples in a single gel which allows for direct relative quantification for a given protein without interference from gel-to-gel variation. Inclusion of a pooled-sample mixture as an internal standard (for a series of coordinated DIGE gels) further allows for a more complex and statistically powerful experimental design that can, not only, accommodate gel-to-gel variation, but also provide increased statistical confidence using Student’s t-test or ANOVA. 

The results of the Analytical 2D-DIGE experiment can be used only to direct Peptide Mass Fingerprint experiments to identify proteins of interest using Liquid chromatography-mass spectrometry (LC-MS) (Rodland, 2004). Protein spots in the “pick” gel can be excised manually or robotically and processed using standardized in-gel digestion methods to obtain peptide mass fingerprints that can then be submitted to public databases for protein identification (Asara et al., 2006).

[bookmark: _Toc306570573][bookmark: _Toc307067638][bookmark: _Toc312169204][bookmark: _Toc312172131][bookmark: _Toc312257680] 	Protein quantitation
Gel free proteomics technologies are very suitable for the analysis of proteins with low abundance in complex samples. In addition, the Liquid chromatography (LC) systems are also very efficient and reproducible at separating proteins/peptides in complex samples. Modern mass spectrometry (MS) systems produce quality protein identifications, accurate protein quantitation together with information on protein modification sites and structures. Accurate protein quantitation using differential labelling technologies, such as iTRAQ (isobaric tag for relative and absolute quantitation) and SILAC (Stable Isotope Labelling with Amino acids in Cell culture), are ideal for determining relative changes in protein expression in sets of samples leading to the discovery of potential biomarkers (Bouchal et al., 2009) Label-free relative quantitative proteomics is also a powerful tool to determine changes in protein level, an area that has significantly benefited from advancements made in LC and MS systems (Sun et al., 2008).
Surface-enhanced laser desorption/ionization time-of-flight mass spectrometric (SELDI-TOF-MS) is an adaptation of matrix-assisted laser desorption/ionization (MALDI) that uses chromatographic surfaces such as CM10 (weak-positive ion exchange) and IMAC30 (metal-binding surface) to fractionate complex mixtures, attaining a subset of proteins that are easier to analyze. SELDI-TOF-MS has disadvantages but this technology has undoubtedly helped expand the biomarker catalog and generate a greater understanding of many cancers (Shirai et al., 2008). 

Protein microarrays are of increasing significance for high-throughput screening of clinical material. Applications of protein microarrays vary from biomarker discovery for diagnosis, prognosis, and monitoring response to drug treatments together with identification of protein pathways and modification changes such as phosphorylation/glycosylation associated with disease development and progression (Gay et al., 2002). Different array formats are available to study the biochemical activities of proteins including analytical microarrays, functional microarrays, and reverse phase microarrays (Boyd et al., 2008). Analytical protein microarrays are particularly suited to biomarker discovery because of their reproducibility, high through-put nature and the ability to detect low-abundance proteins that are difficult to analyse using traditional proteomics-based methodologies (Figure 1-11). 
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Figure 1-11 HPLC is a separation technique that involves, the injection of a small volume of liquid sample into a tube packed with tiny particles (3 to 5 micron (μm) in diameter called the stationary phase) where individual components of the sample are moved down the packed tube (column) with a liquid (mobile phase). These components are separated from one another by the column packing that involves various chemical and/or physical interactions between their molecules and the packing particles. These separated components are detected at the exit of this tube (column) by a flow-through device (detector) that measures their amount. An output from this detector is called a “liquid chromatogram. 

[bookmark: _Toc312169205][bookmark: _Toc312172132][bookmark: _Toc312257681]	Protein Identification
Mass Spectrometers can measure the mass of intact proteins but Proteins can be difficult to handle and are not always soluble under the same conditions. Detergents can also interfere with MS as they ionise very well. On many occasions ratio of detergent to protein are hugely in favour of detergent. In addition, sensitivity of MS is lower for proteins than peptides. To identify a protein, sequence information is needed and a mass spectrometer is most effective at obtaining sequence  information from peptides up to 20 amino acids (Keller et al., 2005)(Figure 1-11).
Protein identification using Peptide identification techniques
Protein identification techniques using Mass Spectrometry are really Peptide identification techniques. Identification of proteins by mass spectrometry uses peptide masses or the MS/MS fragmentation of a peptide. A protein is firstly digested with an enzyme to produce peptides (Breen et al., 2000, Zhou et al., 2010b) 

	Peptide Mass Fingerprinting (PMF)
In PMF technique, the peptides are analysed by mass spectrometry and the masses generated are then used to search against a sequence database (Gay et al., 2002). 
MS/MS Peptide Identification 
A peptide is fragmented in a mass spectrometer and the fragment ion masses are then used to search a sequence database.  Proteins can be correlated with the fragmentation of a single peptide using this technique (Johnson et al., 2005).
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Figure 1‑112	shows the diagrammatic representation of identification of proteins by mass spectrometry uses peptide masses or the MS/MS fragmentation of a peptide. A protein is firstly digested with an enzyme to produce peptides.


[bookmark: _Toc305759148][bookmark: _Toc306570575][bookmark: _Toc307067640][bookmark: _Toc312169206][bookmark: _Toc312172133][bookmark: _Toc312257682]	 Applications of 2D-DIGE technique
To date, the DIGE technology has been used with great success to study a variety of systems, allowing the detection of more subtle changes in protein expression than conventional methods where separate samples are loaded onto each gel (Gade, Thiermann et al. 2003); these  include breast cancer cells (Gharbi, Gaffney et al. 2002), cat brain (Bergh, Clerens et al. 2003), esophogeal cancer cells (Zhou, Ranish et al. 2002), yeast (Hu, Wang et al. 2003), chloroplast (Kubis, Baldwin et al. 2003), GPI-anchored proteins (Borner, Lilley et al. 2003),  murine mitochondria (Kernec, Unlu et al. 2001), mouse brain (Skynner, Rosahl et al. 2002) and  rat heart (Sakai, Ishikawa et al. 2003), although as yet there is a dearth of publications where the internal standard system is used. Knowles et al (Knowles, Cervino et al. 2003) have described a significant increase in the accuracy of determination of differential protein expression using the Cy2-labelled internal standard approach. 

They compared the relative abundances of proteins in cerebral cortex from wild-type mice and neurokinin 1 receptor knockout mice, to elucidate molecular pathways involving this protein. They also compared relative abundances and significance values for differentially expressed spots derived from gels incorporating the pooled Cy2-labelled standard, with values derived from the same gels but without normalising spot volumes to the corresponding pooled standard.  They demonstrated that virtually all differentially expressed spots gave lower significance levels and a higher incidence of false positives when derived without using the pooled standard for normalisation.  The authors reported being able to measure as little as 10% change in abundance with 95% confidence (p < 0.05).
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[bookmark: _Toc260927161][bookmark: _Toc304195969]
Figure 1‑123 shows flowchart of the 2D-DIGE experiment process: Obtaining initial target samples from the bio-banks. Initial processing and storage of sample, sample Preparation for 2D-DIGE (Extraction and clean-up) preliminary 2D gel for quality control purposes. Labelling (Cy2, Cy3 and Cy5), DIGE 2D gel electrophoresis, Laser Imaging (Typhoon Imager) Computerized, Image Analysis (DeCyder software), Coordination with analytical results, Robotic protein excision and digestion,  LC-MS Nano spray.


[bookmark: _Toc305759149][bookmark: _Toc306570576][bookmark: _Toc307067641][bookmark: _Toc312169207][bookmark: _Toc312172134][bookmark: _Toc312257683]	Drawbacks of the system
Regardless of the benefits of the 2D-DIGE, for global expression analysis, every protein should be resolved as a discrete detectable spot. However, the following groups of proteins are often poorly represented: those with extreme isoelectric points or molecular weight; hydrophobic proteins; lower abundance proteins. It has been calculated that somewhere in the region of 90% of the total protein of a typical cell is made up of only 10% of the 10 000-20 000 different species, and hence many low abundance proteins may not be detectable (Zuo et al., 2001) .Co-migration is also an issue, with proteins of similar isoelectric points and denatured molecular weight becoming focused at the same position of the gel. This makes it impossible to accurately determine the relative abundance of an individual protein within a mixed spot.  In this climate of financial restriction the main criticisms of DIGE is the financial outlay necessary to install the system in a laboratory.  An appropriate scanning system and dedicated software are required and the cost of CyDyes necessary for large scale studies is not trivial (Shaw et al., 2003).

[bookmark: _Toc306570577][bookmark: _Toc307067642][bookmark: _Toc312169208][bookmark: _Toc312172135][bookmark: _Toc312257684]	Bioinformatics
Bioinformatics approaches can determine the proteomic signatures responsible for the important clinical-pathological features and identify a small number of key proteins, which may be candidates for disease markers and therapeutic targets. Bioinformatics is the collection, organisation and analysis of large amounts of biological data, using networks of computers and databases (Hou et al., 2009, Deng et al., 2003b). General information about proteins can be obtained using SWISS-PROT and NCBI. The Software packages are available to analyse proteomic data e.g. PathwayStudio and Gene Ontology (GO STAT). PathwayStudio is a product aimed at the visualisation and analysis of biological pathways, gene regulation networks and protein interaction maps. It comes with a comprehensive database that gives a snapshot of all information available in PubMed, with the focus on pathways and cell signalling networks (Li et al., 2004). 

This product allows visualisation of results in the context of automatically created pathways, gene regulation networks and protein interaction maps. The GO STAT consortium provides structural description of protein function that is used as a common language for gene annotation in many organisms. Large-scale techniques have generated many valuable protein-protein interaction datasets that are useful for the study of protein function (Deng et al., 2004b, Deng et al., 2004a).Combination between 2D-DIGE, mass spectrometry and bioinformatics approach is a powerful tool for disease proteomics. The efforts to understand the overall features of the proteome by using a bioinformatics approach to analyse 2D-DIGE data, together with the integrated information of the individual proteins identified by 2D-DIGE, will give us novel molecular backgrounds for diseases (Qian et al., 2006, Rodland, 2004).



[bookmark: _Toc312169209][bookmark: _Toc312172136][bookmark: _Toc312257685]	Statistical analysis 
The multi-gel approach allows many data points to be collected for each group to be compared. Spots of interest can be selected by looking for significant change across the groups, for example, with a univariate statistical test e.g. Student’s t-test or analysis of variance (ANOVA). These give a probability score (p) for each spot.  This score indicates the probability that the groups are the same, consequently a spot with a low score, for example, p < 0.05, represents significant difference in abundance level. The number of replicates required in a study depends on the amount of variation in the system being investigated, and on how small the changes in expression are that you wish to measure at a given confidence level. Increasing the number of replicates will increase confidence in smaller changes in expression (Mostacci et al., 2010, Corzett et al., 2010). 

[bookmark: _Toc312169210][bookmark: _Toc312172137][bookmark: _Toc312257686]	Principal component analysis (PCA)
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Principal component analysis (PCA) is a statistical analysis technique that mathematically transforms a number of potentially correlated variables into a smaller number of uncorrelated variables called principal components (Figure 1-10). PCA is thus a dimensional reduction technique. This method of analysis calculates the Eigen system of a given matrix of data and has been demonstrated to be of value in proteomic analysis. It can be used to determine quantitative alterations of protein spots and thus potentially to identify co-regulated proteins that may have prognostic importance (Corzett et al., 2010, Carpentier et al., 2008). 
[image: ]
[bookmark: _Toc260927159][bookmark: _Toc304195967]Figure 1‑14 PCA is probably the most widespread multivariate statistical technique that involves a mathematical procedure that transforms a number of (possibly) correlated variables into a (smaller) number of uncorrelated variables called principal components. Therefore PCA is recommended as an exploratory tool to uncover unknown trends in the dataset such as biomarker discovery. In the above example; each dot on this plot represents a clinical sample. This experiment shows consistent results, as clinical samples from the same experimental groups are located in the same distinct areas, i.e. contained mostly in one half of the plot. (Reproduce from GE Healthcare website).






[bookmark: _Toc312169211][bookmark: _Toc312172138][bookmark: _Toc312257687]	Logistic regression validation
With any predictive model rigorous validation is essential. This allows one to gain an appreciation of future performance (i.e. an ability to classify unknown samples correctly). There are two main types of validation used, internal and external validation. External validation is the ideal type – where a large blinded dataset is collected and presented to the model. In many proof of concept studies where sample numbers are relatively small, internal validation measures such as the ROC curve and cross validation are employed (Taylor et al., 2008, Bagley et al., 2001, Ransohoff, 2005)

[bookmark: _Toc312169212][bookmark: _Toc312172139][bookmark: _Toc312257688]	Receiver operating characteristic (ROC) curve evaluation 
A common means of evaluating the suitability of a logistic regression based diagnostic test is known as the receiver operating characteristic curve (ROC). ROC curves are constructed to provide a means to determine the effectiveness of a classifier when, as is most likely, there is not 100% discrimination between normal and disease (Delacour et al., 2005). The vertical black line represents the point at which a decision is made. This “cut-point” is varied and the sensitivity and specificity is calculated at each point. A ROC curve can be generated by plotting the resulting sensitivity and 1-specificity (see below for sensitivity and specificity formulas). Determining the area under the curve (AUC) yields a summary measure of the overall performance of the model. For the comparison of biomarker combinations an AUC of < 0.7 is considered poor, between 0.7 and 0.8 acceptable, 0.8 to 0.9 good and > 0.9 excellent (Alonzo and Pepe, 2007). While the AUC is an appropriate measure of performance it is sometimes used as the sole measure in the literature. AUC is undoubtedly a useful measure; however, it is inherently biased as it is derived from the data used to construct the model. The model may be too specific for the training data – termed over fitting – and may predict unknown samples poorly. During the discovery phase of a project only a limited subset of patients is available during model development, therefore it is important to employ appropriate re-sampling techniques such as cross validation to estimate over fitting risk (Soreide et al., 2011, Schroder and Kattan, 2008).

[bookmark: _Toc312169213][bookmark: _Toc312172140][bookmark: _Toc312257689]	Leave one out cross validation
While the ROC and AUC is a useful means to determine the effectiveness of a logistic regression model, the result is biased. A statistical re-sampling is used technique known as leave-one-out cross validation (LOOCV) to correct this bias (Li et al., 2004). 

Leave one out cross validation is known as a re-sampling technique used widely in statistics to provide estimates of a model future performance when the sample size is small. In LOOCV series of model is built using n-1 samples, the removed sample is presented to the model and the prediction made. The process continues until each sample is left out. The aim is to attempt to determine if model over fitting has occurred without the use of an independent testing set (Figure 1-13) (Man et al., 2004). 

Following the application of LOOCV, the accuracy can be calculated as well as the sensitivity and specificity of the model. The model accuracy is simply the number of correct results divided by the total number of samples and converted to a percentage.


						(1)
The sensitivity (False positive rate) and specificity (False negative rate) can be calculated from the so called confusion matrix (Li et al., 2004). 
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Figure 1‑15 Leave out cross-validation. On the first iteration of the process a model is built using samples 1-9. Once the model has been constructed sample 10, the test samples, is presented for prediction. The process continues until all samples are tested. Finally the predictions are compared to the known outcomes in order to calculate the LOOCV accuracy.





[bookmark: _Toc260495805][bookmark: _Toc260496056][bookmark: _Toc260500449][bookmark: _Toc261098477][bookmark: _Toc305759150][bookmark: _Toc306570578][bookmark: _Toc307067643][bookmark: _Toc312169214][bookmark: _Toc312172141][bookmark: _Toc312257690]
	Clinical material in biomarker studies
Proteomic profiling is one of the most universally applied strategies for cancer biomarker discovery which focuses on comparing protein patterns in cancer tissue compared to normal disease-free surrounding tissue as well as comparing bio fluids such as serum, plasma, saliva and pancreatic juice from cancer patients to matched controls. Because blood and plasma circulate in the body, and other bio fluids are in close proximity to specific organs, they effectively sample most tissues and can contain proteins/peptides, such as putative cancer biomarkers. Many important biomarkers, routinely used clinically, have been identified using these strategies. FDA approved protein biomarkers discovered in bio fluids or tissue include CA15-3/CA27-29 for breast cancer, PSA for prostate cancer and Her2/neu in breast tumours (Ludwig and Weinstein, 2005). 

Numerous difficulties arise when analysing bio fluids, including the extraordinary dynamic range of at least 9–10 orders of magnitude makes detection of low abundant proteins/protein-fragments/peptides difficult, species which have the potential to be primary biomarkers (Qian et al., 2008). Even after processes such as immunodepletion and several rounds of fractionation, many investigators find themselves analysing relatively high abundant proteins in bio fluids, which in their own right are important as potential biomarkers (secondary) but may lack the sensitivity and specificity of low abundant tumour specific (primary) biomarkers (Latterich et al., 2008). 

In vitro cancer secretome studies, focusing on media conditioned by cancer cells, has proved to be a rich source of secreted and shed proteins, many of which have subsequently been found to have potential roles as biomarkers (Sardana et al., 2008) . Despite lacking the physiological situations found in vivo, identification and analysis of many low abundance proteins has been possible using in vitro model systems, proteins that would be difficult to detect by direct analysis of bio fluids due to the bias toward the identification of high-abundance molecules (Kulasingam and Diamandis, 2008).  

The low-molecular-weight bio fluid and tissue proteomes have been the focus of recent attempts to find novel biomarkers (Petricoin et al., 2006) . Considerable populations of different peptides exist in living systems, each with specific properties and involvement in specific regulatory processes. Peptides are generated from larger precursors through hydrolysis of peptide bonds by some of the 550 or so different proteases and peptidases present in the human genome. Mass spectrometry is particularly suited to the analysis of peptides in order to identify and quantify patterns or signatures that can indicate the presence or absence of specific types of cancer (Villanueva et al., 2006).  

Recent developments have been made in analysis of formalin-fixed, paraffin-embedded (FFPE) samples, and it now seems possible to be able to reverse the cross-linking process that had previously meant that these samples were ineffectual for proteomics-based investigations. Proteomic analysis of formalin-fixed paraffin-embedded (FFPE) tissue now promises retrospective biomarker investigations of this vast archive of pathologically characterized clinical samples that exist worldwide (Ronci et al., 2008, Patel et al., 2008). Fresh tissue is often difficult to obtain in large numbers and sufficient quantities so extracting proteins of good quality out of FFPE tissues can now be used to overcome some of these obstacles. Using laser-capture micro dissection on FFPE tissue sections will also increase the purity of malignant and control cell populations for biomarkers discovery studies.

[bookmark: _Toc261098478]	


[bookmark: _Toc305759151][bookmark: _Toc306570579][bookmark: _Toc307067644][bookmark: _Toc312169215][bookmark: _Toc312172142][bookmark: _Toc312257691]	Strategies for biomarker validation
	Background
There is now general agreement that panels of biomarkers or bio signatures are more sensitive and specific than single markers. The use of large panels of biomarkers is less likely to yield unreliable results owing to the substantial heterogeneity among cancers. Assay development for validation studies on biomarkers associated with disease or treatment response is a difficult proposition in the development pipeline. These can be in the form of Enzyme-Linked Immunosorbent Assay (ELISA), immuno histochemistry (IHC) or mass spectrometry based techniques, each having associated advantages and disadvantages (Csanky et al., 2007, Schiffer, 2007, McIntosh et al., 2007).

	ELISA
ELISA is a useful and powerful method in estimating ng/ml to pg/ml ordered materials in the solution, such as serum, urine, sperm and culture supernatant (Savige et al., 1998). ELISA has been widely used in the life science researches (Ma et al, 1994; 2004).  The basic principle of an ELISA is to use an enzyme to detect the binding of antigen (Ag) antibody (Ab). The enzyme converts a colourless substrate (chromogen) to a coloured product, indicating the presence of Ag:Ab binding. An ELISA can be used to detect either the presence of Ags or Abs in a sample, depending on how the test is designed. ELISAs can provide a useful measurement of antigen or antibody concentration (Zangar et al., 2006). There are two main variations on this method: The ELISA can be used to detect the presence of antigens that are recognized by an antibody or it can be used to test for antibodies that recognize an antigen. An ELISA is a five-step procedure: 1) coat the microtiter plate wells with antigen; 2) block all unbound sites to prevent false positive results; 3) add antibody to the wells; 4) add anti-mouse IgG conjugated to an enzyme; 5) reaction of a substrate with the enzyme to produce a coloured product, thus indicating a positive reaction. There are many different types of ELISAs. One of the most common types of ELISA is "sandwich ELISA" (Gallo et al., 2008).
	Other Validation method
Beside ELISA, typically hundreds of patient specimens are included in studies that are then screened using sensitive immuno techniques, such as radioimmunoassay (RIA) or and IHC, in case of tumour biopsies (Zangar et al., 2006, Zlobec et al., 2007). Quantitative MS analysis using multiple reaction monitoring (MRM) presents a convincing alternative to ELISA or IHC based studies (Kitteringham et al., 2008). MRM is a technique that uses multiple stages of mass spectrometry to achieve high levels of sensitivity and specificity in the quantitation of proteins from a complex mixture (Addona et al., 2009, Abruzzo et al., 2007, Polanski and Anderson, 2007). 

Precise selection of a targeted chromatographically separated peptide in the first quadrupole and a specific fragment ion mass in the third quadrupole allow a high degree of specificity to be achieved. Absolute quantitation is achieved through the addition of isotopically-coded internal standards. Specific antibodies with the required affinity and specificity for the targets may not be available to screen for proteins of interest using formats like ELISA and IHC, therefore MRM has become increasingly attractive for detecting proteomic components in a complex mixture.

Stable isotope standards with capture by anti-peptide antibodies (SISCAPA), is a new approach for verification/validation of candidate protein biomarkers from proteomics studies (Anderson et al., 2009). In this approach, anti-peptide antibodies are made against the selected peptides formed by enzymatic digestion of the proteins of interest. These antibodies are then used to enrich specific peptides along with spiked stable-isotope-labelled internal standards of the same sequence. This fraction containing both biological and synthetic (labelled) peptides of interest can then be analysed by the MRM process described above (Abruzzo et al., 2007) . 






Aims of study


[bookmark: _Toc306570523][bookmark: _Toc312169216][bookmark: _Toc312172143][bookmark: _Toc312257692]Aims of study


1. To perform proteomic profiling of serum from multiple myeloma patients with a view to biomarker discovery; in particular to describe a panel predictive of response to thalidomide based therapy (Personalized medicine).

2. To confirm accuracy and reproducibility of these biomarker panel using ELISA based assay on raw unfractionated serum samples from the original cohort of patients. 

3. To undertake quantification of discovered novel protein biomarkers in the serum of original cohort of patients, three months after initiation of anti-myeloma therapy (Day-100) using ELISA based assay on unfractionated serum samples (as a more robust approach likely to be applicable in most clinical laboratories).

4. To examine the effect of various storage times and temperatures on the serum levels of the discovered protein biomarkers in multiple myeloma patients.

5. In a separate strand of the thesis, to attempt quantification of thalidomide level in the serum of multiple myeloma patients and to investigate possible association with response rates to thalidomide-based regimens and associated clinical side effects experienced by patients.

6. In a small single patient study, to quantify serum VEGF level in a patient with POEM syndrome and to investigate any correlation with disease activity and response to therapy.


[bookmark: _Toc306570582][bookmark: _Toc307067647][bookmark: _Toc312169217][bookmark: _Toc312172144][bookmark: _Toc312257693]


Chapter 2.0
Materials and 
Methods





[bookmark: _Toc306570583][bookmark: _Toc307067648][bookmark: _Toc312169218][bookmark: _Toc312172145][bookmark: _Toc312257694]	Biological Bank

[bookmark: _Toc306570584][bookmark: _Toc307067649][bookmark: _Toc312169219][bookmark: _Toc312172146][bookmark: _Toc312257695]	Sample Collection  
The bone marrow samples were obtained from patients following informed consent in accordance with the Declaration of Helsinki protocol. In addition to the institutional policies of Mater Misericordiae University and Beaumont Hospital, Dublin which are based on office of the Data Protection Commissioner 2006 ‘Promoting Health Research and Protecting Patient Rights’ and European Union Data Protection Commissioners working through the Article 29 Working Party, which concludes that, in order to be a valid, ‘consent’ must be a “freely given, specific and informed indication of the data subject’s wishes.

[bookmark: _Toc306570585][bookmark: _Toc307067650][bookmark: _Toc312169220][bookmark: _Toc312172147][bookmark: _Toc312257696]	 Informed consent 
In our study, the patients were given an opportunity to explicitly grant or deny informed consent.  The consent were sought in a context where it can be freely given without any sense on the patient’s part that refusal would carry a penalty, whether real or implied, in relation to the medical management they are receiving (See sample of standard Patients Consent Form, in the appendix section). 

[bookmark: _Toc306570586][bookmark: _Toc307067651][bookmark: _Toc312169221][bookmark: _Toc312172148][bookmark: _Toc312257697]	Patient information leaflet
The Patient information leaflet, Standard Letter to Patients General Practitioner and consent form was prepared according to Mater Misericordiae University and Beaumont Hospital ethical committees. (See sample of Patient Information leaflet and Letter to the Patients General Practitioner are in the appendix section). 

[bookmark: _Toc306570587][bookmark: _Toc307067652][bookmark: _Toc312169222][bookmark: _Toc312172149][bookmark: _Toc312257698]	Safety Precautions
All cell culture work was carried out in a class II down-flow re-circulating laminar flow cabinet (Nuaire Biological Cabinet) and any work, which involved toxic compounds, was carried out in a cytoguard (Gelman). Strict aseptic techniques were adhered to at all times. The laminar flow cabinet was swabbed with 70% industrial methylated spirits (IMS) before and after use, as were all the items used in the cabinet. Each cell line (including low and high passage cells) was assigned specific media and waste bottles and only one cell line was used at a time in the cabinet, which, was allowed to clear for 15 min between different cell lines. The cabinet and incubators were cleaned each week with industrial detergents (Virkon, Antec.International; TEGO, TH. Goldschmidt Ltd.). A separate Laboratory coat was kept for aseptic work and gloves were worn at all times during cell work.

[bookmark: _Toc306570588][bookmark: _Toc307067653][bookmark: _Toc312169223][bookmark: _Toc312172150][bookmark: _Toc312257699]	Glassware
All glassware and lids were soaked in a 2% (v/v) solution of RBS-25 (VWR International) for at least 1 hour (hr). This is a deproteinising agent, which removes proteineous material from the bottles. Glassware was scrubbed and rinsed several times in tap water. The bottles were then washed by machine using Neodisher detergent, an organic, phosphate-based acid detergent. The bottles were then rinsed twice with distilled water, once with ultrapure water and sterilised by autoclaving. 

[bookmark: _Toc306570589][bookmark: _Toc307067654][bookmark: _Toc312169224][bookmark: _Toc312172151][bookmark: _Toc312257700]	Water
Ultra high pure water (UHP) was used in the preparation of all media and solutions.  Pre-treatment of water, involving activated carbon, pre-filtration and anti-scaling was first carried out. This water was then purified by a reverse osmosis system (Millipore Milli-RO 10 Plus, Elgastat UHP), which is low in organic salts, organic matter, colloids and bacteria with a standard of 12 - 18 M/cm resistance. 

[bookmark: _Toc312169225][bookmark: _Toc312172152][bookmark: _Toc312257701]	Sterilisation
Water, glassware and all thermostable solutions were sterilised by autoclaving at 121°C for 20 min under 15 p.s.i. pressures. Thermolabile solutions were filtered through a 0.22 μm sterile filter (Millipore, millex-gv, SLGV-025BS). Low proteinbinding filters were used for all protein-containing solutions. Acrodisc (Pall Gelman Laboratory, C4187) 0.8/0.2 μm filters were used for non-serum/protein solutions.
	
[bookmark: _Toc312169226][bookmark: _Toc312172153][bookmark: _Toc312257702]Serum Specimen Procurement, Processing and Storage for 
[bookmark: _Toc312169227][bookmark: _Toc312172154][bookmark: _Toc312257703]Proteomics
Serum sample were obtained by standard phlebotomy procedures from consented patients or healthy volunteers as following: 
1.	Procure approx. 10 ml blood into in Gold capped plastic vacutainers serum tube containing no additives.
2.	Allow the blood to clot for 30-60 minutes at room temperature.
3.	The identifiable code number was given to the specimen according to Mater University Hospital’s Ethical committee.
4.	In accordance with HSE (Health Services Executive) safety regulations. The serum specimen containers were placed in a leak proof and again placed in a secondary leak proof container for transport to the laboratory.  Securely self-sealed plastic bags are used for this purpose.  The paper requisition forms are to be placed in the outer pocket.
5.	Samples were transferred to the laboratory on ice for further processing.
6.	The un-clotted liquid was removed by a Pasteur pipette from the clot and place into a clean into a 15 ml tube labelled with the code of the serum. The tube is compatible with the centrifuge being used. (The un-clotted liquid is a mixture of serum, red blood cells, white blood cells and platelets).
7.	Samples were centrifuged at 400 x g for 30 minutes at 4oC temperatures.
8.	The clarified serum was removed from the pellet and dispensed (as approximately 0.5-1 ml volumes x3) into labelled cryovial tubes.
9.	Samples were stored at -80ºC for further analysis.
10.	The time from sample procurement to storage at -80ºC was not more than 3 hours.
11. Following patient or healthy volunteers’ details were included: Patient or Volunteers age, sex.  
12. If from the serum sample was obtained from multiple myeloma patients, following additional information was also collected: 
a. Type and stage of Myeloma / MGUS etc., 
b. B2M, 
c. Bone and Renal 
d. Bony abnormalities. 
e. Current treatment including the Cycle number of current regimen, 
f. results of recent myeloma investigations including latest re-staging 
g. radiology scans and 
h. Details of prior treatment regimen.
13. The cryovial tubes were labelled with 3 forms of identification i.e. Samples code number, Date of collection and operators signature. 



[bookmark: _Toc306570590][bookmark: _Toc307067655][bookmark: _Toc312169228][bookmark: _Toc312172155][bookmark: _Toc312257704]	Preparation of Bone marrow medium 
All medium were prepared Under Aseptic Conditions. The required medium components were initially aliquoted and stored at -20oC until required. These include:
1. 100 ml Pen Strep – into 20 X 5 ml aliquots
2. 100 ml Fungizone – into 20 X 5 ml aliquots
They were labelled with the following details: initials, date, and expiratory date
The Supplier name, catalogue number, Lot No. and Expiry Date, were recorded in the laboratory note-book. 
As required, batches of medium for specimen collection were prepared, the number
of prepared jars were depended on likely number of bone marrow specimens – fresh 
batches of medium were prepared each month).

[bookmark: _Toc306570591][bookmark: _Toc307067656][bookmark: _Toc312169229][bookmark: _Toc312172156][bookmark: _Toc312257705]	Bone Marrow media recipe
For the 500 ml of Bone Marrow media following recipe were used:
1. 500 ml of RPMI 1640 medium (RPMI = Roswell Park Memorial Institute Culture Medium)
2. Five ml of Pen-Strep (100X)
3. Five ml of Fungizone (100X)
3. Two ml of Heparin (Final concentration of heparin= 80 units per ml)
The above were prepared in the following concentration: 
1.  97% RPMI medium 
2.  1% Pen Strep
3.  1% Fungizone
Prepared media were aliquoted into the 20 ml / 50 ml sterile Falcon tubes (i.e. blue screw-topped jars) and sealed with Para film. The tubes were stored at 4oC until required.

Tube was labeled displaying as following: 
Multiple Myeloma Project
Please add 20 ml of Bone Marrow
Expiry date: dd/mm/yyyy

The tubes containing the above media were stored at 4oC until required.
[bookmark: _Toc306570592][bookmark: _Toc307067657][bookmark: _Toc312169230][bookmark: _Toc312172157][bookmark: _Toc312257706]
	Processing of Bone Marrow Aspirates
In the laboratory bone marrow aspirates were kept at room temperature until processed.  The whole process from bone marrow aspirates from patients to the 800C freezers were completed within 3 hours of collection.
All plastic wear were sterilized using standard sterile techniques.
1. Clear 10 ml tubes
2. Clear 15 ml tubes
3. Clear 50 ml tubes
4. Cryovial
5. Plastic pasteur pipettes
6. 1 ml, 5 ml and 10 ml pipettes
Once the Bone Marrows specimens were received, the sample code number details were recorded in the “MM samples” laboratory note book. 
The bone marrow specimens were aliquoted into 2-3 or 15 ml tubes, depending on the sample amount. The tubes were centrifuged at 400 rcf, for 30 minutes at 4°C. The supernatant (media layer) – 500 µl to 1 ml into 2 cryovial. The whole concentrated bone marrow pellet was aliquoted into as 2-3 cryovial containing minimum of 1 ml. The cryovial tubes were labelled with 3 forms of identification i.e. Samples code number, Date of collection and operators signature.

[bookmark: _Toc306570593][bookmark: _Toc307067658][bookmark: _Toc312169231][bookmark: _Toc312172158][bookmark: _Toc312257707]	Plasma and Stromal cells isolation
Plasma and Stromal cells were isolated by positive selection using CD138 micro beads (Miltenyi Biotec; bergisch Gladbach, Germany).
1. 10 ml of marrow samples were collected from consented patients in the BM collection media as above. 
2. Bone Marrow was filtered through a 0.70 µm filter into a 50 ml tube (Falcon # 352350) 
3. Filtered specimen was aliquoted into 2 x 15 ml tubes
4. The tubes were centrifuged for 30 minutes, 400xG at 4°C.
5. The pelleted bone marrow were resuspended it in 2-3 volumes of MACS buffer (# 130-091-221). 
6. The 15 ml of suspended bone marrow was layered over the 15 ml of Ficoll-Paque Plus (GE Healthcare #17-1440-03). 
7. The layering was done very slowly to prevent mixing. 
8. The specimens were centrifuged at 400xG for 30 minutes. The centrifuged brake was disabled. The  mononuclear cell layer was removed and collected 
 
9. The cell count was done using a haemocytometer. The cell number should be approximately 2x107.
10. The specimen containing cells were centrifuged for 10 minutes at 1500 rpm.
11. The supernatant was removed and the pellet was resuspended as follows:
12. For 1x107 cells, 50 µl of MACS buffer and 80 µl of CD138 beads was added (MACS # 130-051-301). The specimen were gently mixed and placed at 4°C for 15 minutes with loose cap.
13. The LS column (MACS # 130-042-401) was placed in the magnet satnd. 
14. The pre-separation filter (MACS #130-041-407) was placed at the top of column.
15. Five ml of MACS buffer were passed through the column for initial preparation. Flow through liquid was collected into a clinical waste bottle.
16. The beads and cells were resuspended with 3 ml of MACS buffer. 
17. From this stage, all the cell fractions were kept on ice.
18. Three ml of cells-beads were passed through column 
19. Column was rinsed with the 3 ml of MACS buffer four times.
20. The sample were collected a tube as a Stromal cells and other types.
21. LS column was removed from the magnet and placed on top of a 15 ml tube. (The column contains the CD138 positive fraction).
22. The column was rinsed with the 5 ml of MACS buffer, twice to remove plasma cells from column.
23. The stromal and plasma cells fractions were centrifuged at 1500 rpm for 10 minutes at 4oC.
24. The Stromal cells pellet was resuspended in the 5 ml of DMEM, 20% heat-inactivated serum, 1% Pen-Strep, 1% Fungizone in a T25 flask.
25. Plasma cells fraction: The cells were counted and documented in the laboratory book. 100-150 µL drop of this suspension were used to make a glass slide to be stained with MGG. 
26. The remaining fraction was aliquoted in in 2 cryovial and stored at -80ºC.
[bookmark: _Toc312169232][bookmark: _Toc312172159][bookmark: _Toc312257708]	Cell Counting
Plasma cells in the 16 squares of the four outer corner grids of the chamber were counted microscopically. An average per corner grid was calculated with the dilution factor being taken into account. Final cell numbers were multiplied by 104 to determine the number of cells per ml (volume occupied by sample in chamber is 0.1 cm x 0.1 cm x 0.01 cm i.e. 0.0001 cm3 therefore cell number x 104 is equivalent to cells per ml). Non-viable cells were those, which stained blue while viable cells excluded the trypan-blue dye and remained unstained.  

[bookmark: _Toc306570594][bookmark: _Toc307067659]	


[bookmark: _Toc312169233][bookmark: _Toc312172160][bookmark: _Toc312257709]	 Immunodepletion
The Human 14 Multiple Affinity Removal System (MARS 14) spin cartridge system was used to deplete 14 of the most abundant proteins from the serum proteome. These proteins are albumin, IgG, antitrypsin, IgA, transferrin, haptoglobin, fibrinogen, alpha2-macroglobulin, alpha1-acid glycoprotein, IgM, apolipoprotein AI, apolipoprotein AII, complement C3, and transthyretin. 

The depletion protocol involves only two buffers: Buffer A (for serum dilution, cartridge equilibration, and wash) and Buffer B (for elution of bound abundant proteins). 10µl of raw serum was diluted 1:20 in Buffer A, spin filtered through a 0.22 µm device and applied to the cartridge. 

The cartridge was then centrifuged at 100xG for 1 min. The cartridge was allowed to sit at room temperature for 5 min and then 2 x 400 µl washes with Buffer A were spun through at 100xG for 2.5 min each. 

The three flows through fractions containing serum proteins, now largely free of the 14 abundant proteins mentioned above, were pooled. The cartridge was regenerated by using a syringe to slowly push through 2.5 ml of Buffer B followed by 5 ml of Buffer A. The resulting depleted serum was stored at -80°C until protein precipitation was performed.

 


[bookmark: _Toc306570595][bookmark: _Toc307067660][bookmark: _Toc312169234][bookmark: _Toc312172161][bookmark: _Toc312257710]	Protein Precipitation and Quantification
Immunodepleted samples were precipitated using the ReadyPrep 2-D Cleanup kit (Bio-Rad), following the manufacturer's instructions. Briefly, 300 μl of precipitating agent 1 was added to the immunodepleted protein sample and mixed well by vortexing before incubation on ice for 15 min.

 After 15 min, 300 μl of precipitating agent 2 was added and mixed by vortexing. The samples were centrifuged at 12,000xG for 5 min to form a tight pellet. Without disturbing the pellet, the supernatant was removed using a pipette. 40 μl of wash reagent 1 was added on top of the pellet before centrifugation for 5 min. With a pipette, the wash reagent was removed. 25 μl of ReadyPrep proteomic grade water was added on top of the pellet. 

The sample was vortexed for 10–20 sec to dislodge the pellet. 1 ml of wash reagent 2 (pre chilled at -20°C for at least 1 hr) and 5 μl of wash 2 additive were added before vortexing the tube for 1 min. 
The tube was incubated at -20°C for 30 min with vortexing for 30 sec every 10 min during the incubation period. After the incubation period, the tube was centrifuged at top speed for 5 min to form a tight pellet. 

The supernatant was removed and the pellet allowed to air dry at room temperature for no more than 5 min. The pellet was resuspended in 2D-DIGE lysis buffer (7 M urea, 2 M thiourea, 4% CHAPS, and 30 mM Tris-HCl, pH 8.5), sonicated and centrifuged before protein quantification was performed. 

[bookmark: _Toc306570596][bookmark: _Toc307067661][bookmark: _Toc312169235][bookmark: _Toc312172162][bookmark: _Toc312257711]	Protein quantification
Protein levels were determined using the Bio-Rad protein assay kit (Bio-Rad, 500-0006) as follows. A 2 mg/ml bovine serum albumin (BSA) solution (Sigma, A9543) was prepared freshly in lysis buffer. 

A protein standard curve (0, 0.2, 0.4, 0.6, 0.8 and 1.0 mg/ml) was prepared from the BSA stock with dilutions made in lysis buffer.  The Bio-Rad reagent was diluted 1:5 in UHP water.  A 20 l volume of protein standard dilution or sample (diluted 1:10) was added to 980 l of diluted dye reagent and the mixture vortexed. 

All Immunodepleted samples were assayed in triplicate. After 5 minutes incubation, absorbance was assessed at 570 nm.  The concentration of the protein samples was determined from the plot of the absorbance at 570 nm versus the concentration of the protein standard.


[bookmark: _Toc306570597][bookmark: _Toc307067662][bookmark: _Toc306570598][bookmark: _Toc307067663][bookmark: _Toc312169236][bookmark: _Toc312172163][bookmark: _Toc312257712]	 Labelling of cell lysates for DIGE
The three CyDye DIGE Fluor Minimal dyes (Cy3, Cy5 and Cy2 (Amersham, 25-8010-65) were thawed from –20°C to room temperature for 5 minutes. To each microfuge tube dimethylformamide (DMF) (Aldrich, 22,705-6) was added to a concentration of 1 nmol/ μl. Each microfuge tube was vortexed vigorously for 30 seconds to dissolve the dye. 

The tubes were then centrifuged for 30 seconds at 14,000 rpm in a micro centrifuge. The reconstituted dyes were stored at –20°C for up to two months. Preparation of 10 μl working dye solution (200 pmol/μl). On thawing, the dye stock solutions were centrifuged in a micro centrifuge for 30 seconds. To make 10 μl of the three working dye solutions, 8 μl of DMF was added to three fresh eppendorfs labelled Cy2, Cy3 and Cy5. A 0.2 nmol/μl volume of each of the reconstituted dye stock solutions was added to their respective tubes. The dyes were stored at -20°C in tinfoil in the dark for 3 months.

 
[bookmark: _Toc306570599][bookmark: _Toc307067664][bookmark: _Toc312169237][bookmark: _Toc312172164][bookmark: _Toc312257713]	Protein sample labelling 
Samples were labelled with the minimal dyes as follows, Control 1-3 and Treated 1-3 were labelled with 1 μl each of Cy3 and Control 4-6 and treated 4-6 were labelled with 1 μl each with Cy5. Each tube was mixed by vortexing, centrifuged and then left on ice for 30 minutes in the dark. 

To stop the reaction, 1 μl of 10 mM lysine was added, the tubes were vortexed, centrifuged briefly and left on ice for 10 minutes in the dark. The labelled samples were stored at –80°C. The Cy2 pool for each gel (50 μg) contained a 4.17 μg aliquot of each of the 12 protein samples (6 control and 6 treated). To this tube 1 μl of working dye solution was added.




[bookmark: _Toc306570600][bookmark: _Toc307067665][bookmark: _Toc312169238][bookmark: _Toc312172165][bookmark: _Toc312257714]	Preparing the labelled samples for the first dimension
The protein samples labelled with Cy2 (pooled internal standard), Cy3 and Cy5 were thawed on ice (in the dark), combined by placing into a single eppendorfs tube and mixed. An equal volume of 2X sample buffer (2.5 ml rehydration buffer stock solution (8 M urea, 4 % CHAPS), pharmalyte broad range pH4-7 (2%) (Amersham, 17-6000-86), DTT (2%) (Sigma, D9163)) was added to the labelled protein samples. The mixture was left on ice for at least 10 minutes then applied to Immobiline DryStrips for isoelectric focussing.

[bookmark: _Toc306570601][bookmark: _Toc307067666][bookmark: _Toc312169239][bookmark: _Toc312172166][bookmark: _Toc312257715] Isoelectric focussing
First dimension separation - isoelectric focussing methodologies. Isoelectric focussing of all Immunodepleted samples were carried out using immobiline pH gradient (IPG) strips. Strip rehydration using Immobiline DryStrip reswelling tray The protective lid was removed from the Immobiline Dry Strip Reswelling tray. The tray was levelled using the spirit level. A 350 μl volume of rehydration buffer solution (with 2 % pharmalyte broad range pH4-7 and 2 % DTT) was slowly pipetted into the centre of each slot, all air bubbles generated were removed. The cover film from the IPG strip (Amersham, 17-1233-01) was removed and positioned with the gel side down and lowered. To ensure the entire strip was evenly coated the strip was gently lifted and lowered onto the entire surface of the solution avoiding trapping air bubbles.

Each strip was overlaid with about 3 ml IPG Cover Fluid (Amersham, 17-1335-01) starting on both ends of the strip, moving to the centre. The protective lid was then replaced and the strips were left at room temperature to rehydrate overnight (or at least 12 hours).

[bookmark: _Toc306570602][bookmark: _Toc307067667][bookmark: _Toc312169240][bookmark: _Toc312172167][bookmark: _Toc312257716]	Isoelectric focussing using the IPGphor manifold
Following the rehydration procedure, the Manifold (Amersham) was placed onto the IPGphor unit by inserting the “T” shape into the hollow provided. A 9 ml volume of Cover Fluid was placed into each of the twelve lanes in the tray in order to cover the surface. 

Two wicks (Amersham, 80-6499-14) per strip were placed on tinfoil and 150 μl of UHP was pipetted onto each one to rehydrate them. The rehydrated strips were placed in the correct orientation (+ to anode) and aligned just below the indented mark, to allow for the wicks to overlap the strip.

The rehydrated wicks were then placed over both the cathodic and anodic ends of all the strips. The wicks were checked to ensure they were positioned over the gel portion of the strip and avoiding the indent in the lane so as to guarantee a good contact with the electrodes. 

The sample cups (Amersham, 80-6498-95) were then positioned approximately 1 cm from the cathodic end of the strip and an insertion tool was used to securely “click” the cups into place. The electrodes were then fitted with their “Cams” open and in direct contact with the wicks.

[bookmark: _Toc306570603][bookmark: _Toc307067668][bookmark: _Toc312169241][bookmark: _Toc312172168][bookmark: _Toc312257717]Protein loading
The amount of protein loaded per strip was 75 µg for screening, 150 µg for DIGE or 400 µg for spot picking. The protein samples were prepared by centrifuging to remove any insoluble material and the appropriate volume was loaded with a pipette tip placed just beneath the surface of the cover fluid. The cover of the IPGphor unit was closed and the desired programme selected. 

[bookmark: _Toc306570604][bookmark: _Toc307067669][bookmark: _Toc312169242][bookmark: _Toc312172169][bookmark: _Toc312257718]Temperature and IEF parameters
The temperature was set for 20°C with 50 µA/strip. The IEF parameters are as follows: step 1: 300 volts for 3 hours (step-and-hold), step 2: 600 volts for 3 hours (gradient), step 3 1000 volts for 3 hours (gradient), step 4: 8000 volts for 3 hours (gradient). The IEF was left at 8000 volts (step-and –hold) until ready for SDS-PAGE step. On completion of the IEF run, the strips were drained of the cover fluid and stored in glass tubes at –80°C or used directly in the second dimension. 
[bookmark: _Toc306570605][bookmark: _Toc307067670][bookmark: _Toc312169243][bookmark: _Toc312172170][bookmark: _Toc312257719]
	Second Dimension – SDS polyacrylamide gel electrophoresis
[bookmark: _Toc306570606][bookmark: _Toc307067671][bookmark: _Toc312169244][bookmark: _Toc312172171][bookmark: _Toc312257720]Casting gels in the ETTAN Dalt-12 gel caster
The 12.5 % acrylamide gel solution was prepared in a glass beaker (acrylamide/bis 40 %, 1.5 M Tris pH 8.8, 10 % SDS). Prior to pouring, 10 % ammonium persulfate and neat TEMED were added. 

Two types of plates were used, low fluorescent for DIGE experiments and hinged for preparative and screening silver stained gels. All plates (both normal hinged and low fluorescent) and casting equipment were inspected to ensure they were clean. The gel caster frame was placed on a level bench leaning on its “legs” so that the back of the caster was open and facing the operator. 

The plates were assembled so that the front and back plates were evenly aligned and all seals and hinges in place. A thin spacer was placed in the gel caster unit followed by an assembled plate followed by a thin spacer then another plate. 

The plates were positioned in the caster unit so that the lower, front plate was the furthest away from the operator and the spacers packed with their curved edges to the top. This layering was repeated until all 14 plates and spacers were in place. All plates and spacers were checked to ensure they were packed tightly together so as to minimise any gaps and air pockets. 

If all 14 gels were not required, up to 4 dummy plates could be substituted instead of the glass plates. When the desired amount of plates had been added, the thicker spacers were placed next to bring the level marginally over the edge of the back of the caster. 

The backing plate was then added to the caster frame and screwed into place with the 6 screws provided. The silicone tubing was added to the outlet of the glass beaker and the glass tube was inserted to the other end of the silicone tubing. 
The glass tube was inserted into the inlet of the reservoir and the glass beaker containing the gel solution was then clamped to a retort stand. 
The gel solution was held in place using arterial clamps on the top tube and the tube running down from the reservoir to the caster chamber. The top tube was unclamped and the gel solution was allowed to fill the tubing and the reservoir drain. 
Air bubbles that had been generated were dislodged by flicking the tube. When all air bubbles had been removed the bottom clamp was released allowing the gel solution into the gel caster. 

When the gel solution reached the indicator line across the top of the caster, the bottom and top tubes were reclamped. 

The displacement solution (0.375 M Tris-Cl 1.5 M Ph 8.8, 30% glycerol, UHP and bromophenol blue) was added to the reservoir and the glass tubing was slowly removed from the reservoir inlet. The clamp was removed from the bottom tube allowing the displacement solution into the tube and forcing the remaining gel solution into the gel caster. 

The gels were overlaid with 1 ml saturated butanol or sprayed with 0.1% SDS solution. The gels were left to set for at least three hours at room temperature. Following this, the caster was gently unlocked and the gels removed and rinsed with distilled water. If the gels were not used immediately they were stored for up to four days in 1X running buffer at 4oC.

[bookmark: _Toc306570607][bookmark: _Toc307067672][bookmark: _Toc312169245][bookmark: _Toc312172172][bookmark: _Toc312257721]Spot picking
If gels were to be used for “spot picking” the plates were silanized (siliconized) to prevent adsorption of solute to the glass surface or to stick the acrylamide mixture to the plates. A volume of 2 ml of (8 ml ethanol, 200 µl glacial acetic acid, 10 bind-silane and 1.8 ml UHP) was pipetted over the glass plate and wiped over with a lint free cloth. 

This was left to air dry for 15 minutes, after which 2 ml ethanol and 2 ml UHP were each pipetted over the plate and wiped off respectively. The plate was left to air dry for approximately 1 hour 30 minutes. 

[bookmark: _Toc306570608][bookmark: _Toc307067673][bookmark: _Toc312169246][bookmark: _Toc312172173][bookmark: _Toc312257722]	Preparing the ETTAN DALT 12 electrophoresis unit
The electrophoresis chamber was prepared by adding 6.48 litres of UHP and 720 ml of 10X SDS running buffer. The pump was then turned on to cool the system to 10oC. 
[bookmark: _Toc306570609][bookmark: _Toc307067674][bookmark: _Toc312169247][bookmark: _Toc312172174][bookmark: _Toc312257723]Equilibration of focussed Immobiline Dry Strips
The SDS equilibration buffer (30% glycerol, 6 M urea, 50 nm 1.5 M Tris-Cl pH 8.8, 2% SDS, bromophenol blue and UHP) which had been prepared, aliquoted into 30 ml volumes and frozen at –20°C was allowed to thaw to room temperature. 

Two SDS equilibration buffer solutions with DTT (65 mM) or iodoacetamide (240 mM) (Sigma, I1149) were then prepared. Using a forceps, the IPG strips were removed from the IPGphor unit, the cover fluid was drained off by holding the strips at an angle and they were placed into individual glass tubes with the support film toward the wall. 

Equilibration buffer (10 ml containing DTT) was added to each tube and incubated for 15 minutes with gentle agitation using an orbital shaker. During this equilibration step, the gel cassettes were rinsed with UHP and then the tops rinsed with 1X running buffer. 

After the first equilibration, DTT containing equilibration solution was removed and 5 mls of the iodoacetamide containing equilibration buffer added. The strips were incubated for 10 minutes with gentle agitation. During this equilibration step, the agarose overlay solution (0.5% agarose in running buffer) was prepared and 50 ml of 1X running buffer was placed in a glass tube.  *If the strips had been frozen at this stage they were left at room temperature to thaw before the DTT-containing equilibration solution was added.

[bookmark: _Toc306570610][bookmark: _Toc307067675][bookmark: _Toc312169248][bookmark: _Toc312172175][bookmark: _Toc312257724]Loading the focussed Immobiline DryStrips
Using a forceps and holding the anode end, the IPG strips were rinsed in 1X SDS electrophoresis running buffer and placed between the two glass plates of the gel. The strip was pushed down gently using a thin plastic spacer until it came in contact with the surface of the gel. Any air bubbles trapped between the gel surface and the strip were gently removed. Approximately 1 ml of the 0.5 % agarose overlay solution was applied over the IPG strip to seal it in place.

[bookmark: _Toc312169249][bookmark: _Toc312172176][bookmark: _Toc312257725][bookmark: _Toc306570611][bookmark: _Toc307067676]Inserting the gels into the Ettan DALT 12 electrophoresis
[bookmark: _Toc312169250][bookmark: _Toc312172177][bookmark: _Toc312257726]buffer tank

When the running buffer reached the desired temperature (10oC) the loaded gel cassettes were wetted with UHP and inserted into the tank through the slots provided in the same orientation. 

When all 12 slots were filled the upper chamber was filled, 2X running buffer was added to the upper chamber until the mark on the side of the chamber was reached. The cover of the unit was replaced and the required running conditions selected. The unit was run for 18–24 hours at 1.5 Watts per gel at 10°C or until the bromophenol blue dye front reached the bottom of the gel. 

When the run was completed, the gel cassettes were removed from the tank one at a time using the DALT cassette removal tool and rinsed with UHP to remove the running buffer. 









[bookmark: _Toc306570612][bookmark: _Toc307067677][bookmark: _Toc312169251][bookmark: _Toc312172178][bookmark: _Toc312257727]	Method for scanning DIGE labelled samples
[bookmark: _Toc306570613][bookmark: _Toc307067678][bookmark: _Toc312169252][bookmark: _Toc312172179][bookmark: _Toc312257728]Typhoon Variable Mode Imager
The Typhoon Variable Mode Imager (GE Healthcare) was turned on and left to warm up for 30 minutes prior to scanning. The scanning control software was opened and the fluorescence mode was selected. 
The appropriate emission filters and lasers were then selected for the separate dyes (Cy2 520 BP40 Blue (488), Cy3 580 BP30 Green (532) and Cy5 670 BP 30 Red (633)). 
The first gel was placed in the scanner and pre-scanned at a 1000 pixel resolution in order to obtain the correct photo multiplier tube (PMT) value (to prevent saturation of the signal from high abundant spots). 

[bookmark: _Toc306570614][bookmark: _Toc307067679][bookmark: _Toc312169253][bookmark: _Toc312172180][bookmark: _Toc312257729]Gel scanning
Once the correct PMT value was found, the gel was scanned at 100 pixel resolution, resulting in the generation of three images, one each for Cy2, Cy3 and Cy5. Once the scanning was completed, the gel images were imported into the ImageQuant software. All gels were cropped identically to facilitate spot matching in the Decyder BVA module.

[bookmark: _Toc306570615][bookmark: _Toc307067680][bookmark: _Toc312169254][bookmark: _Toc312172181][bookmark: _Toc312257730]Analysis of gel images - Differential in-gel analysis (DIA)
The DIA module processes a triplet of images from a single gel. The internal standard is loaded as the primary image followed by the secondary and tertiary image, derived from, for example, a control and treated sample. Spot detection and calculation of spots properties were performed for each image from the same gel. 
The software determined the margins of the spots, quantified the spot intensities and calculated the relative spot intensity as the ratio between the total intensity of the gel and the intensity of each individual spot. 

The protein spots were then normalised using the in-gel linked internal standard. The data from the first gel was XML formatted and exported into the Biological Variation Analysis software for further analysis. This procedure was repeated for each gel in the experiment. 



[bookmark: _Toc306570616][bookmark: _Toc307067681][bookmark: _Toc312169255][bookmark: _Toc312172182][bookmark: _Toc312257731]	Biological variation analysis (BVA)
Once all gels from the experiment were loaded into the BVA module, the experiment design was set up and the images were assigned into three groups (standard, control and treated). The spots on the gels were then matched across all gels in the experiment. 

This module detects the consistency of the differences between samples across all the gels. The software standardises the relative spot intensity of the Cy5 image to that of the Cy3 image in the same gel. The standardised spot intensity was then averaged across the triplicate gels. 
The BVA module detected the consistency of the differences between samples across all the gels and applied statistics to associate a level of confidence for each of the differences. The protein spots with statistically significant protein expression changes were designated “proteins of interest” and placed in a pick list.

 Preparative gels for spot picking with 400 ug of protein/gel were focussed and run out on SDS-PAGE gels. The gels were then stained with colloidal coomassie (section 2.1.25). Spots that showed differential protein expression were picked with the ETTAN Spot Picker (section 2.1.27). 

[bookmark: _Toc306570617][bookmark: _Toc307067682][bookmark: _Toc312169256][bookmark: _Toc312172183][bookmark: _Toc312257732]	Brilliant blue G Colloidal coomassie staining of preparative gels for spot picking 
After electrophoresis, the smaller lower plates with the gels attached were placed in the gel boxes containing fixing solution (7% glacial acetic acid in 40% (v/v) methanol (Aldrich, 200-659-6)) for at least one hour. During this step a 1X working solution of Brilliant Blue G colloidal coomassie (Sigma, B2025) was prepared by adding 800 ml UHP to the stock bottle. When the fixing step had nearly elapsed a solution containing 4 parts of 1X working colloidal coomassie solution and 1 part methanol was made, mixed by vortexing for 30 seconds and then placed on top of the gels. The gels were left to stain for 2 hours. 

[bookmark: _Toc306570618][bookmark: _Toc307067683][bookmark: _Toc312169257][bookmark: _Toc312172184][bookmark: _Toc312257733]Destaining 
To destain, a solution containing 10% acetic acid in 25% methanol was poured over the shaking gels for 60 seconds. The gels were then rinsed with 25% methanol for 30 seconds and then destained with 25% methanol for 24 hours. The glass surface was dried and two reference markers (Amersham) attached to the underside of the glass plate before scanning. The resulting image was imported into the ImageMaster software (Amersham) and the spots were detected, normalised and the reference markers selected. While keeping the shift key depressed, all spots of interest were manually selected. The resulting image was saved and exported into the Ettan Spot Picker software. 

[bookmark: _Toc306570619][bookmark: _Toc307067684][bookmark: _Toc312169258][bookmark: _Toc312172185][bookmark: _Toc312257734]	Spot digestion
Preparative gels containing 400 mg of protein were fixed and then poststained with colloidal coomassie blue stain (Sigma). The subsequent gels were scanned using the Typhoon 9400 Variable Mode Imager (GE Healthcare) to generate gel images at the appropriate excitation and emission wavelengths for the colloidal CBB stain. Preparative gel images were then matched to the Master gel image generated from the DIGE experiment. 

[bookmark: _Toc306570620][bookmark: _Toc307067685][bookmark: _Toc312169259][bookmark: _Toc312172186][bookmark: _Toc312257735]	Ettan Spot Picker robot (GE Healthcare)
Spots of interest were selected and a pick list was generated and imported into the software of the Ettan Spot Picker robot (GE Healthcare). Gel plugs were placed into presiliconised microtitre plates and stored at 4oC until digestion. Tryptic digestions were performed using the Ettan Digestor robot (GE Healthcare). 

Excess liquid was removed from each plug, and washed for three cycles of 20 min using 50 mM NH4HCO3 (Sigma) in 50% methanol (Romil) solution. The plugs were then washed for two cycles of 15 min using 70% Acetonitrile (ACN) (Fluka) and left to air dry for 1 h. Lyophilised sequencing grade tryspin (Promega) was reconstituted with 50 mM acetic acid (Fluka) as a stock solution and then diluted to a working solution with 40 mM NH4HCO3 in 10% ACN solution, to a concentration of 12.5 ng trypsin per mL. Samples were digested at 37ºC overnight and were then extracted twice with 50% ACN and 0.1% trifluoro acetic acid (TFA) (Sigma) solution for 20 min each. All extracts were pooled and concentrated by SpeedVac (Thermo Scientific) for 40 min.

[bookmark: _Toc306570621][bookmark: _Toc307067686][bookmark: _Toc312169260][bookmark: _Toc312172187][bookmark: _Toc312257736]	Protein Identification
Tryptic digested proteins were analysed on a nano-LC system (Ultimate 3000, Dionex) coupled to an Orbitrap XL mass spectrometer (ThermoFischer Scientific) in high-throughput configuration. Prior to analysis columns were equilibrated in Solvent A (2% acetonitrile in LC-MS grade water containing 0.1% formic acid (Sigma)) for 10 min and the column set to a temperatures of 25ºC using a column oven.  Dried peptides were resuspended in 20 µL of 0.1% TFA and 5 µL of this digest was loaded 


[bookmark: _Toc306570622][bookmark: _Toc307067687][bookmark: _Toc312169261][bookmark: _Toc312172188][bookmark: _Toc312257737]	Using injection pickup of the LC system
Samples were concentrated and desalted on RPC trap columns (Zorbax 300SB C18, 0.3 mm × 5 mm, Agilent Technologies, and the peptides were separated on a nano-RPC column (Zorbax 300SB C18, 0.075 mm × 100 mm, Agilent Technologies) using a linear acetonitrile gradient from 0% to 65% ACN (Sigma) over 60 min.
 All buffers used for nano LC separation contained 0.1% formic acid (Fluka) as the ion pairing reagent. 

Full scan mass spectra were recorded in profile mode and tandem mass spectra in centroid mode. The full scan was acquired in the Orbitrap at a resolution of 60,000 and we then acquired subsequent MS/MS scans of the 5 most abundant peaks in the spectrum in the linear ion trap using dynamic exclusion to exclude multiple MS/MS of the same peptide. 

We set the dynamic exclusion to a repeat count of 1, a repeat duration of 30 s and an exclusion list of 500. The general MS conditions we used were: electrospray voltage of 1.6 kV, ion transfer tube temperature of 200oC, collision gas pressure of 1.3 mTorr, normalised collision energy of 35%, and an ion selection threshold of 500 counts for MS2. An activation q-value of 0.25 and an activation time of 30 ms for MS2 acquisitions were also used.

[bookmark: _Toc306570623][bookmark: _Toc307067688][bookmark: _Toc312169262][bookmark: _Toc312172189][bookmark: _Toc312257738]	Identification of peptides
The peptides were identified using the information in the tandem mass spectra by searching against the SWISS PROT database using SEQUEST. For protein identification, artificial modifications of peptides (carbamidomethylation of cysteines and partial oxidation of methionines) were considered. Searches were also carried out allowing for one missed cleavage. Criteria for positive identification of proteins included at least two identified peptides and a peptide XCorr of > 1.5 for singly charged ions, > 2.0 for doubly charged ions, and > 2.5 for triply charged ions.



[bookmark: _Toc306570624][bookmark: _Toc307067689][bookmark: _Toc312169263][bookmark: _Toc312172190][bookmark: _Toc312257739]
	Western blotting
Western Blotting was performed by the method of Towbin et al. (1979). Once electrophoresis had been completed, the SDS-PAGE gel was equilibrated in transfer buffer (25mM Tris (Sigma, T8404), 192 mM glycine (Sigma, G7126), pH 8.3-8.5) for approximately 30 minutes. Five sheets of Whatman 3 mm filter paper were soaked in freshly prepared transfer buffer. 

These were then placed on the cathode plate of a semi-dry blotting apparatus (Bio-rad). Air pockets were then removed from between the filter paper. PVDF membrane (Boehringer Mannheim 1722026) or nitrocellulose membrane (Amersham Pharmacia Biotech, RPN 303D), which had been equilibrated in the same transfer buffer, was placed over the filter paper on the cathode plate. Air pockets were once again removed. The gels were then aligned onto the membrane. Five additional sheets of transfer buffer-soaked filter paper were placed on top of the gel, all air pockets removed and excess transfer buffer removed from the cathode plate. The proteins were transferred from the gel to the membrane at a current of 34 mA at 15 V for 30-40 minutes, until all colour markers had transferred.  

Following protein transfer, membranes were stained using Ponceau (Sigma, P7170) to ensure efficient protein transfer. The membranes were then blocked overnight using 5% milk powder (Cadburys; Marvel skimmed milk) in PBS at 4°C. The membranes were washed with PBS prior to addition of the primary antibody.  
Membranes were treated with primary antibody for 2-3 hours at room temperature (or overnight at 4°C) and a negative control where the membrane was exposed to antibody diluent was also performed. Antibodies were prepared in 1% Marvel in PBS. Primary antibody was removed after this period and the membranes rinsed 3 times with PBS containing 0.5% Tween 20 (Sigma P1379) for a total of 15-30 minutes. The primary antibody dilution was Albumin (abcam, ab8941) at 1:1000. 
Secondary antibody (1 in 1,000 dilution of anti-mouse IgG peroxidase conjugate  (Sigma, A4914) in PBS, was added for 1.5 hour at room temperature. The membranes were washed three times thoroughly in PBS containing 0.5% Tween for 15 minutes each time.

[bookmark: _Toc306570625][bookmark: _Toc307067690][bookmark: _Toc312169264][bookmark: _Toc312172191][bookmark: _Toc312257740]	Enzyme Linked immunosorbant Assay (ELISA)
The quantitative estimation of altered expression level of various proteins detected by the Decyder software is typically accurate but needs to be validated by a conventional platform. We therefore used ELISA to confirm the altered expression of six proteomic biomarkers. 

ELISA based validation was carried out using raw serum samples from the original cohort of patients. Each sample was analysed in duplicate using following commercially available kit, for the measurement of  Human Serum Amyloid A (Invitrogen),  Serum Haptoglobin Precursor (AssayMax) , Human Zinc-Alpha-2-Glycoprotein (Bio Vendor) ,and for Beta-2-microglobulin, Vitamin D binding protein , Transthyretin (Immunodiagnostic). 

The ELISA assays were performed according to each manufacturer’s protocol and guidelines. The optical density was measured by micro-plate reader. The concentration of each protein in the serum samples were determined by comparing the optical density of the samples against the respective standard curve provided by the kit.  

ELISAs were performed in 96-well polystyrene plates which passively bind antibodies and proteins. It is this binding and immobilization of reagents that makes ELISAs so easy to design and perform. Having the reactants of the ELISA immobilized to the plate surface makes it easy to separate bound from non-bound material during the assay. This ability to wash away non-specifically bound materials makes the ELISA a powerful tool for measuring specific proteins 
[bookmark: _Toc306570626][bookmark: _Toc307067691]

[bookmark: _Toc312169265][bookmark: _Toc312172192][bookmark: _Toc312257741]Transthyretin (TYR)-Assay Procedure

Immunodiagnostik commercially available ELISA kit for Transthyretin was used according to manufactures instruction. In brief the ELISA test was carry out in duplicate.
1. 	 To the plate 100 μl STD (Standard), CTRL (Control) and pre-diluted sample were added.
2. 	 The plate was incubated for 1 hour shaking on a horizontal mixer at room temperature.
3. 	 Content of the plate was discarded and the wells were washed five times with 250 μl of diluted wash buffer.
4. 	 The 100 μl pre-diluted CONJ (Peroxidase-labelled antibody) were added.
5. 	 The plate was incubated for 1 hour shaking on a horizontal mixer at room temperature.
6. 	 The content of the plate was discarded and the wells were washed five times with 250 μl diluted wash buffer.
7. 	 To the plate 100 μl SUB (TMB substrate) was added.
8. 	 Plate was incubated for 10-15 minutes at room temperature.

9. 	 A 50 μl of STOP (stop solution) were added and mixed briefly.
10. 	 The optical density was measured by micro-plate reader at 450 nm
against 620 nm (or 690 nm) as reference. The concentration of protein in the serum samples were determined by comparing the optical density of the samples against the standard curve provided by the kit.  








[bookmark: _Toc306570627][bookmark: _Toc307067692][bookmark: _Toc312169266][bookmark: _Toc312172193][bookmark: _Toc312257742]Zinc-Alpha-2-Glycoprotein (ZAG)-Assay Procedure

Bio vender commercially available ELISA kit for ZAG was used according to manufactures instruction. 
1. In brief Pipet 100 μl of diluted Standards, Quality Controls, Dilution Buffer and samples in duplicates, were added into the appropriate wells.
2. The plate was incubated at room temperature for 1 hour, shaking on shaker machine at 300 rpm. 
3. The wells was washed 3-times with Wash Solution (0.35 ml per well). After final wash, plate was inverted and tapped strongly against paper towel.
4. To the plate 100 μl of Conjugate Solution was added into each well.
5. The plate was incubated at room temperature for 1 hour, shaking on shaker machine at 300 rpm. 
6. The wells was washed 3-times with the Wash Solution (0.35 ml per well). 
7. To the plate 100 μl of Substrate Solution was added into each well. At this stage to protect plate from bright light, it was covered with an aluminium foil. 
8. Plate was incubated for 10 minutes at room temperature. The incubation time may be extended [up to 20 minutes] if the reaction temperature is below 20°C. 
9. The colour development was stopped by adding 100 μl of Stop Solution.
10. The optical density was measured by micro-plate reader at 450 nm
11. The concentration of protein in the serum samples were determined by  
comparing the optical density of the samples against the standard curve  provided by the kit.



[bookmark: _Toc306570628][bookmark: _Toc307067693][bookmark: _Toc312169267][bookmark: _Toc312172194][bookmark: _Toc312257743]Vitamin D binding protein (VDB) - Assay Procedure

Immunodiagnostik commercially available ELISA kit for VDB was used according to manufactures instruction, test were carry out in duplicate. 
1. 	 In brief to the plate 100 μl STD (Standard), CTRL (Control) and pre-diluted sample were added
2. 	 The plate was incubated for 1 hour shaking on a horizontal mixer at room
temperature.
3. 	 The contents of the plate were discarded and the wells were washed five times with 250 μl of diluted wash buffer.
4. 	 100 μl pre-diluted CONJ (Peroxidase-labelled antibody) was added.
5. 	 The plate was incubated for 1 hour shaking on a horizontal mixer at room temperature.
6. 	 The content of the plate was discarded and the wells were washed five times with 250 μl diluted wash buffer.
7. 	 To the plate 100 μl SUB (TMB substrate) was added.
8. 	 Plate was incubated for 10-15 minutes at room temperature.
9. 	 A 50 μl of STOP (stop solution) were added and briefly mixed.
10. 	 The optical density was measured by micro-plate reader at 450 nm against 620 nm (or 690 nm) as reference. The concentration of protein in the serum samples were determined by comparing the optical density of the samples against the standard curve provided by the kit.  

[bookmark: _Toc306570629][bookmark: _Toc307067694]

[bookmark: _Toc312169268][bookmark: _Toc312172195][bookmark: _Toc312257744]Beta-2-microglobulin (B2M) - Assay Procedure

Immunodiagnostik commercially available ELISA kit for B2M was used according to manufactures instruction
In brief the ELISA test was carried out in duplicate.
1.  To the plate 200 μl 0.9%  NaCl was added to each 
2.  To the plate 10 μl STD (Standard), CTRL (Control) and pre-diluted patients 
sample were 
3.  The plate was incubated for 1 hour shaking on a horizontal mixer at room temperature.
4.  The contents of the plate were discarded and the wells were washed five times with 250 μl of diluted wash buffer.
5. 200 μl pre-diluted CONJ (Peroxidase-labelled antibody) was added.
6.  The plate was incubated for 15 minutes shaking on a horizontal mixer at room temperature.
7.  The content of the plate was discarded and the wells were washed  five times  with 250μl diluted wash buffer.
8.  To the plate 200 μl SUB (TMB substrate) was added.
9.  Plate was incubated for 10-15 minutes at room temperature.
10.  A 50 μl of STOP (stop solution) were added and mix shortly.
11.  The optical density was measured by micro-plate reader at 450 nm against 620 nm (or 690 nm) as reference. The concentration of protein in the serum     samples were determined by comparing the optical density of the samples against the standard curve provided by the kit.  
[bookmark: _Toc306570630][bookmark: _Toc307067695]

[bookmark: _Toc312169269][bookmark: _Toc312172196][bookmark: _Toc312257745]Human Serum Amyloid A (SAA) -Assay Procedure

Invitrogen commercially available ELISA kit for SAA was used according to manufactures instruction. The Invitrogen Hu SAA kit is a solid phase sandwich Enzyme Linked-Immuno-Sorbent Assay (ELISA). A highly purified monoclonal antibody against Hu SAA has been coated onto the wells of the microtiter strips. 

1.  During the first incubation, 100 μl of standards of known Hu SAA content, controls, and unknown samples were pipetted into the coated wells as shown below. 
2.	 This was followed by the addition of 50 μl of biotinylated second monoclonal antibody.
3.	 After washing, 100 μl of Streptavidin-Peroxidase (enzyme) was added. This binds to the biotinylated antibody to complete the four-member sandwich.
4.	 After a second incubation and washing to remove all the unbound enzyme, 100 μl of substrate solution was added, which is acted upon by the bound enzyme to produce colour. 
5.	 The optical density was measured by micro-plate reader at 450 nm. The concentration of protein in the serum samples were determined by comparing the optical density of the samples against the standard curve provided by the kit.  

[bookmark: _Toc306570631][bookmark: _Toc307067696]

[bookmark: _Toc312169270][bookmark: _Toc312172197][bookmark: _Toc312257746]Serum Haptoglobin Precursor (Hp)-Assay Procedure

AssayMax commercially available ELISA kit for Hp was used according to manufactures instruction, the ELISA test were carry out in duplicate.
1. 	In brief to the plate 25 μl STD (Standard), CTRL (Control), Biotinylated
	Haptoglobin and pre-diluted sample were added
2. 	The plate was incubated for 1 hour at room temperature. 
3. 	The contents of the plate were discarded and the wells were washed five times with 200 μl of diluted wash buffer.
4.	 50 μl pre-diluted Streptavidin-Peroxidase was added to the plate.
5.	 The plate was incubated for 30 minutes shaking on a horizontal mixer at room 	temperature.
6. 	The content of the plate was discarded and the wells were washed	five times  with 200 μl diluted wash buffer.
7. 	To the plate 50 μl Chromogen Substrate was added.
8. 	Plate was incubated for 10-15 minutes at room temperature.
9. 	A 50 μl of STOP (stop solution) were added and mix shortly. The colours were changed from blue to yellow.
10. 	The optical density was measured by micro-plate reader at 450 nm against 620 nm (or 690 nm) as reference. The concentration of protein in the serum samples were determined by comparing the optical density of the serum samples against the standard curve provided by the kit.  
[bookmark: _Toc306570632][bookmark: _Toc307067697][bookmark: _Toc312169271][bookmark: _Toc312172198][bookmark: _Toc312257747]
	Quantification of thalidomide level in serum
[bookmark: _Toc306570633][bookmark: _Toc307067698][bookmark: _Toc312169272][bookmark: _Toc312172199][bookmark: _Toc312257748]Serum sample preparation for thalidomide level analysis
The blood sample from consenting patients were collected to generate a sample bank from patients who were experiencing side effect related to thalidomide requiring dose reduction and from patients who do not require dose reduction. All the blood samples were collected from consented patients 12 hours after ingesting thalidomide.
[bookmark: _Toc306570634][bookmark: _Toc307067699][bookmark: _Toc312169273][bookmark: _Toc312172200][bookmark: _Toc312257749]Sample handling collection
A blood sample of 10 mL was collected in additive free blood tubes and the blood was allowed to clot for 30 minutes to 1 hour. The clinical specimens were then transported from the Mater Hospital to NICB. All blood samples were collected under the full ethical approval of the hospital Ethics committee. In the lab, the non-clotted serum was transferred into a 15 ml Falcon tube and spun down @400xG, 30 minutes at 4°C. The frozen citrate was allowed to thaw, either over time or by warming briefly in a water bath. One ml of citrate buffer pH 1.5 was placed into labelled poly propylene. 1ml of serum sample was mixed with 1 ml of 1 ml of citrate buffer pH 1. This will provide 2 ml of solution in total. Samples are then to be stored in the -80°C freezer for further analysis. 
[bookmark: _Toc306570635][bookmark: _Toc307067700][bookmark: _Toc312169274][bookmark: _Toc312172201][bookmark: _Toc312257750]Safe handling of cytotoxic drugs
Cytotoxic drugs were handled with extreme caution at all times in the laboratory, due to the potential risks in handling them. Disposable nitride gloves were worn at all times and all work was carried out in cytotoxic cabinets. All drugs were stored in a safety cabinet at room temperature or in designated areas at 4°C. All agents were disposed of by incineration.
[bookmark: _Toc306570636][bookmark: _Toc307067701][bookmark: _Toc312169275][bookmark: _Toc312172202][bookmark: _Toc312257751]Liquid-liquid extraction procedure
A 200 μL aliquot of sample (serum: citrate 1:1, v/v) was added to a polypropylene extraction tube. To this, 50 μL of internal standard (600 ng/mL umbelliferone) was added, along with 50 μL of acetonitrile and 2ml of extraction solvent (ethyl acetate/ACN, 3:1, v/v). The extraction tubes were vortexed and mixed on a blood tube mixer for 5 minutes. The samples were centrifuged at 3200xG for 5 minutes. The 1.1ml of the organic layer was removed with a glass pasteur pipette and transferred to a conical bottomed glass LC auto sampler vial (Chromacol). The vials were evaporated to dryness using a Genevac EZ-2 (Ipswich, UK) evaporator at ambient temperature, without light. The samples were reconstituted in 50 μL of mobile phase. Two injections of 20 μL were injected automatically by the auto sampler. This analysis was performed by Sandra Roche (Roche et al., 2011).


[bookmark: _Toc306570637][bookmark: _Toc307067702][bookmark: _Toc312169276][bookmark: _Toc312172203][bookmark: _Toc312257752]Chromatographic and mass spectrometry conditions
Chromatographic separation was achieved using a Prodigy C18 column (150 mm × 4.0 mm i.d., 5μm particle size) with a SecurityGuard C18 guard column (4 mm × 3.0 mm i.d.) both from Phenomenex, UK. A mixture of acetonitrile: water (30:70, v/v) 0.1% formic acid was used as mobile phase, at a flow rate of 0.5 ml/min. The column temperature was maintained at 20°C and the temperature of the autosampler was maintained at 4°C (Roche et al., 2011).

The complete chromatographic run time of each sample was 13 minutes, which separated umbelliferone and thalidomide from each other with retention times of 7.9 and 9.3 minutes respectively. Peaks were quantified using Agilent Masshunter Software (Version B.01.04). The triple quadrupole mass spectrometer was operated using an ESI source in the positive ion detection mode. The ionisation temperature was 300°C, gas flow rate was 11L/min and nebulizer pressure was 345 kPa. Nitrogen was used as the ionisation source gas and ultrapure nitrogen as the collision cell gas. Analysis was performed in MRM mode with the following transitions: m/z 259.1→m/z (186 and 84) for thalidomide, and m/z 163.1→m/z 107 for umbelliferone, with a dwell time of 200 ms. Both product ions of thalidomide were monitored, 84 m/z was the quantifier ion and 186 m/z was the qualifier ion (Roche et al., 2011).



[bookmark: _Toc312169277][bookmark: _Toc312172204][bookmark: _Toc312257753][bookmark: _Toc279658424]
[bookmark: _Toc306570638][bookmark: _Toc307067703]




Chapter 3.0
[bookmark: _Toc306570639][bookmark: _Toc307067704]Results

[bookmark: _Toc279658425][bookmark: _Toc306570640][bookmark: _Toc307067705][bookmark: _Toc312169278][bookmark: _Toc312172205][bookmark: _Toc312257754]	Biological bank Sample sets

The diagnosis of MM is based on the presence of characteristic signs and symptoms and the results of special tests on the blood and bone marrow. The disease specific biological bank was established in National Institute of Cellular Biotechnology (NICB) to ensure an adequate and continuous supply of multiple myeloma related biological specimens (serum and bone marrow) and associated data within an ethical framework. Creating a multiple myeloma biological bank is advantageous for a number of reason, Firstly by providing research scientists with secure, non-patient identifying access to the specific bio specimens and associated data needed for their research protocols. Secondly, costs and time scale duration of the future studies are decreased with the elimination of the sample collection stage, ethical approval etc. Thirdly, a biological bank is available for future development of new methods and new technology to utilize historical biological specimens. Last but not least, in today’s tight budget environment, biological banks can provide additional incentives for external collaboration and funding such as pharmaceutical companies. The bone marrow samples were obtained from patients following informed consent in accordance with the Declaration of Helsinki protocol. In addition the institutional policies of Mater Misericordiae, Beaumont and Midland Regional Tullamore Hospitals, were applied. These policies comply with the office of the Data Protection Commissioner 2006 ‘Promoting Health Research and Protecting Patient Rights’ and European Union Data Protection Commissioners working through the Article 29 Working Party, which concludes that, in order to be a valid, ‘consent’ must be a ‘freely given, specific and informed indication’ of the data subject’s wishes. 
In our study, the patients were given an opportunity to explicitly grant or deny informed consent.  The consent was sought in a context where it could be freely given without any sense on the patient’s part that refusal would carry a penalty, whether real or implied, in relation to the medical management they received.
The Patient information leaflet, Standard Letter to Patients General Practitioner and consent form were prepared according to Mater Misericordiae University Hospital and Beaumont, Midland Regional Tullamore Hospital ethical committees. (appendix section). Consent to collect 5-10 ml of bone marrow for research purposes, as outlined in material and method section, was sought from participating patients.
[bookmark: _Toc274586803][bookmark: _Toc274736160][bookmark: _Toc279658426][bookmark: _Toc306570641][bookmark: _Toc307067706][bookmark: _Toc312169279][bookmark: _Toc312172206][bookmark: _Toc312257755]	Bone marrow sample set
[bookmark: _Toc274586804][bookmark: _Toc274736161][bookmark: _Toc279658427]These samples were obtained only when patients were having routine diagnostic or follow–up tests for reasons unrelated to this research. The time from sample procurement to storage at -80ºC was less than 3 hours.
[bookmark: _Toc306570642][bookmark: _Toc307067707][bookmark: _Toc312169280][bookmark: _Toc312172207][bookmark: _Toc312257756]	Demographics
A total of 173 bone marrow sample were collected, from 146 patients, 69 female and 77 male, with median age of 69 years (range 28 -87 years). Plasma cells were extracted from 27 patients.
[bookmark: _Toc274586805][bookmark: _Toc274736162][bookmark: _Toc279658428][bookmark: _Toc306570643][bookmark: _Toc307067708][bookmark: _Toc312169281][bookmark: _Toc312172208][bookmark: _Toc312257757]	Participant Diagnosis
The bone marrow was collected at clinical diagnosis prior to commencement of anti-myeloma therapy. Additional samples were also collected at restaging investigations for the assessment of response to treatment.
Bone marrow samples were collected and stored from patients with the diagnosis of multiple myeloma (n=123), MGUS (n=27), control bone marrow from patients having diagnosis of Iron deficiency, Auto immune neutropenia, Immune thrombocytopenia, Lymphopenia (n=21) (Figure 3-1).


[bookmark: _Toc279441885]Figure 3‑1  shows that bone marrow samples were collected from patients with the diagnosis of multiple myeloma (n=123), MGUS (n=27) and benign diseases (n=21). Abbreviations; MM: Multiple Myeloma, MGUS: Monoclonal gammapathy of unknown significance.


[bookmark: _Toc306570644][bookmark: _Toc307067709][bookmark: _Toc312169282][bookmark: _Toc312172209][bookmark: _Toc312257758] 	Patients with Multiple Myeloma
One hundred and fifty four bone marrow samples were collected from myeloma and myeloma-related patients. Seventy five were male; eighty were female.  The median age of participating patients was seventy years (range 46-85 years). The Median age for male and female patients was 68 and 71 years respectively.
These patients were classified using IMWG Diagnostic criteria (Introduction-Chapter 1, page 46) as following; multiple myeloma (MM) (n=47), smouldering myeloma (n=3), Monoclonal gammapathy of unknown significance (n=30), MM relapse (n=29), MM in remission (n=54), control bone marrow from patients having diagnosis of Immune thrombocytopenia, Iron deficiency, auto immune neutropenia, Lymphopenia (n=9). 
Twenty eight patients donated bone marrow on two or more occasions; these samples were collected only in conjunction with routine clinical restaging investigations. 
Forty-seven marrow samples were obtained from newly diagnosed multiple myeloma patients prior to commencement of anti-myeloma therapy. Based on The International Staging System (ISS) for multiple myeloma as discussed in Introduction-Chapter 1 page 47, eleven patients had stage I disease, twenty-one had stage II, and fifteen had stage III disease  

[bookmark: _Toc279441886]Figure 3‑2 shows that based on the International Staging System (ISS) for multiple myeloma eleven patients had stage I disease (23%), twenty-one had stage II (45%), and fifteen had stage III disease (32%).  Abbreviations; MMISS: multiple myeloma international staging system.


Based on Day-100 re-staging investigations for assessment of response to treatment and using IMWG uniform response criteria, bone marrow samples were collected and stored from patients in clinical remission (n=55), from patients with progressive or relapsed myeloma (n=31) and while on anti-myeloma treatment to assess response (n=21) (Figure 3-2). Of the 31 patients with relapsed/progressive disease, eight patients (three female, five male) have died due to MM related complications 
[bookmark: _Toc306570645][bookmark: _Toc307067710][bookmark: _Toc312169283][bookmark: _Toc312172210][bookmark: _Toc312257759]	Patients with Smouldering myeloma
Three patients had a diagnosis of smouldering myeloma, two female and one male.  One male and female patient eventually progressed to symptomatic MM and was treated with anti-myeloma therapy (Figure 3-3).
[bookmark: _Toc306570646][bookmark: _Toc307067711][bookmark: _Toc312169284][bookmark: _Toc312172211][bookmark: _Toc312257760]	Patients with Monoclonal gammapathy of unknown significance (MGUS)
Thirty one patients had a diagnosis of monoclonal gammapathy of unknown significance (MGUS). Two patients, one male and one female, eventually progressed to MM. The remaining twenty-nine patients remain clinically stable and attending haematology outpatient clinics in the Mater university hospital on regular intervals (Figure 3-3).  
[bookmark: _Toc306570647][bookmark: _Toc307067712][bookmark: _Toc312169285][bookmark: _Toc312172212][bookmark: _Toc312257761]	Patients with Plasma cell leukaemia and Plasmacytoma 
Based on IMWG Diagnostic criteria, two patients had a diagnosis of plasma cell leukaemia (one female patient: seventy-one years old, one male patient: eighty years old). Both patients died of myeloma / plasma cell leukaemia related complications within 3 months of diagnosis (Figure 3-3).


[bookmark: _Toc279441887]Figure 3‑3  shows that A total of 154 bone marrow samples were collected and stored from following individual patients newly diagnosed of MM (n=47), MM smouldering (n=3), MGUS (n=31), MM relapse (n=26), MM in remission (n=46), Abbreviations; MM: Multiple Myeloma, MGUS: Monoclonal gammapathy of unknown significance.









[bookmark: _Toc274586806][bookmark: _Toc274736163][bookmark: _Toc279658429][bookmark: _Toc306570649][bookmark: _Toc307067714]

[bookmark: _Toc312169286][bookmark: _Toc312172213][bookmark: _Toc312257762]	Serum Samples
We used serum samples for discovery of biomarkers as the majority of patients find venepuncture tolerable, and it is also easier for the clinical team to collect the samples. Currently, in the hospital setting, it is normal practice to monitor disease progression or response to therapy by collecting serial blood samples.
[bookmark: _Toc274586807][bookmark: _Toc274736164][bookmark: _Toc279658430][bookmark: _Toc306570650][bookmark: _Toc307067715][bookmark: _Toc312169287][bookmark: _Toc312172214][bookmark: _Toc312257763]	Demographics
A total of four hundred and forty-eight serum samples from two hundred and sixteen patients were collected and stored in a -80°C freezer. Median age of the participant group was 69 years (range 27-97 years), 216 were samples from 98 male patients, 248 were samples from 118 female patients. 
[bookmark: _Toc274586808][bookmark: _Toc274736165][bookmark: _Toc279658431][bookmark: _Toc306570651][bookmark: _Toc307067716][bookmark: _Toc312169288][bookmark: _Toc312172215][bookmark: _Toc312257764]	Participant Diagnosis
Serum samples were obtained from patients having diagnoses of multiple myeloma (N= 302), Monoclonal gammapathy of unknown significance (MGUS) (N=51), Smouldering Myeloma (N=16), Plasmacytomas (N=15), Amyloid Disease (N=3), Plasma cell leukaemia (N=3), POEM syndrome (N=4) (Polyneuropathy, organomegaly, endocrinopathy, monoclonal gammapathy, and skin changes), Auto-immune diseases (N=15), Control and benign diseases (N=39) (Figure 3-4).


Figure 3‑4	shows that total of 448 serum samples were collected from patients with a diagnosis of MM, MGUS, smouldering MM, Plasmacytomas, POEM syndrome, Amyloid Disease, PC leukaemia, Benign diseases such as iron deficiency anaemia, mild thrombocytopenia, Auto-immune diseases such as immune thrombocytopenia. Abbreviations: MM: multiple myeloma, MGUS: Monoclonal gammapathy of unknown significance, Smouldering MM:  Smouldering multiple myeloma, PC leukaemia: Plasma cell leukaemia, POEM syndrome: Polyneuropathy, organomegaly, endocrinopathy, monoclonal gammapathy, and skin changes.


[bookmark: _Toc306570652][bookmark: _Toc307067717][bookmark: _Toc312169289][bookmark: _Toc312172216][bookmark: _Toc312257765]	Multiple myeloma patients samples set 
A total of 302 serum samples from 97 myeloma patients were collected. There were 140 samples from 43 male patients, and 162 samples from 54 female patients. The median age of patients was 66 years; the mean age of the patient group was 69 SD +/- 7.25 years. 
Based on Day-100 re-staging investigations of multiple myeloma and using the International Myeloma Working Group uniform response criteria, patients serum samples were classified as following: 98 samples were from 23 patients, who have achieved a complete response to their respective treatment protocols, 71 samples were from 16 patients who have achieved very good partial response, remaining 22, 21, 90 samples were from 7, 8, 42 patients have achieved a partial response, progressive disease respectively (Figure 3-5). 

[bookmark: _Toc279441889]Figure 3‑5 shows multiple myeloma serum samples set; There are 302 serum samples. These samples were collected from patients at various stages of disease classified based on IMWG response criteria. Abbreviations; CR: complete response, VGPR: very good partial response, PR: partial response, IMWG: International Myeloma Working Group, PD: progressive disease, NR: non-responders.  



[bookmark: _Toc274586809][bookmark: _Toc274736166][bookmark: _Toc279658432][bookmark: _Toc306570653][bookmark: _Toc307067718][bookmark: _Toc312169290][bookmark: _Toc312172217][bookmark: _Toc312257766]	2D-DIGE biomarker discovery
As explained in Introduction-Chapter 1 page 84, serum samples obtained from different patients groups are differentially labelled with spectrally resolvable fluorescent dyes (Cy2, Cy3 and Cy5) and co-resolved on a single 2D gel for direct quantitation. The proteins in each sample are covalently tagged with three colour fluorescent dyes. 
[bookmark: _Toc279658433][bookmark: _Toc306570654][bookmark: _Toc307067719][bookmark: _Toc312169291][bookmark: _Toc312172218][bookmark: _Toc312257767]	Patients’ samples data set for 2D-DIGE analysis
Proteomic analysis was performed on  newly-diagnosed multiple myeloma patients treated with a thalidomide-based regimen. Samples were collected at diagnosis and prior to initial treatment with thalidomide-based regimens. 
[bookmark: _Toc274586810][bookmark: _Toc274736167][bookmark: _Toc279658434][bookmark: _Toc306570655][bookmark: _Toc307067720][bookmark: _Toc312169292][bookmark: _Toc312172219][bookmark: _Toc312257768]	Age and Response data set
[bookmark: _Toc274736168][bookmark: _Toc274586811]The mean age of the patient group was 68 SD +/- 6.95 years (range 52- 81 years). There were 27 males and 24 females. Based on Day-100 re-staging investigations of multiple myeloma and using the International Myeloma Working Group uniform response criteria (Rajkumar and Buadi, 2007, Durie et al., 2006) for MM, patients were classified as follows: Twenty nine patients were responders to thalidomide-based therapy. The mean age for this group was 66 SD +/- 6.80 years (range, 52-81 years). Twenty two patients were non-responders to thalidomide-based therapy. The mean age for this group was 70 SD +/- 6.69 years (range, 57-79 years). 
[bookmark: _Toc279658435][bookmark: _Toc306570656][bookmark: _Toc307067721][bookmark: _Toc312169293][bookmark: _Toc312172220][bookmark: _Toc312257769]	 Disease staging
[bookmark: _Toc274586812][bookmark: _Toc274736169]Patients multiple myeloma disease status were designated based on the International Staging System (ISS) classification (Hotta, 2007). Six responding patients had stage I disease, fifteen responding patients had stage II disease; eight responding patients had stage III disease, Two non-responding patients had stage I disease, eleven non-responding patients had stage II disease and nine non-responding patients had stage III disease.
[bookmark: _Toc274586813][bookmark: _Toc274736170][bookmark: _Toc279658436][bookmark: _Toc306570657][bookmark: _Toc307067722][bookmark: _Toc312169294][bookmark: _Toc312172221][bookmark: _Toc312257770]	Treatment protocols
[bookmark: _Toc274586814][bookmark: _Toc274587462][bookmark: _Toc274736171]All patients received a standard thalidomide based anti-myeloma regimen. Thalidomide in combination with corticosteroid is recommended for the first-line treatment of multiple myeloma and the addition of an alkylating agent to the above combination is recommended as a first-line treatment in patients for whom high-dose chemotherapy with stem cell transplantation is considered inappropriate. In this study, depending on the clinical profile of patients, they were treated by the various combination of thalidomide based anti-myeloma therapies, However the difference in the number of various treatments protocols used between responders, and non-responders were not significant (p= 0.40) (Figure 3-6). 
[bookmark: _Toc274586815][bookmark: _Toc274736172][bookmark: _Toc279658437][bookmark: _Toc306570658][bookmark: _Toc307067723][bookmark: _Toc312169295][bookmark: _Toc312172222][bookmark: _Toc312257771]	Patients responsive to thalidomide based regimen
Twenty four patients were treated with thalidomide and dexamethasone based therapy, three patients were treated with thalidomide; cyclophosphamide and dexamethasone based therapy and two patients were treated with melphalan, prednisone and thalidomide.
[bookmark: _Toc279658438][bookmark: _Toc306570659][bookmark: _Toc307067724][bookmark: _Toc312169296][bookmark: _Toc312172223][bookmark: _Toc312257772]	Patients non-responsive to thalidomide based regimen
Seventeen patients were treated with thalidomide and dexamethasone based therapy. Four patients were treated with thalidomide; cyclophosphamide and dexamethasone based therapy and one patient received melphalan, prednisone and thalidomide. 

[bookmark: _Toc279441890]Figure 3‑6  shows responders and non-responding patients were treated with the different combination of thalidomide based anti-myeloma therapy. However, the difference in the number of various treatments protocols prescribed between responders, and non-responders were not significant (p= 0.40). 




[bookmark: _Toc274586817][bookmark: _Toc274736174][bookmark: _Toc279658439][bookmark: _Toc306570660][bookmark: _Toc307067725][bookmark: _Toc312169297][bookmark: _Toc312172224][bookmark: _Toc312257773]	Patients follow-up post initiation of anti-myeloma treatment
Patients involve in this study group were followed up closely in the haematology department of Mater University Hospital, on a monthly basis.  In our study median follow was 18 months (range, 9-27 months).
[bookmark: _Toc274586818][bookmark: _Toc274736175][bookmark: _Toc279658440][bookmark: _Toc306570661][bookmark: _Toc307067726][bookmark: _Toc312169298][bookmark: _Toc312172225][bookmark: _Toc312257774]	Classification of response to thalidomide based treatment
Based on International Myeloma Working Group Uniform Response Criteria patients involved in this study group achieved the following clinical response after thalidomide based treatment.
[bookmark: _Toc274586819][bookmark: _Toc274736176][bookmark: _Toc279658441][bookmark: _Toc306570662][bookmark: _Toc307067727][bookmark: _Toc312169299][bookmark: _Toc312172226][bookmark: _Toc312257775]	Responders to thalidomide based treatment
Twenty nine patients were responsive to thalidomide based treatment and achieved complete or very good partial response as following:
[bookmark: _Toc306570663][bookmark: _Toc307067728][bookmark: _Toc312169300][bookmark: _Toc312172227][bookmark: _Toc312257776]	Complete response 
Nine patients achieved complete response, this patients group have negative immunofixation of serum and urine and <5% plasma cells in bone marrow.
[bookmark: _Toc306570664][bookmark: _Toc307067729][bookmark: _Toc312169301][bookmark: _Toc312172228][bookmark: _Toc312257777]	Very good partial response
Twenty patients achieved very good partial response. This identifies patients with a better outcome who have achieved excellent response but are not yet in complete response (Table 3-1).
[bookmark: _Toc274586820][bookmark: _Toc274736177][bookmark: _Toc279658442][bookmark: _Toc306570665][bookmark: _Toc307067730][bookmark: _Toc312169302][bookmark: _Toc312172229][bookmark: _Toc312257778]	Non-responders to thalidomide based treatment
Five had Stable disease, this identifies patients not meeting criteria for complete response, very good partial response or progressive disease. Seventeen patients had Progressive disease (PD). This identifies patients with increase of minimum of 25% disease activity in serum or bone (Table 3-2)
[image: ]

[bookmark: _Toc274587619]Table 3‑1 outlines the clinical details for the patients responding to thalidomide based regimen, including their: age, sex, patients were staged based on International Staging System.  Day-100 restaging results were based on International Myeloma Working Group uniform response criteria for multiple myeloma. The last column shows the duration of patient clinical follow-up in months. Abbreviations; CR: complete response, VGPR: very good partial response, IMWG: International Myeloma Working Group, R: Responders to thalidomide-based therapy, M: male, F: female.
[image: ]
Table 3‑2  outline the clinical disease status at Day-100 for the non-responders to thalidomide based regimen, including their: age, sex. Patients classified based on International Myeloma Working Group uniform response criteria for multiple myeloma. The last column shows the duration of patients’ follow-up in months. Abbreviations; SD: stable disease, PD: Progressive disease, IMWG: International Myeloma Working Group, NR: Non-responders to thalidomide-based therapy, M: male, F: female.

[bookmark: _Toc274586821][bookmark: _Toc274587469][bookmark: _Toc274736178][bookmark: _Toc274586822][bookmark: _Toc274587470][bookmark: _Toc274736179][bookmark: _Toc274586823][bookmark: _Toc274736180][bookmark: _Toc279658443]

[bookmark: _Toc306570666][bookmark: _Toc307067731][bookmark: _Toc312169303][bookmark: _Toc312172230][bookmark: _Toc312257779]	2D-DIGE and Proteomic Analysis

[bookmark: _Toc279436678][bookmark: _Toc279436851][bookmark: _Toc279658352][bookmark: _Toc279658444][bookmark: _Toc306570667][bookmark: _Toc279436679][bookmark: _Toc279436852][bookmark: _Toc279658353][bookmark: _Toc279658445][bookmark: _Toc306570668][bookmark: _Toc274586824][bookmark: _Toc274736181][bookmark: _Toc279658446][bookmark: _Toc306570669][bookmark: _Toc307067732][bookmark: _Toc312169304][bookmark: _Toc312172231][bookmark: _Toc312257780]	Serum Immunodepletion 
To facilitate the discovery and identification of low-abundance proteins, high-abundance proteins were removed using a Multiple Affinity Removal System (MARS), the Human-14, which removes 95 percent to 99 percent of the 14 most abundant proteins which account for 94 percent of the total protein in human blood serum and plasma (Material and Method-Chapter 2 page 141). The depletion protocol was found to be reproducible. 
The results from the protein assay (Bradford) indicated a very similar level of protein between the immunodepleted samples which indicates a very consistent immunodepletion process. The image below shows a 1D gel stained with Commaisse Blue (lanes 1 and 2) and Western blot analysis of Albumin (lanes 3 and 4). Lanes 1 and 3 contain 25 µg of raw serum, with Albumin clearly visible in both. Lanes 2 and 4 contain 25 µg of immunodepleted serum with Albumin found to be removed. These results indicate the effective removal of high abundant serum proteins, such as Albumin through use of an immunodepletion column.

[bookmark: _Toc274586825][bookmark: _Toc274736182][bookmark: _Toc279658447][bookmark: _Toc306570670][bookmark: _Toc307067733][bookmark: _Toc312169305][bookmark: _Toc312172232][bookmark: _Toc312257781]
	Western blot
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]A Western blot using an anti-albumin antibody was performed. This confirmed the absence of albumin in the immunodepleted fraction.

[image: ]
[bookmark: _Toc279441891]Figure 3‑7  shows a 1D gel stained with Commaisse Blue (lanes 1 and 2) and Western blot analysis of Albumin (lanes 3 and 4).  Lanes 1 and 3 are showing analysis of unfractionated serum and presence of albumin in both lanes. Lanes 2 and 4 are showing immunodepleted serum and absence of albumin. These results indicate the effective removal of high abundant serum proteins, such as Albumin through the use of an immunodepletion column.




[bookmark: _Toc274586826][bookmark: _Toc274736183][bookmark: _Toc279658448][bookmark: _Toc306570671][bookmark: _Toc307067734][bookmark: _Toc312169306][bookmark: _Toc312172233][bookmark: _Toc312257782]	Proteomic profiling
Proteins were precipitated from the low abundance immunodepleted fraction, resuspended in lysis buffer, fluorescently labelled, and analysed by 2D-DIGE using an internal standard design.
We used a comparative proteomic approach comparing sensitive and thalidomide- resistance in MM patients to identify differentially expressed proteins associated with drug resistance.
This analysis was performed on 39 newly diagnosed multiple myeloma patients (22 responders; 17 non-responders to thalidomide based treatment).
Spot maps were generated and maps were aligned with a master spot map; relative abundance values were generated for each of 886 protein spots that were common to more than 90 percent of gels.
Figure 3-8 is Showing 2D gel image Based on 2D-DIGE analysis, protein spots with a fold change of ≥ 1.25 differences in   abundance level and a t-test of ≤ 0.01 were selected. Using these criteria, seven individual differentially expressed proteins spots were identified. Six proteins spots were identified as having increased in abundance level and one has decreased in abundance level in thalidomide non-responders compared to responders patients.  Figure 3-9 shows gel images; A, B and 3-D protein spot views for two spots demonstrating a clear difference in the abundance levels between non-responders and responders to thalidomide based therapy.
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[bookmark: _Toc279441892][bookmark: _Toc274587576]Figure 3‑8  Showing A gel image, based on the 2D-DIGE analysis, protein spots with a fold difference of more than 1.25 in abundance level between responders and non-responder to thalidomide  with a p value of   ≤ 0.01. 
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[bookmark: _Toc279441893][bookmark: _Toc274587577]Figure 3‑9 Showing gel images and 3-D views for Hp (A and C) and B2M (B and D) respectively, showing change in expression level levels between non-responders and responders to thalidomide based therapy.



[bookmark: _Toc274586827][bookmark: _Toc274736184][bookmark: _Toc279658449][bookmark: _Toc306570672][bookmark: _Toc307067735][bookmark: _Toc312169307][bookmark: _Toc312172234][bookmark: _Toc312257783]
	Protein Identification
Subsequently, these proteins spots of interest were identified by LC-MS/MS using an ion trap LTQ mass spectrometer and searched against the SWISS PROT database using SEQUEST (Brizard et al., 2009, Martinez-Gomariz et al., 2009, Wu et al., 2009). Six proteins were identified.
[bookmark: _Toc274586828][bookmark: _Toc274736185][bookmark: _Toc279658450][bookmark: _Toc306570673][bookmark: _Toc307067736][bookmark: _Toc312169308][bookmark: _Toc312172235][bookmark: _Toc312257784]	Proteins abundance level
The 2-D-DIGE and Decyder software data for the B2M, (t-test), and fold changes in non-responders. The 2-DIGE and Decyder software data for Hp showed 3.01 (t-test 0.0015) fold decreases in abundance level in the non-responders. Table 3-6 summarizes these identified proteins with the average ratio and the statistical data from each comparison.
[bookmark: _Toc279658451][bookmark: _Toc306570674][bookmark: _Toc307067737][bookmark: _Toc312169309][bookmark: _Toc312172236][bookmark: _Toc312257785]	Proteins with higher abundance level in non-responders
Proteins spots identified found to have higher level abundance level in the serum from non-responders compared to responders to thalidomide include:
	Zinc alpha 2-glycoprotein (ZAG)
The 2-D-DIGE and Decyder software data for the ZAG showed a 1.48 increases in non-responders with a t-test score of 0.0000022.  ZAG was identified by LC-MS/MS resulting in 10 matched peptides, corresponding to sequence coverage of 37.63 percentages (Figure 3-10).
	Vitamin D binding protein Precursor (VDB)
The 2-D-DIGE and Decyder software data for the VDB showed a 1.31 increase in non-responders with a t-test score of 0.00044. VDB was identified by LC-MS/MS resulting in 20 matched peptides, corresponding to a sequence coverage of 53.59 percentage (Figure 3-11).
	Transthyretin (TYR)
The 2-D-DIGE and Decyder software data for the TYR showed a 1.32 increase in non-responders with a t-test score of 0.0077. TYR was identified by LC-MS/MS resulting in 9 matched peptides, corresponding to a sequence coverage of 65.31 percentage (Figure 3-12).
	Serum Amyloid A protein (SAA)
The 2D-DIGE and Decyder software data for the TYR showed a 1.31 increase in non-responders with a t-test score of 0.006. SAA was identified by LC-MS/MS resulting in 4 matched peptide corresponding to a sequence coverage of 48.36 percentage (Figure 3-13).
	Beta 2 Microglobulin (B2M)
The 2-D-DIGE and Decyder software data for the B2M showed a 1.96 increase in non-responders with a t-test score of 0.0015. B2M was identified by LC-MS/MS resulting in 3 matched peptides (in red colour) corresponding to a sequence coverage of 35.29 percentage (Figure 3-14).
[bookmark: _Toc279658452][bookmark: _Toc306570675][bookmark: _Toc307067738][bookmark: _Toc312169310][bookmark: _Toc312172237][bookmark: _Toc312257786]	Protein with lower abundance level in non-responders
	Serum Haptoglobin (Hp)
The only proteins spot identified to have a lower abundance level in non-responders as compared to responders to thalidomide was serum Hp. Serum Hp was identified by LC-MS/MS yielding 9 matched peptide with the coverage of 11.58%  (Figure 3-15).
Table 3-6 summarizes these identified proteins with their average Decyder ratio and the statistical data. Listed are the protein identities obtained by Liquid Chromatography Mass Spectrometry analysis, molecular weight number of matched peptides related to the Protein, % coverage of the protein sequence identified. The last 2 columns show the Decyder average ratio and the associated p-value.

[image: ]
[bookmark: _Toc274587620][bookmark: OLE_LINK10][bookmark: OLE_LINK12]Figure 3‑10 Shows Zinc alpha 2-glycoprotein: The highlighted peptides indicated in red were identified by liquid chromatography mass spectrometry resulting in 10 matched peptides corresponding to sequence coverage of 37.63 percentages. The matching protein is identified using database. 
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[bookmark: _Toc274587621]Figure 3‑11 Shows Vitamin D-binding protein precursor: The highlighted peptides indicated in red were identified by liquid chromatography mass spectrometry resulting in 20 matched peptides corresponding to sequence coverage of 53.59 percentages. The matching protein is identified using database. 





[image: ]
[bookmark: _Toc274587622]Figure 3‑12 Shows Transthyretin: The highlighted peptides indicated in red were identified by liquid chromatography mass spectrometry resulting in 9 matched peptides corresponding to sequence coverage of 65.31 percentage. The matching protein is identified using database.
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[bookmark: _Toc274587623]Figure 3‑13 Shows Serum Amyloid A protein: The highlighted peptides indicated in red were identified by liquid chromatography mass spectrometry resulting in 4 matched peptides corresponding to sequence coverage of 48.36 percentages. The matching protein is identified using database. 
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[bookmark: _Toc274587624]Figure 3‑14 Shows Beta-2-microglobulin: The highlighted peptides indicated in red were identified by liquid chromatography mass spectrometry resulting in 3 matched peptides corresponding to sequence coverage of 35.29 percentages. The matching protein is identified using database.
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[bookmark: _Toc274587625]Figure 3‑15 Shows Haptoglobin fragment: The highlighted peptides indicated in red were identified by liquid chromatography mass spectrometry resulting in 9   matched peptides corresponding to sequence coverage of 11.58 percentages. The matching protein is identified using database. 






[image: ]  Table 3‑3 Listed are the protein identities obtained by Liquid Chromatography Mass Spectrometry analysis, molecular weight number of matched peptides related to the Protein, % coverage of the protein sequence identified. TYR, VDB, Hp, ZAG, B2M, SAA were identified by MS yielding 9, 20, 9, 10, 3, 4 matched peptide respectively, resulting in 65.31, 53.59, 11.58, 37.63, 35.29, 48.36 and percentage coverage respectively. The last 2 columns show the Decyder average ratio of abundance level with the corresponding p value.



[bookmark: _Toc274586829][bookmark: _Toc274736186][bookmark: _Toc279658453][bookmark: _Toc306570676][bookmark: _Toc307067739][bookmark: _Toc312169311][bookmark: _Toc312172238][bookmark: _Toc312257787]	ELISA values and 2D-DIGE data corresponding ROC curve analysis

[bookmark: _Toc279436686][bookmark: _Toc279436861][bookmark: _Toc279658362][bookmark: _Toc279658454][bookmark: _Toc306570677][bookmark: _Toc279658455][bookmark: _Toc306570678][bookmark: _Toc307067740][bookmark: _Toc312169312][bookmark: _Toc312172239][bookmark: _Toc312257788]	ELISA values
In this study we used ELISA to measure the level of the 6 candidate biomarkers proteins in serum. The ELISA tests are inexpensive, robust, sensitive, specific and widely used in haematopathology laboratories attached to clinical units.
The ELISA is also the preferential method used to detect proteins for the day by day practice in the hospitals and clinical centres. When compared to ELISA, the 2D-DIGE method is expensive, labour intensive and requires complex equipment and advanced analytical skills limiting applicability to a minority of clinical centres.
Therefore, we validate the results from the 2D-DIGE study by the commercially available ELISA kits to measure levels of the 6 candidate biomarker proteins in serum from thalidomide sensitive and resistant multiple myeloma patients (Table 3-3 page 172 ).
[bookmark: OLE_LINK8][bookmark: OLE_LINK11]The six differentially expressed protein concentrations were measured in duplicate for each patient. Apart from TYR, the results from ELISAs assay were consistent with 2D-DIGE results. The ELISA data did not show any statistically significant difference in value of TYR in responders versus non-responders to thalidomide.


[image: ]
[bookmark: _Toc274587628]Table 3‑4 shows the serum concentration of discovered biomarkers for individual responders patients. Using a commercially available ELISA kit, all five differentially expressed protein concentrations were measured in duplicate. The mean, standard error of the mean (SEM), and standard deviation (SD) for the individual ELISA values are also shown. Abbreviation; Zinc alpha 2-glycoprotein, VDB: Vitamin D binding protein Precursor, SAA: Serum Amyloid A protein, B2M: beta-2-microglobulin, Hp: Haptoglobin, SD: standard deviation, SEM: standard error of the mean. 





[image: ]
Table 3‑5 shows the serum concentration of discovered biomarkers for individual non-responders patients. Using a commercially available ELISA kit, all five differentially expressed protein concentrations were measured in duplicate. The mean, standard error of the mean (SEM), standard deviation (SD) and the p-value for the ELISA values are also shown for responders and non-responders patients. Abbreviation; Zinc alpha 2-glycoprotein, VDB: Vitamin D binding protein Precursor, SAA: Serum Amyloid A protein, B2M: beta-2-microglobulin, Hp: Haptoglobin, SD: standard deviation, SEM: standard error of the mean. 

[bookmark: _Toc274586830][bookmark: _Toc274736187][bookmark: _Toc279658456][bookmark: _Toc306570679][bookmark: _Toc307067741][bookmark: _Toc312169313][bookmark: _Toc312172240][bookmark: _Toc312257789]	Scatter diagrams
To investigate the possible relationship between the two variables in this study i.e. response to thalidomide and serum concentration of discovered biomarkers, Line graphs using dots were plotted. Line graphs provide a conventional and visual way to map an independent (ELISA based serum biomarker level) against dependent variables (in this case, response to thalidomide). The aim was to determine whether we could establish a trend that would show visually the correlation between the serum level of the six biomarkers (y axis) and the response to thalidomide. Each dot in these plots represents a multiple myeloma patient with a corresponding serum biomarker level. 
The resulting pattern indicates that patients with higher serum level of ZAG, VDB, TYR, SAA, B2M are more likely to show a negative correlation with response to thalidomide whereas serum Hp level shows a positive correlation.  Using statistical software SPSS 17.0 a linear line was also plotted to separate responders from non-responders to thalidomide. 
The R2 value was calculated; the R2 values give a guide to the "goodness-of-fit" and do not specify whether an association between the variables is statistically significant. An R2 value of 0.0 means that knowing serum value of discovered biomarkers does not help to predict response while R2=1 perfectly predicts response. Therefore using ELISA values, if R2 is closer to 1, the regression line better predicts response to thalidomide. R2 values for ZAG, VDB, TYR, SAA, B2M and Hp are 0.056, 0.205, 0.071, 0.199, 0.028, and 0.055 respectively (Figures 3-19 to 3-21).

[bookmark: _Toc279441894]
Figure 3‑16 shows a line diagram, to demonstrate a visual interpretation of a possible association between the response to thalidomide and serum ZAG level. Each dot represents a multiple myeloma patient with corresponding serum ZAG level. The resulting pattern illustrates that having a higher serum level of ZAG has a negative correlation with the response to thalidomide base therapy. Abbreviation; ZAG: Zinc-alpha-2-glycoprotein R: Responders to thalidomide-based therapy, NR: Non-responders to thalidomide-based therapy.




[bookmark: _Toc279441895]
Figure 3‑17 shows a line diagram, to demonstrate a visual interpretation of a possible association between the response to thalidomide and serum VDB level. Each dot represents a multiple myeloma patient with corresponding serum VDB level. The resulting pattern illustrates that having a higher serum level of VDB has a negative correlation with the response to thalidomide base therapy. Abbreviation; VDB: Vitamin-D-binding-Precursor, R: Responders to thalidomide-based therapy, NR: Non-responders to thalidomide-based therapy.




[bookmark: _Toc279441896]
Figure 3‑18 shows a line diagram, to demonstrate a visual interpretation of a possible association between the response to thalidomide and serum B2M level. Each dot represents a multiple myeloma patient with corresponding serum B2M level. The resulting pattern illustrates that having a higher serum level of B2M has a negative correlation with the response to thalidomide base therapy. Abbreviation; B2M: beta-2-microglobulin, R: Responders to thalidomide-based therapy, NR: Non-responders to thalidomide-based therapy.



 
[bookmark: _Toc279441897]
Figure 3‑19 shows a line diagram, to demonstrate a visual interpretation of a possible association between the response to thalidomide and serum TYR level. Each dot represents a multiple myeloma patient with corresponding serum TYR level. The resulting pattern illustrates that serum TYR level has a poor correlation with the response to thalidomide base therapy. Abbreviation; TYR: Transthyretin, R: Responders to thalidomide-based therapy, NR: Non-responders to thalidomide-based therapy.




[bookmark: _Toc279441898]
Figure 3‑20 shows a line diagram, to demonstrate a visual interpretation of a possible association between the response to thalidomide and serum Hp level. Each dot represents a multiple myeloma patient with corresponding serum Hp level. The resulting pattern illustrates that having a lower serum level of Hp has a negative correlation with the response to thalidomide base therapy. Abbreviation; Hp: Haptoglobin, R: Responders to thalidomide-based therapy, NR: Non-responders to thalidomide-based therapy.




[bookmark: _Toc279441899]
Figure 3‑21 shows a line diagram, to demonstrate a visual interpretation of a possible association between the response to thalidomide and serum VDB level. Each dot represents a multiple myeloma patient with corresponding serum VDB level. The resulting pattern illustrates that having a higher serum level of VDB has a negative correlation with the response to thalidomide base therapy. Abbreviation; VDB: Vitamin-D-binding-Precursor, R: Responders to thalidomide-based therapy, NR: Non-responders to thalidomide-based therapy.


Therefore the above scatter diagrams shows that the use of individual proteins as biomarkers does have some value in predicting response to thalidomide. This led us, in further studies to investigate the predictive value of biomarkers by logistic regression and ROC curve analysis using the serum ELISA values.

[bookmark: _Toc279658457][bookmark: _Toc306570680][bookmark: _Toc307067742][bookmark: _Toc274586831][bookmark: _Toc274736188][bookmark: _Toc312169314][bookmark: _Toc312172241][bookmark: _Toc312257790]	2D-DIGE data corresponding ROC curve analysis using ELISA value. 
Using the ELISA values, logistic regression and ROC curve analysis were also carried out by the statistical software R (project.org). The ROC curves were used to interpret the utility of logistic regression models for various combinations of the differentially expressed proteins. The probability of a correct prediction for a given model was then calculated from the ROC curve by determining the area under curve.

[bookmark: _Toc279658458][bookmark: _Toc306570681][bookmark: _Toc307067743][bookmark: _Toc312169315][bookmark: _Toc312172242][bookmark: _Toc312257791]	Zinc alpha 2-glycoprotein
2D-DIGE and ELISA analysis showed that ZAG had a 1.48 (p= 0.0000022) and a 1.27 (p=0.00398) fold increase in abundance levels in non-responders compared to responders, respectively (Figure 3-22 and Table 3-6).
Our data suggests that ZAG is a valuable biomarker for detection of sensitivity to thalidomide. The ROC curve generated from the ELISA data for ZAG showed an AUC of 0.76 as an individual protein, with sensitivity of 86.4 and specificity of 69.0 and p=0.0002, demonstrating an acceptable discrimination power (Figure 3-23).
[image: ]
[bookmark: _Toc279441900][bookmark: _Toc274587579]Figure 3‑22 the 2D-DIGE data showed that ZAG has 1.48 (p= 0.0000022) fold increase in abundance level in non-responders compared to responders to the thalidomide based therapy. 
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[bookmark: _Toc279441901][bookmark: _Toc274587580]Figure 3‑23 the ROC curve was generated from the ELISA data for ZAG showed an AUC of 0.76 as an individual protein, demonstrating an acceptable predicting power for the response to thalidomide based regimen with sensitivity of 86.4 and specificity of 69.0 and  p=0.0002.







[bookmark: _Toc274586832][bookmark: _Toc274736189][bookmark: _Toc279658459][bookmark: _Toc306570682][bookmark: _Toc307067744][bookmark: _Toc312169316][bookmark: _Toc312172243][bookmark: _Toc312257792]	Serum Amyloid A protein
SAA showed a 3.01 (p=0.006) fold increase in abundance levels for non-responders compared to responders using 2D-DIGE protein profiling analysis.  (Figure 3-24 and Table 3-6).
This result correlated with data from the ELISA analysis, indicating a 3.80 (p=0.00016) fold increase in SAA abundance levels in non-responders compared to responders (Table 3-6).
ROC curves calculated from the ELISA data showed an AUC of 0.82 with sensitivity of 77.3 and specificity of 79.3 and p=0.000, indicating excellent discriminatory power for this single protein (Figure 3-25).
SAA is a sensitive marker of inflammation (Saleh et al., 2003, Jousilahti et al., 2002) . In the 22 non-responder patients studied in this project, none had evidence of infection or fever at the time of sampling; out of 29 responder patients, 1 had an infection resulting in mild fever.  Therefore, the SAA elevation in the non-responder patients appeared to be unrelated to infection or inflammation.

[image: ]
[bookmark: _Toc279441902][bookmark: _Toc274587581]Figure 3‑24 The 2D-DIGE data showed that SAA has 3.01 (p=0.006) fold increase in abundance level in the non-responders compared to responders to the thalidomide based therapy.
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[bookmark: _Toc279441903][bookmark: _Toc274587582][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Figure 3‑25 The ROC curve was calculated for SAA from the ELISA data showed an AUC of 0.82 with sensitivity of 77.3 and specificity of 79.3 and  p=0.0001 indicating excellent discriminatory power for predicting response to thalidomide based regimen.





[bookmark: _Toc274586833][bookmark: _Toc274736190][bookmark: _Toc279658460][bookmark: _Toc306570683][bookmark: _Toc307067745][bookmark: _Toc312169317][bookmark: _Toc312172244][bookmark: _Toc312257793]	Serum Haptoglobin
In the 2D-DIGE protein profiling analysis, the Hp fragment was found to show 3.01 (p=0.0015) fold decreased in serum from non-responders compared to responders. Data from the ELISA analysis for intact Hp showed a 1.73 (p= 0.03241) fold decrease in abundance levels in non-responders compared to responders (Figure 3-26 and Table 3-6).
Hp is normally removed by the immunodepletion column; however, using 2D-DIGE analysis followed by LC-MS/MS, a ~10 kDa haptoglobin fragment was identified (Table 3-6) (Rompp et al., 2007, Heo et al., 2007). We suggest that this Hp fragment was not removed due to its size and non-interaction with the specific Hp antibody in the affinity column, and hence it was detected in the 2D-DIGE analysis.
As intact Hp was removed from this analysis because of the immunodepletion column, it was decided to investigate this protein using an ELISA-based assay approach. ROC curves were generated from the Hp, ELISA data, showed an AUC of 0.64 with sensitivity of 50.0 and specificity of 79.3 and p=0.05 indicating minimal discriminatory power for predicting response to thalidomide based regimen (Figure 3-27). The decrease in abundance of the Hp fragment seen in thalidomide non-responders compared to responders using 2D-DIGE analysis displayed a similar trend to that of the intact Hp detected by ELISA analysis in the unfractionated serum samples.
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[bookmark: _Toc279441904][bookmark: _Toc274587583]Figure 3‑26 The 2D-DIGE data showed that Hp has a 3.01 (p=0.0015) fold decrease in the level in abundance in the non-responders compared to responders to the thalidomide based therapy.
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[bookmark: _Toc279441905][bookmark: _Toc274587584]Figure 3‑27 The ROC curve was generated from the ELISA data for Hp, which showed an AUC of 0.64 with sensitivity of 50.0 and specificity of 79.3 and  p=0.05 indicating that Hp as a single protein biomarker has a minimal discriminatory power for predicting response to thalidomide based regimen.






[bookmark: _Toc274586834][bookmark: _Toc274736191][bookmark: _Toc279658461][bookmark: _Toc306570684][bookmark: _Toc307067746][bookmark: _Toc312169318][bookmark: _Toc312172245][bookmark: _Toc312257794]	Vitamin D binding Precursor
The VDB protein level from 2D-DIGE analysis and ELISA data showed a 1.31 (p=0.00044) and 1.28 (p=0.02045) fold increase in abundance levels, respectively, from non-responders compared to responders to a thalidomide based regimen (Figure 3-28 and Table 3-6). ROC curves were generated from the ELISA data and showed an AUC of 0.70 with sensitivity of 68.2, specificity of 75.9 and p=0.0087 demonstrating acceptable discrimination power to predict response to thalidomide based regimen (Figure 3-29).
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[bookmark: _Toc279441906][bookmark: _Toc274587585]Figure 3‑28 The 2D-DIGE data showed that VDB has 1.31 (p=0.00044) fold increase in abundance level in the non-responders compared to responders to the thalidomide based therapy.


[image: ]
[bookmark: _Toc279441907][bookmark: _Toc274587586]Figure 3‑29 the ROC curve was generated from the VDB, ELISA data and showed an AUC of 0.70 with sensitivity of 68.2 and specificity of 75.9 and p=0.0087 demonstrating Acceptable discrimination.




[bookmark: _Toc274586835][bookmark: _Toc274736192][bookmark: _Toc279658462][bookmark: _Toc306570685][bookmark: _Toc307067747][bookmark: _Toc312169319][bookmark: _Toc312172246][bookmark: _Toc312257795]
	Beta 2-microglobulin
The B2M level from 2D-DIGE data and ELISA results showed a 1.96 (p=0.0015) and 2.00 (p=0.00118) fold increase, respectively, in the abundance level from non-responders compared to responders to thalidomide based regimen (Figure 3-30 and Table 3-6)
The ROC curve generated from this data showed an AUC of 0.87, indicating excellent discriminatory power for this protein.  (Figure 3-31).
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[bookmark: _Toc279441908][bookmark: _Toc274587587]Figure 3‑30 The 2D-DIGE data showed that B2M has a 1.96 (p=0.0015) fold increase in abundance level in the non-responders compared to responders to the thalidomide based therapy.



[image: ]
[bookmark: _Toc279441909][bookmark: _Toc274587588]Figure 3‑31 The ROC curve was generated from the B2M ELISA data showed an AUC of 0.87, indicating with sensitivity of 90.9 and specificity of 82.8. This protein has an excellent discriminatory power for predicting response to thalidomide based regimen.





[bookmark: _Toc274586836][bookmark: _Toc274736193][bookmark: _Toc279658463][bookmark: _Toc306570686][bookmark: _Toc307067748][bookmark: _Toc312169320][bookmark: _Toc312172247][bookmark: _Toc312257796]	Transthyretin
The 2D-DIGE and ELISA data of TYR showed increased abundance level of 1.32 (p=0.0077) and ELISA showed 1.06 (p= 0.39129) fold increase in abundance level from non-responders vs. responders to thalidomide respectively (Figure 3-32 and Table 3-6).
ROC curves were generated from the ELISA data and showed an AUC 0.54 with the sensitivity of 68.2, specificity of 62.1 and p=0.40. This data signify that TYR has minimal discriminatory value for predicting response to thalidomide based regimen (Figure 3-33).
TYR is normally removed by the immunodepletion column. The immuno-depletion column are 96-97% effective at removing the high abundance proteins. In our study, the ELISA value for TYR did not show statistically significant difference in the serum level between responders as compare to the non-responders to thalidomide based regimen.
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[bookmark: _Toc279441910][bookmark: _Toc274587589]Figure 3‑32 The 2D-DIGE data showed that TYR has a 1.32 (p=0.0077) fold increase in abundance level in the non-responders compared to responders to the thalidomide based therapy.




[image: ]
[bookmark: _Toc279441911][bookmark: _Toc274587590]Figure 3‑33 The ROC curve was generated from the ELISA data and showed an AUC 0.54 with sensitivity of 68.2 and specificity of 62.1 and p=0.40. This data signifies that TYR as a single biomarker has minimal discriminatory value for predicting response to thalidomide.


[bookmark: _Toc274586837][bookmark: _Toc274736194][bookmark: _Toc279658464][bookmark: _Toc306570687][bookmark: _Toc307067749]	


[bookmark: _Toc312169321][bookmark: _Toc312172248][bookmark: _Toc312257797]	Protein Spot number 346
The 2D-DIGE data also showed that protein spot no 346 has a 4.2 (p=0.007), fold increase in abundance level in the non-responders compared to responders to the thalidomide based regimen (Figure 3-34).
However this protein spot was expressed at very low abundance levels and we were unable to identify this protein using Liquid Chromatography Mass Spectrometry analysis.
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[bookmark: _Toc279441912][bookmark: _Toc274587591]Figure 3‑34 The 2D-DIGE data showed that protein spot no 346 has a 2.39 (p=0.007) fold increase in abundance level in the non-responders compared to responders to the thalidomide based therapy.

[bookmark: _Toc274586838][bookmark: _Toc274736195]

	

[bookmark: _Toc274586840][bookmark: _Toc274736197][bookmark: _Toc279658466][bookmark: _Toc306570689][bookmark: _Toc307067751][bookmark: _Toc312169322][bookmark: _Toc312172249][bookmark: _Toc312257798]	Principal Components Analysis (PCA)
PCA was initially used in order to determine if it was possible to cluster the responders and the non-responders to thalidomide, based on the combination of differentially expressed proteins discovered by the 2D-DIGE techniques.
PCA is a mathematical procedure which takes a set of data from the preconditions data set. It rotates the data and condenses many correlated variables into a lesser number of uncorrelated principle components. Essentially, a set of correlated variables are transformed into a set of uncorrelated variables by reducing variability’s with the minimum loss of real research based data.
Figures 3-35 to 3-37 illustrate the various combinations of differentially expressed proteins. Each dot on these figure plots represents a protein from a clinical sample. The circle on the plot represents a 95% confidence interval within which the expression of a true protein is expected to lie based on the general expression patterns in the spot maps.
Each of red and purple dots represents a clinical sample from responders and non-responders to thalidomide based therapy respectively. The aim is to locate same distinct clinical samples group in the individual areas, i.e. confined in one half of the plot.
The spot maps located outside the 95% were considered outliers due to the heterogeneity of the clinical samples. However they were included in the final analysis.
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[bookmark: _Toc274587592][bookmark: _Toc279441913]Figure 3‑35 shows that using the PCA analysis, the various discovered protein combinations were assessed. The best possible combination was for the ZAG, VDB, SAA, Hp, and Protein Spot number 346. As shown above the protein spots from each experimental group i.e.  responders and non-responders to the thalidomide based regimen are clustered into the same distinct areas, i.e. contained in one half of the plot, except one non-responder patient. There was also one non-responders classified as an outlier in this study.
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[bookmark: _Toc274587593][bookmark: _Toc279441914]Figure 3‑36 shows the PCA analysis using the combination of ZAG, VDB, TYR, and Protein Spot number 346. The protein spots from each experimental group, i.e.  responders and non-responders to the thalidomide based regimen are clustered in one half of the plot apart from one responder and one non- responders patient. There were also two outliers in this study, one non-responders and one responder patients.
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[bookmark: _Toc274587594][bookmark: _Toc279441915]Figure 3‑37  The above is a PCA analysis for the 3rd best protein combination. This combination was assessed for the ZAG, VDB, Hp, and SAA. As shown the protein spots from each experimental group i.e. responders and non-responders to the thalidomide based regimen are mostly clustered in one half of the plot except one responder and one non responder patient. There were two non-responders outlier in this study.





[image: ]Table 3‑6 shows the protein biomarkers identities obtained by Liquid Chromatography Mass Spectrometry analysis, molecular weight , number of matched peptides related to the protein, % coverage of the protein sequence identified, DeCyder ratio with associated p-value (immunodepleted serum) and ELISA ratio of non-responders to the responders to thalidomide based regimen with associated p-value (unfractionated serum from original cohort of patients). The DeCyder ratio for Hp is the ~10kDa fragment identified in the 2D-DIGE analysis while the ELISA ratio is based on the intact form of this protein in the patients serum. The vertical bars are also showing the ratio of 2D-DIGE and ELISA based value. 
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[bookmark: _Toc274587595][bookmark: _Toc279441916]Figure 3‑38 these box plots shows the concentrations for the six differentially expressed proteins, obtained in duplicate for each patient using ELISA based assays. The box plots show the data for responder and non-responder patients. The horizontal lines within the boxes represent the median. The upper and lower box edges are the 1st and 3rd quartiles. The whiskers reach the nearest value within 1.5 times the inter quartile range. The points outside the whiskers are considered outliers. Abbreviations; ZAG: Zinc alpha 2-glycoprotein, VDB: Vitamin D binding protein Precursor, SAA: Serum Amyloid A protein, B2M: beta-2-microglobulin, TYR: Transthyretin, Hp: Haptoglobin.



[bookmark: _Toc274586841][bookmark: _Toc274736198][bookmark: _Toc279658467][bookmark: _Toc306570690][bookmark: _Toc307067752][bookmark: _Toc312169323][bookmark: _Toc312172250][bookmark: _Toc312257799][bookmark: _Toc274586842][bookmark: _Toc274736199]
	Statistical analysis
Identification of recognized biomarkers from proteomic data is not an easy task, as large collection of data is generated from a single experiment, therefore it is essential to utilise proper statistical set of rules to identify accurate proteomic patterns capable of predicting response to thalidomide therapy.   
[bookmark: _Toc279658468][bookmark: _Toc306570691][bookmark: _Toc307067753][bookmark: _Toc312169324][bookmark: _Toc312172251][bookmark: _Toc312257800]	Logistic regression (LR)
A number of methods have been proposed for cancer classification. These include logistic regression. Logistic regression is a special form of generalised linear model and is usually used when the dependent variable is binary (Bhanot et al., 2006). Logistic regression is a statistical method widely used in the medical sciences to aid in clinical decision making. The objective of this technique is to capture an ungenerous, biologically significant association. It is appropriate model, when we want to classify cancer using protein profiles. 
With any predictive model rigorous validation is essential (Bagley et al., 2001; Ransohoff, 2005; Taylor et al., 2008). This allows one to gain an appreciation of future performance i.e. an ability to classify unknown serum samples from patients correctly. A common means of evaluating the suitability of a logistic regression based diagnostic test is known as the receiver operating characteristic curve (ROC curve). 
[bookmark: _Toc279658469][bookmark: _Toc306570692][bookmark: _Toc307067754][bookmark: _Toc312169325][bookmark: _Toc312172252][bookmark: _Toc312257801] 	Area under the curve (AUC)
Determining the AUC yields a summary measure of the overall performance of the model. For the comparison of biomarker combinations an AUC of < 0.7 is considered poor, between 0.7 and 0.8 acceptable, 0.8 to 0.9 good and > 0.9 excellent. (Introduction-Chapter 1 page 99)
In our study, initially, LR was used to develop predictive models for each individual differentially expressed protein. The best predictive single proteins from the LR model were B2M and SAA, with AUC values of 0.87 and 0.82, respectively.
The remaining proteins i.e. VDB, B2M, TYR and Hp as a single predictive model, had AUC values of less than 0.7, indicating poorer predictive ability (Figure 3-39). The predictive capability of models developed based upon combinations of proteins was also assessed. LR models were constructed and ROC analysis was carried out on all possible combinations of the differentially expressed proteins. Based on the value of area under the curve, it was found that combination of two or more of the differentially expressed proteins can increase the area under the curve which suggests improved capability of the model to predict response to thalidomide based regimen in newly diagnosed multiple myeloma patients (Figure 3-40).
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[bookmark: _Toc274587596][bookmark: _Toc279441918]Figure 3‑39 Logistic regression analysis used to develop a predictive model for each individual differentially expressed protein. The performance of the models was assessed using ROC curves and the AUC for each individual protein. The best predictive ability for logistic regression model for single proteins was for B2M and SAA, with AUC values of 0.87 and 0.82, respectively. ZAG: Zinc alpha 2-glycoprotein, VDB: Vitamin D binding protein Precursor, SAA: Serum Amyloid A protein, B2M: beta-2-microglobulin, Hp: Haptoglobin.
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[bookmark: _Toc279441917]Figure 3‑40  shows ROC curve analysis carried out on all possible combinations of discovered differentially expressed protein biomarkers. Based on the area under the curve, it was found that combination of three or more of these proteins biomarkers can clearly improve the capability of the model to predict response to thalidomide based treatment; with the AUC of ≥ 0.90. ZAG: Zinc alpha 2-glycoprotein, VDB: Vitamin D binding protein Precursor, SAA: Serum Amyloid A protein, B2M: beta-2-microglobulin, Hp: Haptoglobin. The best possible area under the curve (AUC) was 0.96 using Hp, SAA and VDB in combination. 



[bookmark: _Toc279658470][bookmark: _Toc306570693][bookmark: _Toc307067755][bookmark: _Toc312169326][bookmark: _Toc312172253][bookmark: _Toc312257802]
	A Leave-one-out-cross-validation
Further measure of the predictive potential of these biomarkers to accurately predict response to thalidomide-based therapy, a commonly used more stringent internal validation technique known as LOOCV was also performed.
A LOOCV indicated an overall predictive accuracy of 84% with associated sensitivity and specificity values of 81.8% and 86.2% respectively (Table 3-7, 3-8, 3-9).
[bookmark: _Toc274586843][bookmark: _Toc279658472][bookmark: _Toc306570695][bookmark: _Toc307067757][bookmark: _Toc312169327][bookmark: _Toc312172254][bookmark: _Toc312257803]	Calculation of non-response probability using discovered biomarkers
The equation below allows for the calculation of the probability (p) of a patient being a non-responder based on the serum concentrations of ZAG, Hp and VDB as determined using ELISAs. Each protein concentration in µg/ml is first multiplied by the regression coefficient (derived from the fitted model) as per the equation below.
If the resulting value of p is below 0.5, response to thalidomide is predicted and if the value is above 0.5 non-responses to thalidomide is predicted.
As additional patient data is accumulated from future randomized clinical trials, the values of the regression coefficients may be altered.

[image: ]
Equation 3.1 can calculate the probability (p) of a patient being a non-responder based on the serum concentrations of ZAG, Hp and VDB in MM patients using commercially available ELISAs kit.


[bookmark: _Toc279658471][bookmark: _Toc306570694][bookmark: _Toc307067756][bookmark: _Toc312169328][bookmark: _Toc312172255][bookmark: _Toc312257804]	Other successful combinations

The other successful combinations of biomarkers from this analysis for predicting response to thalidomide based therapy were found to be following (Figure 3-35).
Combination of three proteins i.e. serum Hp, SAA and VDB have AUC=0.96 with LOOCV=84.31, and AIC=35.26.
Combination of four proteins i.e. ZAG, B2M, SAA and VDB have AUC=0.96, with LOOCV=84.31 and AIC=37.02.
 Finally combination of three proteins i.e. B2M, SAA and VDB have AUC=0.94 with LOOCV=84.31 and AIC=36.59.
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[bookmark: _Toc279441919]Figure 3‑41 Shows that the best possible area under the curve (AUC) was 0.96 using ZAG, VDB and SAA in combination. A more stringent Leave-one-out-cross-validation (LOOCV) indicated an overall predictive accuracy of 84% with associated sensitivity and specificity values of 81.8% and 86.2% respectively.
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Table 3‑7 shows the clinically responders patients based on Day-100 restaging established on IMWG (International Myeloma Working Group) uniform response criteria for MM also including patients age, sex, clinical stage based on ISS (International Staging System), The last two columns summarize the leave-one-out cross validation (LOOCV) analysis. If the resulting LOOCV value is below 0.5, the model has predicted responsive to thalidomide and if the value is above 0.5 non-responses to thalidomide based regimen was predicted. Abbreviations; R: Responders to thalidomide-based therapy, M: male, F: female.
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Table 3‑8 shows the clinically non-responders patients based on Day-100 restaging established on IMWG (International Myeloma Working Group) uniform response criteria for MM also including patients age, sex, clinical stage based on ISS (International Staging System), The last two columns summarize the leave-one-out cross validation (LOOCV) analysis. If the resulting LOOCV value is below 0.5, the model has predicted responsive to thalidomide and if the value is above 0.5 non-responses to thalidomide based regimen was predicted. Abbreviations; NR: Non-responders to thalidomide-based therapy, M: male, F: female.
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[bookmark: _Toc274587629]Table 3‑9 shows the clinical details of the patients included in this study, including their age, sex, clinical stage based on ISS (International Staging System), Day-100 restaging based on IMWG (International Myeloma Working Group) uniform response criteria for MM and clinical classification of response to thalidomide. The last two columns summarize the leave-one-out cross validation (LOOCV) analysis. If the resulting value of p is below 0.5, response to thalidomide was predicted and if the value is above 0.5 non-responses to thalidomide based regimen was predicted. R: Responders to thalidomide-based therapy, NR: Non-responders to thalidomide-based therapy, M: male, F: female.


[bookmark: _Toc274736200][bookmark: _Toc279658473][bookmark: _Toc306570696][bookmark: _Toc307067758][bookmark: _Toc312169329][bookmark: _Toc312172256][bookmark: _Toc312257805]
	Non-response probability using other independent variables
Previous studies found a range of prognostic factors in Multiple myeloma at diagnosis can influence prognosis and final outcome, such as:
· Serum C reactive protein 
· Patients age 
· Haemoglobin 
In our study, each of these independent variables was added to previously constructed predictive model to determine if this addition can improve the ability of this model to predict response to thalidomide based therapy.
[bookmark: _Toc274586844][bookmark: _Toc274736201][bookmark: _Toc306570697][bookmark: _Toc307067759][bookmark: _Toc312169330][bookmark: _Toc312172257][bookmark: _Toc312257806]	Serum C reactive protein (CRP) at diagnosis
Active myeloma disease is significantly more common among patients with biologic evidence of inflammation, as compared with myeloma patients without biologic inflammation (Dubost et al., 1991, Alexandrakis et al., 2003).
Several of the acute phase proteins including CRP are believed to predict prognosis and influence survival (Chapter 1; introduction).
A recent study suggested that serum CRP level can predict the final outcome of patients with MM receiving an anthracycline/thalidomide–based regimen (Offidani et al., 2008).
[bookmark: _Toc274586845][bookmark: _Toc274736202]	CRP ELISAs assay
In our analysis, the patients serum CRP level at diagnosis was also assessed using ELISA based assay. Patients CRP at diagnosis had a mean value of 10.4 +/- 17.7 µg/ml in responders compared to 12.1 +/- 23.6 µg/ml in non-responders to thalidomide based regimen (p=0.77) (Table 3-10). 
[bookmark: _Toc274736203]	CRP serum concentration and ROC curves
ROC curves were generated from the serum CRP, ELISA data and showed an AUC 0.40 with sensitivity of 59.1 and specificity of 65.5 (Figure 3-42). This data signifies that CRP has no discriminatory value for predicting response to thalidomide.
 In further analysis, the addition of serum CRP concentration to our predictive model did not improve its analytical capability for predicting response to thalidomide based therapy.
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[bookmark: _Toc274587630]Table 3‑10 shows the CRP values measured using ELISA based assay in multiple myeloma patients at diagnosis. The mean value for serum CRP was 10.4 +/- 17.7 µg/ml in responders patients, as compared to the mean value of 12.1 +/- 23.6 µg/ml in non-responders to thalidomide based treatment (p=0.77).  Abbreviations; CRP: C reactive protein. 

[image: Description: C:\Users\Raj\Documents\DCU\PhD\PhD\Thesis\review\Final Thesis\Results\CRP 12-10-10.JPG]
[bookmark: _Toc279441920]Figure 3‑42 the ROC curve was generated from the CRP, ELISA values, showed an AUC of 0.40 with a sensitivity of 59.1 and specificity of 65.5. This data signifies that CRP has no discriminatory value for predicting response to thalidomide based therapy. In our study, CRP was also added to the previously constructed predictive model and did not improve the capability of the model to predict response to thalidomide based therapy.


[bookmark: _Toc274736204][bookmark: _Toc306570698][bookmark: _Toc307067760][bookmark: _Toc312169331][bookmark: _Toc312172258][bookmark: _Toc312257807]	Patients age at diagnosis and the predictive model
Multiple myeloma is an age-related malignant plasma cell disorder. The median age of patients at diagnosis is about 65 years. In most studies advanced age has been reported to be a negative prognostic factor in some studies (chapter 1 introduction).
In our study, the patients age was added to the predictive model.  Leave-one-out cross-validation was performed and results showed that patients age at diagnosis despite being an important prognostic factor in multiple myeloma, did not improve the predictive capability of our model. Table 3-11 shows LOOCV in combination with the patients age. The second last column is showing new model based on the three best predictive protein (Hp, SAA and VDB) in combination with the patients age as compare to the original predictive model. 
[bookmark: _Toc274736205]	Patients age and ROC curve
The ROC curve generated from ELISA value of three proteins biomarkers in combination (Hp, SAA and VDB) with Patients Age yields AUC of 0.95.  The addition of patients’ age did not improve the area under the curve (AUC), which measures the overall performance of the predictive model. The ROC curve generated from 3 proteins without patients age yielded AUC of 0.96 (Figure 3- 43). 
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Table 3‑11 shows that the addition of multiple myeloma patients age at diagnosis to the previously constructed predictive model did not improve the capability of model to predict response to thalidomide based therapy. Abbreviations; R: responders to thalidomide-based therapy, NR: Non-responders to thalidomide-based therapy.
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[bookmark: _Toc279441921]Figure 3‑43 the ROC curve generated from the 3 best possible combination of proteins, i.e. Hp, SAA and VDB with the Age of multiple myeloma patients yield an AUC of 0.95. This is compared to the ROC curve generated from three proteins without patients’ age; which yielded an AUC of 0.96. This demonstrates no overall improvement in the performance of the predictive model.



[bookmark: _Toc274736206][bookmark: _Toc306570699][bookmark: _Toc307067761][bookmark: _Toc312169332][bookmark: _Toc312172259][bookmark: _Toc312257808]	Patients haemoglobin level at diagnosis and the predictive model

Anaemia is a frequent problem that occurs in patients with MM. Low haemoglobin level have been associated with the negative prognosis in multiple myeloma patients. (Introduction-Chapter 1, page 39).
In our study the patients haemoglobin level at diagnosis was added to the predictive model.  Leave-one-out cross-validation was performed and results showed that patients haemoglobin level at diagnosis does not improve the predictive capability of our model. In Table 3-15 the middle column shows the three best predictive proteins (Hp, SAA and VDB) in combination with the patients haemoglobin level. Leave-one-out-cross-validation (LOOCV) indicated an overall predictive accuracy of 84%. This demonstrates no overall improvement in the performance of the predictive model (Table 3-12).
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Table 3‑12 shows clinically responders patients. Column 3 is the leave-one-out cross-validation (LOOCV) results based on the combination of Hp, SAA and VDB ELISA values and Column 2 is the leave-one-out cross-validation (LOOCV) results based on the combination of ZAG, Hp and VDB, ELISA value and patients haemoglobin level. The column 4 is prediction of response to thalidomide based on the original constructed model. The column five is when patients haemoglobin level at diagnosis was added to the original predictive model. The overall final LOOCV indicated a predictive value of 84%. This result indicates that there is no overall improvement in the performance of the predictive model. Abbreviations; R: responders to thalidomide-based therapy, NR: Non-responders to thalidomide-based therapy.
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Table 3‑13 shows clinically non-responders patients. Column 3 is the leave-one-out cross-validation (LOOCV) results based on the combination of ZAG, Hp and VDB ELISA value and Column 2 is the leave-one-out cross-validation (LOOCV) results based on the combination of Hp, SAA and VDB, ELISA value and patients haemoglobin level. The column 4 is prediction of response to thalidomide based on the original constructed model. The column five is when patients haemoglobin level at diagnosis was added to the original predictive model. The overall final LOOCV indicated a predictive value of 84%. This result indicates that there is no overall improvement in the performance of the predictive model. Abbreviations; R: responders to thalidomide-based therapy, NR: Non-responders to thalidomide-based therapy, Hb: haemoglobin. 






[bookmark: _Toc274586846][bookmark: _Toc274736207][bookmark: _Toc279658474][bookmark: _Toc306570700][bookmark: _Toc307067762][bookmark: _Toc312169333][bookmark: _Toc312172260][bookmark: _Toc312257809]	Patients clinical follow-up
[bookmark: _Toc274586847][bookmark: _Toc274736208]All our patients were regularly followed up in the haematology department of Mater University Hospital on a monthly basis.
[bookmark: _Toc279658475]	Non-responders to thalidomide based regimen
We considered the possibility that the non-responders patients were simply patients with multiple myeloma that would be refractory to all therapies including novel agents.
In our study, of the 22 non-responders to thalidomide, 16 successfully achieved ‘complete response’ or ‘very good partial response’ using other therapies including bortezomib and lenalidomide (Table 3-16).
This suggests that the biomarker profile is predictive of thalidomide response at diagnosis rather than the non-responders who were simply patients with refractory multiple myeloma to all therapies.
Furthermore, these data suggest that, had the non-responsive patients received an alternative to thalidomide as induction therapy, a significant response could have been obtained. The ISS, based on serum B2M and albumin levels, is a predictor of overall survival in MM patients. The end point in our study was to determine the response to thalidomide at diagnosis, in contrast to overall survival (as applied to the ISS) and we found no correlation between ISS values and response rate to thalidomide.

[bookmark: _Toc274586848][bookmark: _Toc274736209][bookmark: _Toc279658476]
 	Responders to thalidomide based regimen
In our study the median follow up of responding patients were 18 months. Time to progression (TTP) was defined as the time from the start of the thalidomide based regimen to the date of documented progression.
Of the 29 responder patients 8 eventually relapsed with median time to progression of 15 months (range 11- 18 months). However, at this stage, median TTP has not been reached for this group as 21 patients remain in CR or VGPR (Table 3-14 and 3-15).
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[bookmark: _Toc274587631]Table 3‑14 outlines the clinical details of the responder patients included in this study, including their age, sex, clinical stage based on ISS (International Staging System), Day-100 restaging based on IMWG (International Myeloma Working Group) uniform response criteria for multiple myeloma and clinical classification of response to thalidomide. Furthermore, included in this table are details for thalidomide-based induction regimen, second line treatment, duration of follow-up in months and the current clinical status. Abbreviations: SD: stable disease, PD: progressive disease, IMWG: International Myeloma Working Group, NR: Non-responders to thalidomide, BORT: Bortezomib, LEN: Lenalidomide, SCT: Stem Cell Transplant, M: male, F: female, RIP: Rest in Peace. TD: thalidomide and dexamethasone, CTD: cyclophosphamide, thalidomide, and dexamethasone, MPT:  melphalan, prednisone and thalidomide. VGPR: very good partial response. 
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[bookmark: _Toc274587632]Table 3‑15 outlines the clinical details of the non-responding patients, including their age, sex, clinical stage based on ISS (International Staging System), Day-100 restaging based on IMWG (International Myeloma Working Group) uniform response criteria for multiple myeloma and clinical classification of response to thalidomide. Furthermore, included in this table are details for thalidomide-based induction regimen, second line treatment, duration of follow-up in months and the current clinical status. Abbreviations: CR: complete response, VGPR: very good partial response, IMWG: International Myeloma Working Group, R: Responders to thalidomide, NR: Non-responders to thalidomide, BORT: Bortezomib, LEN: Lenalidomide, SCT: Stem Cell Transplant, M: male, F: female.

[bookmark: _Toc279658477][bookmark: _Toc306570701][bookmark: _Toc307067763][bookmark: _Toc312169334][bookmark: _Toc312172261][bookmark: _Toc312257810]	Examination of the effect of various storage times and temperatures on the serum level of discovered protein biomarkers (Hp, VDB, SAA) in multiple myeloma patients

[bookmark: _Toc279436694][bookmark: _Toc279436885][bookmark: _Toc279658386][bookmark: _Toc279658478][bookmark: _Toc306570702][bookmark: _Toc279658479][bookmark: _Toc306570703][bookmark: _Toc307067764][bookmark: _Toc312169335][bookmark: _Toc312172262][bookmark: _Toc312257811]	Background 
One issue that is of persistent concern in the proteomic analysis of serum samples is the various different techniques used for collection, preparation, and storage of samples. It is documented that sample collection, handling, and storage have some influence on the results obtained.
In investigational studies, the use of frozen samples for retrospective analysis is common. Experimental design and requirements for collection of samples at multiple different time points often leads, for ease of analysis, to storage of clinical samples that will be analysed together at a later date. Samples are thus exposed to divergent storage time periods prior to analysis. 
[bookmark: _Toc279658480][bookmark: _Toc306570704][bookmark: _Toc307067765][bookmark: _Toc312169336][bookmark: _Toc312172263][bookmark: _Toc312257812]	Strict protocols for serum sample collection and storage
In this study, we used stringent protocols for sample collection, storage and proteomic technologies as discussed in the Materials and methods section. Briefly, in our study the MM patients’ serum sample were frozen at -80°C within 3 hours of collection and banked for analysis at a later date. 
[bookmark: _Toc279658481][bookmark: _Toc306570705][bookmark: _Toc307067766][bookmark: _Toc312169337][bookmark: _Toc312172264][bookmark: _Toc312257813]	Disadvantages
We were aware that in a routine hospital environment, there might be a delay in the initial processing of serum samples, particularly when collected outside of standard working hours, which may result in prolonged storage at room / various temperatures prior to analysis. Furthermore, some investigators may not have access to −80 °C storage and use only −20 °C freezers.
On the other hand, in the biomarker discovery phase, the accurate analysis of biomarkers requires the highest quality starting material and it is critical to collect and store samples using procedures that minimize protein alterations.

[bookmark: _Toc306570706][bookmark: _Toc307067767][bookmark: _Toc312169338][bookmark: _Toc312172265][bookmark: _Toc312257814]	Hypothesis
In this study we generated a hypothesis that a number of pre analytical factors such as sample collection and storage temperature can impact upon results obtained. We examined the impact of serum handling protocols on protein profiles. It is imperative to compare samples collected and processed using less stringent conditions with those collected in accordance with protocols that involve immediate transport of sample on ice, centrifuged and storage at -80ºC within 3 hours of collection.
[bookmark: _Toc306570707][bookmark: _Toc307067768][bookmark: _Toc312169339][bookmark: _Toc312172266][bookmark: _Toc312257815]	Study design
This study was designed to study the stability of serum samples and the influence of storage time and temperature on the protein profile of discovered biomarkers protein (VDB, Hp, SAA) using commercially available ELISA kit.
Sample preparation details are provided in ‘Chapter 2, Materials and Methods’.  Briefly, this study was approved by the local ethics committee and written informed consent was obtained from all patients.
Blood samples from 10 Multiple Myeloma patients were collected, allowed to clot and centrifuged at room temperature. Each serum sample was divided into 10 aliquots. Each aliquot was processed under different storage conditions. Aliquot 1 from each sample was transferred to -80°C freezer within 3 hours of collection, Aliquot 2, was transferred to -20°C within 3 hours of collection. Aliquot 3 were kept at room temperature for 24 hour and then transferred to -80°C freezer, Aliquot 4 was kept at room temperature for 24 hour and then transferred to -20°C freezer, Aliquot 5 was kept at room temperature for 96 hour and then transferred to -80°C freezer, Aliquot 6 was kept at room temperature for 96 hours and then transferred to -20°C freezer, Aliquot 7 was kept at  4°C for 24 hours and then transferred to -80°C freezer, Aliquot 8 was kept at  4°C for 24 hours and then transferred to -20°C freezer, Aliquot 9 was kept at  4°C for 96 hours and then transferred to -80°C freezer, Aliquot 10 was kept at  4°C for 96 hours and then transferred to -20°C freezer (Table 3-16). All samples were kept in the respective freezers, until further analysis using commercially available ELISA kits. 
[bookmark: _Toc279658482][bookmark: _Toc306570708][bookmark: _Toc307067769][bookmark: _Toc312169340][bookmark: _Toc312172267][bookmark: _Toc312257816]	Results
ELISA based assays were used to confirm the serum level of the potential biomarkers (Hp, SAA, VDB) and were carried out using raw unfractionated serum samples (Tables 3-19 and 3-20). Using the ELISA value (Figures 3-38 to 3-40), the bar charts were constructed for each of protein biomarkers for each of the ten conditions previously outlined. The shaded colour bar indicates the particular storage condition as explained in the table 3-16. 






Table 3‑16 shows an aliquots from each sample was stored at the 10 different various storage conditions. The shaded colour bar and the corresponding number indicate the particular storage condition as explained in column two. All aliquots were transferred to either -20°C or -80°C - until the final analyses using ELISA based assays. RT: room temperature.
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[image: ]Table 3‑17 shows the concentration of Hp obtained using an ELISA based assay, of 100 aliquots from 10 multiple myeloma serum samples. Prior to analyses each aliquot was processed under various storage conditions as described. All aliquots were kept in the respective freezers, until the final analysis. The standard deviations between the 10 aliquots of each sample are also shown.  STDV: standard deviations.
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Figure 3‑44 shows that sample to sample variations in the level of Hp are present. However, the differences in the serum concentration of Hp stored at various storage conditions (as explained below) are statistically not significant. Aliquot 1 from each sample was transferred to -80°C freezer within three hours of collection, Aliquot 2, was transferred to -20°C within three hours of collection. Aliquot 3 were kept at room temperature for 24 hour and then transferred to -80°C freezer, Aliquot 4 was kept at room temperature for 24 hour and then transferred to -20°C freezer, Aliquot 5 was kept at room temperature for 96 hours and then transferred to -80°C freezer, Aliquot 6 was kept at room temperature for 96 hours and then transferred to -20°C freezer, Aliquot 7 was kept at  4°C for 24 hours and then transferred to -80°C freezer, Aliquot 8 was kept at  4°C for 24 hours and then transferred to -20°C freezer, Aliquot 9 was kept at  4°C for 96 hours and then transferred to -80°C freezer, Aliquot 10 was kept at  4°C for 96 hours and then transferred to -20°C freezer.
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Table 3‑18  shows the concentration of SAA obtained using an ELISA based assay, of 100 aliquots from 10 multiple myeloma serum samples. Prior to analyses, each aliquot was processed under various storage conditions as described. All aliquots were kept in the respective freezers, until the final analysis. The standard deviations between the 10 aliquots of each sample are also shown.  STDV: standard deviations.
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[bookmark: _Toc274587599][bookmark: _Toc279441923]Figure 3‑45  shows that sample to sample variations in the level SAA is present. In addition the levels of SAA have higher level when stored at some storage conditions (as explained below). However, the differences were statistically not significant. Aliquot 1 from each sample was transferred to -80°C freezer within three hours of collection, Aliquot 2, was transferred to -20°C within three hours of collection. Aliquot 3 were kept at room temperature for 24 hour and then transferred to -80°C freezer, Aliquot 4 was kept at room temperature for 24 hour and then transferred to -20°C freezer, Aliquot 5 was kept at room temperature for 96 hours and then transferred to -80°C freezer, Aliquot 6 was kept at room temperature for 96 hours and then transferred to -20°C freezer, Aliquot 7 was kept at  4°C for 24 hours and then transferred to -80°C freezer, Aliquot 8 was kept at  4°C for 24 hours and then transferred to -20°C freezer, Aliquot 9 was kept at  4°C for 96 hours and then transferred to -80°C freezer, Aliquot 10 was kept at  4°C for 96 hours and then transferred to -20°C freezer. Aliquot 9 were kept at  4°C for four days and then transferred to -80°C freezer, Aliquot 10 were kept at  4°C for four days and then transferred to -20°C freezer.
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Table 3‑19 this table shows the concentration of VDB obtained using an ELISA based assay, of 100 aliquots from 10 multiple myeloma serum samples. Prior to analyses each aliquot was processed under various storage conditions as described. All aliquots were kept in the respective freezers, until the final analysis. The standard deviations between the 10 aliquots of each sample are also shown.  STDV: standard deviations.




[image: ]
[bookmark: _Toc279441924]Figure 3‑46 shows that sample to sample variations in the level of VDB are present. However, the differences in the serum concentration of VDB stored at various storage conditions (as explained below) are statistically not significant. Aliquot 1 from each sample was transferred to -80°C freezer within three hours of collection, Aliquot 2, was transferred to -20°C within three hours of collection. Aliquot 3 were kept at room temperature for 24 hour and then transferred to -80°C freezer, Aliquot 4 was kept at room temperature for 24 hour and then transferred to -20°C freezer, Aliquot 5 was kept at room temperature for 96 hours and then transferred to -80°C freezer, Aliquot 6 was kept at room temperature for 96 hours and then transferred to -20°C freezer, Aliquot 7 was kept at  4°C for 24 hours and then transferred to -80°C freezer, Aliquot 8 was kept at  4°C for 24 hours and then transferred to -20°C freezer, Aliquot 9 was kept at  4°C for 96 hours and then transferred to -80°C freezer, Aliquot 10 was kept at  4°C for 96 hours and then transferred to -20°C freezer to -20°C freezer.



[bookmark: _Toc279658483][bookmark: _Toc306570709][bookmark: _Toc307067770][bookmark: _Toc312169341][bookmark: _Toc312172268][bookmark: _Toc312257817]
	Statistical analysis
Statistical analysis was performed with SPSS Statistics 17.0. A paired sample t-test was constructed. A Paired sample t-test is a statistical technique that is used to compare means in the case of correlated samples. This test allowed us to calculate the changes in serum concentration of protein biomarkers between various aliquots within a single sample. A p value of ≤ 0.05 is considered a statistically significant difference. The Paired sample t-test was repeated for each of potential biomarkers (SAA, Hp and VDB). 
[bookmark: _Toc279658484][bookmark: _Toc306570710][bookmark: _Toc307067771][bookmark: _Toc312169342][bookmark: _Toc312172269][bookmark: _Toc312257818]	 First Planned paired analysis
In the first planned paired sample t-test analysis, five pairs were devised using aliquots One, Three, Five, Seven and Nine and pairing them it with aliquots Two, Four, Six, Eight and Ten. The purpose of this analysis was to investigate the influence of various storage temperatures by direct comparison of the serum aliquots stored at -20°C versus -80°C. 
[bookmark: _Toc306570711][bookmark: _Toc307067772][bookmark: _Toc312169343][bookmark: _Toc312172270][bookmark: _Toc312257819]	 Second planed paired analysis
In the second planed paired sample t-test analysis, nine pairs were devised using aliquots One, paired with Two, Three, Four, Five, Six, Seven, Eight, Nine and Ten respectively.  The purpose of this particular analysis was to compare our current  stringent protocols for sample collection and storage at -80°C used for aliquot one to the other storage condition outline in table 18.


[bookmark: _Toc306570712][bookmark: _Toc307067773][bookmark: _Toc312169344][bookmark: _Toc312172271][bookmark: _Toc312257820] 	Serum Haptoglobin
[bookmark: _Toc279658485]	Paired Samples Test Hp 1
In the first planned paired sample t-test analysis for serum Hp level, there was minimal difference between the aliquots stored at various storage conditions (Table 3-20). The result for Pair 1, 2, 3, 4 and 5 showed that differences in level of Hp at various storage times and temperatures were not statistically significant with p values of  0.211, 0.405, 0.374, 0.727, 0.222 respectively (Table 3-20). 
Paired Samples Test Hp 1
	Storage condition
	p=

	Pair 1
	Stored in -80ºC - Stored in -20ºC
	0.211

	Pair 2
	RT for one day then -80ºC - RT for one day then -20ºC
	0.405

	Pair 3
	RT for four days than -80ºC - RT for four days than -20ºC
	0.374

	Pair 4
	+4°C for one day then -80ºC - +4°C for one day then -20ºC
	0.727

	Pair 5
	+4°C for four days than -80ºC - +4°C for four days than -20ºC
	0.222



Table 3‑20 shows planned paired sample t-test (1) analysis for serum Hp level. This is an analysis of the effect of various storage times and temperatures (column 2) on the Hp level, using a paired sample t-test. The 3rd column shows associated p value. The result shows that there were no statistical significant alterations in Hp level in all 5 compared pairs (p≤ 0.05). Abbreviations; RT: room temperature, Hp: Haptoglobin.

	Paired Samples Test Hp 2 
In the second planned paired sample t-test analysis for Hp level, there was minimal difference between the aliquots stored at various storage conditions. The result for Pairs 1, 2, 3, 4, 5, 6, 7, 8, 9, showed that, serum concentration of Hp at various storage times and temperatures were not statistically significant with p value of  0.211, 0.929, 0.302, 0.592, 0.900, 0.832, 0.743, 0.474, 0.136 respectively (Table 3-21). 
	Paired Samples Test Hp 2

	Storage condition
	P=

	Pair 1
	Stored in -80ºC - Stored in -20ºC
	0.211

	Pair 2
	Stored in -80ºC - RT for one day then -80ºC
	0.929

	Pair 3
	Stored in -80ºC - RT for one day then -20ºC
	0.302

	Pair 4
	Stored in -80ºC - RT for four days than -80ºC
	0.592

	Pair 5
	Stored in -80ºC - RT for four days than -20ºC
	0.900

	Pair 6
	Stored in -80ºC - +4°C for one day then -80ºC
	0.832

	Pair 7
	Stored in -80ºC - +4°C for one day then -20ºC
	0.743

	Pair 8
	Stored in -80ºC - +4°C for four days than -80ºC
	0.474

	Pair 9
	Stored in -80ºC - +4°C for four days than -20ºC
	0.136



Table 3‑21 shows planned paired sample t-test (2) analysis for Hp level. This is an analysis of various storage times and temperatures (column 2) on the Hp level, using a paired sample t-test. The 3rd column shows associated p value. The result shows that there were no statistical significant changes in Hp level in all nine pairs (p≤ 0.05). This was a direct comparison of aliquots stored at -80°C using stringent protocols for sample storage with aliquots stored at other storage conditions. Abbreviations; RT: room temperature, Hp: Haptoglobin. 


[bookmark: _Toc306570713][bookmark: _Toc307067774][bookmark: _Toc312169345][bookmark: _Toc312172272][bookmark: _Toc312257821]	Serum Amyloid A protein (SAA)
	Paired Samples Test SAA 1	
In the first planned paired sample t-test analysis for serum SAA level, apart from one pair, there was no statistical significant difference in SAA level, regardless of storage conditions. The result for pair 1 indicates a statistically significant difference in concentration of SAA when aliquot were stored in -80ºC versus the aliquot stored in -20°C. The concentration of SAA was higher in the aliquot stored at -20°C (p=0.017).  The effects of storage time and temperature on results of Pair 2, 3, 4 and 5 were not statistically significant with a p value of 0.642, 0.646, 0.558 and 0.132 respectively (Table 3-22).


Paired Samples Test SAA 1
	
Storage condition
	p=

	Pair 1
	Stored in -800C- Stored in -20ºC
	0.017

	Pair 2
	RT for one day then -800C- RT for one day then -20ºC
	0.642

	Pair 3
	RT for four days then -800C- RT for four days than -20ºC
	0.646

	Pair 4
	+4°C for one day then -800C- +4°C for one day then -20ºC
	0.558

	Pair 5
	+4°C for four days then -800C- +4°C for four days than -20ºC
	0.132



Table 3‑22 shows planned paired Samples Test SAA (1) analysis of various storage times and temperatures (column 2) on the SAA level, using a paired sample t-test. The 3rd column shows associated p value. The result for pair 1 shows that there is a statistically significant difference in the concentration of SAA in the aliquot stored at -80ºC - versus -20°C. The concentration of SAA was higher in the aliquot stored in -20°C (p=0.017). There were no statistical significant changes in SAA level in the remaining four pairs (p≤ 0.05). Abbreviations; RT: room temperature, SAA: Serum Amyloid A protein. 

 


	Paired Samples Test SAA 2
In the second planned paired sample t-test analysis for serum SAA level, the result for pairs one and three showed that there was a statistically significant difference in the level of SAA.  Serum concentration of SAA was higher in the aliquots stored in -20°C (p=0.017) and at room temperature for a day and then transferred to -20°C (p=0.038) as compared to storage at -80°C. The effects of storage time and temperature on the Pairs 2, 3, 4, 5, 6, 7, 8, 9, were not statistically significant with a p value of 0.28, 0.861, 0.937, 0.701, 0.834, 0.904 and  0.517 respectively (Table 3-23). 





	Paired Samples Test SAA 2

	
Storage condition
	p=

	Pair 1
	Stored in -80ºC- Stored in -20ºC
	0.017

	Pair 2
	Stored in -80ºC - RT for one day then -80ºC
	0.28

	Pair 3
	Stored in -80ºC - RT for one day then -20ºC
	0.038

	Pair 4
	Stored in -80ºC - RT for four days than -80ºC
	0.861

	Pair 5
	Stored in -80ºC - RT for four days than -20ºC
	0.937

	Pair 6
	Stored in -80ºC - +4°C for one day then -80ºC
	0.701

	Pair 7
	Stored in -80ºC - +4°C for one day then -20ºC
	0.834

	Pair 8
	Stored in -80ºC - +4°C for four days than -80ºC
	0.904

	Pair 9
	Stored in -80ºC - +4°C for four days than -20ºC
	0.517



Table 3‑23 shows Paired Samples Test SAA (2) analysis of various storage times and temperatures (column 2) on the SAA level, using a paired sample t-test. The 3rd column shows associated p value. The result for pair one and three shows that there is statistically a difference in the level of SAA. Concentration of SAA was higher in the aliquots stored in -20°C and at RT for a day and then transferred to -20°C. There were no statistical significant changes in SAA level in the remaining pairs. This was a direct comparison of aliquots stored at -80°C using stringent protocols for sample storage with aliquots stored at other storage conditions. Abbreviations; RT: room temperature, SAA: Serum Amyloid A protein.
[bookmark: _Toc306570714][bookmark: _Toc307067775][bookmark: _Toc312169346][bookmark: _Toc312172273][bookmark: _Toc312257822]	Vitamin-D-binding-protein (VDB)
	Paired Samples Test VDB 1
In the first planned paired sample t-test analysis for serum VDB level, there was minimal difference between the aliquots stored at various storage conditions. The result for Pair 1, 2, 3, 4 and 5 showed that difference in serum concentration of VDB at various storage times and temperatures were not statistically significant with p values of  0.864, 0.294, 0.894, 0.058, 0.607 respectively (Table 3-24). 
Paired Samples Test VDB 1
	
Storage condition
	P=

	Pair 1
	Stored in -80ºC - Stored in -20ºC
	0.864

	Pair 2
	RT for one day then -80ºC - RT for one day then -20ºC
	0.294

	Pair 3
	RT for four days than -80ºC - RT for four days than -20ºC
	0.894

	Pair 4
	+4°C for one day then -80ºC - +4°C for one day then -20ºC
	0.058

	Pair 5
	+4°C for four days than -80ºC - +4°C for four days than -20ºC
	0.607



Table 3‑24 shows Paired Samples Test VDB (1) analysis of various storage times and temperatures (column 2) on the VDB level, using a paired sample t-test. The 3rd column shows associated p value. The result shows that there were no statistical significant alterations in VDB level in all 5 compared pairs (p≤ 0.05).  Abbreviations; RT: room temperature, Hp: Haptoglobin. 



	Paired Samples Test VDB 2	
In the second planned paired sample t-test analysis for serum Hp level, there was minimal difference between the aliquots stored at various storage conditions. The result for Pairs 1, 2, 3, 4, 5, 6, 7, 8, 9, showed that difference in serum concentration of Hp at various storage times and temperatures were not statistically significant with p value of  0.864, 0.619, 0.902, 0.155, 0.317, 0.241, 0.995, 0.772, 0.984 respectively (Table 3-25 ). 



Paired Samples Test VDB 2
	Storage condition
	P=

	Pair 1
	Stored in -80ºC - Stored in -20ºC
	0.864

	Pair 2
	Stored in -80ºC - RT for one day then -80ºC
	0.619

	Pair 3
	Stored in -80ºC - RT for one day then -20ºC
	0.902

	Pair 4
	Stored in -80ºC - RT for four days than -80ºC
	0.155

	Pair 5
	Stored in -80ºC - RT for four days than -20ºC
	0.317

	Pair 6
	Stored in -80ºC - +4°C for one day then -80ºC
	0.241

	Pair 7
	Stored in -80ºC - +4°C for one day then -20ºC
	0.995

	Pair 8
	Stored in -80ºC - +4°C for four days than -80ºC
	0.772

	Pair 9
	Stored in -80ºC - +4°C for four days than -20ºC
	0.984



Table 3‑25 shows Paired Samples Test VDB (2) analysis of various storage times and temperatures (column 2) on the VDB level, using a paired sample t-test. The 3rd column shows associated p value. The result shows that there were no statistical significant changes in VDB level in all compared nine pairs (p ≤ 0.05). This was a direct comparison of aliquots stored in -80°C using stringent protocols for sample storage with aliquots stored at other storage conditions. Abbreviations; RT: room temperature, Hp: Haptoglobin. 



[bookmark: _Toc279658486][bookmark: _Toc306570715][bookmark: _Toc307067776][bookmark: _Toc312169347][bookmark: _Toc312172274][bookmark: _Toc312257823]	Practical significance
The data described the result obtained using the 10 different storage conditions as described in Table 3-16, can lead to some alteration in the measured level of proteins biomarkers, in the individual serum samples. However, in the majority of cases there was no statistically significant difference in the detected levels of the proteins biomarkers (VDB, Hp, SAA), though, sample to sample biomarker variations are of course present. However, the differences in the serum concentration of protein biomarkers stored at -20°C versus -80°C were not significant. The one exception to this is SAA level, with a slight trend towards a higher level when storage at -20°C. However this trend is not the case in all samples and the difference is generally small. Therefore (access of a range of conditions studied above) the serum levels of discovered protein biomarkers were relatively stable, indicating that a delay in processing of samples, which is so often happening in a true clinical and hospital setting, may not adversely affect the result obtained. 




[bookmark: _Toc279658487][bookmark: _Toc306570716][bookmark: _Toc307067777]

[bookmark: _Toc312169348][bookmark: _Toc312172275][bookmark: _Toc312257824]	Quantification of discovered protein biomarkers in the serum of original cohort of patients; three months (Day-100) after initiation of thalidomide based therapy

[bookmark: _Toc279436700][bookmark: _Toc279436895][bookmark: _Toc279658396][bookmark: _Toc279658488][bookmark: _Toc279658489][bookmark: _Toc306570717][bookmark: _Toc307067778][bookmark: _Toc312169349][bookmark: _Toc312172276][bookmark: _Toc312257825]	Back ground
In our previous study, as discussed in chapter 3 section 1, we discovered a panel of potential serum based protein biomarkers, which can predict response to thalidomide based therapy. The identified protein biomarkers include Zinc-alpha-2-glycoprotein (ZAG), Vitamin-D-binding-Precursor (VDB), Transthyretin (TYR), Serum-Amyloid-A-protein (SAA), beta-2-microglobulin (B2M) and Haptoglobin (Hp). One of the best possible biomarkers for predicting response to thalidomide was using serum levels of Hp, VDB and SAA in combinations.  This combination can be successfully employed to predict response to thalidomide in approximately 86% of cases. 

[bookmark: _Toc279658490][bookmark: _Toc306570718][bookmark: _Toc307067779][bookmark: _Toc312169350][bookmark: _Toc312172277][bookmark: _Toc312257826]	Objectives
The overall goal of this study was to evaluate changes in the serum level of potential biomarkers in multiple myeloma patients. The levels of Hp, VDB and SAA were measured in unfractionated serum samples before and after three months of treatment with thalidomide using an ELISA based assay.
[bookmark: OLE_LINK7][bookmark: OLE_LINK9]We also sought to assess a potential correlation between the variations in serum level of these biomarkers and objective tumour response. This was a prospective study and subjects included multiple myeloma patients attending the haematology department of Mater University Hospital. Sample preparation details are provided in ‘Chapter 2-Materials and Methods page 111’.  Briefly, this study was approved by the local ethics committee in Mater Misericordiae University Hospital and informed, written consent was obtained from all patients.  Serum samples were collected according to standard phlebotomy procedures, were coded and transported on ice to the laboratory. The tubes were centrifuged at 400xG for 30 minutes at 4°C. Serums samples were aliquoted in the cryovial tubes, labelled and stored at -80°C until time of analysis. The time from sample procurement to storage at -80ºC was less than 3 hours. Finally samples were analysed using commercially available ELISA kits. 

[bookmark: _Toc279658491][bookmark: _Toc306570719][bookmark: _Toc307067780][bookmark: _Toc312169351][bookmark: _Toc312172278][bookmark: _Toc312257827]	Patients’ samples data set for the biomarker level at Day-100 restaging
[bookmark: _Toc279658492][bookmark: _Toc306570720][bookmark: _Toc307067781][bookmark: _Toc312169352][bookmark: _Toc312172279][bookmark: _Toc312257828]	Age and Gender
The mean age of the patient group was 67 SD +/- 4.95 years (range 60-78 years). There were 14 male and 11 female patients (Table 3-26).

[bookmark: _Toc279658493][bookmark: _Toc306570721][bookmark: _Toc307067782][bookmark: _Toc312169353][bookmark: _Toc312172280][bookmark: _Toc312257829]	Response to anti- myeloma treatment
 Based on Day-100 re-staging investigations of multiple myeloma and using the International Myeloma Working Group uniform response criteria for MM, patients were classified as following: 
Fourteen patients were responders to thalidomide-based therapy. The median age for this group was 67 SD +/- 3.98 years (range, 60-72 years).Eleven patients were non-responders to thalidomide-based therapy. The median age for this group was 71 SD +/- 5.45 years (range, 61-78 years).

[bookmark: _Toc279658494][bookmark: _Toc306570722][bookmark: _Toc307067783][bookmark: _Toc312169354][bookmark: _Toc312172281][bookmark: _Toc312257830]	Disease staging

Using International Staging System (ISS) MM classification, patients disease was staged. Three responding multiple myeloma patients had stage I, seven had stage II and the remaining four patients had stage III disease
One non-responding multiple myeloma patient had stage I disease, five had stage II and remaining five patients had stage III disease (Table 3-26).
[bookmark: _Toc279658495][bookmark: _Toc306570723][bookmark: _Toc307067784]	


[bookmark: _Toc312169355][bookmark: _Toc312172282][bookmark: _Toc312257831]	Treatment protocols

All patients received a standard thalidomide based anti-myeloma regimen. Responses to treatment were assessed based on Day-100 re-staging investigations and using the International Myeloma Working Group (IMWG) uniform response criteria (Introduction-Chapter 1, page 53). In this study, in the responder group, 6 patients achieved complete response (CR) and 8 achieved very good partial response (VGPR). Two of non-responders had Stable disease (SD) and the remaining nine were classified as Progressive disease (PD) (Table 3-26). 
[image: ]
Table 3‑26 outlines the clinical details for the patients included in this study, including their age, sex, ISS (International Staging System), Day-100 restaging results based on IMWG uniform response criteria for MM. Abbreviations; CR: complete response, VGPR: very good partial response, SD: stable disease, PD: Progressive disease, R: Responders to thalidomide-based therapy, NR: Non-responders to thalidomide-based therapy, M: male, F: female.  
[bookmark: _Toc306570724][bookmark: _Toc307067785]	


[bookmark: _Toc312169356][bookmark: _Toc312172283][bookmark: _Toc312257832]	Statistical analysis
Statistical analysis was performed using SPSS Statistics 17.0 software. A p value of ≤ 0.05 was considered a statistically significant in difference in serum level.

[bookmark: _Toc279658496][bookmark: _Toc306570725][bookmark: _Toc307067786][bookmark: _Toc312169357][bookmark: _Toc312172284][bookmark: _Toc312257833]	Results
In line with our previously study discussed (Table 3-4, 3-27) in newly diagnosed multiple myeloma patients, the pre-treatment (Day-0) serum of levels of VDB and SAA were higher and Hp was lower in patients who are non-responsive to thalidomide based treatment. The mean serum level of VDB at Day-0 was 521 ug/ml and 665 ug/ml and mean serum SAA level was 72 µg/ml, 274 µg/ml, respectively for responders and non-responders to thalidomide based therapy (Table 3-4, 3-5, 3-27).
In this study we also found that after three months of anti-myeloma therapy (Day-100), the mean serum level of VDB was 279 µg/ml, 287 µg/ml and mean serum level of SAA was 61 ug/ml, 75 µg/ml respectively for responders and non-responders to thalidomide based therapy (Figure 3-47).  
The above data indicates that the difference in the serum level of VDB and SAA at Day-100 restaging between responders and non-responders to thalidomide was minimal. Although the serum level of VDB and SAA remained slightly higher in the non-responders group. However, the difference in the level was statistically not significant with a p value of 0.81 and 0.29 respectively for VDB and SAA (Figure 3-47 and 3-48). 
The serum level of Hp at Day-100 remained higher in multiple myeloma patients who are responsive to the thalidomide based regimen. The mean serum value was 2413 µg/ml and 1195 µg/ml respectively for responders and non-responders patients. The difference in serum level was statistically significant with a p value of 0.03 (Figure 3-48). 
. [image: ]
[bookmark: _Toc274587635]Table 3‑27 shows the serum levels of VDB, Hp and SAA after three months of treatment (Day-100) in 14 individual responder to thalidomide MM patients with the mean value at Day-100. This table also shows the mean serum value at diagnosis and prior to commencing thalidomide based treatment (Day-0). The serum levels were measured using ELISA based assay on unfractionated serum samples. Abbreviations: Vitamin-D-binding-Precursor (VDB), Serum-Amyloid-A-protein (SAA) and Haptoglobin (Hp).




[image: ]

Table 3‑28 shows the serum levels of VDB, Hp and SAA after three months of treatment (Day-100) in 14 individual non-responder to thalidomide MM patients with the mean value at Day-100. This table also shows the mean serum value at diagnosis and prior to commencing thalidomide based treatment (Day-0). The serum levels were measured using ELISA based assay on unfractionated serum samples. Abbreviations: Vitamin-D-binding-Precursor (VDB), Serum-Amyloid-A-protein (SAA) and Haptoglobin (Hp).






[bookmark: _Toc279441925]Figure 3‑47 displays the mean serum value of VDB, Hp and SAA, in multiple myeloma patients at diagnosis (Day-0). The serum levels of VDB and SAA were higher and Hp was lower in patients who subsequently were classified as non-responsive to thalidomide based treatment. The p value was 0.02, 0.0015 and 0.006 for VDB, Hp and SAA respectively. Abbreviations: Vitamin-D-binding-Precursor (VDB), Serum-Amyloid-A-protein (SAA) and Haptoglobin (Hp), R: Responders to thalidomide- based therapy, NR: Non-responders to thalidomide-based therapy. 




[bookmark: _Toc279441926]Figure 3‑48 demonstrates the serum level of Hp, VDB and SAA after three months of anti-myeloma treatment at the clinical restaging (Day-100). Comparing responders and non-responders to thalidomide, the difference in serum level of VDB and SAA were minimal and statistically not significant. The p value was 0.81 and 0.29 respectively. Serum Hp level remained higher in thalidomide responsive patients. This difference was statistically significant with a p value of 0.03. Abbreviations: Vitamin-D-binding-Precursor (VDB), Serum-Amyloid-A-protein (SAA) and Haptoglobin (Hp), R: Responders to thalidomide- based therapy, NR: Non-responders to thalidomide-based therapy. 



[bookmark: _Toc279441927][bookmark: _Toc279658498]Figure 3‑49 shows the serum level of Hp, VDB and SAA in multiple myeloma patients at two times point scale at diagnosis (Day-0) and after three months of treatment (Day-100) in both patients groups, i.e. responders and non-responders to thalidomide. Serum level of VDB and SAA remained marginally higher in the non-responders group; however, the difference was statistically not significant. Serum Hp level remained higher in thalidomide responsive patients versus non-responders to thalidomide. Abbreviations: Vitamin-D-binding-Precursor (VDB), Serum-Amyloid-A-protein (SAA) and Haptoglobin (Hp), R: Responders to thalidomide- based therapy, NR: Non-responders to thalidomide-based therapy.  

[bookmark: _Toc306570727][bookmark: _Toc307067788]

[bookmark: _Toc312169358][bookmark: _Toc312172285][bookmark: _Toc312257834]	Study evaluating the relationship between incidence of adverse events and treatment efficacy with thalidomide serum concentrations in multiple myeloma patients 

[bookmark: _Toc279436707][bookmark: _Toc279436906][bookmark: _Toc279658407][bookmark: _Toc279658499][bookmark: _Toc279658500][bookmark: _Toc306570728][bookmark: _Toc307067789][bookmark: _Toc312169359][bookmark: _Toc312172286][bookmark: _Toc312257835]	Back ground 
Currently, the pharmacology, and especially the pharmacokinetics of thalidomide, is poorly described. In addition, the optimal thalidomide dosage and schedule are still undecided and unlike many chemotherapeutic agents, thalidomide starting dosages does not depend on the patients’ body weight or body surface area.
[bookmark: _Toc279658501][bookmark: _Toc306570729][bookmark: _Toc307067790][bookmark: _Toc312169360][bookmark: _Toc312172287][bookmark: _Toc312257836]	Thalidomide side effects 
Patients receiving thalidomide may experience various side effects with differing intensity (section 1, Introduction). The incidence and severity of adverse events are related to the dose of the drug. Patients receiving 200 mg or less/day seem to tolerate the treatment well with lesser side effects. On the other hand, almost all patients taking more than 400 mg/day, experience thalidomide-related toxicities.  This may depend on the thalidomide blood level and capacity of individual patient to metabolize and excrete thalidomide.
[bookmark: _Toc279658502][bookmark: _Toc274586853][bookmark: _Toc274736213][bookmark: _Toc306570730][bookmark: _Toc307067791][bookmark: _Toc312169361][bookmark: _Toc312172288][bookmark: _Toc312257837]	Sample set 
21 serum samples were collected, from 8 multiple myeloma patients - 1 female and 7 male. The 13 additional serum samples were collected from the above 8 patients when their thalidomide dosage was adjusted on clinical grounds (Table 3-29).
[bookmark: _Toc279658503][bookmark: _Toc306570731][bookmark: _Toc307067792][bookmark: _Toc312169362][bookmark: _Toc312172289][bookmark: _Toc312257838]	Objective
The objective of this pilot study was to determine whether the serum concentration of thalidomide is related to the development of side effects experienced by MM patients. In addition we also explored the relationship between the serum thalidomide concentration and the efficacy of thalidomide by measuring the clinical response. Samples were initially processed as discussed in Material and Methods section. Prescribed thalidomide dose range was: 50 mg /day to 300 mg/day as a single dose, (depending on tolerability of patients). The time from sample procurement to storage at -80ºC was less than 3 hours. 
[bookmark: _Toc279658504][bookmark: _Toc306570732][bookmark: _Toc307067793][bookmark: _Toc312169363][bookmark: _Toc312172290][bookmark: _Toc312257839]	Results
The serum thalidomide level was below that detectable in five samples. Of these, 1 patient was non-compliant with the medication (In outpatient clinic, patient agreed that he was non-compliance with the prescribed medication as he was feeling well), in 2 patients thalidomide was stopped 14-21 days prior to sampling and the remaining 1 samples were taken from a patient when he was still on Lenalidomide (Table 3-29).
[bookmark: _Toc279658505][bookmark: _Toc306570733][bookmark: _Toc307067794][bookmark: _Toc312169364][bookmark: _Toc312172291][bookmark: _Toc312257840]	Serum thalidomide level and daily dosage 
This study demonstrates that the serum thalidomide levels are approximately correlated with the dose the patient was receiving, i.e. larger dose resulted in greater serum thalidomide concentration. In this study, patients who were on lower thalidomide  daily dosage of 50-150 mg /day had statistically significant (using student t-test) lower serum thalidomide level as compared to the patients taking more commonly prescribed daily dosage of 200 mg/day (p= 0.00001) ( Table 3-30).
[image: ]
Table 3‑29 displays the serum thalidomide level varied according to the dose the patient received. Patients on lower daily dosage of thalidomide = 50-150 mg /day; had a statistically significant lower serum thalidomide level as compared to the patients taking daily dosage of ≥ 200 mg/day. At the time of serum collection, samples numbers 18-21 were from patients not ingesting thalidomide.  


On the individual patient basis, five serums samples are from two patients (samples number 269, 292, patient-1; 342, 377, 388 patient-2), shows a corresponding difference in serum thalidomide levels when the thalidomide daily dosages were altered (Table 3-30). 

[image: ]
Table 3‑30 shows that when the Patient 1 and 2 thalidomide dosage was altered from 100 to 50 and 150 to 200 mg/day respectively, the resultant serum thalidomide was also altered from 164 ng/mL to 63 and from 781 to 573 ng/mL respectively.


[bookmark: _Toc279658506][bookmark: _Toc306570734][bookmark: _Toc307067795][bookmark: _Toc312169365][bookmark: _Toc312172292][bookmark: _Toc312257841]
 	Serum thalidomide level and neuropathy 
In this study, thalidomide-related neuropathy was classified based on National Cancer Institute Common Toxicity Criteria for thalidomide as described in chapter 1 introduction, briefly peripheral neuropathy was graded as follows: Grade 0 = Normal, Grade =Loss of deep tendon reflexes or paresthesia (including tingling and numbness) but not interfering with function. Grade 2= Objective sensory loss or paresthesia (including tingling), that is interfering with the normal function but not interfering with the activities of daily routine living. Grade 3= Sensory loss or paresthesia interfering with activities of daily living. Grade 4= Permanent sensory loss that interferes with function.
At the time of sampling 5 patients had grade III, 12 patients had grade II, 2 patients had grade I and 2 patients had grade 0 peripheral neuropathy requiring, discontinuation of thalidomide in one patient and thalidomide dosage reduction in two patients. However, using student t-test there was no statistically significant correlation between serum thalidomide levels and the grade of neuropathy experienced by patients (p= 0.17) (Table 3-33). 

[image: ]
Table 3‑31 shows patients suffering with the various grades of peripheral neuropathies did not correlate with the serum concentration at the time of neuropathy. Abbreviations; NCI: national Cancer Institute. 

 
[bookmark: _Toc279658507][bookmark: _Toc306570735][bookmark: _Toc307067796][bookmark: _Toc312169366][bookmark: _Toc312172293][bookmark: _Toc312257842]	Serum thalidomide level and other side effects
One patient (sample 377) had grade III gastro intestinal related side effects e.g. severe constipation and abdominal cramps requiring thalidomide dose reduction. 
One patient (sample 430) developed confusion and TIA (Transient Ischemic Attack or mini stroke), requiring temporary stoppage of thalidomide. Eventually thalidomide was recommenced at a reduced dosage. 
One patient (sample 429) developed mild skin rash with itchiness, which responded to antihistamine and topical emollients. Thalidomide dosage was not changed. 
[bookmark: _Toc279658508][bookmark: _Toc306570736][bookmark: _Toc307067797][bookmark: _Toc312169367][bookmark: _Toc312172294][bookmark: _Toc312257843]	Serum thalidomide level and clinical response
Using the International Myeloma Working Group response criteria to thalidomide was assessed. 8 patients involved in this study were classified as follow:
2 patients were non-responders to thalidomide. Of these 1 patient was non-compliant with thalidomide (sample no 260) and 3 patients had a partial response.
Sample number 390, 425, 443, are from a patient taking a dosage of 200 mg/day. However, sample number 425 showed a very low serum thalidomide level of 25 as compared to > 1000 for the samples no. 390 and 443. It is possible that this patient may not have been compliant with medication at the time of sampling (Table 3-33). This study also demonstrated that response to thalidomide did not correlate with a single measurement of the circulating drug level at time of assessment.
[image: ]
Table 3‑32 displays demonstrated that response to thalidomide did not correlate with a single measurement of the circulating drug level at time of assessment. Abbreviations; IMWG: International Myeloma Working Group, PR: partial response, VGPR: very good partial response.

[bookmark: _Toc279658509][bookmark: _Toc306570737][bookmark: _Toc307067798][bookmark: _Toc312169368][bookmark: _Toc312172295][bookmark: _Toc312257844]	Conclusion
This study demonstrates that single estimates largely did not correlate with toxicity or efficacy. However, there were no estimates of cumulative drug exposure and no normalisation for factors likely to be important such as weight and body surface area. In addition if patients are not responsive to thalidomide, the possibility of non-compliance should be explored. Since patient compliance appears to well documented important contributor to poor response rates (Lindfors et al., 2011) (in addition to poor physician adherence to goal levels), it is an area that requires more attention .  
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Table 3‑33 shows that five multiple myeloma patients included in this study had grade III, 12 patients had grade II. Two patients had grade I and two patients had grade 0, peripheral neuropathy. There was no correlation between the serum concentration of thalidomide with the clinical response and severity of peripheral neuropathy experienced by the multiple myeloma patients. In addition, there was no significant difference in the serum concentration of thalidomide between the patients with and without other severe adverse events such as skin rash and constipation. Abbreviations; CR: complete response; VGPR: very good partial response, SD: stable disease; PD Progressive disease, R: Responders to thalidomide; NR: Non-responders to thalidomide.








[bookmark: _Toc274586854][bookmark: _Toc274736214][bookmark: _Toc279658510][bookmark: _Toc306570738][bookmark: _Toc307067799][bookmark: _Toc312169369][bookmark: _Toc312172296][bookmark: _Toc312257845]
	POEMS syndrome
POEMS syndrome is rare multisystem disorder, first described in 1956 by Crow and then in 1968 by Fukase. POEMS syndrome is a variant form of MM, and is a rare, incompletely understood multisystem disease caused by an underlying plasma cell dyscrasia. Patients usually present around 40 to 50 years of age with the multisystem disorder such as polyneuropathy (P), organomegaly (O), endocrinopathy (E) monoclonal gammapathy (M), and skin changes(S), which may take several years to evolve fully. The Cause for this disease is unknown; however, it may due to overproduction of the pro inflammatory and other cytokines, especially vascular endothelial growth factor (VEGF)(Cosacov et al., 1999) (Arimura et al., 2008).

[bookmark: _Toc279436716][bookmark: _Toc279436915][bookmark: _Toc279658419][bookmark: _Toc279658511][bookmark: _Toc306570739][bookmark: _Toc279658512][bookmark: _Toc306570740][bookmark: _Toc307067800][bookmark: _Toc312169370][bookmark: _Toc312172297][bookmark: _Toc312257846]	Case study
In February 2009, a 50 year old man presented to Haematology Department of Mater University Hospital with history of peripheral neuropathy, including leg weakness, enlarged spleen, hypothyroid and mild bony pain to the haematology department of Mater University Hospital. Eventually he was diagnosed with POEM syndrome. Laboratory findings included raised haemoglobin level, and total serum protein. Thyroid function tests showed underactive thyroid gland. Protein Electrophoresis with the immunofixation showed a monoclonal IgG spike and elevated B2M.
This was a prospective study, sample preparation details are provided in Chapter 2, Materials and Methods.  The serum samples were collected according to standard phlebotomy procedures. Samples are coded and transported on ice to the laboratory. The tubes were centrifuged at 400xG for 30 minutes at 4°C. Serums samples were aliquoted in the cryovial tubes, labelled and stored at -80°C until time of analysis. The time from sample procurement to storage at -80ºC was less than 3 hours. Serum samples were collected at various time points; (1) at diagnosis, (2) after 3 months of therapy, (3) at clinical remission and (4) when patient disease relapsed. Finally samples were analysed in duplicate using commercially available ELISA kits.

[bookmark: _Toc274736215][bookmark: _Toc274586855][bookmark: _Toc279658513][bookmark: _Toc306570741][bookmark: _Toc307067801][bookmark: _Toc312169371][bookmark: _Toc312172298][bookmark: _Toc312257847]	Serum VEGF level
The serum VEGF was measured in patient serum using commercially available ELISA kit. Each sample was analysed in duplicate.

[image: ]
[bookmark: _Toc274587602][bookmark: _Toc279441928]Figure 3‑50 the standard curve was generated by plotting the average absorbance obtained for each of the standards on the vertical (Y) axis vs. the corresponding human VEGF concentrations on the horizontal (X) axis.


[bookmark: _Toc279658514][bookmark: _Toc306570742][bookmark: _Toc307067802][bookmark: _Toc312169372][bookmark: _Toc312172299][bookmark: _Toc312257848]	Results
1st sample was collected at diagnosis, prior to commencing treatment, showed serum VEGF level of 256 pg/ml.
2nd sample was collected after three cycle of thalidomide based regimen. At this stage, patient serum VEGF level was 49.22 pg/ml and clinically his signs and symptoms were improving.
3rd sample was collected when patient completed 6 cycle of thalidomide based regimen. His serum VEGF level was 10 pg/ml and clinically he was in clinical remission.
The 4th Sample was collected when patient is presented with relapse disease. On further investigation, he was diagnosed as a relapsed POEM syndrome. His serum VEGF level was 256 pg/ml (Figure 3-45).
The above result shows that during the patient’s disease, VEGF levels were found to correlate with disease activity and clinical intensity of his disease. Secondly, VEGF might be an important marker not only as a diagnostic aid but also as a marker showing response to treatment.

[bookmark: _Toc274587603][bookmark: _Toc279441929]Figure 3‑51 shows the serum samples were analysed at four various time points; (1) at diagnosis, (2) after three months of therapy, (3) at clinical remission and (4) when patient disease had relapsed. Patients serum VEGF level was coincided with clinical intensity of disease (POEM syndrome). The rapid clinical response and remission status corresponded with the decrease in the serum VEGF level.

[bookmark: _Toc279658515][bookmark: _Toc306570743][bookmark: _Toc307067803][bookmark: _Toc312169373][bookmark: _Toc312172300][bookmark: _Toc312257849]	Discussion
Overproduction of VEGF has been found in the serum of patients with POEMS syndrome with subsequent decrease in concentration with thalidomide based therapy. This case confirms that VEGF may contribute to POEMS symptoms by increasing micro vascular permeability, which leads to oedema, increased end neural pressure, and exposure of myelin to serum cytokines and compliments, leading to demyelination.  Interventions that specifically decrease VEGF level have been successful in improving disease symptoms. Thalidomide reduces serum VEGF levels and improves symptoms in POEMS syndrome (Rafiee et al., 2010, Aydogan et al., 2008, Malhotra et al., 2011).
4. [bookmark: _Toc306570744][bookmark: _Toc307067804]
  
[bookmark: _Toc306570745][bookmark: _Toc307067805]


Chapter 4.0
Discussion

4.1 [bookmark: _Toc302582395][bookmark: _Toc305690054][bookmark: _Toc306570746][bookmark: _Toc307067806][bookmark: _Toc312169374][bookmark: _Toc312172301][bookmark: _Toc312257850]	Discovery of novel biomarkers
4.1.1 [bookmark: _Toc302582396][bookmark: _Toc305690055][bookmark: _Toc306570747][bookmark: _Toc307067807][bookmark: _Toc312169375][bookmark: _Toc312172302][bookmark: _Toc312257851]	Discussion background

Myeloma is a progressive cancer derived from a type of B cell called a plasma cell. Myeloma is characterized by excessive numbers of plasma cells in the bone marrow and the overproduction of antibody. Myeloma stimulates bone marrow cells to produce growth factors called lymphokines that promote the creation of new blood vessels and promote cancer growth and cancer spread. (Ferreri, 2006, Zhan et al., 2006). 

MM causes about 1% of neoplastic diseases and 13% of haematological malignancies in the USA. The incidence is about 4-6 per 100000 people developed countries. In Ireland, approximately 250 patients are diagnosed with MM each year. Eventually the increased numbers of myeloma cells cause the destruction of healthy bone and bone marrow tissue, skeletal destruction, renal failure, anaemia, and hyper calcaemia and increases susceptibility to infection (Figure 4-1) (San Miguel and Garcia-Sanz, 2005). 

[image: ]

Figure 4.1 Shows myeloma cells interaction with microenvironment; stromal, osteoclast, epithelial cells through various cytokines (Adopted from ‘biology of Cancer – Myeloma, Jerome Tanner’ ISBN-10: 0-7910-8824-3).


Increasing understanding of pathophysiology of MM have resulted in greatly improved treatment options, remission rates and, importantly, disease-free survival.  In addition to treatments to halt MM, improvement in supportive therapies has also greatly impacted on patients’ quality of life (QOL). Though, MM continues to be an incurable malignancy. Treatment strategies for multiple myeloma have changed substantially over the past 10 years following the introduction of immunomodulatory drugs thalidomide, lenalidomide and the proteasome inhibitor bortezomib (Johnston and Abdalla, 2002, Singhal et al., 1999). The 5-year survival rate for MM reported in the ‘Surveillance Epidemiology’ and ‘End Results database’ has increased from approximately 20% in 1975 to 34% in 2008 owing to newer and more effective treatment options (Ozaki, 2009, Niparuck et al., 2010). 
In the front-line setting, combination chemotherapy regimens such as cyclophosphamide and dexamethasone incorporating novel agents are demonstrating substantial activity, which is translating into improved outcomes compared with previous standards of care (Reece, 2009). MM is typically sensitive to a variety of novel and cytotoxic drugs, both as initial treatment or as part of the treatment of relapsed disease. Selecting optimal front-line therapy can be difficult, as there is no head-to-head trial data (Hughes and Soutar, 2005). 

Firstly; selection of optimal treatment in newly diagnosed patients is based on available clinical evidence and the risk benefit profiles of the various therapies assessed according to key presenting features, as described below. 

Secondly, while the response versus lack of response to therapy can be detected and monitored on an on-going basis (e.g. by measuring serum M-protein, serum free light chain assay, B2M, assessment of percentage of plasma cell in the bone marrow, whole body MRI and skeletal survey to monitor bony lesions) unfortunately, there is no way of predicting response to given therapies. Therefore, such information would undoubtedly aid in choosing the best possible treatment regimen (Bergsagel, 2007, Polson and Sliwkowski, 2009).

4.1.2 [bookmark: _Toc302582397][bookmark: _Toc305690056][bookmark: _Toc306570748][bookmark: _Toc307067808][bookmark: _Toc312169376][bookmark: _Toc312172303][bookmark: _Toc312257852]	Current MM therapies
The standard treatment for patients up to the age of 65 involves initial combination chemotherapy aiming to achieve rapid reduction in disease, which is then followed by collection of peripheral blood stem cells. After high dose chemotherapy the patient is ‘rescued’ by infusion of stored autologous peripheral blood stem cells. With this approach some 30–60% of patients may achieve complete remission (Table 1-2 page 50) (Kumar, 2009, Harousseau, 2009, Palumbo et al.). Although there has been a rise in the upper age limit for intensive therapy in many countries such as USA, to 65-70 years, this approach is considered only for the physically fit and motivated patients as treatment-related side effects can be overwhelming. On the other hand there is no guarantee that patients will be sensitive to a given anti-myeloma agents such as thalidomide (Musto et al., 2009, Raab et al., 2009).  
As there is no one standard initial therapy, the choice of initial drug treatment are based on the treatment-related side effects and patient-related factors. The most common patient-related factors for the choice of regimen include: age, performance status, renal function, other co-morbidities (pre-existing neuropathy, neuromuscular diseases, diabetes), ability to adhere to a treatment regimen, past compliance with oral medications and hospital appointments, risk for thrombosis, travel barriers and distance to travel to and from the treatment site, availability of other supportive care such as home care nurse (Barrick, 2006, Offidani et al.).

These general factors suggest that, in the future risk adapted approaches will further refine current MM one-size-fits-all management approach. Therefore, test or biomarkers predictive of response to a specific novel agent will undoubtedly aid in choosing the best possible treatment option for achieving rapid reduction in disease and achieving remission.

Although there are a limited number of proteomic studies to date in MM, those performed highlight the potential impact of these technologies in our understanding of MM pathogenesis and the identification of novel therapeutic targets (Ge et al., 2011, Cumova et al., 2011). In this study, we utilised the proteomic technologies available for the discovery of potential biomarkers predicting response to thalidomide in newly diagnosed myeloma patients. 

4.1.3 [bookmark: _Toc302582398][bookmark: _Toc305690057][bookmark: _Toc306570749][bookmark: _Toc307067809][bookmark: _Toc312169377][bookmark: _Toc312172304][bookmark: _Toc312257853]	Thalidomide in multiple myeloma
Thalidomide is an oral immunomodulatory drug that has been shown to be highly active against MM, with response rates of 30-70% (Romagnoli et al., 2009, Vallet et al., 2008, Singhal et al., 1999). Thalidomide, proved not only to be effective in the treatment of multiple myeloma, but also instigated a wide range of in vitro and in vivo studies to define the pathophysiology of the plasma cell dyscrasia. Analysis of recent long term follow up data indicates that patients exposed to thalidomide early in their treatment history obtain durable benefit (Barlogie et al., 2008b). Therefore, it is likely that thalidomide and its emerging analogues such as lenalidomide will remain a central component of anti-MM therapy  (Wang et al., 2011). 

Thalidomide remains a central component of the one of the standard treatment options for MM patients in many countries. Many studies have shown that the addition of thalidomide to melphalan and prednisone significantly improves response rate and longer progression-free survival (Palumbo et al., 2008b, Palumbo et al., 2008a, Facon et al., 2007). 

The mechanism of action of thalidomide is thought to be complex and there is no clear mechanism as to how thalidomide affects the various cells, including plasma cells. This is  discussed in more detail on page 343, briefly;  four main mechanisms have been proposed to explain the anti-myeloma activity of thalidomide: (1) immunomodulatory effects on cytokine production and T-cell activation; (2) anti-angiogenic effects (3) effect on bone marrow environment, stromal cells and inhibition of cell adhesion (4) Direct inhibition of myeloma cells growth and survival (Sze et al., 2006, Palumbo et al., 2008b, Anderson, 2005, Yasui et al., 2005, Gockel et al., 2004, Vallet et al., 2008). Now with increasing understanding of the efficacy of thalidomide in MM and the attention thalidomide has received in the past and recent history has not been without a price, the drug also have significant side effects which necessitate careful clinical management. 

4.1.3.1 [bookmark: _Toc302582400][bookmark: _Toc305690059][bookmark: _Toc306570751][bookmark: _Toc307067811][bookmark: _Toc312169378][bookmark: _Toc312172305][bookmark: _Toc312257854]   	Thalidomide side effects
While the efficacy of thalidomide is clearly established, the response rate to thalidomide are variable and major acute adverse events are not uncommon  (National Cancer Institute Common Toxicity Criteria Grade III-IV) included thrombosis (20%), infections (12%), constipation (6%), hematologic (22%) and neurologic (8%) toxicities (Facon et al., 2007, Zangari et al., 2004). The development of severe neuropathy can preclude the future use of other neurotoxic agents including Bortezomib (Tosi et al., 2005, Cockwell and Hutchison, 2010). 

We hypothesized that, although individual patient response to thalidomide in MM patients are complex, specific markers exist circulating in the blood stream which correlate with thalidomide sensitivity. Quantification of a profile of these circulating biomarkers will provide valuable prognostic information on the likelihood of patient response to treatment. 

This strategy will maximize the benefit: risk ratio by individualizing treatment options in MM patients. Therefore if we could predict response and identify MM patients who are unlikely to benefit from thalidomide treatment, this cohort could avoid the side effects of a treatment which is not providing them with clinical benefit. 
4.1.4 [bookmark: _Toc302582401][bookmark: _Toc305690060][bookmark: _Toc306570752][bookmark: _Toc307067812][bookmark: _Toc312169379][bookmark: _Toc312172306][bookmark: _Toc312257855]
	Clinical aspect of biomarkers
4.1.4.1 [bookmark: _Toc302582402][bookmark: _Toc305690061][bookmark: _Toc306570753][bookmark: _Toc307067813][bookmark: _Toc312169380][bookmark: _Toc312172307][bookmark: _Toc312257856] 	Background and disease management 
There are several definitions of biomarkers. A biomarker is a characteristic that can be objectively measured and evaluated as an indicator of a physiological as well as a pathological process or pharmacological response to a therapeutic intervention. Classical biomarkers are measurable alterations in blood pressure, blood lactate levels following exercise, and blood glucose in diabetes mellitus (MacGregor, 2003, Kundu et al., 2011). Any specific molecular alteration of a cell on DNA, RNA, metabolite, or protein level can be referred to as a molecular biomarker (Table 4.1)(Zitvogel et al., 2010, Newberry et al., 2010, McPhail et al., 2010, Shi and Guo, 2009, Robert et al., 2009, Van Leeuwen et al., 2008).
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Table 4-1 Classification of biomarkers is shown. While researchers are studying all categories, biotechnology and pharmaceutical companies favour using biomarkers as drug discovery tools – not only to detect biological responses to experimental drugs but also to aid in the discovery of new targets for therapeutic intervention (Reproduce from the, Handbook of Biomarkers, by Kewal K. Jain, Library of Congress, ID Number: 2010920089). 


Historically, a biomarker that displays a proportional association with the stage of a disease can be used as a surrogate to monitor its severity or detect a relapse. However, there is ambiguity of the use of the term ‘prognostic’ and ‘predictive’ biomarkers. This is to a degree due to the fact that predictive and prognostic biomarkers are often swapped (Kesisis et al., 2010, Vickers and Heng, 2010, Mudan et al., 2010, Scott and Salgia, 2008, Dunn and Demichele, 2009, Kay et al., 2007, Sehn, 2006). 

Prognostic biomarkers might especially be useful for hypothesis testing for their relevance as predictive markers, as targets for therapy and for the selection of patients for novel treatment. Therefore, prognostic biomarkers may be used to asses treatment response, although cannot specifically predict response to given therapy (Anguiano et al., 2009). 

Despite a growing number of publications about biomarkers that give information on disease outcome, the best prognostic factors in MM are still simple clinical parameters like performance status, B2M and albumin level. (Dimopoulos and Terpos, 2010). In this study we focused on identification of predictive biomarkers that might guide clinicians to a patient tailored therapy in newly diagnosed MM patients (Rajpal et al., 2011). However finding reliable biomarkers that are indicators of a certain response is difficult and can be challenging.

With our increasing knowledge of biologic behaviour of MM it is evident that great heterogeneity amongst MM tumours cells and patients response exists (Guikema et al., 2004). In the last decades, together with the development of new novel anti-myeloma therapies, innovative research to identify effective predictive biomarkers has been undertaken. 

4.1.4.2 [bookmark: _Toc305690062][bookmark: _Toc306570754][bookmark: _Toc307067814][bookmark: _Toc312169381][bookmark: _Toc312172308][bookmark: _Toc312257857]	Panel of biomarkers

Historically, biomarkers are in general based on a single marker. However, given the fact that tumour biology is often dictated by usual multiple cellular alterations it may be naive to think that single factors will be enough as predictive or factors in oncology. More recent literature on the search for biomarkers with predictive / prognostic application in cancer designates a new tendency. This tendency required to enhance the specificity, sensitivity and the predictive capability as described below. Therefore we used this approach to increase predictive capability of biomarkers. We envisage that the panel of proteins markers, transcript profiling, immunohistochemistry and immunoassay can be a powerful approach for defining candidate biomarkers with potential use in a clinical sitting as described below (Chianese et al., 2002, O'Shea et al., 2006).

4.1.4.3 [bookmark: _Toc302582404][bookmark: _Toc305690063][bookmark: _Toc306570755][bookmark: _Toc307067815][bookmark: _Toc312169382][bookmark: _Toc312172309][bookmark: _Toc312257858] 	Goals of biomarkers discovery

The goal of the cancer biomarker field is to develop simple non-invasive tests that indicate cancer risk, allow early cancer detection, predict response so that the patient can receive the most appropriate therapy and monitor disease progression. In addition, biomarkers should be able to use in combination with other diagnostic and prognostic techniques such as imaging and histopathology to detect cancer in vivo and predict response to a certain therapy (Terpos et al., 2011).

Recent advances in proteomic technologies, together with powerful bioinformatics tools, have had a direct impact on the way the search for cancer biomarkers is conducted. Such a trend can be loosely described as a “combined or multiple biomarkers approach.” This trend encompasses a distinct approach, by combining of number of single biomarkers for the same type of cancer to enhance the specificity, sensitivity and improving the prediction capability. In MM due lack of effective predictive biomarkers, there is importance in diagnosis and overall prognosis using histological or cytochemistry examination, which is referred to as a “gold standard” (Mollee, 2009). 

In our study, we focused on the combination of the discovered proteins biomarkers to enhance assay specificity and sensitivity for identifying subsets of MM patients who will benefit from thalidomide based regimen. This strategy will benefit MM patients by reducing the cost and failure rates of anti-myeloma treatment (Beckman et al., 2011, Zhou and Gallo, 2011).

4.1.4.4 [bookmark: _Toc302582403][bookmark: _Toc305690064][bookmark: _Toc306570756][bookmark: _Toc307067816][bookmark: _Toc312169383][bookmark: _Toc312172310][bookmark: _Toc312257859] 	  Biomarkers and cancer, historical discussion 
While cancer biomarkers can be used in various phases of the disease process i.e. for screening and prognosis with rather less interest in predictive of response to a therapy. The circumstance in the development of biomarkers for oncology is driven, in part, by the presence of carcinoma in situ and its effect on the patients serum concentration of various biomarkers (Vickers, 2011). It is generally accepted that an early diagnosis of cancer is an important factor in therapeutic outcome and that the development of validated biomarkers is essential for early diagnosis. Many publications have explored the potential use of individual proteins or combination of proteins as cancer biomarkers and have produced promising results in early cancer diagnosis (Mandrekar and Sargent, 2010). 

Proteins were selected for investigation as biomarkers for particular cancers because of their ‘track record’ as biomarkers for other disease states or other cancers as explained below. For most of these proteins, however, their role as a cancer biomarker has not been validated in the context of a defined clinical application.

The advent of proteomic technologies has allowed us to systematically analyse of complex proteomes and the identification of differentially expressed proteins in cells, tissues and body fluids. This has heightened interest in the application of proteomics to the identification of cancer biomarkers found in the blood. The use of panel of bio markers for the detection and prognosis of other cancers are discussed below (Ross, 2011, Pepe et al., 2010). 


4.1.4.4.1 [bookmark: _Toc302582405][bookmark: _Toc305690065][bookmark: _Toc306570757][bookmark: _Toc307067817][bookmark: _Toc312169384][bookmark: _Toc312172311][bookmark: _Toc312257860]Tumour node metastases (TNM) system
The traditional cancer classification staging system of ‘tumour-node-metastases’ (TNM) has been the main tool for identifying prognostic differences among patients and for guiding management. The TNM system was first published in 1977 and went into effect in 1978 (Jewett, 1977). The TNM system is based on the macroscopic and microscopic morphological examination of pathological samples. 

Despite the advantage of standardisation for international communications and studies, there are many limitations of this system as a first-line method for prediction and prognosis of cancer. For example, it is difficult to distinguish related disease subtypes, which might have different medical managements and clinical outcomes (Sobin, 2003). 

4.1.4.4.2 [bookmark: _Toc302582406][bookmark: _Toc305690066][bookmark: _Toc306570758][bookmark: _Toc307067818][bookmark: _Toc312169385][bookmark: _Toc312172312][bookmark: _Toc312257861] Ovarian cancer and cancer antigen 125 (CA-125) 
Since its development over 25 years ago, measurement of serum levels of CA-125 has become an integral part of the management of epithelial ovarian cancer. CA-125 protein is found on the surface of many ovarian cancer cells. While the levels of this antigen at the time of diagnosis are of limited prognostic significance, the measurements of the same antigen are now performed almost routinely during the course of various treatments. Early attempts to evaluate the utility of CA-125 in combination with other potential biomarkers were conducted by Bast’s group (Xu et al., 1993).  

To increase preoperative sensitivity for early stage ovarian cancer, Skates et al. (2004) used a panel of biomarkers composed of CA-125, CA 15-3, CA 72-4, and M-CSF. The logistic model developed gave a correct prediction in 73% of patients  This panel of biomarker detection tests is still under development and more markers were added, so, in principle, it is expected that their combined use will further increases accuracy. Suboptimal sensitivity of a detection assay can lead to false negative results which can lead to more frequent testing of women at higher risk. 
Therefore a more accurate assay makes such routine testing less frequent and increases patient comfort and compliance (Schutter et al., 2002, Zhang et al., 2007b). 
4.1.4.4.3 [bookmark: _Toc302582407][bookmark: _Toc305690067][bookmark: _Toc306570759][bookmark: _Toc307067819][bookmark: _Toc312169386][bookmark: _Toc312172313][bookmark: _Toc312257862]
  Prostate cancer and Prostate-specific antigen (PSA)
Prostate cancer is the most common cause of death from cancer in men over the age of 75 years. Over 230,000 new prostate cancer cases and 30,000 prostate cancer deaths are estimated in the United States per year. This makes prostate cancer the most commonly diagnosed cancer and the second leading cause of cancer-related deaths in men in the United States. 

PSA has a long history of use in diagnosis for prostate cancer. Since its first approval by the regulatory authority FDA in 1986, PSA has probably become the most analysed serum tumour marker in clinical practice today. Serum PSA level is now routinely used in the diagnosis and monitoring of prostate cancer remission and progression. There is a general agreement among clinicians that the PSA test has a reasonable high predictive value for prostate cancer, particularly when the malignancy is in its early stages. However, at the same time, high PSA level can also be associated with the benign prostatic enlargement. Therefore there is a disagreement as to what level of PSA should prompt suspicions of prostate cancer and indication for a prostate biopsy. 

In 2004 a study published by Kreisberg et al, an attempt was made to use the extent of phosphorylation of Akt (Ser 473) to predict prostate cancer and clinical outcome. This study was considered to establish whether increased phosphorylation of Akt and/or decreased phosphorylation of ERK (extracellular signal-regulated kinase) could be used to predict poor clinical outcome in prostate cancer. Author suggested that that, while activation of Akt may correlate with disease progression in prostate cancer, Erk MAPK activation may inversely correlate with aggressive disease (Ghosh et al., 2003, Kreisberg et al., 2004, Gao et al., 2011). 

4.1.4.4.4 [bookmark: _Toc302582408][bookmark: _Toc305690068][bookmark: _Toc306570760][bookmark: _Toc307067820][bookmark: _Toc312169387][bookmark: _Toc312172314][bookmark: _Toc312257863]  Tumour markers in gastrointestinal (GI) malignancies
In GI tumours, serum markers are used in clinical practice for detecting the presence of disease or the recurrence of tumour after a course of treatment and as well as for monitoring responses to therapy. Most markers are overexpressed by the gastrointestinal tumour itself and thus are detectable in the serum samples from the cancer patients. Those in clinical use at present include: carcinoembryonic antigen (CEA) for colorectal carcinomas, alpha-fetoprotein (AFP) for primary liver carcinomas, CA 125 for colon carcinomas (but predominantly used for ovarian carcinomas as explained previously) and CA 19–9 for pancreatic and gastric carcinomas (Lundholm et al., 2010). 

The raised serum level of CA 19–9 and CA 125 tests are correlated and predictive for diagnosing advanced stage carcinomas of the gastrointestinal tract. However, the frequent problem with these serum biomarkers is their lack of organ specificity, low sensitivity and a poor correlation of particular level with disease prognosis. It is also very difficult to diagnose early stages of cancers using elevated levels of these biomarkers (Ohkura, 2004, Ahmad et al., 2008, Pejcic et al., 2010).

4.1.4.4.5 [bookmark: _Toc302582409][bookmark: _Toc305690069][bookmark: _Toc306570761][bookmark: _Toc307067821][bookmark: _Toc312169388][bookmark: _Toc312172315][bookmark: _Toc312257864]  Tumour markers in Breast cancer

Breast cancer is one of the most common malignancies affecting women. According to the National Cancer Institute, approximately 13% of women in the United States will develop breast cancer during their lifetime. The causes of breast cancer are multifactorial, involving environmental, hormonal, and genetic factors. Early detection of breast cancer is important since the treatment can be curative. Mammography and ultrasound are the most commonly used methods for screening for breast cancer. The HER-2 receptor has been widely studied for many years and has been shown to play a pivotal role in the development and progression of breast cancer. Increase of breast cancer expression of HER-2 has been shown to be an indicator of poor prognosis with patients exhibiting an aggressive disease, decreased overall survival, and a higher probability of recurrence of disease (Rakha et al., 2008). 

As evidenced by numerous published studies, amplification of the HER-2 gene is found in about 30% of women with breast cancer. Determination of a patient’s HER-2 status may be valuable in identifying whether that patient has a more aggressive disease and would, thus, derive substantial benefit from more intensive or HER-2 antagonist treatment regimens (Davoli et al., 2010). However, elevated serum levels of HER-2 previously are found in several other tumour types including prostate, lung, pancreatic, colon, and ovarian cancers. On other hand, some studies suggest that in certain breast cancer patients, persistently rising serum HER-2 values may be associated with aggressive cancer and poor response to therapy, while decreasing HER-2 levels may be indicative of effective therapy (Nakajima et al., 2008). In addition, studies have shown that increased breast density on mammography is the leading risk factor for breast cancer, apart from age. The International Breast Intervention Study I (IBIS-I), a trial of tamoxifen for ER (oestrogen receptor) positive breast cancer prevention conducted at the Cancer Research UK Centre for Epidemiology and Statistics in London, has shown that a reduction in breast density of at least 10% may predict those who benefits from the breast cancer preventive effects of tamoxifen. Those with reduced breast density after 12–18 months of treatment had a 52% reduced risk of breast cancer. By contrast, those women who did not have a decrease in breast density had only an 8% risk reduction. However, in breast cancer a test predictive of response to a therapy has not yet been fully established investigation (Yang and Li, 2007, Konishi et al., 2008, Guarneri et al., 2008).

4.1.4.4.6 [bookmark: _Toc302582410][bookmark: _Toc305690070][bookmark: _Toc306570762][bookmark: _Toc307067822][bookmark: _Toc312169389][bookmark: _Toc312172316][bookmark: _Toc312257865]  Chronic Myeloid Leukaemia (CML)
CML is a clonal stem cell disorder involving myeloid stem cell in bone marrow. CML is characterized by the presence of the Philadelphia (Ph+) chromosome and its oncogenic product, BCR-ABL translocation, a constitutively active tyrosine kinase, that is present in >90% of the patients. (Nicholson and Holyoake, 2009). These BCR–ABL+ CML stem cells are phenotypically similar to normal hematopoietic stem cells which are also maintained throughout the course of the disease at varying levels in different patients (Wang et al., 2009). 

Imatinib, a selective inhibitor of BCR-ABL, represents a major success in the era of target-directed cancer chemotherapy. It has dramatically changed the prognosis of patients with newly diagnosed chronic myeloid leukemia (CML). Standard-dose imatinib (400 mg/day in chronic phase, 600 mg/day in advanced CML) now dominates the management of this disease, producing considerably higher hematologic, cytogenetic, and molecular response rates than seen with previous drug therapies. However, although many patients respond well to standard-dose imatinib initially, some patients do not achieve adequate levels of response or discontinue therapy because of resistance (Pavlovsky et al., 2009). 

Imatinib resistance markers have been found that have been associated with several mechanisms such as amplification or mutations of the BCR-ABL fusiongene; and inactivation by binding to α-1 acid glycoprotein; as well as increased usage of signal transduction pathways that are BCR-ABL independent. (Jiang et al., 2007, Zhou et al., 2008, O'Dwyer and Atallah, 2009).

4.1.4.4.7 [bookmark: _Toc302582411][bookmark: _Toc305690071][bookmark: _Toc306570763][bookmark: _Toc307067823][bookmark: _Toc312169390][bookmark: _Toc312172317][bookmark: _Toc312257866]  Chronic Lymphocytic Leukaemia (CLL) 
CLL is a monoclonal disorder characterized by progressive monoclonal absolute lymphocytosis of small, mature white blood cell which continues to accumulate in the peripheral blood, bone marrow and lymphoid organs. CLL accounts for about 40% of all of leukaemia in adults over the age of 65 years and is the commonest leukemia encountered in the western world (Herishanu and Polliack, 2005). 

The clinical course of patients with CLL is heterogeneous, with some patients experiencing rapid disease progression and others living for decades without requiring treatment.  Clinical features and molecular/biologic factors such as ZAP-70, immunoglobulin heavy chain (IGHV) gene mutation status, and cytogenetic abnormalities on fluorescent in situ hybridization (FISH) have been found to be robust predictors of treatment-free survival and overall survival among newly diagnosed CLL patients. Beyond their widely recognized value for providing insight into disease biology and utility for stratifying patient risk in clinical trials, these prognostic tools play an important role in the current counselling and management of patients with CLL (Gribben, 2008). 

In several studies, ZAP-70 expression correlated with IgV (H) mutational status, and predicted disease progression and overall survival. In addition to its prognostic utility, ZAP-70 expression was also found to be constant and did not vary between peripheral blood, bone marrow or lymph node specimens in individual patients (Chaar et al., 2008, Ertault-Daneshpouy et al., 2008) . 

Other markers includes the detection of loss of the short arm of chromosome 17 (del 17p) is associated with poor risk. Recent studies have focused on how to combine the results of multiple prognostic markers into an integrated risk stratification system and explored how these characteristics influence response to treatment (Shanafelt, 2009, Riches and Gribben, 2009). 
 
4.1.4.5 [bookmark: _Toc302582412][bookmark: _Toc305690072][bookmark: _Toc306570764][bookmark: _Toc307067824][bookmark: _Toc312169391][bookmark: _Toc312172318][bookmark: _Toc312257867]	 Serum Proteomic and early detection of cancer
Serum been used for the identification of biomarkers or biomarker patterns that may allow for the early diagnosis of various cancers. Serum proteomics is of special interest, since it allows for the identification of tumor-derived secretory products in serum or other body fluids. In addition, it may be used to detect reduced levels or loss of proteins in the serum of cancer patients that are present in non-cancer individuals. These changes in the serum proteome may result from cancer-specific metabolic or immunological alterations, which are, at least partly, independent of tumour size or mass, thereby facilitating early diagnosis (Narimatsu et al., 2010). 

When the treatment is started very early, cancer patients are usually easier to treat and they are less likely to develop drug resistance. Cancer cells in very early stages are less likely to have mutations that make them resistant to treatment, this eventually improve remission rate and long-term survival. However, in many patients, cancer is not detected and treated until cancer cells have already metastasised to the other tissues. To date, no effective treatment is available for advanced cancers, which remain a major cause of morbidity and mortality (Alaoui-Jamali and Xu, 2006).
 
Despite the urgent need to discover serum biomarkers for the early detection of disease, the number of new biomarkers reaching routine clinical use remains very low. In the clinical setting for a bio marker to be effective it should be quantifiable in an accessible body fluid such as serum or blood. As these fluids are a protein-rich information source that possibly contains traces of whatever the blood has encountered on its constant perfusion and percolation throughout the body, proteomics might offer the best chance of discovering early-stage changes. Improvement in biomarker discovery is further expected with development of additional proteomic methods and advances in MS and quantitative proteomics. 

The new proteomic technologies such as multiplex arrays have considerable benefit. This technique enables simultaneous quantification of multiple analytes. Single protein measurement can be laborious, time consuming, and costly, whereas concurrent measurement of multiple biomarkers permits reduced sample consumption, technician time, and reagent volumes and increases sample throughput. 

4.1.4.6 [bookmark: _Toc302582413][bookmark: _Toc305690073][bookmark: _Toc306570765][bookmark: _Toc307067825][bookmark: _Toc312169392][bookmark: _Toc312172319][bookmark: _Toc312257868] 	Serum proteomics and MM predictive biomarker discovery
The high incidence of resistance to anti-myeloma drugs and severe side effects of chemotherapy have led to a search for biomarkers able to predict certain outcome. Predictive biomarkers can be used to predict the efficacy of a specific anti-MM therapy. Finding reliable biomarkers that are indicators of a certain outcome is difficult. But when looking for biomarkers that can predict a certain clinical response to a specific medication, the task becomes even more challenging (Tyson and Ornstein, 2008). 
In this study, we have attempted to develop a proteomic profile using an easy accessible platform that will support clinicians in individualizing treatment by identifying patients that will have a high likelihood of response to thalidomide-based therapy. However, the detection of panel of potential proteomic biomarkers from body fluids, such as serum of MM patients could be a great challenge. Serum has been termed as the most complex human proteome with considerable differences in the concentrations of individual protein. The protein content of human serum is composed of a variety of proteins from almost every type of cell and tissue within the body (Reading et al., 1990). Serum has been shown to contain proteins that directly reflects pathophysiological states and represents an invaluable source of diagnostic information for a variety of different diseases (Gomolin and Chapron, 1992). 
Therefore, even though, being a complex body fluid, containing a large number of proteins, it is estimated that plasma may contain as many as 40,000 different proteins from about 500 gene products (Figure 4-3). Therefore, it is expected that serum can be an excellent source of protein biomarkers. Secondary, by using patients serum samples, more invasive cancer investigation such as tissue biopsies and bone marrow specimens are not needed.
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Figure 4‑1    Discovery of these biomarkers is particularly challenging, because human plasma contains not only "classic proteins" (such as serum albumin) that are present in high concentrations, but also additional proteins, originating from virtually all cell types and tissues) present in much lower concentrations. (Reproduce from Proteomics National Centre for Research Resource, USA).



Therefore serum proteomics has raised great expectations for the discovery of new biomarkers. As discussed, currently in the management of MM, no therapy predictive biomarker exists (Alexandrakis et al., 2007). 
Our study approach was largely discovery driven and we typically relied on finding proteins that are more abundant in serum from particular group of patients such as responders and non-responders to thalidomide. We worked on the hypothesis that there is variability in the concentration and state of modification of some human plasma proteins between different individuals patient groups associated with treatment sensitivity (Deng et al., 2003a). 
In this study, the presence of very highly abundance proteins and the complexity of patient serum proteins present us with a significant challenge. Unfortunately, the dynamic range of protein abundance, range from grams to picograms per litter making it technically difficult to assess the spectrum of various protein concentrations (Table 4-2). Therefore it  involves searching for extremely low abundance proteins which comprise less than 1% of the total plasma proteome, whereas fourteen of the most abundant proteins comprise more than 96% of the total serum protein mass, with albumin typically comprising approximately 50% of serum protein (Figure 4-1). On other hand, disease biomarkers are usually present at relatively low concentrations in blood, which are often masked by high-abundance proteins (Zhou et al., 2004). Therefore, to overcome this we used prefractionation (Immunodepletion) techniques to enhance the identification of low abundance protein biomarkers (Colantonio et al., 2005). 


	
Protein
	Amount in Normal Plasma (mg/100 mL)
	
Protein
	Amount in Normal Plasma (mg/100 mL)

	α1-Acid glycoprotein
	55–140
	2 S γ2-Globulin
	0.1

	Albumin
	3500–5000
	3.1 S Leucine-rich α2-glycoprotein
	2–3

	α1-Antichymotrypsin
	30–60
	3.8 S Histidine-rich α2-glycoprotein
	5–15

	Antihemophilic factor (Factor VIII)
	(1–2)
	4 S α2, β1-Glycoprotein
	Trace

	Antithrombin III
	(20–40)
	8 S α3-Glycoprotein
	3–5

	α1-Antitrypsin
	200–400
	Zn-α2-Glycoprotein
	2–15

	Basic protein B1
	–
	α1B-Glycoprotein
	15–30

	Basic protein B2
	<1
	α1T-Glycoprotein
	5–12

	γ Bence Jones protein
	Trace
	α2HS-Glycoprotein
	40–85

	κ Bence Jones protein
	Trace
	9.5 S α1-Glycoprotein (serum amyloid P protein)
	3–8

	Ceruloplasmin
	15–60
	β2-Glycoprotein I
	15–30

	Cholinesterase
	0.5–1.5
	β2-Glycoprotein II
	12–30

	Complement C1 Esterase inhibitor
	15–35
	β2-Glycoprotein III
	5–15

	Complement C1r Component
	–
	Haptoglobin Type 2–1
	160–300

	Complement C4 Binding Protein
	–
	Haptoglobin Type 1–1
	100–220

	Complement C8 Component
	8
	Haptoglobin Type 2–2
	120–260

	Complement C9 Component
	23
	Hemopexin
	50–115

	Complement Factor B
	
	Immunoglobulin A
	90–450

	Complement Factor D
	
	Immunoglobulin D
	<15

	Complement Factor H
	
	Immunoglobulin E
	<0.06

	Complement C1q Component
	10–25
	Immunoglobulin G
	800–1800

	Complement C1s Component
	1–2
	Immunoglobulin M
	60–250

	Complement C3 Component
	55–120
	Inter-α-trypsin inhibitor
	20–70

	Complement C4 Component
	20–50
	Lysozyme
	0.5–1.5

	Complement C6 Component
	7
	α2-Macroglobulin
	150–420

	Complement C2 Component
	2–3
	α1-Microglobulin
	4–9

	Complement C5 Component
	4–15
	β2-Microglobulin
	Trace

	Complement C7 Component
	6
	Plasminogen
	(6–25)

	C-Reactive Protein
	<1
	Post γ-globulin
	–

	α1-Fetoprotein
	~1μg
	Prealbumin, thyroxine-binding
	10–40

	Fibrinogen
	200–450
	Pregnancy-associated 2-glycoprotein
	Trace

	Fibrin-stabilizing factor (Factor XIII)
	(1–4)
	Properdin
	2–3

	Fibronectin
	25–40
	Prothrombin
	(5–10)

	Galactoglycoprotein
	
	Retinol-binding protein
	3–6

	GC Globulin
	20–55
	Thyroxine-binding globulin
	1–2

	0.6 S γ2-Globulin
	<1
	Transcortin
	~7

	
	
	Transferrin
	200–320



Table 4.2	shows concentration of various plasma proteins the difference can be millions of folds. Approximately half of the total protein mass in plasma is accounted for by only one protein (albumin, present at approximately 55,000,000,000 pg mL−1), while roughly 16 proteins, which also include transferrin, fibrinogen, and other, make up 96% of the total. At the other end of the concentration histogram are the cytokines, such as interleukin-6 (IL-6), which is normally present at 1–5 pg mL−1. The remaining 1% contains secreted proteins, some of which are promising biomarkers. Reproduce from “The Plasma Proteins”, Volume IV, 2nd Edition, 1984, Frank W. Putnam. 
	


4.1.5 [bookmark: _Toc302582414][bookmark: _Toc305690074][bookmark: _Toc306570766][bookmark: _Toc307067826][bookmark: _Toc312169393][bookmark: _Toc312172320][bookmark: _Toc312257869]
	Sample preparation and immunodepletion
We employed the multiple affinity removal system (MARS) from Agilent that immunodepleted 14 of the most abundant proteins (albumin, IgG, antitrypsin, IgA, transferrin, haptoglobin, fibrinogen, alpha2-macroglobulin, alpha1-acid glycoprotein, IgM, apolipoprotein AI, apolipoprotein, complement C3 and transthyretin) from our serum samples (Figure 4-2). This enables us to identify lower abundance proteins, because the corresponding number of peptides per protein increased dramatically. Previous studies have had confirmed the robustness and reproducibility of MARS Agilent columns (Fratantoni et al., Vasudev et al., 2008, Darde et al., 2007) (Figure 4-3). 

However, we were aware of important limitation of immunodepletion and removal of high abundance proteins serum; firstly, it may also result in the specific removal of biomarkers of interest, as these low abundance proteins can bind to the highly abundant proteins. Secondly as in this study very high abundant proteins such as TYR may not fully removed after immunodepletion. This is because once these proteins completely saturate the immunodepletion column a small fractions of this protein can pass through. This is lead to the TYR protein being part of our final 2D-DIGE analysis. As a result we used ELISA based validation using raw unfractionated serum samples from the original cohort of multiple myeloma patients. We considered this as an essential validation confirmatory step. This step is discussed in length later in this chapter. 
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Figure 4‑2  shows the dynamic range of protein concentrations in human serum sample. Albumin is approximately a billion times more concentrated than interleukin-6. Tumour specific biomarkers likely to be many times lower in concentration levels than interleukin-6. (Reproduce from Agilent Technologies website http://www.chem.agilent.com).
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Figure 4‑3 shows the Multiple Affinity Removal System provides ~94% total protein mass removal from plasma/serum and longest column lifetime when compared to other products. This translates to the lowest cost per ml of depleted sample. The Multiple Affinity Removal System also provides the greatest ease of use, highest selectivity and reproducibility (Reproduce from Agilent Technologies website http://www.chem.agilent.com).

[bookmark: _Toc305690075][bookmark: _Toc302582416]
4.1.6 [bookmark: _Toc306570767][bookmark: _Toc307067827][bookmark: _Toc312169394][bookmark: _Toc312172321][bookmark: _Toc312257870]	Selection of 2D-DIGE 
Even if a sample is immunodepleted it is still much too complex to be directly infused in to the mass spectrometer without the anticipation of obtaining thousands of irrelevant peptide identifications. A basic strategy is to effectively separate peptides, so that the mass spectrometer has the opportunity to identify as many of the proteins as possible.  In this study, to identify proteins in biomarker discovery we used the 2D-DIGE technique to study the changes in protein abundance level in multiple serum samples. The 2D-DIGE technique was first described by Jon Minden’s laboratory (Ünlü, Morgan et al. 1997) and is now available as a standard technique from GE Healthcare / Amersham Biosciences. This method has become increasingly popular, as illustrated by the over 250 manuscripts listed on PubMed for the year 2007 alone (the start date of this study) that used this technique. 

In this study three different proteome samples were compared on a single 2D-DIGE Gel. The three groups were comprised of: responders and non-responders to thalidomide and the internal control. We used minimal dyes techniques to label these samples with either Cy3 or Cy5 dyes, whereas Cy2 dye was used to label a pooled sample comprising equal amounts of each of the MM patients serum samples and acts as an internal standard.  This ensures firstly, that all proteins present in the studied serum samples were represented. Secondly, this also make certain that variation in the protein spot volumes due to gel-specific experimental factors, such as protein loss during sample entry into the strip, were the same for each sample within a single gel. Therefore, the relative amount of a protein in a gel in one sample compared with another was not affected (Alban, David et al. 2003). In this study the spot volumes from the labelled samples were compared to the internal standard giving standardised abundances. 

4.1.6.1 [bookmark: _Toc305690076][bookmark: _Toc306570768][bookmark: _Toc307067828][bookmark: _Toc312169395][bookmark: _Toc312172322][bookmark: _Toc312257871]	2D-DIGE data
Six serum proteins exhibited a statistically significant difference in abundance level between the thalidomide responders and non-responders. Vitamin D binding Precursor (VDB), Transthyretin (TYR), Zinc alpha 2-glycoprotein (ZAG), Serum Amyloid A protein (SAA), Beta-2-microglobulin (B2M), had higher abundance level with a fold changes of 1.31 (p=0.00044), 1.32 (p=0.0077), 1.48 (p= 0.0000022),  3.01 (p=0.006) and 1.96 (p=0.0015) fold increase in non-responders compared to responders, respectively. In contrast Haptoglobin (Hp) had a lower abundance level in non-responders compared to responder with a fold change of 3.01 (p=0.0015).


4.1.6.2 [bookmark: _Toc302582427][bookmark: _Toc305690077][bookmark: _Toc306570769][bookmark: _Toc307067829][bookmark: _Toc312169396][bookmark: _Toc312172323][bookmark: _Toc312257872]	Shortcomings of the system
Regardless of the benefits of 2D-DIGE, the procedure itself has certain boundaries.  For global expression analysis, every protein should be resolved as a discrete detectable spot. In case of very low abundant protein spot, software used to analyse the gels is only as accurate as the spot resolution in the gel and, the user refining the true spots versus the background. This limitation makes it crucial to have an experienced supervisor helping in defining and outlining the spots for the software to analyses. In this study, the supervisors have extensive experience and publication in this field (Dowling et al., 2007a, Dowling et al., 2007b). The first dimension in a standard two-dimensional gel is the separation of proteins according to their isoelectric point and sample preparation is the key to successful isoelectric focusing (IEF).

Co-migration was also an issue, with proteins of similar denatured molecular weight becoming focused at the same position of the gel. This makes it difficult to accurately determine the relative abundance of an individual protein within a mixed spot. We overcome this difficulty by enhancing resolution of protein by using  narrow range immobilised pH gradient (IPG) strips and pre-fractionation of serum sample (Tonella, Hoogland et al. 2001, (Andersen et al.). 


4.1.7 [bookmark: _Toc302582417][bookmark: _Toc305690078][bookmark: _Toc306570770][bookmark: _Toc307067830][bookmark: _Toc312169397][bookmark: _Toc312172324][bookmark: _Toc312257873]
	Bioinformatics analysis 
Once the study of serum samples from multiple myeloma patients were concluded,   further analyses were performed using bioinformatics software developed for the 2D-DIGE system (DeCyderTM by Amersham Bioscience, Sweden). This software allowed us to co-detect algorithm that simultaneously identifies labelled protein spots from images that arise from the same gel.   The standardised abundances are then compared across the study groups of patients that are responders and non-responders to thalidomide based therapy to detect changes in protein expression. The multi-gel approach allowed us to collect many data points for comparison.  

4.1.7.1 [bookmark: _Toc305690079][bookmark: _Toc306570771][bookmark: _Toc307067831][bookmark: _Toc312169398][bookmark: _Toc312172325][bookmark: _Toc312257874]	DeCyder analysis
Therefore, DeCyder software offered us a unique approach with 2D-DIGE to determine accurate measurements of differential protein expression. This approach allowed distinguishing between gel variation and true biological variation. DeCyder software also evaluated for reproducibility and statistical significance (Huang et al., 2006). Using the analysis of variance (ANOVA) based statistical method, we selected those protein spots with significant abundance change (p < 0.01) across the two groups of multiple myeloma patients. The question was raised here, whether these protein data will improve the performance of sample clustering using Principal Components Analysis. 

4.1.7.2 [bookmark: _Toc305690080][bookmark: _Toc306570772][bookmark: _Toc307067832][bookmark: _Toc312169399][bookmark: _Toc312172326][bookmark: _Toc312257875]	Principal Components Analysis (PCA)
In this study Clinical samples from the same experimental groups are clustered in the same distinct areas, i.e. contained in one half of the plot, confirming consistency of results. This approach provides us with more precise information for identifying biomarkers that discriminate among protein samples of interest (Waloszczyk et al., 2011, Anderson et al., 2007).

4.1.8 [bookmark: _Toc302582418][bookmark: _Toc305690081][bookmark: _Toc306570773][bookmark: _Toc307067833][bookmark: _Toc312169400][bookmark: _Toc312172327][bookmark: _Toc312257876]
	Protein identification
Regardless of the choice of a various proteomic technique, Mass spectrometry has become a standard method by which the proteomic profile of cell or tissue samples is characterized. To fully take advantage of tandem mass spectrometry techniques in large scale protein characterization studies robust and consistent data analysis procedures are crucial (Kallberg and Lu, 2010).
In this study, as previously explained we selected the differentially expressed protein spots with a fold change of at least 1.25 in abundance level and a t-test of no more than 0.01 were picked from gels, digested by trypsin and identified by liquid chromatography– tandem mass spectrometry using an ion trap linear trap quadruple mass spectrometer and searched against the SWISS-PROT database using SEQUEST software.

We identified the six candidate protein biomarkers by LC-MS/MS, using the Turbo-SEQUEST algorithm. To assess a protein match, SEQUEST uses the difference between the first and second ranked sequences.  When a user submits the raw data to SEQUEST search engine, peptides from a sequence databank are compared to the raw data.  More exactly, theoretical mass spectra are produced for a set of candidate peptides from the sequence databases and these spectra are then compared with the experimental spectra using a matching function.  The result of this type of system is a more accurate search result, since several factors are taken into account in the scoring (Zhou et al., 2010a, Klammer et al., 2009). The other benefit of this method is in future, additional experimental parameters can be incorporated into the classification framework, to give additional discriminatory power (Kallberg and Lu, 2010). This will allows us for future tailoring of the model to take advantage of added information. 

In this study, the model sequence for biomarker discovery were mass-spectrometry based proteins identification, followed by ELISA based validation. This was a successful approach; by choosing the precise proteomic methods in conjunction with advanced MS approaches and appropriate statistical analysis followed by commercially easily available ELISA assays. 
We have concentrated specifically on identifying a biomarker profile that associates with response rate to thalidomide-based regimens in newly diagnosed MM patients using six potential proteins biomarkers i.e. ZAG, VDB, SAA, TYR, B2M and Hp. 

4.1.9 [bookmark: _Toc302582419][bookmark: _Toc305690082][bookmark: _Toc306570774][bookmark: _Toc307067834][bookmark: _Toc312169401][bookmark: _Toc312172328][bookmark: _Toc312257877]	Validation of potential biomarkers
Many proteomic research analyses are describing a list of possible biomarkers in disease management, in this study we went a step further by validating the identified potential biomarkers using ELISA. We also determined the potential impact of the use of the identified proteins as single or combination biomarkers for distinguishing between responders and non-responders to thalidomide treatment. 

As discussed earlier in this chapter, there is now general agreement that panels of biomarkers are more sensitive and specific than single markers. The use of large panels of biomarkers is less likely to yield unreliable results owing to the substantial heterogeneity among cancers. Assay development for validation studies on biomarkers associated with disease or treatment response is a difficult proposition in the development pipeline. These can be in the form of ELISA and immuno histochemistry (IHC), each having associated advantages and disadvantages as described below.

In EU and other western countries, the diagnostic laboratories and suppliers of analytical test results must be scientifically valid, quality-controlled and based on internationally recognized methods and standards (Caporale et al., 1998; Nannini et al., 1999; Wiegers, 2000). Reasons for test validation include the need for reliable estimates of sensitivity and specificity with respect to clinical usefulness.

Development of simple assays for the validation of potential biomarkers is one of the hurdles faced by scientists working in proteomic for biomarkers development. At present, there are several methods for the development of such assays. For this study, our aim was to use validation assays that should be rapid, reliable, and feasibly, more cost and labour effective (Srivastava and Gopal-Srivastava, 2002).

4.1.10 [bookmark: _Toc302582420][bookmark: _Toc305690083][bookmark: _Toc306570775][bookmark: _Toc307067835][bookmark: _Toc312169402][bookmark: _Toc312172329][bookmark: _Toc312257878]	   Immunohistochemistry
Immunohistochemistry relies on the staining of histological specimens for a particular biomarker. This approach is commonly used to predict outcomes among patients with different grades of disease by staining tissues from biopsy samples taken from patients at the time of diagnosis. One of the main drawbacks of this approach is that it depends on biopsy samples such as bone marrow aspirate and trephine biopsies were collected invasively. In addition, the small percentage of tumour tissues obtained by biopsy can result in missing more aggressive tumour populations that reside nearby (Keller et al., 2007). 

4.1.11 [bookmark: _Toc302582421][bookmark: _Toc305690084][bookmark: _Toc306570776][bookmark: _Toc307067836][bookmark: _Toc312169403][bookmark: _Toc312172330][bookmark: _Toc312257879] 	ELISA 
Biomarkers have emerged as an important tool to optimize the benefit/risk ratio of therapeutics. The scientific impact of biomarker studies is directly related to the quality of the underlying data (Valentin et al., 2011). ELISA is a sensitive, high-throughput technique capable of providing quantitative measurements of analyses present in a physiological fluid such as serum and urine (Watanabe et al., 2004). In this approach, a primary antibody binds to the analyte, and an enzyme-linked secondary antibody binds to the previous complex. The enzyme activity is quantitatively measured by the addition of an appropriate substrate, and it is proportional to the amount of analyte present in the body fluid. For us the advantage of ELISA is that it enables us to utilise serum sample that are collected relatively noninvasively, which improves the patient’s willingness to give consent for providing the samples for the research purpose under the approved work frame of the hospitals ethical committee. 

4.1.11.1 [bookmark: _Toc302582422][bookmark: _Toc305690085][bookmark: _Toc306570777][bookmark: _Toc307067837][bookmark: _Toc312169404][bookmark: _Toc312172331][bookmark: _Toc312257880]ELISA based validation of discovered biomarkers 
In our study the 2D-DIGE analysis was used in discovery phase on serum sample collected reasonably relatively non-invasively from MM patients. The results of 2D-DIGE is accurate but running is complex, expensive, labour intensive, and requires complex equipment and advanced analytical skills. Therefore for further validation; we choose commercially available ELISA-based assays to confirm the differential expression of the six potential biomarkers discovered using 2D-DIGE technique. ELISA-based assay was carried out using raw unfractionated serum samples from the original cohort of multiple myeloma patients.

Using ELISA based techniques on unfractionated serum from 51 newly diagnosed MM patients and strict statistical analysis, in total five potential biomarkers were identified ZAG, VDB, SAA and B2M which had statistically significant higher concentrations in non-responders compared to responders, while haptoglobin (Hp) had a lower concentration. 

Using the combination of these biomarkers we have achieved the best possible area under the curve of 0.96 using protein marker; ZAG, VDB and SAA. This panel of biomarkers has overall predictive accuracy of 84%, indicating the robustness and outstanding predictive capability. This set of biomarkers offers new approaches to selecting treatments, identifying response and improving clinical trial efficiency. Therefore, the results of this study are anticipated to guide clinician’s in choosing the initial therapy and provide direct implications for personalized medicine in MM patients.

4.1.11.2 [bookmark: _Toc302582424][bookmark: _Toc305690086][bookmark: _Toc306570778][bookmark: _Toc307067838][bookmark: _Toc312169405][bookmark: _Toc312172332][bookmark: _Toc312257881] Statistical method used 
There are several important statistical methods that can affect the quality of biomarker research. For the accuracy of predictive biomarkers often ‘calculated odds’ ratios were used to demonstrate the strength of association between the biomarker and the outcome (Anderson et al., 2007). However, the ratios are only a measure of association between biomarker and outcome, but do not characterize their ability to discriminate specific group of patients, as in this study between responders and non-responders to thalidomide. 
In this study, once we have completed the ELISA validation of protein biomarkers in newly diagnosed MM patients, instead of using odds ratios, we used Logistic regression (LR) model.  The LR model allows is to improve the prospect of correctly predicting response to thalidomide based therapy (Su et al., 2007). Afterward using regression models, a receiver operating characteristic (ROC) curve were constructed. The area under curve was determined for each of single protein biomarkers as well as in combination. 

4.1.11.2.1 [bookmark: _Toc302582425][bookmark: _Toc305690087][bookmark: _Toc306570779][bookmark: _Toc307067839][bookmark: _Toc312169406][bookmark: _Toc312172333][bookmark: _Toc312257882]Receiver operating characteristic (ROC) curve
In this study we had two distinct set of patients i.e. responders and non-responders to thalidomide. Therefore in term of performance, the proportion of the reference positive serum samples that the biomarker correctly predicts as positive (sensitivity) and the proportion of the reference non-positive serum samples that the biomarker correctly predicts as non-positive (specificity) . For further evaluation of biomarkers the ROC curve plot was an appropriate and was consider as an important evaluation tool in this study. The ROC curve enables us to measures a test’s ability to discriminate between two subclasses of patients (van Klei et al., 2002). In many studies, the concept of the diagnostic accuracy in the use of ROC plots has increasingly been checked for identification of proteomic biomarkers. The ROC curve is the plot of sensitivity on the vertical axis and 1-specificity on the horizontal axis for all possible thresholds in the study data set (Chen, 2008, Kline et al., 2005). We used ROC curve as a design of true positive rate versus false positive rate associated with all possible combination of various potential biomarker proteins in order to classifying a patients based on the relative expression or protein levels. 

The area under the ROC curve (AUC) is the average sensitivity of the biomarker over the range of specificities. This represents the overall performance of the biomarker.  A biomarker with no predictive value would have an AUC of 0.5 (by “chance” only) while a biomarker with 100 percent ability to predict disease would have an AUC of 1.

Thus in this study, we considered the proteins biomarker and combinations of proteins biomarkers presenting the largest AUC values are the most effective for correctly classifying responders from non-responders to thalidomide based therapy. A ROC curve was produced for the six potential proteins biomarkers. For comparison purposes of biomarker combinations an AUC of < 0.7 is considered poor, between 0.7 and 0.8 acceptable, 0.8 to 0.9 good and > 0.9 excellent predictive values. In this study the best possible area under the curve was 0.96 using ZAG, VDB and SAA in combination indicating excellent projecting values. 

Despite differences in concentration level of all six proteins being statistically significant, there values as a predictive biomarkers statistically were not the same. The best predictive ability using logistic regression model for single proteins were B2M and SAA with AUC values of 0.8 and 0.79 respectively demonstrating acceptable performance. The remaining single proteins model had AUC values less than 0.7 indicating poor predictive ability to correctly differentiate between responders and non-responders to thalidomide. 

Serum levels of multiple biomarkers can be combined via best linear combination (Schisterman et al., 2010), this will allow an overall increase in the AUC and discriminatory ability of predictive model by using panel of proteins, which we expected to becomes greater than any of them individually. Therefore the predictive capability on various combinations of proteins was also assessed. The statistical analysis indicates that a higher level of both specificity and sensitivity might be achieved by measuring the combination of markers, which might be originating from both the diseased cells and the reactive cells in the MM microenvironment. Therefore the trend in biomarker discovery is moving away from the ideal single cancer-specific biomarker such as prostate-specific antigen (as described at section 4.1.3.3.2). Despite decades of effort, most single biomarkers have not reached the level of cancer specificity and sensitivity required for routine clinical use in early detection and screening purposes. A growing confluence of scientific data and results points to combination biomarkers from tumour cells and microenvironments leading to superior results than single tumour marker alone. 

4.1.11.2.2 [bookmark: _Toc302582426][bookmark: _Toc305690088][bookmark: _Toc306570780][bookmark: _Toc307067840][bookmark: _Toc312169407][bookmark: _Toc312172334][bookmark: _Toc312257883]   Leave-one-out cross validation (LOOCV)
However, despite the fact the ROC and AUC is a useful means to determine the effectiveness of a logistic regression model, the outcome can be at times subjective and biased. Cross-validation (CV) is an effective method for estimating the prediction error of a classifier. There are many cross validation techniques and one of the most common is leave-one-out cross validation (LOOCV) (Li et al., 2004, Sadym et al., 2003, Man et al., 2004). 

Therefore we used LOOCV as an additional statistical re-sampling technique to correct the potential biased finding of ROC and AUC (Varma and Simon, 2006). The LOOCV technique is commonly used in statistics to provide assessments of a predictive model. The general idea of LOOCV appears to have been known for a while, though the earliest “official” statement by Mosteller and Tukey in 1977 (Ciminera et al., 1993) who mentioned that this process extracts all information from given data without further justification. 

In this study using LOOCV, each of the 51 serum samples served as an independent test case and 51 unique models were developed. The LOOCV allowed us to reduces the likelihood of developing an overly optimistic predictive model (i.e. over fitted the serum samples within the study cohort) by selecting proteins associated with disease response (Molinaro et al., 2005, Parker et al., 2007). 
4.1.11.3 [bookmark: _Toc302582423][bookmark: _Toc305690089][bookmark: _Toc306570781][bookmark: _Toc307067841][bookmark: _Toc312169408][bookmark: _Toc312172335][bookmark: _Toc312257884]
 Predictive accuracy of potential biomarkers
In this study, the ELISA values for each of these proteins were used to develop multivariate logistic regression. The receiver operating characteristic curves were used to interpret the utility of logistic regression models for various combinations of the identified proteins. 

The probability of correct prediction for a given model was calculated from the receiver operating characteristic curve by determining the AUC. Akaike’s Information Criterion (AIC) was used as an additional factor to select the best combination of biomarkers (Lancelot et al., 2000). Sensitivity and specificity values were calculated for the best combination of biomarkers. LOOCV was performed to measure the potential of these biomarkers to accurately predict response to thalidomide-based therapy. By using ELISA-based validation and strict statistical analysis, we found that the combination of ZAG, SAA and VDB was the most successful predictive biomarker based on the values from the AUC, LOOCV and AIC analyses. In this study, the overall predictive accuracy of predictive biomarker panel was 84% with associated sensitivity and specificity values of 81.8 and 86.2% respectively. 

  
4.1.12 [bookmark: _Toc302582439][bookmark: _Toc305690090][bookmark: _Toc306570782][bookmark: _Toc307067842][bookmark: _Toc312169409][bookmark: _Toc312172336][bookmark: _Toc312257885]
	Multiple myeloma and thalidomide
4.1.12.1 [bookmark: _Toc302582440][bookmark: _Toc305690091][bookmark: _Toc306570783][bookmark: _Toc307067843][bookmark: _Toc312169410][bookmark: _Toc312172337][bookmark: _Toc312257886]Variable response rate in MM patients 
Clinical trials of Thalidomide have shown variable results (Corso et al., 2008, Lokhorst et al., 2008, Hicks et al., 2008). We believe that part of the reason is the application of a standard therapy to a heterogeneous group of patients with Multiple Myeloma and tumour resistance process in particular being one of the main reasons for treatment failure. Overall, there is no one standard initial therapy and the choice of the initial drug regimen is based on treatment related side effects and patient related factors (Fonseca et al., 2000). Using 2D-DIGE and LC-MS analysis of serum from newly diagnosed multiple myeloma patients we have identified potential new serum biomarkers differentially expressed in the serum of patients who are non-responders versus responders to a thalidomide based regimen. 

Six serum proteins exhibited a statistically significant difference in abundance level between the thalidomide responders and non-responders. VDB, TYR, ZAG, SAA, B2M, had higher abundance level. In contrast Hp had a lower abundance level in non-responders compared to responder.

Resistance to anti myeloma treatment is probably mediated by a variety of molecular pathways, and it seems reasonable to assume that it is very difficult to predict sensitivity to a given anti-myeloma treatment by measuring the single standard available biomarker. These markers include serum-free light chains (sFLC), cytogenetic analyses (Kurahashi et al., 2007, Avet-Loiseau, 2007), Bony involvement and B2M (Stella-Holowiecka et al., 2007). These markers are well known to correlate with the overall response rate and survival but cannot specifically predict response to a given therapy (Hotta, 2007, Nagura, 2007).  

In this study, we have applied proteomic procedure to study the pre therapeutic protein expression pattern in the serum samples of newly diagnosed multiple myeloma patients. Our aims were to identify differentially expressed proteins correlating with response. 
n this study we used ELISA to validate the levels of the 6 potential bio marker proteins in serum from thalidomide sensitive and resistant MM patients. Five proteins were identified; ZAG, VDB, SAA, B2M and Hp with statistically different concentrations between responders and non-responders. The ELISA values did not showed a statistically significance difference in abundance level of TYR in the serum samples from responders and non-responders to thalidomide.


4.1.13 [bookmark: _Toc302582442][bookmark: _Toc305690092][bookmark: _Toc306570784][bookmark: _Toc307067844][bookmark: _Toc312169411][bookmark: _Toc312172338][bookmark: _Toc312257887]
  	A literature search of proteins biomarkers and myeloma
We expected that the differentially expressed proteins identified in this study which have known association with other tumour may also have known functions associated with the progression and response to anti-myeloma therapy including thalidomide. Thus, these proteins may provide mechanistic information and improve our understanding of the mechanism of action of thalidomide. ZAG, SAA, Hp, TYR and VDB as described below can affect immune system and inflammatory response which also implicated in the pathogenesis of cancer. These protein signature might also closely related to disease status and corresponding physiologic response of MM patients.

The outcome of chemotherapy can be influenced by the host immune system at multiple levels. Chemotherapy can kill cancer cells by causing them to elicit an immune response or alternatively, by increasing their susceptibility to immune attack (Zitvogel et al., 2011, Chew et al., 2010).  Several prospective studies have investigated the link of biomarkers of inflammation with cancer incidence and mortality. One prospective cohort study was performed in postmenopausal women who were free of cancer at baseline and were enrolled in the Women’s Health Initiative (Margolis et al. 2007). 

The end-point of this study was occurrence of invasive breast, colorectal, endometrial, and lung cancer. In multivariate models, there was a graded association of level of inflammation such as high WBC count with higher incidence of all four types of cancer. The author concluded that postmenopausal women with higher inflammatory markers have an independent higher risk of incident invasive breast, colorectal, endometrial, and lung cancer, in addition to a higher risk overall cancer mortality (Clendenen et al., 2011, Friedenreich et al., 2011).

In general, cancer patients with metastatic disease become catabolic due to high-energy-consuming tumors and have loss of appetite, resulting in disturbed lipid metabolism, acute phase response, nutrient losses and altered hepatic protein production (Kesisis et al., 2010). Consequently, lipid and protein spectra will change. It is therefore tempting to speculate that these SAA, ZAG with lipid mobilization properties might also predict prognosis advanced malignancies (Solomon and Freeman, 2011, Clarke et al., 2011, Retrosi et al., 2011).

The mechanism of action of thalidomide and its analogues is mediated through modulation of the cells of the microenvironment, anti-inflammatory and immunomodulatory effects.  These include down-regulation of stromal cell adhesion molecules, inhibition of secretion of angiogenic and survival growth factors, pleiotropic immunomodulatory effects including inhibition of tumour necrosis factor -alpha secretion, stimulation of IL2 and Interferon-gamma. Cellular targets include lymphocytes, monocytes, and NK cells. Interestingly, three of the five proteins with increased concentration in non-responders to thalidomide are acute phase reactants. However, Hp and CRP, two significant acute phase proteins, were not found to be of higher abundance in the non-responder group so it is unclear if the response is related to acute phase or immune response. However, it appears that in vivo the MM patients with an activated immune system seem to benefit less from thalidomide based therapy  (Sze et al., 2006, Palumbo et al., 2008b, Anderson, 2005, Yasui et al., 2005, Gockel et al., 2004, Vallet et al., 2008). 
4.1.13.1 [bookmark: _Toc302582443][bookmark: _Toc305690093][bookmark: _Toc306570785][bookmark: _Toc307067845][bookmark: _Toc312169412][bookmark: _Toc312172339][bookmark: _Toc312257888]
Zinc alpha 2-glycoprotein (ZAG)
ZAG, a soluble 41kDa glycoprotein belonging to the immunoglobulin protein family is involve in many important body functions including fertilization, lipid mobilization and weight loss secondary to cancers. After the discovery of this molecule, during the last 5 decades, various studies have been documented on its structure and functions, but still, it is considered as a protein with an unknown function. Its expression is regulated by glucocorticoids (Hassan et al., 2008, Tisdale, 2010, Russell and Tisdale, 2005) 

Due to its high sequence homology with lipid-mobilizing factor and high expression in cancer cachexia, it is considered as a novel adipokine. ZAG structural organization and biochemical structural fold is similar to MHC class I antigen-presenting molecule; hence, ZAG may have a role in the manifestation of the immune response which can influence response to immune modulatory anti-myeloma therapies such as thalidomide. ZAG is found in wide variety of body fluids such as serum, sweat, and seminal and breast cyst fluids (Abdul-Rahman et al., 2007, Henshall et al., 2006).

There are several other functions that are attributed to ZAG, such as delaying tumor proliferation (Hassan et al., 2008, Bao et al., 2005). The function of ZAG in MM remains unknown, but its serum level is altered in many tumours (Henshall et al., 2006, Kallberg and Lu, 2010). Many studies have demonstrated that ZAG is over expressed in certain human malignant tumours and thus may serve as a potential cancer biomarker (Descazeaud et al., 2006, Hale et al., 2001). However, ZAG is nonspecific and serum levels change in many cancers (Olofsson et al.) including, bladder, breast cancer and progressive prostate cancer (Byrne et al., 2009). Studies have shown that, controlling ZAG activity could be beneficial in the management of cancers and cachexia-induced conditions (Felix et al., 2011). 

ZAG can acts as a lipid mobilizing factor to stimulate lipolysis leading to severe weight loss (cachexia) in the patient with cancers. The role of ZAG in cancer cachexia is also associated with its ability to directly influence expression of uncoupling proteins, which are implicated in the regulation of energy balance (Kamoshida et al., 2006, Bing et al., 2004). 

Several other functions such as regulation of melanin production, and metastasis are also attributed to ZAG. It may be considered as a multidisciplinary functional protein. There are many recent articles dealing with genetic, biochemical, and functional aspects for this protein (Byerley et al., 2010). Many questions, however, are still unanswered about its functional interaction with myeloma cells and its roles in MM patients serum. 

Various proposed roles of ZAG in the human body are supported by its structural functional relationship. ZAG is a member of the immunoglobulin families, therefore ZAG may have a role in the expression of the immune response hence higher expression level in non-responders may contribute to the resistance to thalidomide based therapy.  Our 2D-DIGE data and ELISA analysis showed that ZAG had a 1.48 (p= 0.0000022) (Figure 3-38 and Table 3-6) and a 1.27 (p=0.00398) fold increase in abundance levels in non-responders compared to responders, respectively. Although ZAG is not a specific marker for multiple myeloma, the exact mechanism by which ZAG actively participates in the thalidomide resistance is still not known. In human adipocytes, ZAG expression is regulated particularly through TNFalpha and the gamma nuclear receptor (Bing, Bao et al. 2004). TNFalpha leads to a dose-dependent decrease in the serum level of ZAG. Thalidomide also inhibit secretion of TNFalpha from monocytes. 

Our data suggest it is valuable biomarker to detect sensitivity to thalidomide. ROC curve was generated from ELISA data for ZAG which showed AUC of 0.70 with sensitivity of 86.4 of and specificity of 69.0 and p=0.0002 as an individual protein, demonstrating an acceptable predicting power for the response to thalidomide based regimen. 



4.1.13.2 [bookmark: _Toc302582444][bookmark: _Toc305690094][bookmark: _Toc306570786][bookmark: _Toc307067846][bookmark: _Toc312169413][bookmark: _Toc312172340][bookmark: _Toc312257889]Serum Amyloid A protein (SAA)
SAA is a precursor of the AA protein, which is unrelated to any immunoglobulin. SAA is predominantly associated with high-density lipoprotein (HDL) in plasma, with different isoforms being unequally expressed constitutively and in response to inflammatory stimuli. The human SAA gene family maps to chromosome 11. SAA are secreted during the acute phase of inflammation and synthesized primarily in the liver in response to an inflammatory cytokines released by activated monocytes and macrophages (Lee et al., 2006, Han et al., 2007). 

At present the biological function of SAA is unclear and is not considered as a cancer specific biomarker per se, however, high levels of SAA were found in patients with various neoplastic diseases. Although SAA is not a specific marker for any particular illness, patients with carcinoma of the lung and bowel had much higher levels than patients with carcinoma of the breast. Due to its characteristic pattern of change in malignant diseases and its high sensitivity, it represents a useful biochemical parameter for the assessment of the activity of the disease (Bioulac-Sage et al., 2010, Sreseli et al., 2010).

Its persistently high concentration is also a prerequisite for the development of AA, Amyloidosis  a systemic disorder characterized by the extracellular tissue deposition of insoluble, toxic aggregates in bundles of beta-sheet fibrillar proteins (Yamada, 2006).

AA Amyloidosis is a potentially life-threatening disorder caused by the deposition of insoluble proteins in various tissues, which commonly results in organ dysfunction or failure (Bestard Matamoros et al., 2008). Our 2D-DIGE data and ELISA analysis showed that SAA had a 3.01 (p=0.006) and a 3.80 (p=0.00016) fold increase in abundance levels in non-responders compared to responders, respectively (Figure 3-38 and Table 3-6). The ROC curve was calculated for SAA from the ELISA data showed an AUC of 0.79 with sensitivity of 77.3 of and specificity of 79.3 and p=0.0001 indicating excellent discriminatory power for predicting response to thalidomide based regimen.

As discussed, SAA is a sensitive a marker for the inflammation and sepsis (Katayama et al., 2007, Chan and Gu, 2011). Its concentration can increases in the blood during an inflammatory response. In this project, of the 22 non-responder MM patients studied, none have evidence of infection or fever at the time of sampling and out of 29 responder patients 1 had an infection resulting in mild fever. Therefore, the SAA elevation in the serum samples from non-responder patients appeared to be unrelated to the infection or inflammation.
 







4.1.13.3 [bookmark: _Toc302582445][bookmark: _Toc305690095][bookmark: _Toc306570787][bookmark: _Toc307067847][bookmark: _Toc312169414][bookmark: _Toc312172341][bookmark: _Toc312257890]
Serum Haptoglobin (Hp)
Hp is a glycoprotein with a haemoglobin-binding capacity in serum. Hp is mainly secreted by Hepatocytes in response to a variety of stimuli mainly involved as an acute phase protein in response to inflammation or injury (Dobryszycka 1997).

Hp functions as an iron scavenger by binding free Haemoglobin that forms a stable complex with haemoglobin to aid the recycling of haemoglobin’s iron. As such Hp prevents iron loss from the body and prevents deposition of iron in kidneys which can lead to renal dysfunction. In the haematological setting, serum Hp level is also a well-known marker of red cell haemolysis. High Hp level in plasma is also associated with an increased cardiovascular risk in obese men (Gupta et al., 2011, Adamsson Eryd et al., 2011).

Hp is also secreted by cancer cells and intestinal tract. Besides its scavenging and inflammatory response functions, Hp has been shown to be involved in the regulation immune system in cancer and angiogenesis (Cid et al., 1993, de Kleijn et al., 2002). 

The full scope of biological functions of Hp in a variety of diseases including MM is not well understood. Active myeloma disease is significantly more common among patients with biologic evidence of inflammation, as compared with myeloma patients without biologic inflammation (Dubost et al., 1991, Alexandrakis et al., 2003). Several of the acute phase proteins including Hp are believed to predict prognosis and influence survival in cancer (Merlini et al., 1993, Dowling et al., 2007b). 
In this study, the concentration of haptoglobin (Hp) in serum of patient responsive to thalidomide was higher as compare to non-responders. Our 2D-DIGE data and ELISA analysis showed that Hp had a 3.01 (p=0.0015) and 1.73 (p= 0.03241) and a fold decrease in abundance levels in non-responders compared to responders, respectively (Chapter 3 Figure 3-26 and Table 3-5). 

The ROC curve was generated from the ELISA data for Hp, which showed an AUC of 0.64, with sensitivity of 50.0 of and specificity of 79.3 and p=0.05 indicating that Hp as a single protein biomarker has a minimal discriminatory power for predicting response to thalidomide based regimen. However, it is not clear why responder’s patients have higher level of Hp. Perhaps involvement of Hp in the activation of the immune system and the host defence responses to inflammation. This subsequently may lead to a favourable response to immune modulator thalidomide. In addition as explained, thalidomide also has potent anti-angiogenic effects by AKT signalling and secretion of anti-angiogenic cytokines (Sze et al., 2006). 

The opinion that Hp may affect tumour angiogenesis and has a higher concentration in responders to thalidomide support the idea that inhibition of anti-angiogenesis is an important part of disease response to thalidomide (Palumbo et al., 2008b).

Hp is normally removed by the immunodepletion column (Duan et al., 2005); however, using 2D-DIGE analysis followed by LC-MS/MS, a 10-kDa Hp fragment was identified. We suggest that this Hp fragment was not removed due to its size and non-interaction with the specific Hp antibody in the affinity column, and hence it was detected in the 2D-DIGE analysis. In addition using ELISA we analysed the intact Hp which is better biological representation of patient serum. In addition it would be also difficult to measure the 10kDa Hp fragment. 
4.1.13.4 [bookmark: _Toc302582446][bookmark: _Toc305690096][bookmark: _Toc306570788][bookmark: _Toc307067848][bookmark: _Toc312169415][bookmark: _Toc312172342][bookmark: _Toc312257891]
 Vitamin D binding Precursor (VDB)
VDB is a multifunctional serum glycoprotein synthesized in the liver showing the highest affinity for 25-hydroxy-cholecalciferol. It is the main carrier for vitamin D and its hydroxylated metabolites in the plasma (Hewison, 2010). The VDB is also a precursor for the principal macrophage-activating factor (MAF) (Yamamoto et al., 2009).

VDB also has been detected on the surface of several blood cell types such as some T and B lymphocytes which are involved in the production of serum immunoglobulin. VDB seems to participate in the linkage of surface immunoglobulin therefore it is proposed as an important immunomodulatory agent (Huang et al., 2008, Yamamoto et al., 2008). 

The VDB protein-macrophage activating factor acts as a potent anti-angiogenic factor and inhibits tumor growth in vivo. Therefore, VDB can act directly on endothelium as well as to stimulate macrophages to attack both the endothelial and tumor cell compartment of a growing malignancy (Kalkunte et al., 2005, Kisker et al., 2003). 

In our study, the VDB protein level from 2D-DIGE analysis and ELISA data showed a 1.31 (p=0.00044) and 1.28 (p=0.02045) fold increase in abundance levels, respectively, from non-responders compared to responders to thalidomide based regimen (Figure 3-38 and Table 3-6). The ROC curve was generated from the VDB, ELISA data and showed an AUC of 0.70 with sensitivity of 68.2, specificity of 75.9 and p=0.0087 demonstrating acceptable discrimination. 

We demonstrate here, for the first time, patient’s serum VDB level and potential response to thalidomide. Despite anti angiogenic and immunomodulatory properties of VDB, in this study higher level were associated with resistance to thalidomide. This might be related to the potential immunosuppressing properties of VDB in MM patients. This may lead to a less favourable patient immune response to myeloma cancer cells, which eventually can lead to resistance to thalidomide.	
4.1.13.5 [bookmark: _Toc302582447][bookmark: _Toc305690097][bookmark: _Toc306570789][bookmark: _Toc307067849][bookmark: _Toc312169416][bookmark: _Toc312172343][bookmark: _Toc312257892]
Beta 2-microglobulin (B2M)   
B2M is a light chain protein (11.8 KD) and is the small subunit of the MHC class I molecule and is found on the outer membrane cell membrane of all nucleated cells including lymphocytes. B2M is present in small amounts in serum, CSF, and urine of normal people. In patients with MM, B2M has been confirmed as a highly significant prognostic factor (Rossi et al., 2010). 

This protein is metabolised extensively in the kidney. The serum concentration is influenced by the rates of synthesis and metabolism and is usually stable in healthy persons. Changes in the serum concentrations are also indicative of disorders in glomerular and tubular functions. Several investigators (Stella-Holowiecka et al., 2007, Ortega et al., 1992) have recently shown that in multiple myeloma the  B2M is also one of the most important independent prognostic indicators; more important than  MM stage, patients creatinine level and the morphologic features of the bone marrow myeloma cell (Garcia-Sanz et al., 2004, Nagura, 2007). 

The International Myeloma Working Group, IMWG, has been developed the standards staging of multiple myeloma based on levels of serum B2M. This classification is called International Score System (ISS) and is based on serum B2M and albumin level. ISS is a simple and effective grouping method for patients with MM that predicts survival (Tichy et al., 2006, Tao et al., 2006). 

Pre-treatment serum concentration of B2M in MM patients is also useful in confirming tumour mass grade, and marked reductions following chemotherapy correlated well with the onset of remission. However, this method is lacking sensitivity and specificity of disease response to a specific treatment regimen such as thalidomide.

In our study, the B2M level from 2D-DIGE data and ELISA results showed a 1.96 (p=0.0015) and 2.00 (p=0.00118) fold increase, respectively, in the abundance level from non-responders compared to responders to thalidomide based regimen. The ROC curve generated from the B2M ELISA data showed an AUC of 0.87, indicating with sensitivity of 90.9 and specificity of 82.8. This protein has an excellent discriminatory power for predicting response to thalidomide based regimen. This is a single best predictive protein from LR model. 

The ISS, based on serum B2M and albumin levels, is a predictor of overall survival in MM patients. The endpoint in our study was response to thalidomide in contrast to survival (as applied to the ISS) and we found no correlation between ISS values and response rate to thalidomide.



4.1.13.6 [bookmark: _Toc302582448][bookmark: _Toc305690098][bookmark: _Toc306570790][bookmark: _Toc307067850][bookmark: _Toc312169417][bookmark: _Toc312172344][bookmark: _Toc312257893]
Transthyretin (TYR)
TYR is a normal blood protein and function as a carrier for thyroid hormone and vitamin A to the tissues cells.  Transthyretin has a reverse association with the acute phase response and its serum levels falls in inflammation and infection.  Elevated levels have been reported in some cancers such as Hodgkin lymphoma and cholangiocarcinoma (Liu et al., 2008). A close relation has also been demonstrated between serum lipids and TYR. In healthy elderly subjects, plasma TYR and alpha 1-acid glycoprotein could be helpful in identifying elderly subjects at higher risk of disease mortality (Hrnciarikova et al., 2009). Mutations in the gene for TYR frequently result in instability of TYR and subsequently can lead to the amyloidosis. In this disease amyloid fibrils are derived from monoclonal immunoglobulin light-chains (AL amyloidosis). This is associated with a clonal plasma cell disorder, closely related to and co-existing with multiple myeloma in approximately 15% of myeloma patients (Santos et al., 2008). 

TYR is normally removed by the immunodepletion column, however the columns are 98-99% effective at removing the high abundance proteins and do allow a small amount of high abundant proteins through that can be detected, as was the case in this study. 

The 2D-DIGE and ELISA data of TYR showed increase abundance level of 1.32 (p=0.0077), and ELISA showed 1.06 (p= 0.39129) fold increase in abundance level from non-responders vs. responder to thalidomide respectively (Figure 3-38 and Table 3-6).

Despite 2D-DIGE analysis showed difference of TYR expression in responder vs. non-responders, the ELISA assay did not show a statistically significant difference in protein level in the above two group of patients.

The ROC curve was generated from the ELISA data and showed an AUC 0.54, with sensitivity of 68.2, specificity of 62.1 and p=0.40. This data signifies that TYR has minimal discriminatory value for predicting response to thalidomide. Therefore, TYR was not considered to be of any predictive power in distinguishing responders from non-responders to thalidomide treatment. Hence considering the results of statistical analysis in our final calculations we have excluded TYR as a potential biomarker. 
4.1.14 [bookmark: _Toc305690099][bookmark: _Toc306570791][bookmark: _Toc307067851][bookmark: _Toc312169418][bookmark: _Toc312172345][bookmark: _Toc312257894]
	Mechanism of action of thalidomide and discovered biomarkers
Thalidomide is a glutamic acid derivative and has unique sedative, immunomodulatory, anti-inflammatory and anti-angiogenic properties. Even though in 1980s thalidomide was recognized as a potent immunomodulatory and anti-angiogenic drug, it was not until the mid-90's, that its effects in other diseases were extensively studied (Sze et al., 2006). The efficacy of thalidomide in MM was first investigated in end-stage myeloma patients in a compassionate use protocol in the late 1990s (Johnston and Abdalla, 2002, Singhal et al., 1999). The remissions observed in these patients led to several phase II studies evaluating the effects of thalidomide in multiple myeloma and other cancers. Today, more than 90% of thalidomide usage is related to oncology and MM treatment (Strasser and Ludwig, 2002, Sze et al., 2006, Schots, 2011).
After several decades of laboratory research exploring the characteristics of thalidomide, a huge body of data has been accumulated on the biological activities of this drug. Despite the knowledge derived from these data, the exact mechanism of action thalidomide in MM remains unclear. However, four main mechanisms have been proposed to explain the anti-myeloma activity of thalidomide (Sze et al., 2006, Palumbo et al., 2008b)(Figure 1-7 and 4-2): 
(1) Immunomodulatory effects on cytokine production and T-cell activation. 
(2) Anti-angiogenic effects.
(3) Effect on bone marrow microenvironment, stromal cells and inhibition of cell adhesion.
(4) Direct inhibition of myeloma cell growth and survival. 
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Figure 4.2 Thalidomide has an immunomodulatory effect by preventing cytokine production and T-cell activation. Thalidomide also has effects on bone marrow environment, stromal cells and inhibition of cell adhesion. Adopted from ‘biology of Cancer – Myeloma, Jerome Tanner’ ISBN-10: 0-7910-8824-3.
 

4.1.14.1 [bookmark: _Toc305690100][bookmark: _Toc306570792][bookmark: _Toc307067852][bookmark: _Toc312169419][bookmark: _Toc312172346][bookmark: _Toc312257895]Immunomodulatory effects
Thalidomide's immunomodulatory activity derives mainly from modulation of cytokine production and inhibition of tumour necrosis factor alpha (TNF alpha) production. Thalidomide also activates T lymphocytes, increasing proliferation and production of interleukins. This is an additional immuno activation adjuvant action, enhances the immune response of the body to myeloma cancer cells as explained below.
4.1.14.1.1 [bookmark: _Toc305690101][bookmark: _Toc306570793][bookmark: _Toc307067853][bookmark: _Toc312169420][bookmark: _Toc312172347][bookmark: _Toc312257896]Cytokine / TNF alpha inhibition 
[bookmark: bbib10]Cytokines are soluble glycoproteins released by immune system cells that regulate immune responses by acting through various receptors. The proinflammatory cytokine TNF alpha is produced by monocytes, macrophages, lymphocytes and natural killer cells. Cytokine excess plays an important role in cancer related anorexia-cachexia syndrome. TNF alpha is a growth and survival factor for myeloma cancer cells (Coluccia et al., 2008). Thalidomide suppresses TNF alpha activity in vivo by enhancing the degradation of TNF alpha mRNA. It may also bind to and increase the effect of α1-acid glycoproteins that possess intrinsic anti-TNF alpha activity. Some Pro-inflammatory cytokines such as interleukins 1b and 6 (IL-1b, IL-6) and granulocyte-monocyte colony-stimulating factor (GM-CSF) are also inhibited. Additionally, thalidomide also up-regulates IL-6, a major growth and survival factor for myeloma cells apoptosis (Meierhofer et al., 2001, Yasui et al., 2005). 
4.1.14.1.2 [bookmark: _Toc305690102][bookmark: _Toc306570794][bookmark: _Toc307067854][bookmark: _Toc312169421][bookmark: _Toc312172348][bookmark: _Toc312257897]Induction of T- cell proliferation 
Thalidomide stimulates primary human T lymphocytes, inducing their proliferation, by increasing the production of interleukin 2 (IL-2) and interferon gamma. Thus, its immunologic adjuvant action enhances the immune response of the body to myeloma cancer cells. Nevertheless, the effectiveness of this mechanism is still not clear. It is questionable whether the enhanced proliferation of T lymphocytes contributes directly to the clinical efficacy of thalidomide. As T cells proliferation does not result in increased cytolytic activity of against the myeloma cells (Meierhofer et al., 2001, Yasui et al., 2005, Ozaki et al., 2011). 

4.1.14.1.3 [bookmark: _Toc305690103][bookmark: _Toc306570795][bookmark: _Toc307067856][bookmark: _Toc312169422][bookmark: _Toc312172349][bookmark: _Toc312257898]Immunomodulation and discovered biomarkers
VDB, ZAG and SAA have increased concentration in non-responders to thalidomide are acute phase reactants with immunomodulation properties. VDB has been detected on the surface of several blood cell types such as some T and B lymphocytes and seems to participate in the linkage of surface immunoglobulin therefore it interact and alter body immune response. We suggest that this may have some influence on immunomodulatory, anti-myeloma properties of thalidomide (Huang et al., 2008, Ma et al., 2008a). ZAG expression is regulated particularly through TNF alpha and the gamma nuclear receptor (Bing, Bao et al. 2004).  ZAG is as a member of immunoglobulin and may also have a role in the expression of the immune response which can affect the response of MM patients to immune modulators anti-myeloma therapies such as thalidomide. In addition, human adipocytes, ZAG expression are regulated particularly through TNF alpha and the gamma nuclear receptor (Bing, Bao et al. 2004). TNF alpha leads to a dose-dependent decrease in the serum level of ZAG. Thalidomide also inhibits secretion of TNF alpha from monocytes. Hence higher serum level of ZAG’ in non-responders patients may indicates thalidomide failure to reduce serum TNF alpha level in this group of patients. 

SAA is secreted during the acute phase of inflammation as an acute phase reactant in response to an inflammatory cytokines released by activated monocytes/macrophages (Lee et al., 2006, Han et al., 2007). SAA expression level is down-regulated via the increased production or ingestion of cytokine antagonists (Migita et al., 2010, Niemi et al., 2011). In our study the level of SAA was three fold higher in non-responders as compare to responders to thalidomide. This finding may again create an argument that perhaps failure of thalidomide in inhibiting the cytokine which decreases the SAA serum level in certain sub group of patients may point toward the overall resistance to thalidomide. 
In our study, increase in serum Hp level was demonstrated in responders to thalidomide, both in 2D-DIGE analysis and unfractionated serum using ELlSA assay. The full scope of biological functions of Hp in a variety of diseases including MM is not fully understood. Hp is a glycoprotein mainly secreted by the liver cells (Cid et al., 1993, de Kleijn et al., 2002). 
Hp is also an acute-phase response serum protein that has been known to play an important inhibitory role in inflammation.  Hp serum concentration likewise increases in response to a variety of stimuli, such as: infection, neoplasia, as an acute phase reaction (Dobryszycka 1997). Besides its scavenging and inflammatory response functions, Hp has been shown to be involved in the regulation of immune suppression in cancer, and angiogenesis (Cid et al., 1993, de Kleijn et al., 2002). Active myeloma disease is significantly more common among patients with biologic evidence of inflammation, as compared with myeloma patients without biologic inflammation (Dubost et al., 1991, Alexandrakis et al., 2003, Schots, 2011). Several of the acute phase proteins including Hp are believed to predict prognosis and influence survival in cancer (Merlini et al., 1993). We suggest that the inflammatory cells and cytokines found in myeloma are more likely to contribute to tumour growth, progression, and immuno activation is an effective host anti-tumour response (Alexandrakis et al., 2003). 
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4.1.14.2 [bookmark: _Toc312169423][bookmark: _Toc312172350][bookmark: _Toc312257899]Thalidomide anti-angiogenic effects 
The next important discovery that revealed the clinical potential of thalidomide came in 1994, when thalidomide was found to inhibit angiogenesis (the formation of new blood vessels) which is an essential process in the growth and metastasis of cancer cells (Singhal and Mehta, 2002, Singhal et al., 1999). Thalidomide inhibits basic fibroblast growth factor (bFGF) and vascular endothelial growth factor required for these neovascularisation. The anti-angiogenic properties of thalidomide in MM are probably independent of its immunomodulatory activity. However, it is unclear whether thalidomide or one of its metabolites has the specific anti-angiogenic properties. In vitro thalidomide also decreases the up regulation and secretion of pro angiogenic factors induced by MM cells and bone marrow stromal interaction, such as VEGF and IL-6 (Liu et al., 2004, Mesters et al., 2001).  
A study by Vacca et al. suggested that the anti-angiogenic activity of thalidomide might be mediated through its inhibition of TNF-alpha, but this is unlikely, because more potent inhibitors of TNF-alpha, such as 3-amino thalidomide, do not inhibit vessel formation. Therefore, inhibition of TNF-alpha and anti-angiogenic activity seems to be independent effects of thalidomide (Vacca et al., 2005). 
Several other studies indicate that the anti-myeloma effect of thalidomide is not achieved through its anti-angiogenic activity. The rapidity of response to thalidomide in myeloma patients and the fact that myeloma cells usually grow in highly vascularized bone marrow are additional arguments against an anti-angiogenic effect as the central mode of action of thalidomide in myeloma. Nevertheless, how the anti-angiogenesis property of thalidomide can influence MM cells is still not fully understood (Lu et al., 2009, Vidal et al., 2005). 

The VDB acts as a potent anti-angiogenic factor and inhibits tumor growth in vivo. VDB can act directly on endothelium as well as stimulate macrophages to attack both the endothelial and tumor cell compartment of a growing malignancy (Kalkunte et al., 2005, Kisker et al., 2003). Despite anti angiogenic properties of VDB, in our study a higher level was associated with resistance to thalidomide based regimen. This might be related to the potential immunomodulatory properties of VDB, which can alter patient immune response to myeloma cancer cells.  
4.1.14.3 [bookmark: _Toc305690105][bookmark: _Toc306570797][bookmark: _Toc307067858][bookmark: _Toc312169424][bookmark: _Toc312172351][bookmark: _Toc312257900] Effect on bone marrow microenvironment, stromal cells and inhibition of cell adhesion
Thalidomide can interfere in MM bone marrow microenvironments. The growth and survival of myeloma cells are enhanced by cytokines secreted in response to myeloma cell adhesion to bone marrow stroma. Thalidomide has been shown to selectively modify the density of cell surface molecules involved in the adhesion cascade by decreasing the density of TNF-alpha induced intercellular adhesion on the endothelial cells (Boycott et al., 2008, Ryu and McLarnon, 2008). This effect might interfere with interactions between myeloma cells and the bone marrow microenvironment, thus depriving myeloma cells of important growth and survival stimuli. This concept is supported by the activity of thalidomide in patients with bone marrow MM cells as compared to its lack of efficacy in patients with extra medullary myeloma tumours (Harousseau et al., 2004, Vacca et al., 2005).
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4.1.14.4 [bookmark: _Toc312169425][bookmark: _Toc312172352][bookmark: _Toc312257901]Direct inhibition of myeloma cells growth and survival
Thalidomide produces less than 20% inhibition of DNA synthesis respectively in MM cell lines. Thalidomide also induces apoptosis in myeloma cell lines in the absence of accessory bone marrow and T cells. This finding may be related to oxidative damage to DNA mediated by free radicals, an effect that has been implicated as the mechanism of thalidomide teratogenicity. The direct anti-myeloma effect of thalidomide can be overcome by IL-6, which can block the activation of RAFTK and consequently apoptosis, indicating that activation of RAFTK might be another mechanism of direct thalidomide induced apoptosis (Anderson, 2001). 

Thalidomide in high concentration can also blocks the stimulatory effect of insulin-like growth factor 1 (IGF-1) on NFkB activity and potentiates the activity of apoptosis inducing ligand (Raje et al., 2004, Sprynski et al., 2009). In practical term these effects can only be carried out as an experiment in vitro. The high concentrations of thalidomide are not inducible in the patient’s plasma because of high grade toxicity and severity of side effects (Tosi et al., 2005, Zangari et al., 2004, Patrick and Bowcock, 2010).

4.1.14.5 [bookmark: _Toc305690107][bookmark: _Toc306570799][bookmark: _Toc307067860][bookmark: _Toc312169426][bookmark: _Toc312172353][bookmark: _Toc312257902]Serum protein level of VDB, SAA, ZAG, B2M and myeloma microenvironment 
MM like many other cancer is a product of the tissue microenvironment (Vanderkerken et al., 2003). The interactions between the myeloma cells, the surrounding epithelial and stromal cells, vascular and the immune system are all part of ultimate determinant of the final MM pathology. This also include MM patient response to a given anti-myeloma therapy (Aggarwal et al., 2006). 

The finding of this study; the elevated serum level of VDB, SAA, ZAG and B2M level in non-responders and increase serum Hp level in responders to thalidomide may result of various pathophysiological events in the MM cells and the patients serum. It is most likely attributable to overall interaction between thalidomide, myeloma and normal cells, immune system as well as protein–protein interaction in the serum rather than over production from myeloma tumor cells.

Therefore variation in abundance level of proteins may reflect the MM microenvironment as a whole. It is difficult to know whether these proteins are from tumour-plasma cells or secreted from normal cell in response to myeloma. Many other researchers have reported similar difficulties. Previous studies in breast cancer indicated that higher level of IL-6 in the serum of breast cancer patients compared with normal individuals is an important biomarker, (Schafer and Brugge, 2007, Slattery et al., 2008) However, the authors were proposing that it was difficult to distinguish whether this protein was released directly from the tumour or whether IL-6 higher abundance was a systemic reaction to the breast cancer tumour and consequently released by non-tumour tissues.  

In addition, other published studies are also providing evidence that valuable cancer serum protein fragments or peptides markers, may not always need to be derived directly from cancer cells (Bien and Balcerska, 2008, Theodorescu et al., 2008). We also suggest that discovered differentially expressed protein biomarkers might have derived indirectly from cancer antigens through microenvironment interaction.

On other hand, the quantitative changes of serum Hp, SAA, ZAG and VDB are well known acute-phase reactants proteins. This might reflect changes in these proteins as manifestation of their roles in the pathophysiologic development and propagation of MM or simply a nonspecific indicators of an inflammatory or immune status of myeloma patient and their respective response to anti myeloma treatment; thalidomide.  
4.1.15 [bookmark: _Toc305690108][bookmark: _Toc306570800][bookmark: _Toc307067861][bookmark: _Toc312169427][bookmark: _Toc312172354][bookmark: _Toc312257903]
	 Impact and correlation between additional biological parameters and efficacy potential biomarkers
In this study we also comprehensively analysed and correlated the predictive value of various laboratory variables with standard clinical parameters used in MM patients such as serum C-reactive protein (CRP), serum haemoglobin and patient age at diagnosis and their correlation with response to thalidomide. We also assess the influence of these parameters on the predictive capability of discovered biomarker as described below.

4.1.15.1 [bookmark: _Toc305690109][bookmark: _Toc306570801][bookmark: _Toc307067862][bookmark: _Toc312169428][bookmark: _Toc312172355][bookmark: _Toc312257904]CRP and response to thalidomide
4.1.15.1.1 [bookmark: _Toc305690110][bookmark: _Toc306570802][bookmark: _Toc307067863][bookmark: _Toc312169429][bookmark: _Toc312172356][bookmark: _Toc312257905]Background
CRP is produced by the liver and can be detected in blood serum by using an immunological test. CRP is secreted systemically during the process of inflammation in response to the inflammatory cytokine IL-6. The blood level of CRP is elevated in patients with infections, inflammatory diseases and some cardiovascular diseases. 
4.1.15.1.2 [bookmark: _Toc305690111][bookmark: _Toc306570803][bookmark: _Toc307067864][bookmark: _Toc312169430][bookmark: _Toc312172357][bookmark: _Toc312257906]Serum CRP and cancer
Serum CRP has also been found to be elevated in patients with many malignancies, implying a close linkage between inflammation and malignancy including gastric. Prospective studies have shown a higher risk of developing cancer in those with elevated serum CRP. Elevated CRP is a determinant predictor of lower survival rates in patients with several other cancers, including oesophageal, colorectal, hepatocellular, pancreatic, urinary bladder, renal, ovarian and cervical cancer after surgical resection.
4.1.15.1.3 [bookmark: _Toc305690112][bookmark: _Toc306570804][bookmark: _Toc307067865][bookmark: _Toc312169431][bookmark: _Toc312172358][bookmark: _Toc312257907]CRP and MM
Active myeloma disease is significantly more common among patients with biologic evidence of inflammation, as compared with myeloma patients without biologic inflammation (Dubost, Ristori et al. 1991; Alexandrakis, Passam et al. 2003), In addition the elevations of CRP serum levels in newly diagnosed MM patients have been consistently associated with a poor prognosis (Bataille et al, 1992; Tienhaara et al, 1994; Durie et al, 2003). 

These results may suggest that inflammation may play a role in the pathophysiology of MM including response or resistance to immunomodulatory therapy. On other hand, it is a non-specific marker; an elevated CRP level indicates inflammation but won’t tell us where exactly it is located. So we might have high CRP levels due to a simple cold, arthritis or an infection rather than resistant myeloma cells. 

A recent study also suggested that serum CRP level can predict the final outcome of patients with MM receiving an anthracycline/thalidomide–based regimen indicating a powerful prognostic factor (Offidani, Corvatta et al. 2008). 

Therefore in this study, we also assessed the influence of CRP on the predictive capability of the discovered biomarkers. The ROC curves were generated from the serum CRP, ELISA data and showed an AUC 0.40 with sensitivity of 59.1 and specificity of 65.5 (Table 3-10 and Figure 3-42). This data signifies that CRP, as an isolated protein marker has poor discriminatory significance for predicting response to thalidomide. In further analysis, the addition of MM patients serum CRP concentration to our constructive biomarker model also failed to improve its predictive capability for the response to thalidomide based therapy (p=0.77). 

Therefore CRP might be closely associated with the progression and survival rate of patients with many types of malignancies including MM (Adam et al., 2008). It may also serve as an additional prognostic predictor for survival and post-treatment monitoring MM patients (Amrani Hassani et al., 2010). However, patients’ serum CRP level is poorly correlated with potential prediction of response to thalidomide based therapy.
[bookmark: _Toc305690113][bookmark: _Toc306570805][bookmark: _Toc307067866]

4.1.15.2 [bookmark: _Toc312169432][bookmark: _Toc312172359][bookmark: _Toc312257908]Patients age at diagnosis and response to thalidomide
4.1.15.2.1 [bookmark: _Toc305690114][bookmark: _Toc306570806][bookmark: _Toc307067867][bookmark: _Toc312169433][bookmark: _Toc312172360][bookmark: _Toc312257909]Background
The majority of patients with newly diagnosed MM are aged >65 years with 30% aged >75 years. However, the average age at diagnosis is the early 60’s, with some patients being much younger. The prevalence of MM is expected to rise over time due to an aging population and many of elderly patients are also vulnerable due to comorbidities that complicate the management of MM (Palumbo and Boccadoro, 2007). 

The survival time of a multiple myeloma patient is strongly dependent on the patient’s age at diagnosis, according to a recent study published in the Journal of Clinical Oncology (Ludwig et al., 2010). This study, which evaluated the impact of age on disease outcome, compared the survival time (from diagnosis) between patients in different age groups and treatment regimens. The survival time steadily decreased as the age of the patients increased. In addition patient age at diagnosis also has implications for being eligible for specific types of treatment, such as high-dose therapy and stem cell transplantation. These patients  are often unable to tolerate full drug doses because of serious side effects (Palumbo et al., 2011b).

4.1.15.2.2 [bookmark: _Toc305690115][bookmark: _Toc306570807][bookmark: _Toc307067868][bookmark: _Toc312169434][bookmark: _Toc312172361][bookmark: _Toc312257910]Patient age and predictive model
Therefore in this study, the influence of MM patient age at diagnosis on the predictive capability of discovered biomarker was also assessed. Patients’ age at time of diagnosis was added to the predictive model.  Statistical analysis was performed and results showed that despite patients age at diagnosis is an important prognostic factor in MM, it did not improve the AUC of the predictive panel, which measures the overall performance of the predictive model. The ROC curve was generated from 3 proteins without patient’s age yielded AUC of 0.96 and hereafter when we added patient age to this model, the ROC curve generated yielded AUC of 0.95. Thus these predictive biomarkers are unique and distinctive in predicting response to thalidomide and are valuable in all newly diagnosed multiple myeloma patients regardless of patient age at diagnosis.  

Therefore once the discovered biomarkers are validated in the clinical trial, elderly MM patients can largely benefit from this predictive model. Thalidomide is now approved in the European Union as an adjunct to this treatment in elderly myeloma patients. Clinical evaluation is based on 5 trials, showing an increase in progression-free survival (Palumbo et al., 2008a, Anagnostopoulos et al., 2004). Most patients with newly diagnosed multiple myeloma (MM) are aged > 65 years with 30% aged > 75 years. Many elderly patients are also vulnerable because of comorbidities that complicate the management of MM (Palumbo et al., 2011a, Wach et al., 2011). Hence the predictive biomarker can help clinicians to prescribed thalidomide to the sensitive or potential responders’ patients only and avoiding other elderly patients who are potentially resistant and vulnerable to the side effects of non-effective treatment; thalidomide . 

	
4.1.15.3 [bookmark: _Toc305690116][bookmark: _Toc306570808][bookmark: _Toc307067869][bookmark: _Toc312169435][bookmark: _Toc312172362][bookmark: _Toc312257911]
Patients haemoglobin (Hb) levels at diagnosis and response to thalidomide 
4.1.15.3.1 [bookmark: _Toc305690117][bookmark: _Toc306570809][bookmark: _Toc307067870][bookmark: _Toc312169436][bookmark: _Toc312172363][bookmark: _Toc312257912]Background
Anaemia is a common complication in myeloma. A recent study in blood donors showed that haemoglobin levels may already decline years before the diagnosis of myeloma is established. At diagnosis, 30-60% of patients present with anaemia but the figures vary depending on the age of the patients, their tumour stage and the definition of anaemia used.  The anaemic MM patients, compared with non-anaemic patients the median survival was reduced by 20–40% (Ludwig and Zojer, 2011, Hanawa et al., 2011, Ludwig, 2010). 

In addition, Durie-Salmon MM staging system uses various combinations of clinical factors such as patients haemoglobin level (Garcia-Sanz et al., 2007, Caravita et al., 2009, Salmon and Durie, 1975). Therefore, given the serious reduction in patient survival by anaemia, in this study, patients at diagnosis and its potential impact and correlation with thalidomide response was also assessed.  

4.1.15.3.2 [bookmark: _Toc305690118][bookmark: _Toc306570810][bookmark: _Toc307067871][bookmark: _Toc312169437][bookmark: _Toc312172364][bookmark: _Toc312257913]Patients Hb Level and predictive model
In our study the patient’s haemoglobin level at diagnosis was added to the predictive model.  Leave-one-out cross-validation was performed and results showed that patient’s haemoglobin level at diagnosis does not improve predictive capability of our model. 

The ROC curve generated from the three best predictive proteins (ZAG, Hp and VDB) without patient’s Hb yielded AUC of 0.96 and hereafter when we added patient Hb to this model, the ROC curve generated yielded AUC of 0.96. 

The LOOCV indicated an overall predictive accuracy remain at 84%. This demonstrates that the addition of patient Hb level failed to improve the ability of constructed model. Despite, there is a well know positive relationship between serum haemoglobin level and quality of-life in anaemic MM patients. However, in our finding, the lower Hb cannot hinder or impact the predictive capability of the discovered biomarkers. Therefore the predictive model for assessing thalidomide response is useful in both anaemic and non-anaemic MM patients. 
4.1.15.4 [bookmark: _Toc302582449][bookmark: _Toc305690119][bookmark: _Toc306570811][bookmark: _Toc307067872][bookmark: _Toc312169438][bookmark: _Toc312172365][bookmark: _Toc312257914]
Further validation of predictive biomarkers
Resistance to chemotherapy and radiotherapy is probably mediated by a variety of molecular pathways, and it seems reasonable to assume that it is impossible to predict sensitivity to chemotherapy and radiotherapy by measuring any single biomarker. These includes serum-free light chains (sFLC), cytogenetic analyses (Kurahashi et al., 2007, Avet-Loiseau, 2007) , Bony involvement (Fonseca et al., 2000) and  B2M (Stella-Holowiecka et al., 2007). These additional factors correlate with the response rate and survival and has been incorporated with other variables to develop ISS (Hotta, 2007, Nagura, 2007). 

In myeloma, the tumour resistance process is one of the main reasons for treatment failure; we also considered the possibility that the non-responders to thalidomide were simply patients with a disease that would be refractory to all anti-myeloma therapies. However, on further follow up of original cohort of MM patient, out of 22 non-responders to thalidomide, 16 patients successfully achieved CR/VGPR using other anti-myeloma therapies including bortezomib and lenalidomide (Table 4-1).


[image: ]


Table 4-1 shows the clinical details of the patients included in this study, including their age, sex, clinical stage based on ISS, Day-100 restaging based on IMWG uniform response criteria for MM and clinical classification of response to thalidomide. Also included in this table are details for thalidomide-based induction regiment, second line treatment, duration of follow-up in months and the current clinical status.  


This also suggests that the biomarker profile is specific to thalidomide response rather than that the non-responders were simply patients with MM refractory to all therapies (Table 4-1). Furthermore, these data suggests that, had the non-responsive patients received an alternative to thalidomide as induction therapy, a significant response could have been obtained.

4.1.15.5 [bookmark: _Toc302582450][bookmark: _Toc305690120][bookmark: _Toc306570812][bookmark: _Toc307067873][bookmark: _Toc312169439][bookmark: _Toc312172366][bookmark: _Toc312257915]ISS and predictive biomarkers
Currently the ISS is based on serum B2M and albumin levels. The ISS is a predictor of overall survival in MM patients (Greipp et al., 2005). The end point in our study was response to thalidomide in contrast to survival for the ISS. There was no correlation between ISS values and response rate to thalidomide. However, somnolence, constipation, neuropathy, and an increased incidence of thrombosis have limited or precluded its use in some MM patients, and a dose-response relationship for response and toxicity has not yet been established.


4.1.16 [bookmark: _Toc312169440][bookmark: _Toc312172367][bookmark: _Toc312257916]	Environmental variables effecting samples quality
We also reduce environmental variables such as clinical sample collection, processing and storage by establishing standardized protocols for the collected serum samples as described below. 

4.1.16.1 [bookmark: _Toc305690121][bookmark: _Toc306570813][bookmark: _Toc307067874][bookmark: _Toc312169441][bookmark: _Toc312172368][bookmark: _Toc312257917]Sample processing
Clinical samples serves as the basis for the novel research and development and the discovery of clinical biomarkers. Therefore disease specific biological bank was established in the National Institute of Cellular Biotechnology (NICB) to ensure standardized methods for collection, long-term storage, retrieval and distribution of specimen as well as continuous supply of MM related biological specimens and associated data within an ethically approved framework (Material and Method-Chapter 2 page 111). Creating a MM biological bank was valuable for many other reasons. 

Firstly, this provides us with a secure non-patient identifying access to the specific bio specimens and associated data needed for their research protocols. 

Secondly, costs and time scale duration of the validation studies were decreased with the elimination of the sample collection stage, ethical approval etc. 

Thirdly, this disease specific biological bank is available for future development of new methods and new technology to utilize historical biological specimens. Last but not least, in today’s tight budget environment, biological banks can provide additional incentives for external collaboration and funding such as pharmaceutical companies (Hainaut et al., 2011, Signoretti et al., 2008, Andorno, 2006).
4.2 [bookmark: _Toc302582451][bookmark: _Toc305690122][bookmark: _Toc306570814][bookmark: _Toc307067875][bookmark: _Toc312169442][bookmark: _Toc312172369][bookmark: _Toc312257918]
	Examination of the effect of various storage times and temperatures on 	the serum level of discovered protein biomarkers (VDB, Hp, SAA) in multiple myeloma patients

4.2.1 [bookmark: _Toc302582452][bookmark: _Toc305690123][bookmark: _Toc306570815][bookmark: _Toc307067876][bookmark: _Toc312169443][bookmark: _Toc312172370][bookmark: _Toc312257919]	Background
In this study, the serum samples from newly diagnosed MM were obtained at diagnosis and prior to commencement of therapy. These samples were processed using strict standardised protocol. Briefly, ten millilitres of blood sample were collected, coded and transported on ice to the laboratory at NICB within an hour. The serums were initially processed and stored on-site at -800C freezer until the time of analysis. The time from sample procurement in hospital to storage at -800C was less than three hours. 

However, we were aware that in a routine hospital environment, there might be a delay in the initial processing of serum samples, particularly when collected outside of standard working hours, which may result in prolonged storage at room / various temperatures prior to analysis. Furthermore, some investigators may not have access to −80 °C storage and use only −20 °C freezers. 

As a result, several hours or days may elapse before the samples arrive in the laboratory and can be processed. During this time, cell metabolism or activation of proteolytic activity may severely change plasma soluble factor content. This in turn may influence on the overall concentration of the proteins present at the time of collection and result in an inaccurate protein profile (Ostroff et al., 2010, Zivkovic et al., 2009).

On the other hand, it is our understanding that in the biomarker discovery phase and validation the accurate analysis of protein biomarkers serum level requires the highest quality starting material. Therefore it is critical to collect process and store blood samples using procedures that minimize protein alterations (Alinovi et al., 2009, Gao et al., 2007). 

Temperature and sample handling has an obvious relationships to underlying protein concentration or biological processes. Logically, reducing temperature will slow down most enzymes, and might be considered to provide some protection for the serum proteins from intrinsic plasma enzyme activity, including, for example, proteases, glycosylate, and phosphorylate and yet, many publications discuss that cold or freezing can also induce cellular damage or apoptosis in isolated cells and tissues (Clarke et al., 2004; Paasch et al., 2005; Salahudeen et al., 2003; Yiu et al., 2006). 

The underlying effect of cold-induced ischemia and changes in the level of protein concentration in serum are also important findings. Therefore, attention to sample preparation methods in recent years has started to rise considerably, both in laboratory and clinical practice. The recent surge of publications in the peer-reviewed literature related to development and optimization of biological sample preparation methods has been quite evident, indicating that this “boring” step can be indeed a very important one (Bhaumik et al., 1995; van derWoude et al., 2004). Therefore at this stage, we expected to find that the levels of many discovered protein biomarker would fall due to proteolytic degradation during storage.

4.2.2 [bookmark: _Toc302582453][bookmark: _Toc305690124][bookmark: _Toc306570816][bookmark: _Toc307067877][bookmark: _Toc312169444][bookmark: _Toc312172371][bookmark: _Toc312257920]	Pre analytical factors and proteins biomarkers
In order to facilitate future prospective clinical trial and validation of discovered protein biomarker and to facilitate sample collection from a routine hospital environment, we have generated a hypothesis that a number of pre analytical factors such as sample collection and storage temperature can impact upon results obtained (Ostroff et al., 2010, Zivkovic et al., 2009). 

In addition, protein abundance levels are not only depended on the level of secretion but also on plasma half-life and natural clearance from blood by the enzymatic degradation occurring during the systemic circulation (Aydin et al., 2011). Albumin is present in high volumes in the bloodstream, and it has a naturally long half-life of 20 days. On other hand, tumours specific low abundant proteins, on the virtue of having a low concentration could be more sensitive to environmental and degradation factors (Ray et al., 2011, Tanaka et al., 2006). 
Consequently we examined the impact of serum handling protocols on protein profiles of discovered biomarkers as compare to serum level using stringent protocols originally used for the sample collection, storage. 

It was imperative to compare samples collected and processed using less stringent conditions with those collected in accordance with stringent protocols. This study was designed to study the stability of discovered biomarkers in serum samples and to assess the influence of various storage time and temperature on the serum concentration of VDB, Hp, and SAA.

We analysed serum levels of these protein using commercially available ELISA kit, sample preparation details are provided in ‘Materials and Methods-Chapter 2, page 135’.  The result obtained using the 10 different storage methods showed that various storage conditions can lead to some alteration in the level of discovered serum proteins biomarkers, in the individual serum samples. However, in the majority of cases there was no statistically significant difference in the serum levels of previously described biomarker candidates and show little influence of sample handling conditions.

Although, sample to sample biomarker variations are of course present, the differences in the serum concentration of protein biomarkers stored at -20°C versus -80°C were not significant. (The one exception to this is SAA level, with a slight trend towards a higher level when storage at -20°C is detected). However this trend is not the case in all samples and the difference is generally small. Therefore the outcome of this study points to the alterations in blood of discovered biomarkers may be clinically not significant when there is a delay in the processing of samples. 

Overall from the range of conditions studied, the level of discovered protein biomarkers were relatively stable, indicating that a delay in processing of samples, which is so often happening in a true clinical and hospital setting, may not adversely affect the result obtained. 

This has a very practical significance in term of pre analytical sample collection and storage. This can facilitate the participation of wider range of hospitals and clinics away from analytical laboratory.  
4.3 [bookmark: _Toc302582454][bookmark: _Toc305690125][bookmark: _Toc306570817][bookmark: _Toc307067878][bookmark: _Toc312169445][bookmark: _Toc312172372][bookmark: _Toc312257921]
	Quantification of discovered protein biomarkers in the serum of original 	cohort of patients; three months (Day-100) after initiation of thalidomide 	based therapy

4.3.1 [bookmark: _Toc302582455][bookmark: _Toc305690126][bookmark: _Toc306570818][bookmark: _Toc307067879][bookmark: _Toc312169446][bookmark: _Toc312172373][bookmark: _Toc312257922]	Background
Proteins biomarkers may be actively secreted by the tumor or released from cells in micro environment into the blood circulation. The change in the cancer cell and the treatment itself may have an effect on the concentration of the protein biomarkers. 
In MM patients who are rapid responders to thalidomide, myeloma cells themselves may be difficult to detect in bone marrow after treatment but they might leave a fingerprint, i.e. a pattern of change in discovered biomarker proteins. 

Therefore we devised this study to evaluate changes in the serum level of potential biomarkers in multiple myeloma patients after initiation of thalidomide based at day 100 restaging. We also sought to assess a potential correlation between the variations in serum level of Hp, VDB and SAA biomarkers and objective tumour response.

The levels of Hp, VDB and SAA were measured in unfractionated serum samples from MM patients before and after three months of treatment with thalidomide based regimen, using an ELISA based assay. 

4.3.2 [bookmark: _Toc302582456][bookmark: _Toc305690127][bookmark: _Toc306570819][bookmark: _Toc307067880][bookmark: _Toc312169447][bookmark: _Toc312172374][bookmark: _Toc312257923]	Hp, VDB and SAA level 
The data indicates that the difference in the serum level of VDB and SAA at Day-100 restaging between responders and non-responders to thalidomide was minimal, although the serum level of VDB and SAA remained slightly higher in the non-responders group. However, the difference in the level was statistically not significant with a p value of 0.81 and 0.29 respectively for VDB and SAA. The serum level of Hp at Day-100 remained higher in multiple myeloma patients who are responsive to the thalidomide based regimen. The mean serum value was 2413 µg/ml and 1195 µg/ml respectively for responders and non-responders. The difference in serum level was statistically significant with a p value of 0.03 (Figure 3-49). 

This demonstrates that the predictive quality of discovered biomarkers (Hp, VDB and SAA) were best at diagnosis and prior to commencement of treatment. At day-100 the level of VDB and SAA was reduced in both responders and non-responders as compare to the diagnostic samples. But the level in non-responders reduced more and was comparable to the responder group in terms of abundance. Therefore the difference between the two groups was not statistically significant. At Day-100 the level of Hp was reduced in both responders and non-responders as compare to the diagnostic samples but the level of reduction remained the same in both groups. Therefore the difference between the two groups remained statistically significant. Therefore the predictive capability of these biomarkers on later time points for example when assessing response to treatment such as at restaging at Day-100 should not be used. Although serum Hp levels remained higher in patients responsive to the thalidomide based regimen, at present there is limited data for using serum Hp at various time points for describing responsive patients. 
Moreover, a fall in level of serum VDB and SAA cannot  be used as an indicator of clinical efficacy or response to  treatment as both patients groups (responders and non-responders to thalidomide), show a reduction in the serum level of VDB and SAA. Therefore after three-months of treatment with thalidomide, the mechanism of decline in serum levels of Hp, VDB and SAA, in multiple myeloma patients are still unclear. Particularly this decline was irrespective of response, but it may be related to the immunomodulatory mechanisms of action of thalidomide. However further long term follow-up is required to assess the level of theses biomarkers and disease relapse. 

4.4 [bookmark: _Toc302582457][bookmark: _Toc305690128][bookmark: _Toc306570820][bookmark: _Toc307067881][bookmark: _Toc312169448][bookmark: _Toc312172375][bookmark: _Toc312257924]
	Study evaluating the relationship between incidence of adverse events and treatment efficacy with thalidomide serum concentrations in multiple myeloma patients 

4.4.1 [bookmark: _Toc302582458][bookmark: _Toc305690129][bookmark: _Toc306570821][bookmark: _Toc307067882][bookmark: _Toc312169449][bookmark: _Toc312172376][bookmark: _Toc312257925]	 Back ground 
Currently, the pharmacology, and especially the pharmacokinetics of thalidomide, is poorly described. In addition, the optimal thalidomide dosage and schedule are still undecided and unlike many chemotherapeutic agents, thalidomide starting dosages does not depend on the patients’ body weight or body surface area (2009, Harousseau, 2008, Garderet et al., 2008).

4.4.1.1 [bookmark: _Toc302582459][bookmark: _Toc305690130][bookmark: _Toc306570822][bookmark: _Toc307067883][bookmark: _Toc312169450][bookmark: _Toc312172377][bookmark: _Toc312257926] 	Thalidomide Dosage in multiple myeloma
Currently the optimum starting dose of thalidomide is not clear and still under evolution. The dosage does not depend on the patients’ body weight or body surface area and the goal of the therapy is to take the patient to the maximal tolerated dosage and maintain that level until tolerance declines or the disease progresses. In the earlier studies, the dose was escalated to a target of 800 mg/day (Anderson, 2001, Rajkumar et al., 2000, Singhal et al., 1999). 

Recent studies demonstrated that there is no clear evidence of a dose response relationship. Consequently in practice most patients received up to 200 mg/day which is tolerable by most patients (Kyriakou et al., 2005, Richardson et al., 2005).  As additional scientific trials are conducted, the thalidomide pharmacokinetic will become more clearly defined. The degree of toxicity experienced by individual patients may depend on his/her capacity to metabolize and excrete thalidomide. If thalidomide depended side effects are managed inappropriately, this can limit the provision of optimal dosages of the drug to the patients. This can also effect long term survival (Laubach et al., 2009, Patrick and Bowcock, 2010).

4.4.1.2 [bookmark: _Toc302582460][bookmark: _Toc305690131][bookmark: _Toc306570823][bookmark: _Toc307067884][bookmark: _Toc312169451][bookmark: _Toc312172378][bookmark: _Toc312257927]  	Thalidomide side effects 
Patients receiving thalidomide may experience various side effects with differing intensity (Chapter 1, page 62). The incidence and severity of adverse events are related to the dose of the drug. Patients receiving 200 mg or less/day seem to tolerate the treatment well with lesser side effects (Palumbo and Boccadoro, 2007). On the other hand, almost all patients taking more than 400 mg/day, experience thalidomide-related toxicities (Richardson et al., 2010).

4.4.2 [bookmark: _Toc302582461][bookmark: _Toc305690132][bookmark: _Toc306570824][bookmark: _Toc307067885][bookmark: _Toc312169452][bookmark: _Toc312172379][bookmark: _Toc312257928]	Thalidomide serum level - objective
The objective of this pilot study was to determine whether the serum concentration of thalidomide is related to the development of side effects experienced by MM patients. In addition we also explored the relationship between the serum thalidomide concentration and the efficacy of thalidomide by measuring the clinical response. Prescribed thalidomide dose range was: 50 mg /day to 300 mg/day as a single dose, (depending on tolerability of patients)..

We identified that the serum thalidomide level was below that detectable in five samples from four different patients. Of these, one patient was non-compliant with the medication, two patients thalidomide was stopped 14-21 days prior to sampling and the remaining two samples were taken from a patient when he was still on Lenalidomide (Chapter 3, Table 3-29). 

This study also shows that serum thalidomide level approximately proportionate to the daily thalidomide dosage at time of sampling.  In this study, patients who are on lower thalidomide  daily dosage of 50-150 mg /day had statistically significant lower serum thalidomide levels as compared to the patients taking more commonly prescribed daily dosage of 200 mg/day ( p= 0.00001). On the individual patient basis, five serums samples were from two patients (samples number 269, 292, patient-1; 342, 377, 388 patient-2), shows a corresponding difference in serum thalidomide levels when the thalidomide daily dosages were altered (Chapter 3, Table 3-30).

Non-compliance in oral medication is growing and is common with many oral medications including anti-cancer treatments. However there is no mention of patient adherence with reference to thalidomide in literature published by way of guidelines for oncology nurses. No study, to the best of our knowledge, has studied the level of compliance in multiple myeloma patients receiving oral thalidomide. One Patient was initially non-compliant and the lack of disease response led the clinical team to increase the patient’s dosage of thalidomide and eventual regime change. The patient dose was increased due to lack of disease response. The patient admitted noncompliance after the serum samples were analysed. Therefore non-compliance had clear therapeutic implication.  

4.4.3 [bookmark: _Toc302582462][bookmark: _Toc305690133][bookmark: _Toc306570825][bookmark: _Toc307067886][bookmark: _Toc312169453][bookmark: _Toc312172380][bookmark: _Toc312257929]	Serum thalidomide level and neuropathy 
In this study, thalidomide-related neuropathy was classified based on National Cancer Institute Common Toxicity Criteria for thalidomide. At the time of sampling 5 patients had grade III, 12 patients had grade II, 2 patients had grade I and 2 patients had grade 0 peripheral neuropathy requiring (Results-Chapter 3 page 318 Table 3-31) discontinuation of thalidomide in one patient and thalidomide dosage reduction in two patients. However, there was no statistically significant correlation between serum thalidomide level at the time of neuropathy and grade of neuropathy experienced by patients. However, multiple and cumulative thalidomide PK assessment at various therapeutic time stages may explained the above.

4.4.4 [bookmark: _Toc302582463][bookmark: _Toc305690134][bookmark: _Toc306570826][bookmark: _Toc307067887][bookmark: _Toc312169454][bookmark: _Toc312172381][bookmark: _Toc312257930]	Serum thalidomide level and clinical response 
This is study has indicates that there was no relationship between the serum concentration of thalidomide  at the time of response assessment and the clinical response to thalidomide (p= 0.23) (Chapter 3 Table 3-33). 

This study also demonstrates that thalidomide serum levels do not correlate with the degree of associated side effects experienced by patients (such as degree of peripheral neuropathy). In addition, serum thalidomide levels do not correlate with the response rate. However, again multiple and cumulative thalidomide PK assessment at various therapeutic time stages may explained the above. In addition this study did not incorporate patient height and weight (Body Surface Area), which might had influenced on detected serum level. 
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5. [bookmark: _Toc312169455][bookmark: _Toc312172382][bookmark: _Toc312257931]  
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5.0 [bookmark: _Toc312169456][bookmark: _Toc312172383][bookmark: _Toc312257932]	 Summary and Conclusions
There is some evidence that although individual patient response to Multiple Myeloma treatment is complex, specific markers exist circulating in the bloodstream which correlates with treatment efficacy. We suggest that the quantification of these markers in serum will provide valuable prognostic information on the likelihood of patient response with a given treatment. 
Thalidomide was accidently found to have anti-myeloma activity when it was thought its anti-angiogenic activity could slow the malignant cells activity by inhibiting the formation of new blood vessels in this vascularized cancer. There is now sufficient data exist to demonstrate that the anticancer activity of thalidomide in MM is through various mechanisms and sites in the bone marrow as described earlier. Figure 4-3 shows the bone marrow microenvironment in MM, which contains abnormalities in various cellular processes, immunology, and cell interactions. 
Thalidomide immunomodulatory activities consist of inhibiting the expression of IL-6 and TNF-alpha by bone marrow stromal cells that in turn inhibit the growth of MM cells. The compounds also enhance T cell stimulation and proliferation with the activated cells, then releasing IL-2 and IFN-gamma. These cytokines activate NK cells causing lysis of the MM cells. The combination of immunomodulatory and non-immunomodulatory anticancer activities in the bone marrow is thought to produce the significant anti-tumour responses observed in MM patients.
In this study we have focused specifically on identifying a biomarker profile that correlates with response rate to thalidomide-based regimens in newly diagnosed patients with multiple myeloma. We have defined a proteomic profile in multiple myeloma patients, using an accessible platform that will assist clinicians in individualizing treatment by identifying patients that will have a high likelihood of response to a thalidomide based regimen.
5.1	We analysed serum samples from 51 (29 responders and 22 non-responders) consecutive newly diagnosed multiple myeloma patients who were having initial treatment with thalidomide-based regimens. Serum samples were obtained from the consented multiple myeloma patients at diagnosis and prior to commencement of therapy. Serum samples, following immunodepletion were fluorescently labelled and analysed by 2D-DIGE using an internal standard design. Spot maps were generated and maps were aligned with a master spot map; relative abundance values were generated for each of 886 protein spots that were common to more than 90 percent of gels. Based on 2D-DIGE analysis, protein spots with a fold change of ≥ 1.25 in abundance level and a t-test of ≤ 0.01 were selected. Using these criteria, seven individual differentially expressed proteins spots were detected. Six proteins spots were increased in abundance level, and one was decreased in abundance level in thalidomide non-responders compared to responders to thalidomide based regimen.
5.2	Six proteins of interest were robotically picked from preparative gels and were analysed by one-dimensional LC–MS using the Ettan MDLC system and searched against the SWISS PROT database using SEQUEST. Protein identification was performed using the Turbo-SEQUEST algorithm in the BioWorks 3.1 software package and the Swiss-Prot human database. The six serum proteins which exhibited a statistically significant difference in abundance level are Zinc alpha 2-glycoprotein (ZAG), Vitamin D binding Precursor (VDB), Transthyretin (TYR), Serum Amyloid A protein (SAA), Beta-2-microglobulin (B2M), had higher abundance level while Haptoglobin (Hp) had a lower abundance level in non-responders compared to responders. 
5.3	Assay development for validation studies on biomarkers associated with disease or treatment response is a difficult proposition in the development pipeline. The quantitative estimation of altered expression level of various proteins detected by the Decyder software is typically accurate but needs to be validated by a conventional platform. These can be in the form of Enzyme-Linked Immunosorbent Assay (ELISA), or (semi quantifiable level) by  immunohistochemistry. In this study, ELISA-based assays were used to measure the levels of the six candidate marker proteins in raw unfractionated serum samples from thalidomide responders and non-responders. Vitamin D binding Precursor (VDB), Transthyretin (TYR), Zinc alpha 2-glycoprotein (ZAG), Serum Amyloid A protein (SAA), Beta-2-microglobulin (B2M), had higher abundance level with a fold changes of; 1.31 (p=0.00044), 1.32 (p=0.0077), 1.48 (p= 0.0000022),  3.01 (p=0.006) and 1.96 (p=0.0015) fold increase in non-responders compared to responders, respectively. In contrast Haptoglobin (Hp) had a lower abundance level in non-responders compared to responder with a fold change of 3.01 (p=0.0015).  
5.4	Using the ELISA values, logistic regression and ROC curve analysis were carried out with the statistical software R (project.org). The ROC curves were used to interpret the utility of logistic regression models for various combinations of the differentially expressed proteins. The probability of correct prediction for a given model was calculated from the ROC curve by determining the area under curve (AUC). Thus the proteins and combinations of proteins generating the largest AUC values are considered the most effective for the discrimination of responders from non-responders. Akaike's Information Criterion (AIC) was also used as a measure to select the best possible combination of protein biomarkers. 
Logistic Regression (LR) models were constructed and receiver operating characteristic (ROC) curve analyses carried out on all possible combinations. The best possible combination of biomarker proteins were achieved by using a combination of Hp, SAA and VDB, which yielded area under the curve (AUC) of 0.96. 
As a further measure of the predictive potential of these biomarkers to accurately predict response to thalidomide-based therapy, a commonly used more stringent internal validation technique known as leave-one-out-cross-validation (LOOCV) was performed. The combination of Hp, SAA, VDB was found to be the most effective based on the values from the AUC, LOOCV and AIC analyses (AUC=0.96, LOOCV=84.31, AIC=35.26). The sensitivity and specificity of this combination were 82% and 86% respectively. This pilot study established that using a novel panel of predictive biomarkers, the feasibility of predicting response to thalidomide-based therapy in previously untreated multiple myeloma. This approach has the potential for risk-adapted individualized therapy for patients presenting with newly diagnosed multiple myeloma.
5.5	We have focused specifically on identifying a biomarker profile that correlates with response rate to thalidomide-based regimens in newly diagnosed patients with multiple myeloma. In this study, 16 of 22 thalidomide refractory patients successfully achieved CR/VGPR using second-line treatment. If validated in prospective studies, this profile could allow the physician to choose an alternative therapy in patients predicted to be resistant to thalidomide-based treatment, thereby avoiding ineffective, costly treatment and exposure of the patient to unnecessary side effects. This approach has the potential for risk-adapted individualized therapy for patients presenting with newly diagnosed multiple myeloma.
5.6	It is generally accepted that in investigational studies, the use of high quality frozen samples for retrospective analysis is critical. All biological specimens are collected and processed in a stringent manner.  The time from sample procurement to storage at -80° C was less than 3 hours. However, there is also awareness that a number of pre-analytical factors such sample collection and storage temperature can impact on the laboratory test result. For example, there may be a delay in initial processing of samples when collected outside of standard working hours which may result in prolonged refrigeration prior to analysis.  Furthermore, some investigators may not have access to −80 °C storage and use only −20 °C freezer. 
These factors, primarily pre-analytical storage time and temperature may affect the accuracy of test results. In the biomarker discovery phase, we used stringent protocols for sample collection, storage and proteomic technologies. We subsequently designed a study using ELISA to determine the effect of different length of storage time and various temperatures on the concentrations of discovered biomarkers (VDB, Hp, SAA) in serum samples. Blood samples from 10 Multiple Myeloma patients were collected and divided into 10 aliquots. Each aliquot was processed under 10 diverse storage temperature ranging from room temperature to -80°C with the exposure storage time ranging from a day to 10 days period. 
Our study demonstrated that that there was no significant difference in the detected levels of the any of proteins in serum samples preserved and stored in the 10 different methods. This suggests that these protein biomarkers (VDB, Hp, SAA) are stable over a range of storage times and temperatures which might easily occurs in the hospital setting. The difference between the serum concentration of protein biomarkers stored at -20°C and – 80°C was not significant.
5.7	In our initial study, we identified that in multiple myeloma patients there is a difference in abundance level of predictive biomarkers between responders and nonresponders to thalidomide at diagnosis. We also designed a study to describe the change in serum level of predictive biomarkers, three months (Day-100) after commencement of thalidomide based regimen using commercially available ELISA kits. This study demonstrated that; after three months of anti-myeloma treatment using thalidomide, the serum levels of chosen biomarkers no longer exhibits the difference in abundance level between responders and non-responders patients. The difference between serum levels of Hp, VDB and SAA at Day-100 restaging between responders and non-responders to thalidomide was not statistically significant. At Day-100 the level of VDB and SAA was reduced in both responders and non-responders as compare to the diagnostic samples. But the level in non-responders reduced more and was comparable to the responder group in terms of abundance. Therefore the difference between the two groups was not statistically significant. 
At Day-100 the level of Hp was reduced in both responders and non-responders as compare to the diagnostic samples but the level of reduction remained the same in both groups. Therefore the difference between the two groups remained statistically significant (p= 0.03). 
5.8	Currently, the pharmacology, and especially the pharmacokinetics of thalidomide, is poorly described. In addition, the optimal thalidomide dosage and schedule are still undecided and unlike many chemotherapeutic agents, thalidomide starting dosages do not depend on the patients’ body weight or body surface area. 
Patients receiving thalidomide may experience various side effects with differing intensity. The incidence and severity of adverse events are related to the dose of the drug. Patients receiving 200 mg or less/day seem to tolerate the treatment well with lesser side effects. On the other hand, almost all patients taking more than 400 mg/day, experience thalidomide-related toxicities.  This may depend on the thalidomide blood level and capacity of individual patient to metabolize and excrete thalidomide. 
The objective of our next pilot study was to determine if the serum concentration of thalidomide is correlated to the development of side effects experienced by multiple myeloma patients. In addition we also explored the association between the serum thalidomide concentration and the efficacy of thalidomide by measuring the clinical response. 
21 Serial serum samples were collected from 8 patients - 1 female and 7 male. The 13 additional serum samples were collected from the above 8 patients when their thalidomide dosage were altered on clinical grounds. The results demonstrated that serum thalidomide level is dependent on daily dosage, However, the thalidomide serum level does not always correlate with the degree of associated side effects experienced by patients (such as degree of peripheral neuropathy) or until clinical response rate. 
5.9	 POEMS syndrome is a variant form of multiple myeloma, a rare multisystem disorder present as a polyneuropathy (P), organomegaly (O), endocrinopathy (E) monoclonal gammapathy (M), and skin changes(S), which may take several years to evolve fully. The Cause for this disease is unknown; however, it may be due to overproduction of the proinflammatory and other cytokines, especially VEGF. In this small single patient perspective study, we measure serum VEGF level at various stages of disease. This case study revealed that, serum VEGF levels in patients with POEM syndrome is correlate with disease activity, clinical intensity and remission status of disease. Therefore, serum VEGF level might be an important marker not only as a diagnostic aid but also as a marker showing response to treatment. 
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[bookmark: _Toc312169458][bookmark: _Toc312172385][bookmark: _Toc312257934]	Clinical trial designs for prospective validation of biomarkers
Prospective randomised clinical trials, using the proposed combination biomarker profile described in this thesis.. Although the LOOCV procedure likely represents the optimal use of the data given the relatively small sample in our study, it is no substitute for external validation on an independent sample set. Independent validation using randomised clinical trials of these models is required to more accurately assess their performance. This will help to determine if these biomarkers are suitable for incorporation into clinical practice. If validated, this will assist clinicians in individualizing therapy by choosing specific targeted therapies. This will allow the physician to avoid therapies that may be ineffective and costly which would expose patients to unnecessary side effects.

[bookmark: _Toc312169459][bookmark: _Toc312172386][bookmark: _Toc312257935]Other Pilot studies
Proteomic profiling of serum from patient with MGUS or patients with inflammatory and auto-immune disease and serum from normal healthy volunteers compared with Patients with multiple myeloma and validation using ELISA based assay. 

[bookmark: _Toc312169460][bookmark: _Toc312172387][bookmark: _Toc312257936]Other proteomic techniques 
Proteomic profiling of serum from newly diagnosed multiple myeloma patients using non-gel-based, proteomic techniques such as label-free quantitative LC-MS/MS. This newer technique is more sensitive and reproducible than 2D-DIGE methods and likely to identify other/new biomarkers. Secondly, The label free techniques is more cost effective and less time consuming compared to labelling methods. 


[bookmark: _Toc312169461][bookmark: _Toc312172388][bookmark: _Toc312257937]Predictive biomarkers for other novel agents
To evaluate and develop predictive profiles, using a panel of protein biomarkers for other novel anti-myeloma agents such as Bortezomib and Lenalidomide, in newly diagnosed multiple myeloma patients. If successful, this will enable clinicians to stratify Myeloma patients into specific groups, enabling the selection of optimal therapeutic regimes. This will reduce the time, cost, and failure rate of very expensive novel agents.

[bookmark: _Toc305690135][bookmark: _Toc306570827][bookmark: _Toc312169462][bookmark: _Toc312172389][bookmark: _Toc312257938]Integration of other factors
So far the thesis has focused on myeloma biomarker discovery and on the capturing of underlying relationship between the identified proteomic patterns and the therapeutic response to thalidomide in newly diagnosed multiple myeloma patients. In this study we also comprehensively analysed and correlated the predictive value of various laboratory variables with standard clinical parameters used in MM patients such as CRP, serum haemoglobin and patient age at diagnosis and their correlation with response to thalidomide. Statistical analysis was performed and results showed that although these additional factors are important prognostic factors in MM, they did not improve the AUC of the predictive panel, which measures the overall performance of the predictive model. However, MM biology is extremely complex and result from microenvironment interactions between many proteins, myeloma plasma cells and various environmental factors. For example, the proteomic patterns may contain information that influences human’s physical traits, one’s likelihood of suffering from resistant myeloma, and the responses of one’s body to substances that one encounters in the environment. It is therefore anticipated to incorporate genetic factors in the classification and prediction models. Our proposed algorithms for proteomic biomarker for prediction of response can be readily extended in the future studies to integrate other factors.
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Printed Patient Information Leaflet

Mater Misericordiae University Hospital Headed Paper: 

Patient Information Leaflet
Protocol title: RNA, Microarray & Proteomic analysis of bone marrow and peripheral blood from Multiple Myeloma patients to identify prognostic biomarkers, mechanism of drug Pharmacokinetics (Thalidomide & Lenalidomide), resistance & and identify candidate genes central to Myelomagenesis.



Principal Investigator’s Name:	_____ Dr. Peter O’Gorman
Principal Investigator’s Title:	 ____Consultant Haematologist 
Telephone No. of Principal Investigator:   -------   018032000 


You are being invited to take part in a clinical research study carried out at Mater Hospital.  Before you decide whether or not you wish to take part, you should read the information provided below carefully and if, you wish, discuss it with your family, friends or GP.  

Take time to ask questions – do not feel rushed or under any obligation to make a hasty immediate decision. You should clearly understand the risks and benefits of participating in this study so that you can make a decision that is right for you – this process is known as Informed Consent. 

You may change your mind at any time (before the start of the study or even after you have commenced the study) for whatever reason without having to justify your decision and without any negative impact on the care you will receive from the medical staff and will not give up any benefits which you had before entering the study.


[bookmark: _Toc306570828]WHY IS THIS STUDY BEING DONE? 

Multiple myeloma is a type of cancer formed by malignant plasma cells. Normal plasma cells are an important part of the immune system. Plasma cells usually make up less than 5 percent of the cells in your bone marrow. 

However, if you have multiple myeloma, a group of abnormal plasma cells (myeloma cells) multiply, raising the percentage of plasma cells to more than 10 percent of the cells in your bone marrow. 

Generally, if you have multiple myeloma and are not experiencing symptoms, you do not need treatment. If you' are experiencing symptoms treatment can help. Though there is no cure for multiple myeloma, with good treatment results you can usually return to near-normal activity and remission. 

The appropriate treatment depends on your needs, medical status and general health. Standard treatment options include: Chemotherapy and Radiation therapy. 

HOW WILL THE STUDY BE CARRIED OUT?
Blood and bone marrow aspiration are suitable materials for research. These materials will only be obtained when you are having diagnostic or follow –up tests for reasons unrelated to research. No additional procedures will be performed, nor will the study necessitate any additional hospital attendances
[bookmark: _Toc306570829]
WHAT WILL HAPPEN TO ME IF I AGREE TO TAKE PART?

[bookmark: _Toc306570830]Patients participating in the study will be required to give samples as follows: 5-10 ml of peripheral blood, 5-10 ml of bone marrow. These samples will be taken only when you are having routine diagnostic and follow up tests. It is important for you to note that no extra procedures / blood tests bone marrow aspirates will be performed. Whenever you have blood or marrow aspirate sampling done to assess your response to treatment we will simply draw off the extra samples using larger syringe with no extra/ larger needles required. 
 
[bookmark: _Toc306570831]We will initially process these samples in the Mater hospital. However for advanced analysis including micro-array and RNA analysis, we will send these samples to National Institute for Cellular Biotechnology (NICB) laboratory in Dublin City University (DCU).


BENEFITS:
There is no benefit to the participant himself/herself. However this study may benefit subsequent patients by helping the doctors to better understand multiple myeloma.
RISKS:
There are no additional risks as no additional procedures will be performed, nor will the study necessitate any additional hospital attendances

CONFIDENTIALITY ISSUES: 
We intend to inform your GP of your participation in this study. However your GP is not a part of this research group and will not have access to research results.
Your identity will remain confidential. Your name will not be published and will not be disclosed to anyone outside this hospital.  Only the investigator's group (Dr Peter O’Gorman/ Dr Rajesh Rajpal) within Mater Hospital will know your identity; codes will be used to conceal your identities in all external communications to DCU. 

Your bone marrow, blood sample will be stored indefinitely and may be used again in other research in the future related to myeloma. 




Future research and studies:

Further studies and research on these samples will be referred to the Mater Hospital Research Ethics Committee for review and approval.

Your medical notes will be examined by clinical research workers, Dr Peter O’Gorman, and Dr Rajesh Rajpal.  Non-hospital employees will not have access to your medical notes. 


Compensation:

Your doctors are covered by standard medical malpractice insurance. Nothing in this document restricts or curtails your rights.

Stopping the study: 

You understand that your doctor may stop your participation in the study at any time without your consent.

Permission: 
This research has Mater Hospital Research Ethics Committee approval. 

IF YOU REQUIRE FURTHER INFORMATION
If you have any further questions about the study or if you wish to withdraw from the study you may do so without justifying your decision and your future treatment will not be affected.  
You can get more information or answers to your questions about the study, 
Your participation in the study, and your rights, from Dr Peter O’Gorman and Dr Rajesh Rajpal who can be telephoned at 01 8034412 .

If your doctor learns of important new information that might affect your desire to remain in the study, he will inform you of this.
 Consent Form

Mater Misericordiae University Hospital Headed Paper:

Consent Form for the collection of Bone marrow, Peripheral blood sample
[bookmark: _Toc306570832]Protocol title: RNA, Microarray and Proteomic analysis of bone marrow and peripheral blood from Multiple Myeloma patients to identify prognostic biomarkers, mechanism of drug Pharmacokinetics (Thalidomide and lenalidomide), resistance and identify candidate genes central to Myelomagenesis


[bookmark: _Toc306570833]Please tick appropriate boxes Yes/No
 


I am an adult taking part in this study                                 Yes	  No	

1. I have read the information leaflet about this research project, and have been given a copy to keep. The information has been fully explained to me and I have been able to ask questions. I understand why the research is being done and any risks involved. 
1.                                                                                                     Yes                No 

1. I agree to donate a marrow, Peripheral blood sample for this research project. I understand that giving a sample for this research is voluntary and that I am free to withdraw my approval at any time without my medical treatment being affected.          	Yes    No	 
1. 
1. I give permission for medical research personnel to look at my medical records to obtain information. I have been assured that information about me will be kept confidential.  	
1.                                                                                                     Yes              No 
1. I give permission for my Bone marrow, blood sample and information collected from me to be stored indefinitely. However, any future studies on these sample should be referred to Mater Hospital Ethics Committee for review and approval                                                                      Yes     No


Signed:............................................................................... Date:..................................................... 
Name of research participant


Signed:............................................................................... Date:..................................................... 
Name of person taking consent




Standard Letter to Patients General Practitioner (GP)

Mater Misericordiae University Hospital Headed Paper

Dr. 
Address

Re:  Participant’s Name and address

Dear Dr…………………..                   ,

We are conducting a study to analyse bone marrow, and peripheral blood and sample from patients to establish a Biological bank. 

 Although genetic screening studies have provided some insight into the pathogenesis that underlies Multiple Myeloma, (MM) the full landscape of genomic events driving cancer initiation, progression, and response to treatment have remained hidden.  

Future translational research in MM will focus on the development of molecular based combination therapies to achieve durable responses in the majority of patients. It may also help to define new subgroups of myeloma in term of genetic / prognostic markers and clinical outcomes secondly ex-vivo erythropoiesis using hematopoietic stem cells, the objective of this process is to provide blood of rare blood group and perhaps replace the complete reliance on volunteer blood donations in the future.  

Your (Participant’s patient name) has been recruited to the study.  The details are as follows: 





Title of the study:  
[bookmark: _Toc306570834]
Protocol title: RNA, Microarray and Proteomic analysis of bone marrow and peripheral blood from Multiple Myeloma patients to identify prognostic biomarkers, mechanism of drug Pharmacokinetics (Thalidomide and Lenalidomide), resistance and identify candidate genes central to Myelomagenesis.
____________________________________________________________________


Principal Investigator’s Name:  Dr. Peter O’Gorman
Co-Investigators: Dr Rajesh Rajpal

What it involves for your patient? 

Patients participating in the study would be required to give samples as follows: 5-10 ml of peripheral blood, 5-10 ml of bone marrow. These samples will be taken only when the patient is having routine diagnostic and follow up tests. No additional procedures will be performed, nor will the study necessitate any additional hospital attendances. 





Should you have any queries, I can be contacted at 01804412. 

Yours sincerely,

Dr. Peter O’Gorman, 				         Dr. Rajesh Rajpal
Consultant Haematologist,                                      Research Specialist Registrar, 
Mater Misericordiae Hospital, Dublin 7.                 Mater Misericordiae Hospital 
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Rajesh Rajpal, Paul Dowling, Justine Meiller, Colin Clarke, William G Murphy, Robert O'Connor, Malcolm Kell, Constantine Mitsiades, Paul Richardson, Kenneth C Anderson, Martin Clynes and Peter O'Gorman, PROTEOMICS Volume 11, Issue 8, pages 1391–1402, April 2011 Proteomics ():n/a-n/a (2011) PMID 21365752 
A novel panel of protein biomarkers for predicting response to thalidomide-based therapy in newly diagnosed multiple myeloma patients

Rajesh Rajpal, Paul Dowling, Justine Meiller, William G Murphy, Kenneth C. Anderson, Philip Murphy, Robert O Connor, Martin Clynes, and Peter O'Gorman
A Panel Of Potential Protein Biomarkers For Predicting Clinical Response To Thalidomide In Newly Diagnosed Multiple Myeloma Patients. Blood (ASH Annual Meeting Abstracts), Nov 2009; 114: 4882.

Rajpal R, Dowling P, Meiller J, Murphy W, Murphy P, O'Driscol L, et al. Panel of Potential Proteomic Biomarkers for Predicting Response to Thalidomide in Multiple Myeloma. Clinical Lymphoma and Myeloma 2009;9:S119-S120.

Rajpal R, Dowling P, Meiller J, Murphy WG, O'Connor R, Anderson KC, et al. Personalised Medicine - the Use of Proteomics Biomarkers to Predict Response to Thalidomide in Multiple Myeloma. Haematologica-the Hematology Journal 2009;94:10-11.

Rajesh Rajpal, Paul Dowling, Justine Meiller, Kenneth C Anderson, Philip Murphy, Martin Clynes, and Peter O’Gorman
Prediction of Thalidomide Response in the Newly Diagnosed Untreated Multiple Myeloma Patients Based on a Panel of Protein Biomarkers
Blood (ASH Annual Meeting Abstracts), Nov 2008; 112: 5018

Rajesh Rajpal, Paul Dowling, Justine Meiller, William G Murphy, Kenneth C. Anderson, Philip Murphy, Robert O Connor, Martin Clynes, and Peter O'Gorman
A Panel of POTENTIAL PROTEIN BIOMARKERS for Predicting CLINICAL RESPONSE to Thalidomide IN Newly Diagnosed MULTIPLE MYELOMA PATIENTS

Development and validation of a sensitive method for the quantification of thalidomide in biological samples. 
Sandra Roche, Louise Sewell, Justine Meiller, Rajesh Rajpal, Peter O’ Gorman, Martin Clynes, Robert O’ Connor,
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Expert Rev Proteomics. 2011 Aug;8(4):439-42. doi: 10.1586/EPR.11.42.
Identification and evaluation of a panel of serum biomarkers for predicting response to thalidomide in multiple myeloma patients.
Xiong Q, Ge F.
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Mean serum value at diagnosis (Day-0)
Day-0 level R	VDB ug/ml	Hp ug/ml	SAA ug/ml	520.70000000000005	2853.5	72.099999999999994	Day-0 level NR	VDB ug/ml	Hp ug/ml	SAA ug/ml	664.6	1653.1	274.10000000000002	ug/ml
Serum level at Day-100
Day 100 level R	VDB ug/ml	Hp ug/ml	SAA ug/ml	279.18857142857144	2412.6428571428573	60.821428571428569	Day 100 level NR	VDB ug/ml	Hp ug/ml	SAA ug/ml	287.3654545454545	1195.4545454545455	75.199999999999989	serum level ug/ml 
Serum level at Day-0 and Day-100
Day 0  R - mean value	VDB ug/ml	Hp ug/ml	SAA ug/ml	520.70000000000005	2853.5	72.099999999999994	Day 100  R - mean value	VDB ug/ml	Hp ug/ml	SAA ug/ml	279.18857142857144	2412.6428571428573	60.821428571428569	Day 0  NR - mean value	VDB ug/ml	Hp ug/ml	SAA ug/ml	664.6	1653.1	274.10000000000002	Day 100  NR - mean value	VDB ug/ml	Hp ug/ml	SAA ug/ml	287.3654545454545	1195.4545454545455	75.199999999999989	Serum VGEF 
VGEF pg/ml 	Presenation  09/01/09 	Re-stagging 19/03/09	Remission 23/05/09 	Relapse 14/09/09 	3955	49.22	10	256	
pg/ml 


Bone marrow samples= 175 
MM	MGUS	benign diseases	123	31	21	Newly diagnosed MM  BM samples
MM ISS stage I	MM ISS stage II	MM ISS stage III	11	21	15	Myeloma related bone marrow samples= 154
MM newly diagnosed	MM smouldering	MGUS	Plasma cell leukaemia	MM relapsed	MM in remission	47	3	31	1	26	46	
Serum samples set
MM	MGUS	Smouldering MM	Plasmacytoma	POEM syndrome	Amyloid Disease	PC leukaemia	Benign conditions	Auto-immune diseases	302	51	16	15	4	3	3	39	15	MM	MGUS	Smouldering MM	Plasmacytoma	POEM syndrome	Amyloid Disease	PC leukaemia	Benign conditions	Auto-immune diseases	85	23	5	9	1	1	2	39	17	multiple myeloma serum samples  

CR from 23 patients	VGPR from 16 patients	PR from 7 patients	PD from 9 patients	NR from 42 patients	98	71	22	21	90	

R	TD	CTD	MPT	24	3	2	NR	TD	CTD	MPT	17	4	1	Serum ZAG
R	
46.94	76.59	38.35	38.270000000000003	64.78	67.81	49.15	55.06	61.27	44.01	42.54	52.9	58.06	52.08	43.46	49.35	67.739999999999995	74.75	35.968000000000004	41.09	20.716999999999999	50.984000000000002	43.787999999999997	32.761000000000003	21.068999999999999	46.39	90.21	37.880000000000003	41.64	NR	88.33	62.2	79.08	57.28	49.22	68.53	43.39	66.489999999999995	55.6	65.7	53.64	73.12	75.08	80.08	72.599999999999994	60.28	55.25	90.21	64.75	62.32	17.78	54.19	µg/ml 

Serum VDB
R	
587.04	429.63	564.80999999999995	449.07	782.41	765.74	718.52	750.93	596.29999999999995	587.04	525	456.48	604.63	517.59	449.07	670.37	410.19	576.85	326	565.1	440.88	597.9	193.18	223.36	338.44	787.04	374	580.91999999999996	232	NR	469.44	768.52	710.19	676.85	749.07	561.11	875.93	864.81	630.55999999999995	638.89	532.41	558.33000000000004	601.4	712.11	580.17999999999995	628.82000000000005	699.21	1277.1199999999999	1051.0999999999999	668.26	187	179	µg/ml 

Serum B2M 
R	
83.69	47.48	54.24	609.4	52.37	79.23	279.42	92.36	63.81	51.05	98.06	91.91	99.4	190.61	46.71	109.84	71.989999999999995	56.68	80	29.8	40.43	70.760000000000005	105.3	29.9	52.1	140.34	105.3	55.09	83.7	NR	50.65	215.4	142.18	102.1	128.71	196.32	321.87	155.36000000000001	235.85	106.99	305.37	431.43	455.3	150.21	198.8	248.2	118.5	202.5	128.53	237.84	188	189.1	µg/ml

Serum TYR
R	395.93	894.52	311.76	150.4	390.46	481.22	522.88	389.55	458.89	497.95	316.79000000000002	246.96	413.46	310.08	285.44	225.28	335.52	503.9	213.82	282.52	331.43	340.07	175.73	200.72	256.87	229.7	101.072	380	271.7	NR	494.98	740.77	552.26	428.42	373.29	293.56	187.2	421.85	197.47	488.09	216.56	220.18	297	297	297	297	268.89999999999998	442.77	359.77	402	24.623000000000001	412.68	µg/ml 

Serum Hp
R	473	1294	482	81	2121	5550	2044	692	7219	3378	1355	1746	3621	7939	1662	2676	4381	3941	4085	1712	2687	3268	978	1289	1567	12126	1211	2090	1083	NR	1111	554	3556	614	3189	1200	2242	2249	3261	1974	2772	255	260	664	1140	2382	1436	1567	1156	573	458	3755	µg/ml 

Serum SAA
R	
4	47.78	22.52	12.1	45.59	14.85	66.02	11.92	138.58000000000001	196.28	26.22	15.18	33.93	26.13	71.760000000000005	4.99	478.92	40.520000000000003	16.48	67.816999999999993	55.673000000000002	68.093000000000004	40.770000000000003	22.553999999999998	35.25	125.01	227.06	47.79	127.71	NR	491.66	59.12	114.63	30.51	165.19	433.94	494.04	31.01	375.08	411.33	83.22	34.78	134.80000000000001	120.65	448.8	380	124.395	66.161000000000001	453.37599999999998	377.755	585.02	614.83000000000004	µg/ml 
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Samples aliquot 1 aliquot 2 aliquot 3 aliquot 4 aliquot 5 aliquot 6 aliquot 7 aliquot 8 aliquot 9 aliquot 10 STDV

1 196 183 0 209 281 239 356 216 205 196 65

2 192 153 203 177 216 171 242 194 186 155 56

3 185 281 218 237 285 192 317 274 363 211 89

4 80 170 224 185 518 198 298 229 226 211 88

5 160 155 192 211 281 352 237 250 231 261 81

6 460 382 248 240 384 280 397 255 311 255 69

7 252 237 185 211 335 334 335 309 317 308 68

8 303 378 186 260 174 191 173 179 171 260 76

9 192 18 158 151 258 188 86 157 135 176 137

10 205 222 251 306 233 731 239 160 182 186 167
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Samples aliquot 1 aliquot 2 aliquot 3 aliquot 4 aliquot 5 aliquot 6 aliquot 7 aliquot 8 aliquot 9 aliquot 10 STDV

1 196 183 208 209 281 239 356 216 205 196 46

2 192 153 203 177 216 171 242 194 186 155 56

3 185 281 218 237 285 192 317 274 363 211 89

4 80 170 224 185 518 198 298 229 226 211 88

5 160 155 192 211 281 352 237 250 231 261 81

6 460 382 248 240 384 280 397 255 311 255 69

7 252 237 185 211 335 334 335 309 317 308 68

8 303 378 186 260 174 191 173 179 171 260 76

9 192 18 158 151 258 188 86 157 135 176 137

10 205 222 251 306 233 731 239 160 182 186 167
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Response Patients  Patients Clinical Day-100

Age Sex Stage  'ISS'  re-staging

R 66 M III CR

R 72 M III CR

R 60 M II CR

R 71 F II VGPR

R 69 M I VGPR

R 63 F II CR

R 70 F II VGPR

R 61 F I VGPR

R 63 M I CR

R 64 M II CR

R 67 F II VGPR

R 68 M II VGPR

R 70 M III VGPR

R 62 M III VGPR

NR 72 F II PD

NR 74 M III PD

NR 71 M III PD

NR 65 M II PD

NR 70 M III PD

NR 78 F II PD

NR 64 F II PD

NR 65 F I SD

NR 73 F III PD

NR 61 F II SD

NR 76 M III PD
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Responders VDB ugfml Hp ug/ml SAA ug/ml
265 5422 9
350 2844 119
434 1221 116
286 275 4
180 1935 49
204 4849 21
185 1415 2
266 982 24
501 1015 3
250 945 61
381 1995 126
199 2810 48
224 2569 6
182 2979 39
Day 100 Mean 279 2413 61
Day 0 Mean 521 2854 7
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Nonresponders | VDB ug/ml Hp ug/ml SAA ug/ml
331 1243 7]
274 1034 3
213 1225 45
264 19 126
2 599 67
279 4762 4
295 1107 9
281 1271 57
311 597 %6
383 2% 108
308 850 90
Day 100 Mean 287 1195 7
Day 0 mean 665 1653 274
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Thalidomide

Serial no Sampleno | Serumlevel [Thalidomide dosage
ngfmlL
1 269 164 100 mg / day
2 292 63 50 mg / day
3 430 27 50 mg / day
4 390 1082 200mg fday
5 425 25 200mg fday
3 243 1095 200mg fday
7 324 209 100 mg / day
8 319 0 Mot on treatement,
9 260 0 200 mg/ day
10 291 755 300 mg / day
11 408 458 150mg iday
2 229 1407 200mg fday
on Lenalidomide (aot on
o 0 0 thalidomide)
i 295 330 150 mg { day
15 392 0 Switched to
g T 5 Lenalidomide
7 342 454 150 mg fday
18 377 781 200 mg / day
19 388 573 150 me fday
20 399 79 150 me fday
21 434 405 150 mg /day.
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Thalidomide

Patients | Serumlevel |Thalidomide dosage
ngfmlL
1 164 100 mg { day
1 63 50 mg/ day
2 454 150 mg fday
2 781 200 mg/ day
2 573 150 mg fday
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Response criteria

Thalidomide Serum

based on IMWG: level ng/mL
PR 209.35
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Thalidomide

Sample serial thy NCI
am"n:“" Sampleno | Serumlevel | Age | Sex |Thalidomide dosage Clinical Response Response IMW Back ground disease(s) “"“':::m_’; Other side effects
: ng/mL
1 269 164 79 | Female 100 mg f day R VGPR T¢G Myeloma, TLA, Osteoarthitis Grade3 | Constipation, tredness and low energy, pins and
needle sensation
2 292 63 79| Female 50 mg / day R VGPR 1gG Myelorua, TL4, Osteoarthriic Grade 2 low energy and tiredness marginaly better
3 430 27 79| Female 50 mg / day R VGPR 1gG Myelorua, TL4, Osteoarthriic Grade 2 TLA, constipation, firedness and low energy
B 0 o o | e 200ma iy N f— MM, TgG, Plasmacytorna lef shovlder, oo 1| P o neecle ensation, Tieduess and low
ON, post raiotherapy energy
5 s . o | e 200ma iy N f— MM, TgG, Plasmacytorna lef shovlder, oo 0[P eond needle semsaton suproved, Treduess
ON, post raiotherapy and low energy
. s 109 o | e 200ma iy N f— MM, TgG, Plasmacytorna lef shovlder, oo 0| P dond needle ensaion Tiedness and
ON, post raiotherapy low energy
MM, IGG, Colon Canser, Acute Renal Neutroperic sepsis, Anaemia
7 324 209 81 | Ml 100 mg / s PR PR Grade 2
° i Sailure, cellultis e Thrombocytopenia
1gG MM, Post Stem cell
8 319 0 57 | Male | Notontreatement, R VGPR Grade 1 Nl
° oF on freatement, transplant Minimal neuropathy e
126 Myeloma, also bk ground of D, | Grade 3 (7 DVT, constipation, low energy , Diabetic
9 260 0 68 | Mal 200 me / d R to thalidoraids PR
° i o thalidomide CCF, DM, Chronic renal failure Diabetic) ‘neuropathy
1gG Myeloma , also bk ground of D, | Grade 3 (7 DV, constipation, low energy , Dibefic
10 291 755 68 | Mal 300 me / d R to thalidoraids PR
° i o thalidomide CCF, DM, Chronic renal failure Diabetic) neuropathy
1gG MM.TED, Pubmonary Fibrosis,
11 408 498 59 | Male 150mg fday On CTD PR o b oot RTL fas1 Grade 2 Low energy, Constipation, Ankle oedemna
1gG MM.TED, Pubmonary Fibrosis, Severe Low energy, Constipation, Ankle
2 a2 1o ® | Mae 200me fday ©n CTD PR sarcoidosis, PE, recurrent RTL, AVN Crade 2 oedena, skin rash
on Lenalidomide (not on 1gG MM.TED, Pubmonary Fibrosis,
13 240 0 59 | Ml NR to Velcads 22} Grade 2 L Constipation, Ankle oedk
° thalidomide) o Veloade sarcoidosis, PE, recurrent RTL, AVN. e oW energy, (onstipation, Auide oedema,
14 295 330 77 Mele 150 mg / day i3 PR 1gG MM, Mysthenia Gravis, DVT 1998, Grade 2 umbness in fingers, low energy and firedness
Hypertension, DM
5 02 ) R Swichedto | cannot olerate Thalidomide , = 1oG MM, Mystheria Gravis, DV 1998, | oo
Lenalidomide worsen neuropathty Hypertension, DM
16 400 0 77| Mae on Lenatidomide |20t tolerate Thalidomide , PR 1gG MM, Mysthenia Gravis, DVT 1998, o 5 on linalidomide
worsen neuropathty Hypertension, DM
17 342 454 7 Mele 150 mg fday i3 VGPR Tgh Moltiple Myeloma, post SCT and Grade 2 Skin rash, Prepheral Oedema, contipation
Radiotherapy,
s s o | e 200 ma 4oy N f— Tgh Maltiple Myeloma, post SCT and oo 2 Skin rash improved , Prepheral Ocdemna
Radiotherapy severe constipation improved
19 388 573 7 Mele 150 mg fday i3 VGPR Tgh Moltiple Myeloma, post SCT and Grade 2 Mild skin rash , Tiredness
Radiotherapy
20 399 479 7 Mele 150 mg fday i3 VGPR Tgh Moltiple Myeloma, post SCT and Grade 2 Tiredness and low energy
Radiotherapy
21 434 405 7 Mele 150 mg fday i3 VGPR Tgh Moltiple Myeloma, post SCT and Grade 2 Tiredness and low energy

Radiotherapy, renal atrophy
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TABLE 3: Durie-Salmon staging system
for multiple myeloma

Myeloma cell mass
Stage Criteria (x 10 cells/m?)

| Hemoglobin > 10 g/dL <06 (low)
Serum calcium level < 12 mg/dL (normal)
Normal bone or solitary plasmacytoma on x-ray

Low M-component production rate:

1gG <5 gldL.

1gA < 3 g/dL

Bence Jones protein < 4 g/24 h
1 Not fitting stage | or I 0.6-1.2 (intermediate)
[ Hemoglobin < 8.5 g/dL > 1.2 (high)

Serum calcium level > 12 mg/dL

Multiple Iytic bone lesions on x-ray

High M-component production rate:
18G > 7 g/dL
1gA > 5 g/dL
Bence Jones protein > 12 24 h

A Normal renal function (serum creatinine level < 2.0 mg/dL)

B Abnormal renal function (serum creatinine level > 2.0 mg/dL)
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Patients  Patients Clinical Day-100  Clinical Induction Follow  2ndLine Cumentstatus

Age Sex Stage 'ISS' re-staging Classification Therapy up months Treatment

72 F I D NR ™ 19 VEL VGPR
74 M m i) NR MPT 15 VEL+LEN VGPR
7 M m i) NR ™ 22 LEN CR
65 M I i) NR ™ 1 VEL+SCT CR
70 M m i) NR c1D 20 LEN VGPR
63 F m i) NR ™ 17 VEL+SCT VGPR
72 M m i) NR c1D 19 VEL NR
63 M I SD NR ™ 1 LEN VGPR
78 M I i) NR c1D 13 LEN NR
7 F I i) NR ™ 18 VEL VGPR
57 F m i) NR ™ 13 VEL+SCT VGPR
7 M m i) NR ™ 15 RIP REFUSE
78 F I i) NR ™ 18 LEN VGPR
64 F I i) NR ™ 2 VEL+SCT VGPR
65 F 1 SD NR ™ 23 VEL NR
73 F m i) NR c1D 21 VEL+LEN VGPR
78 M I SD NR ™ 1 VEL NR
61 F I SD NR ™ 15 VEL+SCT VGPR
7% F m i) NR ™ 12 VEL NR
7 M I i) NR ™ 1 LEN VGPR
62 M 1 i) NR ™ 11 VEL VGPR
69 M hig D R ™ 9 LEN VGPR
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≥Partial Response  after 4 cycles?  

Start Initial Therapy  
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fable 1. New regimens for the treatment of newly diagnosed multiple myeloma

Regimen

Schodulo®

Thalidomide-Dexamethasone
(ThalDex)

Lenalidomide-Dexamethasone
(Revilow-dose Dex)

Bortezomib-Dex
(VelDex)

Melphalan-Predrisone-
Thaldomide
(MPT)

Melphalan-Prednisane
-Bortezomib
(MPV)

Melphalan-Prednisone
Lenaiidomide (MPR) 39

Bortezomib-Thalidomide-
Dexamethasone (VTD)

Thalidomide 200mg oral days 1-28
Dexamethasone 40mg oral days 1-4

Repeated every 4 weeks X 4 cycles as pre-transplant induction therapy:
o continued il plateau or progression if used as primary therapy

Lenalidomide 25mg oral days 1-21 every 28 days
Dexamethasone 40mg oral days 1, 8, 15, 22 every 28 days

Repeated every 4 weeks x 4 cycles as pre-transplant inducion therapy:
o continued il plateau or progression if used as primary therapy

Bortezomib 1.3mgfm intravenous days 1,4, 8, 11
Dexamethasone 40mg oral days 1-4
Repeated every 3 weeks x 4 cycles as pre-transplant induction therapy

Melphalan 0.25mgikg oral days 1-4.
Prednisone 2mgkg oral days 1-4
Thalidomice 100-200mg oral days 1-28
Repeated every 6 weeks X 12 cycles

Melphalan 8 mgim’ oral days 1-4
Predrisone 60 mgf orel days 10 4

Bortozomib 1.3mg/m? intravenous days 1,4, 8, 11, 22, 25, 28, 32

Repealed every 42 days x 4 cycles followed by maintenance herapy as given below:

Melphalan 9 mg/m’ oral days 1-4

Prednisone 60 mg/m’ oral days 1t0 4

Bortezomib 1.3mg/m’ intravenous days 1, 8, 15, 22
Repeated every 35 days x 5 cycles

Melphalan 0.18mgikg oral days 1-4
Prednisone 2mg/kg oral days 1-4
Lenalidomide 10mg oral days 1-21
Repeated every 4-6 weeks x 8 cycles

Bortezomib 1. 3mgm intravenous days 1, 4,8, 11
Thalidomide 100-200mg oral days 1-21
Dexamethasone 20mgir? oral days 1-4
Repealed every 4 weeks x 4 cycles as pre-transplant induction therapy

*Starting and subsequent doses need to be adjusted for performance status, renal function, blood counts, and other toxicities.
Recommended dose of dexamethasone has been reduced from the published series to no more than 4 doses a month
based on recent resuls of a trial comparing lenalidomide plus high dose dexamethasone versus lenalidomide plus low dose

dexamethasone.
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Patients  Patients Clinical 'TSS' Day-100 IMWG Responseto  Follow

Age Sex Stage re-staging _thalidomide _up-months
Responders
73 F m VGPR R 17
66 M I CR R 16
58 F m CR R 16
67 M I VGPR R 12
59 M m VGPR R 18
67 M m CR R 16
72 M m CR R 13
60 M I CR R 19
7 F I VGPR R 13
69 M 1 VGPR R 12
61 F I CR R 19
74 F 1 VGPR R 13
70 F I VGPR R 1
61 F 1 VGPR R 12
7 M I VGPR R 1
63 M 1 CR R 1
58 F 1 VGPR R 15
59 F 1 VGPR R 1
64 M I CR R 12
63 F I VGPR R 21
65 M I VGPR R 8
70 M m VGPR R 7
66 F I CR R 8
80 M I VGPR R 7
66 F I VGPR R 10
81 F m VGPR R 6
52 M m VGPR R 11
64 M I VGPR R 6
62 F hig VGPR 3 6




image23.png
Patients  Patients Clinical 'TSS' Day-100 IMWG Responseto  Follow

Age Sex Stage re-staging _thalidomide _up-months
72 F I D NR 16
74 M m i) NR 12
7 M m i) NR 19
65 M I i) NR 11
70 M m i) NR 17
63 F m i) NR 1
72 M m i) NR 16
63 M I SD NR 11
78 M I i) NR 10
7 F I i) NR 15
57 F m i) NR 10
7 M m i) NR 12
78 F I i) NR 15
64 F I i) NR 21
65 F 1 SD NR 20
73 F m i) NR 18
78 M I SD NR 11
61 F I SD NR 12
7% F m i) NR 9
7 M I i) NR 11
62 M 1 i) NR 8
69 M hig D R 6
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image59.png
Protein Name M.W. (Da) Matched Peptides % Coverage XC-Score DeCyder Ratio DeCyder p-value ELISA Ratio ELISA p-value

Vitamin D-binding protein (VDB) 52930 20 53.59 2104 131 0.00044 128 0.02045
Haptoglobin fragment (Elp) 45177 9 1158 763 -3.01 0.0017 173 0.03241
Zinc-alpha-2-glycoprotein (ZAG) 33851 10 37.63 1703 148 0.0000022 127 0.00398
Beta-2-microglobulin (B2M) 13706 3 35.29 463 196 0.0015 2 0.00118

Serum Amyloid & Protein (SA4) 13524 4 43.36 80.3 3.01 0.006 38 0.00016
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image65.png
Patients  Patients Clinical Day-100  Clinical LOOCV  Predicted

Age Sex Stage 'ISS' re-staging Classification PQVR) Classification
73 F m VGPR R 0.259 R
66 M I CR R 0,034 R
58 F m CR R 0.264 R
67 M I VGPR R 0.085 R
59 M m VGPR R 0.692 NR
67 M m CR R 0.021 R
72 M m CR R 0.552 NR
60 M I CR R 0.809 NR
7 F I VGPR R 0.003 R
69 M 1 VGPR R 0.345 R
61 F I CR R 0.076 R
74 F 1 VGPR R 0.017 R
70 F I VGPR R 0,025 R
61 F 1 VGPR R 0 R
7 M I VGPR R 0.046 R
63 M 1 CR R 0.092 R
58 F 1 VGPR R 0.952 NR
59 F 1 VGPR R 0.014 R
64 M I CR R 0 R
63 F I VGPR R 0.17 R
65 M I VGPR R 0.011 R
70 M m VGPR R 0.059 R
66 F I CR R 0.002 R
80 M I VGPR R 0.001 R
66 F I VGPR R 0.006 R
81 F m VGPR R 0 R
52 M m VGPR R 0.36 R
64 M I VGPR R 0.106 R
62 F hig VGPR 3 0013 3
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image66.png
Patients  Patients Clinical Day-100  Clinical LOOCV  Predicted

Age Sex Stage 'ISS' re-staging Classification PQVR) Classification
72 F I D NR 0.994 NR
74 M m i) NR 0.878 NR
7 M m i) NR 0.161 R
65 M I i) NR 0.519 NR
70 M m i) NR 0.674 NR
63 F m i) NR 0.995 NR
72 M m i) NR 1 NR
63 M I SD NR 07 NR
78 M I i) NR 0.951 NR
7 F I i) NR 0.994 NR
57 F m i) NR 0.01 R
7 M m i) NR 0.19 R
78 F I i) NR 0791 NR
64 F I i) NR 0.902 NR
65 F 1 SD NR 0.997 NR
73 F m i) NR 0.981 NR
78 M I SD NR 0.786 NR
61 F I SD NR 1 NR
7% F m i) NR 1 NR
7 M I i) NR 0.998 NR
62 M 1 i) NR 0.974 NR
69 M hig D R 0336 3
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Patients Stage( Day 100 Clinical Follow | Training set Training set Loocv Loocv
Age |Sex| 188 [re-staging| Classification | up months P(NR) Model classification | P(NR) | Model classification
73 F [l VGPR R 17 0.0059. R 0.0061 R
66 M ] CR R 16 00173 [ 0.0186 R
58 F I CR R 16 0.0337 [ 0.045 R
67 M ] VGPR R 12 0.004 [ 0.0042 R
59 M | 1| VGPR R 18 03479 R 0.9958 NR
67 [V I CR R 16 05592 NR 0.7343 NR
72 M 1} CR R 13 0.131 R 0.2493 R
60 M ] CR R 19 06038 NR 079 NR
Al F ] VGPR R 13 03828 R 05764 NR
69 M ] VGPR R 12 0.0078 R 0.0082 R
61 F I CR R 19 0018 R 0.0193 R
74 F ] VGPR R 13 0.0037 R 0.0037 R
70 F ] VGPR R 14 0.0027 [ 0.0027 R
61 F [ VGPR R 12 0.0211 [ 0.0222 R
i M ] VGPR R 14 0.0005 [ 0.0005 R
63 M1 CR R 14 0.001 R 0.001 R
58 Fl 1 VGPR R 15 0.0289 R 0.0307 R
59 F | VGPR R 14 0.3666 R 1 NR
64 M ] CR R 12 0.0509 R 0.0625 R
63 F ] VGPR R 21 0.0025 R 0.0027 R
72 F I PD NR 16 09912 NR 0.9904 NR
74 M [l PD NR 12 09427 NR 0.9357 NR
71 M| PD NR 19 06684 NR 0.7941 NR
65 M ] PD NR K 02785 [ 0.0416 R
70 M| PD NR 17 04351 [ 0.1147 R
63 F PD NR 14 09912 NR 0.9907 NR
72 [V I PD NR 16 09912 NR 0.9997 NR
63 M1 SD NR 1 0.9343 NR 09227 NR
78 M ] PD NR 10 0.936 NR 0.9207 NR
79 Fl PD NR 15 09772 NR 09743 NR
57 F [l PD NR 10 0.1359 R 0.0056 R
il M [l PD NR 12 09622 NR 0.9515 NR
78 Fl 0 PD NR 15 0.9968 NR 09967 NR
64 F ] PD NR 21 09821 NR 0.9805 NR
65 F [ SD NR 20 0.9968 NR 0.9967 NR
73 F 1l FPD NR 18 0.9813 NR 09799 NR





image68.png
Responders CRP pgfml Nonresponders  CRP pg/ml

1 17 30 4.0
2 31 31 26
3 59.9 32 1.0
4 88 33 09
5 7.3 34 75
6 20 35 22
7 1.2 36 5.0
8 104 37 764
9 61.1 38 14
10 62.0 39 68.6
11 20 40 1.0
12 3.0 41 19
13 49 42 77
14 05 43 20
15 2.1 44 1.0
16 3.0 45 10.1
17 05 46 05
18 2.8 47 19
19 25 48 64.0
20 7.6 49 42
21 77 50 05
22 122 51 23
23 89

24 44

25 14

2 2.1

27 93

28 3.0

29 7.1

0.77
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Designation  Patients LOOCVprob Newmodel —Old Model

Age
R 73 0.012 R R
R 66 0.023 R R
R 58 0.040 R R
R &7 0.006 R R
R 59 1.000 NR NR
R &7 0727 NR NR
R 72 0.365 R R
R 60 0.923 NR NR
R 7 0.673 NR NR
R 69 0.012 R R
R 61 0.018 R R
R 74 0.008 R R
R 70 0.005 R R
R 61 0.021 R R
R 7 0.001 R R
R 63 0.001 R R
R 58 0.023 R R
R 59 1.000 NR NR
R 64 0.065 R R
R 63 0.003 R R

NR 72 0.993 NR NR

NR 74 0.947 NR NR

NR 7 0816 NR NR

NR 65 0.039 R R

NR 70 0118 R R

NR 63 0.988 NR NR

NR 72 1.000 NR NR

NR 63 0.853 NR NR

NR 78 0.949 NR NR

NR 79 0.985 NR NR

NR 57 0.002 R R

NR 7 0.973 NR NR

NR 78 0.998 NR NR

NR 64 0.973 NR NR

NR 65 0.996 NR NR

MR 73 0985 MR MR
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image72.png
Designation Patients Hb gm/l LOOCV prob  New model 0ld Model

R 13 0.0002 R R
R 11 0.0125 R R
R 13 0.0002 R R
R 12 0.0008 R R
R 12 0.9994 R R
R 14 1.0000 R R
R 12 03108 R R
R 12 0.8308 R R
R 11 1.0000 R R
R 13 0.0008 R R
R 12 0.0008 R R
R 12 0.0006 R R
R 11 0.0040 R R
R 12 0.0078 R R
R 12 0.0002 R R
R 13 0.0001 R R
R 13 0.0200 R R
R 11 1.0000 R R
R 14 0.1216 R R
R 12 0.0017 R R





image73.png
Designation Patients Hb gm/l LOOCV prob  New model 0ld Model

NR. 09734 09734 NR NR
R 03648 03648 R R
R 0.8229 0.8229 R R
R 0.0002 0.0002 R R
R 0.0490 0.0490 R R
R 0.9992 0.9992 R R
R 1.0000 1.0000 R R
R 0.9446 0.9446 R R
R 0.9744 0.9744 R R
R 0.9815 0.9815 R R
R 0.0032 0.0032 R R
R 0.9973 0.9973 R R
R 0.9999 0.9999 R R
R 0.9965 0.9965 R R
R 0.9991 0.9991 R R
NR. 0.9505 0.9505 NR. NR.





image74.png
Patients  Patients Clinical Day-100  Clinical ~ Follow  2ndLine  Cument status
Age Sex Stage 'ISS' re-staging Classification up months _Treatment
Responders
73 F m VGPR R 26 A VGPR
66 M I CR R 22 BORT VGPR
58 F m CR R 22 SCT CR
67 M I VGPR R 18 A VGPR
59 M m VGPR R 24 BORT&SCT  VGPR
67 M m CR R 22 LEN CR
72 M m CR R 19 A CR
60 M I CR R 25 SCT CR
7 F I VGPR R 19 A VGPR
69 M 1 VGPR R 18 A VGPR
61 F I CR R 25 SCT CR
74 F 1 VGPR R 19 BORT VGPR
70 F I VGPR R 20 BORT CR
61 F 1 VGPR R 18 SCT VGPR
7 M I VGPR R 21 LEN VGPR
63 M 1 CR R 20 A CR
58 F 1 VGPR R 21 SCT CR
59 F 1 VGPR R 20 A SCT
64 M I CR R 18 A CR
63 F I VGPR R 27 BORT&SCT  VGPR
65 M I VGPR R 1 SCT VGPR
70 M m VGPR R 13 A VGPR
66 F I CR R 1 A VGPR
80 M I VGPR R 13 A VGPR
66 F I VGPR R 17 BORT VGPR
81 F m VGPR R 12 A VGPR
52 M m VGPR R 17 SCT CR
64 M I VGPR R 12 SCT VGPR
62 F hig VGPR 3 12 WA VGPR




image75.png
Patients  Patients Clinical Day-100  Clinical ~ Follow  2ndLine  Cument status

Age Sex Stage 'ISS' re-staging Classification up months _Treatment

72 F I D NR 19 VEL VGPR
74 M m i) NR 15 VEL+LEN VGPR
7 M m i) NR 22 LEN CR
65 M I i) NR 1 VEL+SCT CR
70 M m i) NR 20 LEN VGPR
63 F m i) NR 17 VEL+SCT VGPR
72 M m i) NR 19 VEL NR
63 M I SD NR 1 LEN VGPR
78 M I i) NR 13 LEN NR
7 F I i) NR 18 VEL VGPR
57 F m i) NR 13 VEL+SCT VGPR
7 M m i) NR 15 RIP REFUSE
78 F I i) NR 18 LEN VGPR
64 F I i) NR 2 VEL+SCT VGPR
65 F 1 SD NR 23 VEL NR
73 F m i) NR 21 VEL+LEN VGPR
78 M I SD NR 1 VEL NR
61 F I SD NR 15 VEL+SCT VGPR
7% F m i) NR 12 VEL NR
7 M I i) NR 1 LEN VGPR
62 M 1 i) NR 11 VEL VGPR
69 M hig D R 9 LEN VGPR




