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ABSTRACT 

Metaphase cytogenetic abnormalities (CA), especially of chromosome 13 (CA 13), confer a 

grave prognosis in multiple myeloma (MM) even with tandem autotransplants as applied in Total 

Therapy I, which enrolled 231 patients between 1989 and 1994.  With a median follow-up of 

almost 9 years, the prognostic implications of all individual CA, detected prior to treatment and 

at relapse, were investigated.  Among all CA and standard prognostic factors (SPF) examined 

prior to therapy, only hypodiploidy and CA 13 (hypo-13 CA), alone or in combination, were 

associated with shortest event-free survival (EFS) and overall survival (OS).  Similarly, the 

shortest post-relapse OS was observed with hypo-13 CA, which was newly detected in 18 of all 

28 patients presenting with this abnormality at relapse.  Conversely, superior prognosis was 

associated with the absence of any CA both at diagnosis and at relapse (10 yr OS, 40%).  The 

lack of independent prognostic implications of other CA points to a uniquely aggressive behavior 

of hypo-13 CA (present in 16% of patients at diagnosis).  Using microarray data in 146 patients 

enrolled in Total Therapy II, over-expression of cell cycle genes distinguished CA from no CA, 

especially in cases of del 13 detected by interphase FISH. FISH 13, resulting in a haplo-

insufficiency of RB1 and other genes mapping to chromosome 13, as well as activation of 

IGF1R, appears to have an amplifying effect on cell cycle gene expression, thus providing a 

molecular explanation for the dire outcome of patients with CA 13 compared to those with other 

CA. 

INTRODUCTION

The clinical course of patients with multiple myeloma (MM) is best predicted by the presence of 

certain cytogenetic abnormalities (CA), both in the context of standard and high-dose therapies.1-

5  A particularly high-risk for early treatment failure and short survival has been associated with 

CA 13, whether recognized on traditional metaphase karyotype analysis (present in 15%) 1-4,6 or, 

more recently, by interphase fluorescence in situ hybridization (FISH) ( present in 50%).5,7-9  As 

part of Total Therapy I (TT I),10 a phase II pilot program employing melphalan-based tandem 

autotransplants with curative intent, cytogenetic studies were performed prospectively at baseline 

and as part of virtually all subsequent bone marrow examinations.  In this report, we have 

 For personal use only. by on December 9, 2009. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


3

investigated, along with standard prognostic factors (SPF), the individual contributions of every 

chromosome abnormality present prior to initiation of TT I and at follow-up, especially at 

relapse.  Using gene expression profiles (GEP) and FISH available in 146 patients prospectively 

enrolled in Total Therapy II (TT II, successor protocol to TT I), 11 the uniquely adverse 

implications, especially of CA 13, were examined by comparing GEP data in the 4 patient 

subsets defined by FISH 13 and CA. 

Total Therapy I

PATIENTS AND METHODS

As previously published, TT I consisted of induction therapy with mutually non-cross resistant 

combinations of 3 cycles of VAD (vincristine, doxorubicin, dexamethasone), high dose 

cyclophosphamide + GM-CSF with peripheral blood stem cell (PBSC) collection and EDAP 

(etoposide, dexamethasone, cytarabine, cisplatin); followed by 2 autotransplants with melphalan 

200 mg/m2 3 to 6 months apart; interferon-alpha-2b maintenance was intended until disease 

recurrence.10  Two hundred thirty-one patients with symptomatic or progressive MM were 

enrolled in TT I between 1989 and 1994; 155 were entirely untreated and the remainder had 

previously received one cycle of standard chemotherapy or dexamethasone.  Patient 

demographics are summarized in Table 1 along with frequencies of first and second transplant.  

Thirty-eight percent achieved stringently defined complete remission (CR) (intent-to-treat).  The 

median follow-up of alive patients approaches 9 years.  

Table 1.  Patient Characteristics, Transplant Completion and Response (n=231)
Parameter %
Age > 60
CRP >4.0 mg/L
LDH (U/L) > 190 U/L
B2M >4 mg/L
Creatinine >2.0 mg/dL
Hemoglobin <10 g/dL
Albumin <3.5 g/dL
Durie-Salmon Stage III
IgA Isotype
Plasmacytosis BM Biopsy > 50%

24
47
21
30
10
35
2
53
18
48

Completed HDT-1 
Completed HDT-2 
Cumulative TRM
Post-HDT2 CR (Intent to Treat)

85
72
9
38

Median Follow-up 105 mo

abbreviations:   

 CRP, C-reactive protein
 LDH, lactic dehydrogenase
 B2M, beta-2-microglobulin
 HDT-1, high dose therapy, 1st cycle
 HDT-2, high dose therapy, 2nd cycle
 TRM, treatment-related mortality

 For personal use only. by on December 9, 2009. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


4

As part of follow-up evaluations, aliquots of bone marrow aspirates were routinely submitted for 

cytogenetic analysis, which was performed on unstimulated Giemsa-banded chromosomes. 12

STATISTICAL CONSIDERATIONS

The large number of CA under investigation and the low incidence rate of many of the CA make 

it desirable to reduce the list of CA considered for analysis with outcome variables, so as not to 

end up with results that may be spurious and irreproducible.  To subset the list of specific CA, 

we first calculated the minimum incidence rate necessary for a given CA to achieve adequate 

statistical power (> 80%) to distinguish a meaningful effect size in a univariate test for 

prognostic effect.  For this purpose, we chose as an effect size a hazard ratio of at least 3.0 when 

compared to patients without a given abnormality.  Since the hazard ratio for presence of any CA 

was slightly less than 2.0, an increase to 3.0 seemed appropriate so as to identify specific CA 

with comparatively higher prognostic importance.  Using these assumptions, the minimum 

incidence rate was calculated to be 5% (approximately 10 or more patients) in the overall 

population who had baseline cytogenetics (n=222).

Outcome Definitions

Overall survival (OS) was calculated as the time from initiation of TT I to death from any cause 

or last contact.  Event-free survival (EFS) was calculated as the time from initiation of TT I to 

either progression of disease or death from any cause or last contact.  Secondary endpoints of 

interest were also explored.  

Analysis Methods

Survival curves were estimated by the product-limit method 13 and compared using the logrank 

test. 14  Cox proportional hazards regression 15 was used to assess the influence of CA and SPF 

on survival outcomes.  Logistic regression was used to relate cytogenetics and SPF to 

dichotomous outcomes.  Multivariate models were constructed using backward stepwise 

regression methods. All univariately significant covariates were included in the stepwise 

selection.  
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Total Therapy II

In an effort to determine the molecular mechanisms underlying the poor prognosis of CA 13 

MM, we resorted to data available in 146 patients treated according to TT II. These included 

conventional cytogenetics, interphase fluorescence in situ hybridization (FISH) and gene 

expression profiles (GEP).

FISH

Detailed methods for triple color interphase FISH have been described. 11,16  The percent of 

clonotypic plasma cells with evidence of monosomy of chromosome 13 were determined for the 

146 cases with gene expression profiling data.  For purposes of this study, monosomy of 

chromosome 13 (referred to as “FISH 13”) was observed in 79 of 146 cases (54%). Monosomy 

was defined as >50% of cIg-positive cells exhibiting only one signal for each of 4 probes, 

D13S31 ,D13S221, D13S285, BRCA-2, spanning the long arm of chromosome 13. A total of 67 

cases had no evidence of deletion (< 20% cIg-positive cells with deletion of any probe). These 

patients were deemed to lack chromosome 13 deletion (referred to as “no FISH 13”). 

Conventional G-band cytogenetics were performed on all 146 samples using conventional 

methodologies. 12 CA was present in 64 cases (44%) and no CA in 82 cases.

GEP

Detailed protocols for plasma cell isolation and microarray hybridization have been previously 

described. 17,18  Briefly, plasma cells were isolated from bone marrow aspirates of 146 newly 

diagnosed MM patients enrolled into the clinical trial TT II (successor program to TT I), after 

written informed consent was obtained, in keeping with institutional policies. Total RNA was 

isolated, converted to biotinylated cRNA and hybridized to the U95av2 GeneChip® microarrays 

interrogating ~12,000 genes (Affymetrix, Santa Clara, CA). Scanned output files were analyzed 

with GeneChip® 5.0.1 software (Affymetrix). Arrays were scaled to an average intensity of 

1,500 and analyzed independently.
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GENECHIP® DATA ANALYSIS

All data used in our analysis were derived from Affymetrix Microarray Suite 5.0 . GeneChip 5.0 output 

files are given (1) as a Signal that represents the difference between the intensities of the sequence-

specific perfect match probe set and the mismatch probe set, or (2) as a detection of present or absent as 

determined by the GeneChip 5.0 algorithm.  Signals were transformed by the log base 2.  Statistical 

analysis of the data was performed with the SPSS 10.0 (SPSS, Chicago IL), Significance Analysis of 

Microarray (SAM) software package, 19 and PAM R package. 20  To filter genes that tend to be absent in 

all samples, those with χ2 values greater than 3.84 (P < 0.05) or having "Present" (P) detection in more 

than half of each sample group were retained.  To compare gene expression levels, the non-parametric 

Wilcoxin Rank Sum (WRS) test was used to compare two groups using Signal.  The cutoff  p value was 

at least less than 0.001.  SAM relies upon the microarray probe set signal values (i.e. mean of the signal 

intensity differences between the 20 matched and mismatched probes arrayed for each gene). Selecting 

the SAM threshold with the lowest FDR <0.01as a tool for exclusion of any false positives generated in 

the Chi-square and WRS analysis, we define and report only genes in the intersection of the sequential 

analysis methods as the differentially expressed genes in these experiments.

RESULTS 

Incidence of and Associations Among CA:

CA were observed at pretreatment evaluation in 33%.  Table 2 lists, per individual chromosome, 

the specific CA encountered along with their frequencies.  Trisomies present in at least 10% of 

patients involved chromosomes 3, 5, 7, 9, 11, 15, 19 and 21.   Monosomies and deletions, usually 

of the q arm, affected predominantly chromosomes 6 (6%), 13 (13%), 16 (10%) and 22 (6%).  

Hypodiploidy, as defined by Smadja et al, 5 was present in 11%.  Abnormalities typical of 

myelodysplasia (MDS) within the context of a typical MM signature karyotype (MM-MDS) 

were present in 7%, including –5, 5q-, -7, 7q-, +8, del 20q and t(1;7) (q10;p10).
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Table 2. Chromosomal abnormalities (CA) considered in analysis (n=222).

deletions translocations duplications isochromes
Overall 
%

CA

whole 
chromosome 

additions

Whole 
chromosome 

deletions p-arm q-arm p-arm q-arm p-arm q-arm p-arm q-arm

1 4% 2% 7% 2% 0% 12

2 1% 1

3 13% 13

4 1% 1

5 14% 1% 1% 1% 16

6 3% 3% 1% 0% 6

7 10% 1% 3% 1% 1% 14

8 2% 4% 1% 2% 0% 8

9 15% 1% 15

10 0

11 13% 1% 1% 6% 18

12 2% 2

13 9% 4% 1% 13

14 5% 1% 5% 10

15 15% 15

16 2% 9% 1% 1% 10

17 2% 0% 1% 0% 2

18 5% 0% 5

19 14% 1% 0% 1% 1% 15

20 3% 3% 1% 0% 1% 8

21 11% 1% 12

22 5% 1% 1% 6

t(11;14) 5

Any Trisomy 24

Any Deletion 19

Any Translocation 15

Hyperdiploid* 20

Hypodiploid** 11

CA 13 (inclusive of del 13, del 13q and t13q) 13

Hypodiploid or CA 13 16

MM-MDS*** 7

Any CA 33

**Hypodiploid: Less than 46 or between 81 and 91 chromosomes.5,21

*Hyperdiploid: Between 47 and 80 or greater than 92 chromosomes. 5,21

***MM-MDS: Abnormalities typical of myelodysplasia (MDS) in context of myeloma signature karyotype
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