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Abstract 

 

Title of Thesis: Differences in Cytogenetic Abnormality and Clinical Presentation in 
Multiple Myeloma Between African Americans and European Americans 

 

Sin Chan, Master of Science, 2016 

 

Thesis Directed by: Ying Zou, M.D. Ph.D., Associate Professor, Pathology 

 

Multiple myeloma (MM) is a hematologic cancer with a prominent racial 

disparity between African Americans and European Americans. African Americans are 

two-to-three times more likely to be diagnosed, but they have a better prognosis. 

Cytogenetic abnormalities are associated with prognosis and clinical presentations, which 

can provide insight into disease outcome, too. This study aimed to assess the basis of 

racial disparities observed in prevalence and prognosis by comparing racial differences in 

cytogenetic abnormalities and clinical presentations in MM patients. Conventional FISH 

and MACS FISH, a more sensitive assay in detection of cytogenetic abnormalities, were 

compared first. MACS FISH was able to detect a higher frequency of all cytogenetic 

abnormalities. The comparison of cytogenetic abnormalities and clinical presentations 

between the two races from MACS FISH supported the view that European Americans 

have a poorer prognosis than African Americans possibly to a higher frequency of high-

risk cytogenetic abnormalities associated with more severe clinical presentations in 

European Americans. 
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Chapter 1: Introduction 
 

Multiple myeloma (MM) is a plasma cell malignancy caused by bone marrow 

producing an abundance of abnormal plasma cells that can form tumors called 

plasmacytoma. MM is a fairly uncommon disease that comprises approximately 1% of all 

cancer cases.2,3 Men are also more likely to be diagnosed than women.3 Patients 

diagnosed with MM are typically older with the median age at diagnosis being 65 years.3 

Each year about 24,050 new cases are diagnosed.2 Approximately 11,090 deaths occur 

each year that are attributed to disease.2  

 MM is a cytogenetically diverse disease. There are various cytogenetic 

abnormalities involved in MM and each can affect aspects of the disease, such as 

prognosis, in different ways. Disease prognosis is highly variable in MM and is partly 

due to the type of cytogenetic abnormality present in the abnormal plasma cells. Some 

common types of cytogenetic abnormalities include hyperdiploidy, IgH translocations 

(t(11;14), t(4;14), t(14;16)), monosomy 13/del 13q, monosomy 17/del 17p, and gain of 

1q21. Hyperdiploid karyotypes and t(11;14) have been shown to indicate more favorable 

prognosis compared to the other types.5,10 High risk cytogenetic subtypes include 

monosomy 17/del 17p and t(14;16).3 

There is a striking disparity in MM with African Americans two-to-three times 

more likely to have the disease than European Americans, yet at the same time, the 

prognosis is more favorable in African Americans.1,2,4,5 The reason for the disparity is 

still unclear. However, given the association of cytogenetic abnormalities with prognosis 

one possibility is that cytogenetic abnormalities may have a role in the racial disparity 
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observed. Studies have shown that cytogenetic abnormalities also have an influence on 

the clinical presentations of MM to some degree.7,10 Clinical presentations can be an 

indicator of a favorable or unfavorable outcome of disease depending on the specific 

clinical presentation involved.10 The relationship between cytogenetic abnormalities and 

clinical presentations has not been well studied between racial groups, but if present 

could also help explain the racial difference.  

Previous efforts to relate cytogenetic abnormalities to racial difference have been 

hampered by the low sensitivity of standard FISH (fluorescence in situ hybridization) 

analyses, including the low plasma cell count in bone marrow specimens. To address this 

gap in knowledge, we will use a more sensitive cytogenetic analysis to compare racial 

differences in MM and test whether African Americans have a milder spectrum of 

cytogenetic abnormalities than European Americans that could explain racial differences 

in MM.  We hypothesize that African Americans will present more frequently with 

cytogenetic abnormalities associated with more favorable prognosis and milder clinical 

presentations.  

This thesis is broken into three sections.  In the first section, we compare the 

sensitivity of conventional FISH method versus MACS (magnetic-activated cell sorting) 

FISH method in detecting cytogenetic abnormalities in a set of 69 MM patients in whom 

cytogenetic abnormalities were measured using both methods. We also compare the 

frequency of cytogenetic abnormalities in conventional FISH and MACS FISH. In the 

second section, we compare the frequency of cytogenetic abnormalities observed 

between African Americans and European Americans under MACS FISH. In the third 

section, we compare the clinical presentations between African Americans and European 
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Americans with different cytogenetic abnormalities. 
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 Chapter 2: Background 
 

 MM is a plasma cell malignancy characterized by the proliferation and 

accumulation of abnormal plasma cells in bone marrow. Abnormal plasma cells are 

produced when B-cells incur DNA damage and instead of developing into normal plasma 

cells they become malignant plasma cells.7 The buildup of malignant plasma cells in the 

bone marrow makes it difficult for normal plasma cells to fight off infections. The 

malignant plasma cells also produce abnormal proteins, monoclonal proteins, that cause 

the formation of one or more tumors, damage the kidneys, and adversely impact other 

parts of the body, too. 

Evidence from studies have shown African Americans are two-to-three times 

more likely to have the disease than European Americans.1,2,4,5 MM is the third most 

common hematologic malignancy, accounting for 10% of all hematologic malignancies, 

but is the most common hematologic malignancy in African Americans.3,5,6 African 

Americans tend to be diagnosed at an earlier age than European Americans, too.5 Despite 

the increased risk for MM, African Americans have been shown to have a better 

prognosis than European Americans. The biological etiology behind the racial disparity 

remains unclear.  

Studies have attempted to identify genes responsible for the disease. Racial 

differences in frequencies of MM-causing alleles could potentially explain some of the 

racial differences in risk of diagnosis and better prognosis in African Americans.  GWAS 

studies of MM have in fact identified susceptibility loci on 17 different chromosomes.19 

There are thought to be additional susceptibility loci but studies have been limited by the 
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statistical power to discover them.19 Advancements in these studies could potentially lead 

to identification of MM-causing alleles responsible for the racial disparity in the future. 

MM is defined as a single disease with a homogenous morphology in its plasma 

cells, but heterogeneous on a genetic level with various underlying cytogenetic subtypes10 

The cytogenetic abnormalities are detected by FISH analysis on bone marrow samples 

taken from patients. Cytogenetic abnormalities can be found in approximately 90% of 

MM patients.16 Cytogenetic abnormalities can be categorized into primary and secondary 

subtypes (Table 1). Primary subtypes include hyperdiploid karyotypes, characterized by 

trisomies involving the gain of odd-numbered chromosomes (3, 5, 7, 9, 11, 15, 19, and 

21), and non-hyperdiploid karyotypes involving translocations of immunoglobulin heavy 

chain (IgH) genes with different partner chromosomes.1,6,10 Approximately 42% of 

patients diagnosed with MM are hyperdiploid and about 30% have IgH translocations.3 

Patients with a hyperdiploid karyotypes are noted to have a good prognosis with 

standard-risk MM.3 The median overall survival for hyperdiploid patients is 7-10 years.3 

Compared to patients with hyperdiploidy, patients that are non-hyperdiploid have a 

poorer prognois.1  

IgH translocations are made of diverse subtypes. Common IgH translocations 

include t(11;14), t(4;14), and t(14;16).3,6,11 These IgH translocations involve the 

translocation of an oncogene from a partner chromosome to the IgH region on 

chromosome 14q32.7 t(11;14), t(4;14), and t(14;16) involve the translocation of CCND1, 

FGFR3, and MAF genes, respectively.7  IgH translocation happen when an error in the 

DNA modification mechanism occurs.10 Of the three IgH translocations t(11;14) is the 

most common and found in approximately 17% of all MM patients.11 Patients with 
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t(11;14) have a good prognosis and  are standard-risk with a median overall survival of 7-

10 years.3 Patients with t(4;14) have intermediate-risk with a median overall survival of 5 

years.3 t(14;16) is the least common of the three, found to be present in 6-7% of patients 

diagnosed.9 Patients with t(14;16) are high-risk and the median overall survival is 3 

years, lower than the other two IgH translocations mentioned.3 

Secondary cytogenetic subtypes includes gain of 1q21, monosomy 13/del 13q, 

and monosomy 17/del 17 p, among others.3,7,9,11 Monosomy 13/del 13q is found in about 

50% of patients.9 Early studies linked monosomy 13/del 13q to poor prognosis, but more 

recent studies has its prognosis listed as unclear.3,7,9 It is likely that monosomy 13/del 

13q’s earlier prognosis status was due to the abnormalities association to a high-risk 

cytogenetic abnormality.3  Monosomy 17/del 17p involves the loss of TP53, a tumor 

suppressor gene that regulates cell-cycle progression and apoptosis, and found in 10% of 

patients with MM.3 It is an indicator of poor prognosis and patients are considered high-

risk with a median overall survival of 3 years.3,9 Gain of 1q21 is one of the most common 

cytogenetic abnormality and is found in more than 40% of MM patients.7,11 Patients with 

gain of 1q21 have an intermediate disease risk with a median overall survival of 5 years.3 
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Table 1. Summary of Cytogenetic Abnormality and Clinical Implications 

Cytogenetic Abnormality Clinical Implications 

Hyperdiploid Good prognosis, standard risk, median overall survival 7-10 
years 

t(11;14) Good prognosis, standard risk, median overall survival 7-10 
years 

t(4;14) Intermediate-risk, median overall survival 5 years 

t(14;16) High-risk, median overall survival 3 years 

Gain of 1q21 Intermediate-risk, median overall survival 5 years 

Monosomy 17/del 17p High-risk, overall survival 3 years 

Monosomy 13/del 13q Prognosis unclear 

 

 The impact of cytogenetic subtypes on prognosis has been well studied, but the 

relationship between the subtypes and common clinical presentations has not. Some 

common clinical presentations associated with MM include hypercalcemia, renal failure, 

anemia, and bone disease, these symptoms are also known as CRAB symptoms.6 CRAB 

symptoms have the ability to cause end organ damage.6 Other symptoms include fatigue, 

weight loss, infections, and generalized weakness.6 MM is diagnosed clinically based on 

a set of criteria set forth by the International Myeloma Working Group.3 One of the 

points on the criteria is the evidence of one or more markers of end-organ damage caused 

by plasma cell proliferative disorder.3,5  

 It is possible that each cytogenetic subtype at the time of initial diagnosis may 

have a specific clinical presentation.6 A study on the relationship between cytogenetic 

abnormalities and clinical presentations found IgH rearrangements and renal failure occur 

more often together than any other cytogenetic abnormality and clinical presentation.6 

Patients presenting with renal failure at initial diagnosis have been shown to have 
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significantly poorer survival compared to the other three clinical presentations and bone 

disease has been shown to have the best outcome among the four CRAB symptoms.6 

 Accurate detection of cytogenetic abnormalities is valuable in determining 

prognosis, risk-stratification, and choosing the appropriate therapeutic treatment for MM 

patients. Cytogenetic analysis alone is able to detect abnormalities in only 30-40% of all 

MM cases.16 It is hindered by the low proliferation rate of plasma cells.16 Certain 

cytogenetic subtypes, such as t(4;14) , are harder to detect when there is low proliferation 

rate.16 Conventional chromosome studies combined with FISH are able to overcome the 

limitation of low proliferating plasma cells.16 However, there are still limitations. Bone 

marrow samples of patients often have small plasma cell percentages and samples with a 

plasma cell percentage lower than 10% often test negative for any cytogenetic 

abnormalities.16 Conventional FISH typically analyze all cells in a sample, unable to 

distinguish between malignant plasma cells and normal cells.13,16 FISH signals of non-

plasma cells are picked up during analysis along with the malignant plasma cells’ FISH 

signals resulting in false results.16 Thus, sensitivity of the detection of cytogenetic 

abnormalities is improved with implementation of conventional FISH methodology 

compared to cytogenetic analysis, but the methodology is also hindered by the lack of 

specificity.16,17 

 The MACS FISH method was developed to circumvent the problem of 

measurement of non-plasma cells by first introducing a step to isolate CD138+ plasma 

cells before proceeding with FISH analysis.16 MACS is an immune-magnetic sorting 

method that purifies cells by using specific antibodies and magnetic beads.16 The 

antibodies bind to the antigens on the surface of plasma cells. On the other side of the 
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antigens are magnetic beads. During the enrichment part, the cells are run through a 

magnetic column. The magnetic beads on the antigens attached to plasma cells are 

attracted to the interior wall of the magnetic column. MACS FISH is able to isolate the 

plasma cells from the non-plasma cells for FISH analysis.  

MACS FISH offers a solution to the lack of specificity observed in conventional 

FISH by selecting only plasma cells for FISH analysis. The number of false-negative 

results is much lower with the implementation of MACS’s plasma enrichment technique 

before FISH analysis compared to FISH analysis without plasma cell enrichment.19 False-

positive results caused by MACS’s enrichment technique is uncommon, but can occur if 

there are more than 10% dead cells in a sample.20 Dead cells can bind non-specifically to 

antibodies resulting in false-positives.20 Sensitivity of FISH analysis increases with the 

use of MACS technique prior to FISH analysis. MACS is able to pick up plasma cells in 

samples with low plasma cell count for FISH analysis.  

MACS’s plasma purification method has been assessed in 28 patients in a clinical 

setting. When comparing MACS FISH to conventional FISH method without enrichment 

of plasma cells the percentage of abnormal cells identified was significantly higher with a 

median of 73% abnormal cells detected in MACS FISH vs. 8% detected in conventional 

FISH (p < 0.0001).13 MACS FISH detected cytogenetic abnormalities in 14 (50%) of the 

28 patients vs. 5 (17.9%) of the same 28 patients (p = 0.0111).13 Other studies have 

reported that plasma cell purification increases the detection of plasma cell abnormalities 

by two-to-three fold.12,13 Sensitivity in the detection of high risk cytogenetic 

abnormalities in a small cohort has been shown to be higher when plasma cells were 

purified vs. a conventional FISH analysis without plasma cell purification.13  
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Chapter 3: Materials and Methods 

 

Patients 
 

MM Patients included in this study were seen at the University of Maryland, 

Baltimore Greenebaum Cancer Center from January 2010 through April 2016. 

Conventional FISH analysis was used to detect cytogenetic abnormalities in 308 patients 

seen from January 2010 through June 2013. MACS FISH analysis was used to detect 

cytogenetic abnormalities in 296 MM patients seen from July 2013 to April 2016. A total 

of 69 patients from the conventional FISH cohort were identified to have had further 

cytogenetic testing done using MACS FISH. Data from the MACS FISH analysis was 

collected for the 69 patients along with the data from the conventional FISH analysis. 

Patients were identified as African American or European Americans through medical 

personnel or self-report. This study was approved by the Institutional Review Board of 

University of Maryland, Baltimore. 

Probes 

FISH analysis had been performed on the samples from bone marrows using a 

probe panel comprising of 1p32/1q21, D13S319/13qter, P53/CEP17, IGH break-apart, 

IGH/CCND1, IGH/FGFR3, and IGH/MAF probe sets, for the detection of MM-

associated gain of 1q21, deletion in 13q, deletion in 17p, t(11;14), t(4;14) and t(14;16) 

and other translocations involving the IGH region, respectively. In a small proportion of 

patients other probes not listed were also used. Due to their small proportion they were 

categorized as ‘others’.   
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Data Collection 
 

 Results of FISH analysis were obtained from the Cytogenetics Access database. 

Data on chromosome abnormalities were also found on Cytogenetics Access. The 

demographic data on the patients’ age, and race were obtained through Powerchart, an 

electronic medical record system.  

Clinical presentations were obtained from Powerchart and EPIC, another 

electronic health record system. Hypercalcemia, renal failure, anemia, and bone disease 

were the clinical features chosen since they are common presentations of MM and 

presence of one or more is one of the criteria for diagnosis of the disease. Presence of 

each presentation related to plasma cell proliferative disease was found through 

clinician’s encounter notes on EPIC. Clinical presentations not related to plasma cell 

proliferative disease was ruled out based on clinician notes mentioning other causes. 

Hypercalcemia, renal failure, and anemia are defined as having a serum calcium level 

greater than 11mg/dL, serum creatinine higher than 117 μmol/L, and hemoglobin value 

<10 g/dL, respectively. Bone lesions are defined by the presence of lesions observed on 

skeletal surveys by clinicians.  

Statistical Analysis 
 

 To compare agreement among the FISH and MACS FISH methodologies for 

detection of cytogenetic abnormalities, we computed concordance rates among the 69 

patients tested with both conventional FISH and MACS FISH, defining concordance as 

the proportion of subjects concordant for presence of cytogenetic abnormalities among all 

subjects.  
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To evaluate the frequencies and types of cytogenetic abnormalities between the 

cohort of MM patients tested with MACS FISH and the cohort tested with conventional 

FISH, we used Fisher’s exact tests and chi-square tests. Demographic characteristics of 

both methods were compared using chi-square tests, Fisher’s exact tests, and t-tests. 

Fisher’s exact test and chi-square tests were also used to compare the relationship 

between each clinical presentation and cytogenetic abnormality in African Americans vs. 

European Americans. P-values of ≤0.05 were considered statistically significant.  
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Chapter 4: Results 

 

Comparison of MACS FISH and Conventional FISH 
 

Demographic and clinical data from 604 patients were obtained from electronic 

medical records. To compare the prevalence of cytogenetic abnormalities between the 

two methods 69 patients with bone marrow samples analyzed with both FISH methods 

were identified. The count and frequency of each of the cytogenetic abnormalities were 

determined. The frequency of cytogenetic abnormalities found was higher for every 

cytogenetic abnormality besides hyperdiploidy between the two methods (Table 2A). The 

frequency for hyperdiploidy was the same in conventional FISH as it was in MACS 

FISH.  

 The number of concordant pairs and concordance rate were calculated for each of 

the cytogenetic abnormalities. The concordance rate showed what percent of the total 69 

pairs of FISH analyses had similar FISH results. The concordance rate of all but gain of 

1q21, IgH rearrangement, and t(4;14) were above 50% concordance (Table 2A).   

 

 

 

 

 

 

 

 

 

 



- 14 - 

 

Table 2A. Frequency of Assorted Cytogenetic Abnormalities in 69 Cancer Patients as 
Determined By Conventional FISH and MACS FISH 

Cytogenetic abnormality 
Conventional 
FISH, n (%) 

MACS FISH, n 
(%) 

Concordance rate, 
% 

Chromosome 
abnormality  

 14          (20.3%)  14         (20.3%) 78.3%        (54)1 

Gain of 1q21  10          (14.5%)  31         (44.9%) 44.9%        (31)1 

Monosomy 13/del 13q   8           (11.7%)  30         (43.5%) 50.7%        (35)1 

Monosomy 17/del 17p   1            (1.4%)  15         (21.8%) 60.9%        (42)1 

IgH rearrangement   1            (1.4%)  33         (47.8%) 23.2%        (16)1 

   t(11;14)   0            (0.0%)  10         (14.5%) 84.1%        (58)1 

   t(4;14)   1            (1.4%)  15         (21.7%) 36.2%        (25)1 

   t(14;16)   0            (0.0%)   1           (1.4%) 81.2%        (56)1 

Others   2            (2.9%)  10         (14.5%) 84.1%        (58)1 

1 Number of concordant pairs 

 

The demographic and clinical data of all 308 conventional FISH data was 

compared to the 296 MACS FISH data (Table 2B). There was little difference in the 

proportion on males (p = 0.35) or racial distribution (p = 0.10) between the two cohorts. 

The median age of the conventional FISH cohort was slightly older than that of the 

MACS FISH cohort (63 vs. 61 yrs, p = 0.001).  

Chromosome abnormality was broken down into five categories, hyperdiploid, 

hypodiploid, abnormal, normal, and N/A (patients who did not have available 

chromosome data). A significant p value of ≤ 0.05 was found between the two methods. 

Conventional FISH was able to detect hyperdiploidy in 14% of MM patients, whereas 

MACS FISH detected hyperdiploidy in 10.4% of patients. A higher frequency of 
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cytogenetic abnormalities was detected among the eight FISH abnormalities in MACS 

FISH. The difference was significant with all p values ≤0.05.  
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Table 2B. Frequency of Demographics and Clinical Characteristics in Patients 

Undergoing Conventional FISH and MACS FISH 
1 Age range 
 2 Patients whose chromosome abnormality data was not available 

 

 

Characteristics 

Methods 

P value Conventional FISH MACS FISH 

Total 308 296  

Gender, n (%)                                                                                                                                          0.35 

   Male  172            (55.8%)  154            (52.0%)  

   Female  136            (44.2%)  142            (48.0%)  

Race, n (%)   0.10 

    African American  123            (39.9%)  135            (45.6%)  

    European American  163            (52.9%)  150            (50.7%)  

    Other   22               (7.1%)   11               (3.7%)  

Median age (continuous)   63             (33-91)1   61             (29-83)1 0.001 

Cytogenetic abnormality, n 
(%)   <0.001 

Hyperdiploid  43              (14.0%)   31             (10.4%)  

Gain of 1q21  39              (12.7%)   99             (33.4%) <0.001 

Monosomy 13/del 13q  40              (13.0%)   90             (30.4%) <0.001 

Monosomy 17/del 17p  31              (10.1%)   46             (15.5%) 0.04 

IGH rearrangements  11               (3.6%) 117             (39.5%) <0.001 

     t(11;14)   2                 (0.6%)            39             (13.2%) <0.001 

     t(4;14)   7                 (2.3%)                         35             (11.8%) <0.001 

     t(14;16)   2                 (0.6%)                       11               (3.7%)              0.01 

Others  15                (4.9%)                 35             (11.8%)                <0.001 
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Comparison of Cytogenetic Abnormalities in African Americans vs. European Americans 
 

A total of 296 patients were analyzed with MACS FISH. Of those 296 patients, 

285 patients were identified as either African American or European American. 135 

patients were identified as African American and 150 patients were identified as 

European Americans. Demographic and clinical characteristics were compared between 

African American and European American patients (Table 3). There was a higher 

proportion of males diagnosed with MM in European Americans than African 

Americans, 59.3% vs. 44.4%, respectively (p = 0.01). The opposite was true among 

females diagnosed with MM, with a higher proportion of females observed in African 

Americans than European Americans, 55.6% vs. 40.7%, respectively (p = 0.01). African 

Americans on average had a younger age of MM onset (59 vs. 63 yrs, p = 0.01).   

The proportion of patients testing positive for each abnormality was compared 

between the two racial groups (Table 3). There was no significant difference in the 

distribution of chromosome abnormalities between the two races (p = 0.33). 36.7% of 

European Americans had a monosomy 13/del 13q abnormality versus 23.7% of African 

Americans (p = 0.02). European Americans also had a higher frequency of monosomy 

17/del 17p (20.7%), IgH rearrangements (45.3%), and other abnormalities (18%) 

compared to African American (10.4%, 33.2%, and 8.9%, respectively; all p < 0.05).   
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Table 3. Frequency of Demographics and Clinical Characteristics in African Americans 
vs. European American 

1Age range 
2Patients whose chromosome abnormality was not available 

 

Relationship between cytogenetic abnormalities and clinical presentations in African 
Americans vs. European Americans 
 

We next considered whether African Americans have a milder clinical 

presentation for each type of cytogenetic abnormality compared to European Americans. 

In order to investigate this relationship, the proportion of African American patients with 

 Characteristics African Americans European Americans 
P value 

Total, n 135 150   

Gender, n (%)   0.01 

   Male  60            (44.4%)  89            (59.3%)   

   Female  75            (55.6%)  61            (40.7%)   

Age (median) 59             (34-81)1  63            (29-83)1 
0.01  

Cytogenetic 
abnormality, n (%) 

  
0.33 

Monosomy 13/del 13q  32            (23.7%)  55            (36.7%) 
0.02 

Gain of 1q21  42            (31.1%)  53            (35.3%) 
0.45 

Monosomy 17/del 17p  14            (10.4%)  31            (20.7%) 
0.02 

IgH rearrangements  45            (33.2%)  68            (45.3%) 0.04 

   t(11;14)  18            (13.3%)  21            (14.0%) 0.87 

   t(4:14)  15            (11.1%)  20            (13.3%) 0.57 

   t(14;16)   4              (3.0%)   7              (4.7%) 
0.73 

Others  12             (8.9%)  27            (18.0%) 0.03 
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each end-organ clinical presentation and cytogenetic abnormality was compared with the 

proportion of European American patients with the same end-organ clinical presentation 

and cytogenetic abnormality (Table 4). Four different clinical presentations and eight 

different cytogenetic abnormalities were observed. There was a total of 32 different 

relationships between clinical presentation and cytogenetic abnormality studied in each 

race.  

Among the relationships only three had a significant difference between African 

Americans and European Americans. A total of 31 European American and 25 African 

American patients presented with renal failure at initial diagnosis. Of those patients 

64.5% were European American patients compared to the 36% African American 

patients who had renal failure and IgH rearrangements at initial diagnosis (p = 0.03). A 

total of 166 patients had bone disease, 90 patients were European American and 76 were 

African American. Of those with bone disease at initial diagnosis, 38.9% European 

Americans and 21.1% African Americans had monosomy 13/del 13q (p = 0.01). 

European Americans also presented with bone disease and IgH rearrangements at a 

higher frequency than African Americans, as well, with 45.6% vs. 28.9% patients 

diagnosed with bone disease and IgH rearrangements, respectively (p = 0.03). 
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Chapter 5: Discussion 
 

 This study aimed to evaluate the basis of racial disparities in MM prevalence and 

prognosis by comparing racial differences in cytogenetic abnormalities and common 

clinical presentations seen in MM patients. For these comparisons we used the MACS 

FISH methodology, a more sensitive approach for detection of cytogenetic abnormalities. 

Before embarking on these comparisons, we first compared concordance of conventional 

FISH and MACS FISH methodologies for detection of cytogenetic abnormalities. Within 

the same 69 patients tested with conventional FISH and MACS FISH, only three of the 

cytogenetic abnormalities, gain of 1q21, IgH rearrangement, and t(4;14), had a 

concordance rate of less than 50%. For the majority of the patients, both methods were in 

agreement with the detection of cytogenetic abnormalities in the patients. The 

comparison of frequencies between the two methods showed that MACS FISH detected a 

higher proportion of cytogenetic abnormalities than conventional FISH in all 

abnormalities besides chromosome abnormality.  

A larger comparison between cytogenetic abnormalities and demographic data 

was made between 308 patients in the conventional FISH cohort and 296 patients in the 

MACS FISH cohort. There was no significant difference in the racial makeup or the 

gender (p = 0.10 and p = 0.35, respectively) between the two cohorts. The median age of 

patients was younger in MACS FISH than conventional FISH (61 year of age vs. 63 

years of age, p = 0.001). MACS FISH was able to detect a higher frequency of 

cytogenetic abnormalities in all, but hyperdiploidy, compared to conventional FISH (p ≤ 

0.05).  
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Comparison of the two methods shows MACS’s plasma cell enrichment method 

when coupled with FISH is able to detect more cytogenetic abnormalities in MM patients 

than the previous conventional FISH method. The sensitivity of MACS FISH is higher 

compared to conventional FISH. FISH analysis without plasma cell enrichment is not 

sensitive enough to identify all the cytogenetic abnormalities present in MM patients. 

Thus some cytogenetic abnormalities may have been missed in cases. This may affect 

current data available on cytogenetic abnormalities in MM since previous studies did not 

use MACS FISH. To the best of our knowledge, there were no false-positive results 

detected in the MACS FISH cohort. Given the results of this section of the study, we then 

compared the cytogenetic abnormalities, along with demographic characteristics, of 

African Americans vs. European Americans using MACS FISH. 

 In the comparison of cytogenetic abnormalities between African Americans and 

European Americans using MACS FISH there was significant difference in monosomy 

13/del 13q, monosomy 17 del 17p, IgH rearrangements, and a collection of other 

abnormalities (p = 0.05) between the two racial groups. Monosomy 13/del 13q was found 

in higher frequency in European American than African Americans (36.7% vs. 23.7%, p 

= 0.02). This may be due to monosomy 13/del 13q’s association with high-risk subtypes, 

which would likely be in higher frequency in European Americans due to their poorer 

prognosis. Monosomy 17/del 17p occurred at a higher frequency in European Americans, 

too (20.7% vs. 10.4%, p = 0.02), which is expected since monosomy 17/del 17p has been 

linked to a poor prognosis and high-risk MM. IgH rearrangements occurred in 45.2% of 

European Americans and 33.2% of African Americans (p = 0.04). IgH rearrangements 

are categorized as a non-hyperdiploid primary subtype of cytogenetic abnormalities, 
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which is known to have a poorer prognosis compared to those of hyperdiploid subtype.11 

Other abnormalities were detected in a higher frequency in European Americans than 

African Americans (8.9% vs. 18%, p = 0.03). These cytogenetic abnormalities are less 

commonly found in the patients and occur at too low of a frequency to be considered 

individually.  

 African Americans have a better prognosis compared to European Americans and 

it is likely then they have a higher frequency of cytogenetic abnormalities with good 

prognosis and/or a lower frequency of cytogenetic abnormalities associated with poor 

prognosis than European Americans. In this study there was no significant difference in 

hyperdiploidy, a cytogenetic abnormality associated with good prognosis, between 

African Americans and European Americans. Given that African Americans have a better 

prognosis it would be expected that they have a significantly higher frequency of 

hyperdiploidy in their cells than European Americans. There was a significantly lower 

frequency of monosomy 17/del 17p, a cytogenetic abnormality known to be a marker for 

poor prognosis, in African Americans than European Americans. Monosomy 13/del 13q, 

IgH rearrangements, and an assortment of other cytogenetic abnormalities were also 

found at a significantly lower frequency in African Americans. The comparison shows 

African Americans are likely to have a better prognosis than European Americans due to 

the significantly lower frequency of cytogenetic abnormalities associated with poor 

prognosis.  

 The relationship between clinical presentations and cytogenetic abnormalities has 

not been well studied in comparison between African Americans and European 

Americans. In this study, we evaluated the relationship between clinical presentations 
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related to end-organ damage and the cytogenetic abnormalities between the two racial 

groups. Clinical presentation affects prognosis and it is likely presentations associated 

with poor prognosis may be related to cytogenetic abnormalities associated with poor 

prognosis too. It is expected then to see a significantly higher frequency of such 

relationships in European Americans than African Americans. The opposite would be 

expected to be true with African Americans having a significantly higher frequency of 

relationships between cytogenetic abnormalities associated with good prognosis and 

clinical presentations associated with good prognosis.  

 In this study there were three significant relationships between cytogenetic 

abnormalities and clinical presentations between African Americans and European 

Americans. First, European Americans had a significantly higher frequency of occurrence 

of IgH rearrangement with renal failure at initial diagnosis. Among the 56 patients who 

presented with renal failure at initial diagnosis and IgH rearrangement, 20 (64.5%) were 

European American and 9 (36.0%) were African Americans (p = 0.03). Patients with 

renal failure at initial diagnosis tend to have a poorer survival compared to the other three 

CRAB symptoms.6 From the results of this study, renal failure presents at a higher 

frequency among European Americans with IgH rearrangements. European Americans 

have a worse prognosis than African Americans and among primary subtypes IgH 

rearrangements has a worse outcome than hyperdiploid karyotypes. IgH rearrangements 

have also been shown to occur at a higher frequency in European Americans.1  

 Secondly, among the 166 patients with bone disease and monosomy 13/del 13q, 

35 (38.9%) were European Americans and 16 (21.1%) in European Americans (p = 0.03). 

Of the four clinical presentations bone disease presents most often at initial diagnosis 
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than any of the other CRAB symptoms. Bone disease also has a better outcome than the 

other four CRAB symptoms as well. The result of this study shows a significantly higher 

frequency of bone disease with monosomy 13/del 13q in European Americans. It 

suggests that monosomy 13/del 13q with bone disease occurs more commonly in 

European Americans than in African Americans. Currently under the guidelines of the 

International Multiple Myeloma Working Group the prognostic value of monosomy 

13/del 13q is unclear, but seen more commonly in patients with a poorer prognosis since 

it’s been associated with high-risk cytogenetic abnormalities.3 Interestingly, bone disease 

is known to infer better outcome, but was seen in a higher frequency in European 

Americans with monosomy 13/del 13q. This could perhaps be a reflection of the high-

risk cytogenetic abnormalities monosomy 13/del 13q has been linked to rather than of 

monosomy 13/del 13q. 

 Bone disease also showed a significant relationship with IgH rearrangements in 

European Americans. There were 41 (45.6%) European American patients with bone 

disease and IgH rearrangements compared to 22 (28.9%) African American patients (p = 

0.01). Table 3 shows that IgH rearrangements occurs at a significantly higher frequency 

in European Americans compared to African Americans. It is interesting to observe that 

there is also a higher frequency of bone disease among European Americans with IgH 

rearrangements, given that bone disease has a better prognosis than other CRAB 

symptoms.  

There were no strong associations between cytogenetic abnormality and clinical 

presentation in African Americans. One explanation may be the nature of the clinical 

presentations studied. The CRAB symptoms are clinical presentations related to end-
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organ damage in MM. If African Americans have a better prognosis than European 

Americans then perhaps no strong association will be observed between cytogenetic 

abnormalities, especially those indicative of good prognosis, and symptoms related to 

end-organ damage. It would also be likely to observe associations between clinical 

presentations and cytogenetic abnormalities both associated with poor prognosis in 

European Americans. It would not be surprising then to observe IgH rearrangements and 

monosomy 13/del 13q, given what is known about their prognostic value, occurring at a 

significantly higher frequency in European Americans.  

One limitation to this study was the population size of certain cytogenetic 

abnormalities, such as t(14;16). Future studies involving a multi-center approach could 

possibly provide the larger numbers needed. Similarly, a larger population size would 

also help in the comparison of clinical presentations that occur not as commonly. Another 

limitation of this study includes the categorization of race. Race was recorded by either 

the medical personnel or self-reported. Individuals may be genetically more diverse than 

what is recorded. DNA testing would be an alternative method to determine the genetic 

make up of an individual, especially in individuals of mixed ancestry.  

 In summary, this study showed European Americans have a higher frequency of 

cytogenetic abnormalities associated with poor prognosis compared to African 

Americans using MACS FISH. African Americans are known to have a better prognosis 

than European Americans and this may be attributed to the fact that cytogenetic 

abnormalities associated with poor prognosis occur significantly more frequently in 

European Americans. We went ahead and used clinical data from MACS FISH in this 

comparison given its higher sensitivity in detection of cytogenetic abnormalities than 
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conventional FISH. In this study’s evaluation of the relationship between cytogenetic 

abnormalities and clinical presentations between African Americans and European 

Americans, we found European Americans had a significantly higher frequency of 

cytogenetic abnormalities that are indicative of poor prognosis occurring at the same time 

with clinical presentations known to cause end-organ damage. The reason why African 

Americans have a better prognosis may be due to European Americans having a higher 

frequency of cytogenetic abnormalities and clinical presentations associated with poorer 

prognosis.  
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