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Structured Abstract

Background—Conventional cytogenetics (CC) and interphase fluorescence in situ hybridization 

(FISH) identify a high-risk multiple myeloma population characterized by poor response and 

shorter survival.

Patients and Methods—We compared outcomes between high-risk and standard-risk myeloma 

patients who underwent autologous hematopoietic stem cell transplantation (auto-HCT) at our 

institution between January 2005 and December 2009. High-risk myeloma was defined as –13/

del(13q) or hypodiploidy in at least two metaphases of CC, or –17/del(17p), t(4;14), t(14;16), 

t(14;20), hypodiploidy (<45 chromosomes excluding –Y), or chromosome 1 abnormalities (+1q, –

1p, t(1;x)) on FISH or CC.

Results—Of 670 myeloma patients, 74 (11%) had high-risk myeloma. These high-risk patients 

had significantly lower overall response rates (74% vs. 85%; p<0.01), shorter median progression-

free survival (PFS; 10.3 vs. 32.4 months; p<0.001), and shorter overall survival (OS; 28 months 

vs. not reached; p<0.001) than the standard-risk patients. Having only one high-risk cytogenetic 

Corresponding author: Qaiser Bashir, MD, Assistant Professor, Department of Stem Cell Transplantation and Cellular Therapy, The 
University of Texas MD Anderson Cancer Center, Houston, TX 77030. Phone: 713.794.5745; fax: 713.794.4902; 
qbashir@mdanderson.org.
*These authors contributed equally to the manuscript

Conflict of Interest statement: The authors have no conflicts of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Clin Lymphoma Myeloma Leuk. Author manuscript; available in PMC 2016 November 01.

Published in final edited form as:
Clin Lymphoma Myeloma Leuk. 2015 November ; 15(11): 687–693. doi:10.1016/j.clml.2015.07.641.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



abnormality or achieving at least very good partial remission after auto-HCT independently 

predicted improved PFS and OS (p<0.05) in the high-risk patients.

Conclusion—Even in an era of novel therapies, cytogenetically identified high-risk myeloma 

patients have worse prognoses than standard-risk myeloma patients after auto-HCT, and having > 

one high-risk cytogenetic abnormality further reduces survival.
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Introduction

Structural chromosomal alterations in clonal myeloma cells, recognized by conventional 

metaphase cytogenetics and interphase fluorescence in situ hybridization (FISH), are used to 

identify a subgroup (15–25%) of high-risk multiple myeloma (MM) patients with poor 

prognosis. 1–4

A consensus statement from the International Myeloma Working Group recommends 

classifying MM as high-risk if cytogenetic analysis of bone marrow samples reveals 

monosomy 13 (–13) or del(13q), del(17p), t(4;14), or t(4;16); or if interphase FISH 

identifies t(4;14), t(14;16), or del(17p) in MM cells. Identification of –13/del(13q) by FISH 

alone does not confer high-risk status.5 A classification system proposed by Mayo Clinic 

group defines high-risk MM as having t(4;14), t(14;16), t(14;20), or del(17p13) on FISH 

analysis of clonal plasma cells or having –13/del(13q) or aneuploidy on metaphase 

cytogenetic analysis and a plasma cell labeling index of >3.6 Other high-risk chromosomal 

abnormalities include: chromosome 1 aberrations, which are complex and may involve 

deletions in 1p, amplifications in 1q, and unbalanced translocations,7,8 and the presence of a 

hypodiploid karyotype, which are independently associated with short survival.9

Approaches for treating high-risk MM are evolving. Induction regimens containing novel 

anti-myeloma agents such as bortezomib, thalidomide, and lenalidomide show promise; 

however, these agents typically cannot completely overcome the resistance of high-risk 

MM.10 Bianchi et al. reported that the adverse risk of t(4;14) was abated by the use of 

bortezomib in induction and maintenance therapy in association with tandem auto-HCT.11 

Other evidence suggests that allogeneic hematopoietic stem cell transplantation (allo-HCT) 

can overcome the negative prognostic effects of del(17p13) and/or t(4;14) and that the 

achievement of molecular remission after allo-HCT can result in longer relapse-free 

survival; however, only a minority of patients are eligible for allo-HCT.12

Auto-HCT is available broadly, improves survival in MM patients, and is currently 

considered a standard of care for transplant-eligible patients.13 Data about the benefits of 

auto-HCT in high-risk MM, however, are limited. Thus, to elucidate the benefits and 

characterize in greater detail the role of auto-HCT in patients with high-risk MM we 

compared the patient characteristics and outcomes between high-risk and standard-risk 

myeloma patients who underwent auto-HCT at our institute.
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Methods

The charts of 670 patients with MM who underwent auto-HCT and had follow-up at The 

University of Texas MD Anderson Cancer Center between January 2005 and December 

2009 were identified and retrospectively reviewed. Results of metaphase cytogenetic and 

FISH studies of bone marrow aspiration samples were obtained for all the patients from the 

clinical chart. Patients who lacked metaphase cytogenetic analysis and FISH analysis results, 

had received tandem auto-HCT, or had undergone allo-HCT were excluded from the study. 

Patients were defined as having high-risk MM if conventional cytogenetics in at least two 

metaphases performed at diagnosis or any time before auto-HCT revealed –13/del(13q), –

17/del(17p), t(4;14), t(14;16), t(14;20), hypodiploidy (<45 chromosomes excluding –Y), or a 

chromosome 1 aberration (+1, –1, t(1;x)) or if FISH or conventional cytogenetics showed 

del(17p13), t(4;14), t(14;16), t(14;20), or chromosome 1 abnormalities at any time prior to 

auto-HCT. CD138 enrichment was done if the plasma cell percentages in bone marrow 

aspirate differential revealed 3-15 percent plasma cells. Enrichment was not done if plasma 

cells percentage was <3% (percentage too low) or >15% (no enrichment needed). Patients 

were included if the data was available for conventional cytogenetics, FISH, or both. 

Patients who showed no high-risk cytogenetic features were defined as having standard-risk 

MM; this group included patients in whom –13/del(13q) was identified only through FISH.

Descriptive statistics such as mean, standard deviation, median, and range were used for 

continuous variables, and frequency counts and percentages were used for categorical 

variables. Fisher exact tests or chi-square tests were used to compare variables between the 

groups. Wilcoxon rank sum tests or Kruskal-Wallis tests were used to compare continuous 

variables between the groups. The primary endpoints were OS and PFS in the high-risk MM 

and standard-risk MM groups. The secondary endpoints were overall response rate and 

treatment-related mortality (TRM) in each group. Response and progression were defined 

according to International Myeloma Working Group criteria.14 The overall response rate 

was assessed at 3 months after auto-HCT and included patients who had achieved partial 

remission (PR), very good PR (VGPR), complete remission (CR), or stringent CR (sCR). 

Kaplan-Meier method was used to calculate PFS from the date of transplantation to the date 

of progression or death from any cause and OS from the date of transplantation to the date of 

death. Log-rank tests were used to compare PFS and OS between the high-risk and standard-

risk groups. Cox proportional hazards models were fitted for multivariate analysis to assess 

the effects of significant prognostic factors on survival in the high-risk MM patients. SPSS 

version 20 was used for all the analyses. The Institutional Review Board at The MD Ander 

Cancer Center approved the study.

Results

Patient and disease characteristics

During the study period, 670 MM patients with a median age of 58 (standard deviation, 31–

80) years, of whom 388 (58%) were male, underwent auto-HCT at MD Anderson Cancer 

Center. Seventy-four (11%) patients were classified as having high-risk MM, and 596 (89%) 

patients had standard-risk MM. Chromosome 1 aberrations, –13/del(13q), hypodiploid 

cytogenetics, del(17p13), t(4;14), and t(14;16) were observed in 53 (72%), 48 (65%), 27 
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(36%), 16 (22%), five (7%), and none of the high-risk MM patients, respectively. Of the 74 

high-risk MM patients, 31 patients had only one high-risk abnormality, and 43 (58%) had 

multiple, concurrent high-risk abnormalities. Of the 31 patients with only one high-risk 

abnormality, 15 had chromosome 1 aberrations, seven had –13/del(13q), six had 

hypodiploidy, two had del(17p), and one had t(4;14).

The baseline characteristics of the high-risk and standard-risk MM patients are summarized 

in Table I. Compared with the standard-risk MM patients, the high-risk MM patients were 

more frequently male (72% vs. 56%; p=0.003), had higher Durie-Salmon stage (p=0.03), 

more frequently showed IgA isotype on bone marrow specimen (p=0.03), had a lower 

median hemoglobin level at presentation (10.0 vs. 11.4 g/dl; p<0.003), and had a higher 

median percentage of clonal plasma cells in bone marrow aspirates at diagnosis (52% vs. 

29%; p<0.001). In the high-risk group, all except two patients received induction 

chemotherapy containing at least one novel anti-myeloma agent (bortezomib, lenalidomide, 

or thalidomide). Fifty-three of the 74 high-risk MM patients (72%) received at least one 

cycle of bortezomib during the induction phase. Most high-risk MM patients received more 

than one novel agent during induction chemotherapy before auto-HCT; 27 (36%), 37 (50%), 

and eight (11%) patients received one, two, and three novel agents during induction 

chemotherapy, respectively.

Table II lists auto-HCT–related characteristics and outcomes in the high-risk and standard-

risk MM patients. At the time of auto-HCT, the high-risk group had a higher proportion of 

patients with refractory or relapsed MM (34% vs. 22%, respectively; p=0.01) and had a 

higher median percentage of clonal plasma cells in bone marrow aspirates obtained prior to 

auto-HCT (5% vs. 2%, respectively; p<0.001 compared with the standard-risk group. The 

median time from diagnosis to auto-HCT and the choice of conditioning regimens used did 

not significantly differ between the groups. Maintenance treatment was used in 15 high-risk 

MM patients (20% of the high-risk group), with thalidomide in seven patients, lenalidomide 

in seven patients and interferon in 1 patient.

Engraftment

The median numbers of infused CD34+ cells/kg body weight were 4.46 x 106 cells/kg in the 

high-risk group and 4.50 x 106 cells/kg in the standard-risk group (p=0.57). The median 

times to neutrophil and platelet engraftment were 10 (9–12) days and 11 (0–20) days, 

respectively (p=0.57), in the high-risk group and 10 (0–20) days and 11 (0–70) days, 

respectively, in the standard-risk group (p=0.42).

Response to auto-HCT and treatment-related mortality

Response rate was assessed at 3 months after the auto-HCT. The overall response rate for 

high-risk MM patients was 74% (sCR in 7%, CR in 8%, VGPR in 24%, and PR in 35%), 

which was significantly lower than in the standard-risk group’s response rate of 85% (sCR 

in 11.8%, CR in 18.6%, VGPR in 27.6%, and PR in 26%); p<0.001 (Table II). 100-day 

TRM was similar in both groups, with one death (1.4%) in the high-risk group and eight 

deaths (1.3%) in the standard-risk group. In the high-risk group, univariate analysis showed 

that the factors of undergoing auto-HCT during the first remission, a pre-transplant plasma 
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cell percentage of <10% in the bone marrow aspirate, and achieving at least a PR at the time 

of auto-HCT were each significantly associated with a response of ≥VGPR after auto-HCT. 

However, on multivariate analysis, undergoing auto-HCT during the first remission was the 

only factor independently associated with ≥VGPR after auto-HCT in the high-risk patients. 

For the standard-risk patients, all the above-mentioned factors remained independent, 

significant predictors of ≥VGPR.

Survival

The median follow-up was 39.8 months after auto-HCT for all patients, and the high-risk 

and standard-risk groups significantly differed in median PFS (10.3 vs. 32.4 months, 

respectively; p<0.001) and OS (28 months vs. not reached, respectively; p<0.001) after auto-

HCT (Figure 1). In the high-risk MM patients, univariate analysis and multivariate Cox 

regression analysis were performed to identify independent variables associated with 

improved PFS and OS (Table III). The univariate analysis revealed that having only one 

high-risk abnormality and attaining ≥VGPR after auto-HCT were each significantly 

associated with prolonged PFS and OS. In addition, ≥PR with induction therapy and 

performing auto-HCT during the first remission were each significantly associated with 

longer OS (but not PFS) (Figure 2). On multivariate analysis, having only one high-risk 

abnormality (p=0.006) and achieving ≥VGPR after auto-HCT (p=0.003) were independently 

associated with longer PFS. The variables also maintained independent significance for 

longer OS; having only one high-risk abnormality (p=0.001), and achieving ≥VGPR after 

auto-HCT (p=0.004).

The use of bortezomib as part of induction treatment did not significantly affect PFS or OS 

after auto-HCT. In contrast, the use of maintenance chemotherapy compared with no 

maintenance chemotherapy after auto-HCT in high-risk MM patients showed a trend toward 

improving PFS (18 vs. 10 months; p=0.36) and OS (51 vs. 20 months; p=0.12), although 

these differences were not statistically significant (Figure 2).

Discussion

Our study confirms previous reports that high-risk MM patients respond poorly to induction 

chemotherapy treatment and to auto-HCT, leading to worse PFS and OS than in standard-

risk MM patients.1–7 In addition, our multivariate analysis showed that survival outcomes in 

high-risk MM patients are superior in those with only one high-risk chromosomal 

abnormality and those who achieve at least a very good partial response with auto-HCT.

Several individual high-risk chromosomal abnormalities have been identified in the 

literature, and MM patients often harbor more than one high-risk abnormality.2,8,15 Neben et 

al. found that del(13q14) and +1(q21) were strongly correlated with the presence of t(4;14) 

or del(17p13) in myeloma cells.15 The distribution of high-risk abnormalities in our high-

risk MM population also showed that these frequently occurred concurrently and, 

furthermore, that concurrent abnormalities were associated with worse survival. Indeed, 

Chang et al. stratified MM into low-risk (52%), intermediate-risk (33%), and high-risk 

(15%) categories according to the number of FISH-identified high-risk genetic abnormalities 
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and reported inferior survival for the latter two groups, similar to the findings in our 

population.2

The survival after auto-HCT was improved if patients achieved ≥VGPR after auto-HCT. In 

our high-risk MM patients, VGPR after auto-HCT was achieved more frequently when auto-

HCT was performed in the first remission. Achieving VGPR was also a major prognostic 

indicator of better survival in the IFM 2005-01 Phase 3 Trial.16 As has been seen in several 

studies, our data show that the maximum benefit from auto-HCT is derived when the 

transplantation is performed in the first remission rather than when the disease is relapsed or 

refractory.

The use of bortezomib in induction and maintenance therapy has been shown in some 

studies to decrease the adverse risk of t(4;14) as well as del 17, with conflicting results 

among studies.11,17–20 We did not notice a substantial benefit from bortezomib in our high-

risk group, but only five patients in our cohort had t(4;14), precluding any definitive 

conclusions about that mutation. Another reason for this apparent lack of benefit from novel 

agents may be that the high-risk patients need ongoing therapy in the form of induction 

chemotherapy, high-dose therapy, and consolidation chemotherapy, followed by long-term 

maintenance therapy. Maintenance therapy with lenalidomide after auto-HCT has also been 

shown to prolong PFS in multiple myeloma patients including those with high-risk 

cytogenetic abnormalities. 21 In our high-risk group, most patients (80%) did not receive 

maintenance therapy after auto-HCT, probably because our data go back to 2005, when 

post–auto-HCT maintenance therapy was not a standard approach. Despite this, we observed 

that the 15 high-risk patients who received maintenance therapy had longer median OS than 

the other high-risk patients (51.4 vs. 19.7 months; p=0.121), although this difference was not 

statistically significant, possibly owing to the low number of patients who received 

maintenance treatment. Nevertheless, it seems appropriate that eligible high-risk MM 

patients be aggressively treated with induction and high-dose therapy followed by long-term 

maintenance therapy to reduce the risk of relapse.

The frequency of high-risk patients in our cohort was less than that reported in other 

studies.11 A possible explanation could be that some patients lacked FISH results; however, 

all patients had cytogenetic data available for analysis, and at least two metaphases had to be 

abnormal to confer high-risk status.

Conclusions

We acknowledge the inherent limitations of our retrospective review, including missing 

data, a lack of appropriate controls, and patient heterogeneity. Furthermore, the definition of 

high-risk MM based on chromosomal abnormalities continues to evolve as more sensitive 

detection techniques and more effective therapeutic agents become available. However, our 

data does emphasize that the high-risk MM patients are characterized by a higher bone 

marrow plasma cell burden, concurrence of high-risk chromosomal abnormalities, and poor 

responses to high-dose chemotherapy and auto-HCT as compared with standard-risk 

myeloma MM patients. In high-risk MM patients, the presence of only one high-risk 

cytogenetic abnormality and achieving ≥VGPR after auto-HCT are each independently 
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associated with improved survival. Prospective clinical trials are needed to optimize the 

timing, sequence, and duration of therapy with novel agents, auto-HCT, and possibly allo-

HCT in this high-risk patient population.
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Clinical Practice Points

• Outcomes among cytogenetically defined high-risk myeloma patients remain 

poor even in the era of novel agents.

• Among high-risk MM patients, survival outcomes are superior in those with 

only one high-risk chromosomal abnormality compared to the patients with 

more then one high-risk chromosomal abnormalities.

• Among high-risk MM patients, achievement of at least very good partial 

response with auto-HCT is associated with superior survival.

• Maintenance therapy after auto-HCT may prolong survival among high-risk 

MM patients and its role should be further researched in larger scale studies.
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Figure 1. 
PFS (A) and OS (B) in high-risk versus standard-risk myeloma patients after auto-HCT.
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Figure 2. 
OS among high-risk MM patients by (A) number of high-risk abnormalities, (B) depth of 

response to auto-HCT, (C) response prior to auto-HCT, and (D) maintenance treatment after 

auto-HCT.
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Table I

Comparison of baseline patient characteristics between high-risk and standard-risk MM patients.

Characteristic High-risk MM*, n (%) or median (range)
Standard-risk MM, n (%) or median 

(range) p-value

Total number of patients 74 (11) 596 (89)

Age, years 58 (40–73) 58 (31–80) 0.88

Sex

Male 53 (72) 335 (56) 0.003

Race

White 52 (70.3) 394 (66.1)

Black 9 (12.2) 99 (16.6) 0.61

Other 12 (16.2) 99 (16.6)

Missing Data 1 (1.4) 4 (0.7)

Histologic features

Immunoglobulin G 37 (50) 339 (57)

Immunoglobulin A 17 (23) 123 (21) 0.03

Light chain only 10 (13.5) 96 (16)

Other 10 (13.5) 38 (6)

Durie-Salmon stage

I 5 (7) 111 (18.6)

II 35 (47) 237 (39.8) 0.03

III 32 (43) 225 (37.8)

Missing data 2 (3) 23 (3.9)

Bone marrow plasma cell percentage 52 (0–95) 29 (0–98) <0.001

Hemoglobin, g/dl 10 (6–15) 11.4 (6–17) 0.003

Lactate dehydrogenase, unit/l 344 (44–1365) 369 (51–1950) 0.04

Calcium, mg/dl 9.5 (7–17) 9.4 (7–18) 0.06

Creatinine, mg/dl 1.2 (1–15) 1.1 (0–21) 0.08

Beta-2-microgloobulin, mg/l 3.9 (2–35) 3.1 (1–47) 0.21

Immunoglobin G, mg/dl 839 (168–10310) 1634 (10–14946) 0.15

Immunoglobin A, mg/dl 50 (6–8089) 65 (2–9818) 0.93

Immunoglobin M, mg/dl 21 (3–8050) 21 (1–10400) 0.19

Bence Jones protein, mg/dl 1.01 (0–20) 0.25 (0–37) 0.08

Serum M-protein (g/dL) 3 (0–8) 2.60 (0–13) 0.5

*
Based on cytogenetics or FISH at any time before autologous hematopoietic stem cell transplantation.
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Table II

Comparison of auto-HCT–related patient characteristics and outcomes between high-risk and standard-risk 

MM patients.

High-risk MM
n (%), median (range)

Standard-risk MM
n (%) or median (range) p-value

Characteristic or outcome

Bone marrow plasma cell percentage before auto-HCT, % 5 (0–92) 2 (0–88) <0.001

Overall response rate after induction chemotherapy (≥ PR) 56 (77) 499 (85) 0.06

Disease status at the time of auto-HCT

 First remission 48 (66) 461 (78) 0.01

 Relapsed/refractory disease 25 (34) 127 (22)

Interval to auto-HCT (months) 7 (2–159) 7 (1–262) 0.77

MM related laboratory values before auto-HCT

 Hemoglobin (g/dl) 10.4 (8–15) 11 (7–17) 0.08

 Lactate dehydrogenase, unit/l 585 (301–1768) 535 (7–2748) 0.12

 Calcium, mg/dl 8.9 (7–11) 9 (7–11) 0.07

 Creatinine, mg/dl 0.9 (0.4–5) 0.9 (0.4–13) 0.37

 Beta-2-microgloobulin, mg/l 2.9 (1–23) 2.5 (1–40) 0.24

 Immunoglobin G, mg/dl 524 (132–6970) 789 (98–7700) 0.84

 Immunoglobin A, mg/dl 34.5 (6–5238) 69 (6–3620) 0.53

 Immunoglobin M, mg/dl 21.5 (4–1190) 38 (4–3440) 0.49

 Bence-Jones protein, mg/dl 0.09 (0–7) 0.04 (0–6) 0.002

 Serum M-protein, g/dl 0.5 (0–5) 0.6 (0–6) 0.38

Conditioning regimen

 Melphalan 200mg/m2 47 (64) 354 (59)
0.5

 Others1 27 (36) 242 (41)

Engraftment (days)

 Neutrophil count >0.5 x 109/l, days 10 (9–12) 10 (0–20) 0.57

 Platelet count >20 x 109/l, days 11 (0–20) 11 (0–70) 0.42

Response to auto-HCT1

 Stringent complete remission 5 (7) 70 (11.8)

 Complete remission 6 (8) 110 (18.6)

 Very good partial remission 18 (24) 163 (27.6) <0.001

 Partial remission 26 (35) 154 (26)

 Stable disease 8 (11) 72 (12)

 Progressive disease 11 (15) 22 (4)

1
Other conditioning regimens: busulfan and melphalan; melphalan, arsenic trioxide and bortezomib; melphalan and arsenic trioxide; and melphalan 

and holmium.
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