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Abstract

Backgrounds—The t(11;14)(q13;q32) is seen in 15–20% patients with multiple myeloma

(MM). In general, it is not associated with worse outcome. We studied the impact of t(11;14)

(q13;q32) on the outcome of patients with MM who received high-dose chemotherapy followed

by an autologous hematopoietic stem cell transplantation (auto-HCT).

Method—Eligible patients underwent high-dose chemotherapy followed by auto-HCT at the

M.D. Anderson Cancer Center between February 2000 and August 2010, and had conventional

cytogenetic (CC) or fluorescent in situ hybridization (FISH) results available prior to auto-HCT.

The cohort is divided into three groups of patients: (1) normal (diploid by CC, and negative by

FISH); (2) t(11;14)(q13;q32) by CC or FISH; and (3) high-risk (HR) abnormalities by CC or

FISH. The primary objective was to compare the outcome of patients with t(11;14)(q13;q32) to

patients with diploid or HR markers by CC or FISH studies.

Results—CC or FISH studies were available for 993 patients in the 3 groups described above.

Eight-hundred and sixty-nine patients had normal, 27 patients had t(11;14)(q13;q32) and 97

patients HR markers by CC or FISH studies. Of the 27 patients with t(11;14)(q13;q32), 18 had

isolated t(11;14)(q13;q32) while 9 patients had concurrent HR abnormalities. We compared the

outcome of patients with t(11;14)(q13;q32) to patients with normal or HR markers. Median follow

up in surviving patients was 37 months. 3-year PFS for normal, t(11;14)(q13;q32) and HR groups

were 47%, 27% and 13%, respectively (p=<0.00001). 3-year OS for normal, t(11;14)(q13;q32)

and HR groups were 83%, 63% and 34%, respectively (p=<0.00001). On multivariate analyses,

t(11;14)(q13;q32) and HR abnormalities by CC or FISH, and relapsed disease at auto-HCT were

associated with shorter PFS, while t(11;14)(q13;q32) and HR abnormalities by CC or FISH, β2

microglobulin of >3.5 and relapsed disease at auto-HCT were associated with shorter OS.
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Conclusions—Patients with t(11;14)(q13;q32) had worse outcome than patients with normal

CC or FISH, but better than patients with HR markers by CC or FISH studies.

Introduction

Multiple myeloma (MM) accounts for approximately one percent of all cancers and

approximately 10 percent of hematologic malignancies in the United States [1, 2]. Routine

conventional cytogenetic (CC) analyses and interphase fluorescence in situ hybridization

(FISH) are helpful in stratifying patients with MM into high or standard-risk disease

categories [3–5]. Deletion of 13q or monosomy 13 and hypoploidy by CC, and t(4;14)

(p16.3;q32), t(14;16)(q32;q23), t(14;20)(q32;q11.2) and del17p13 by CC or FISH are

considered HR abnormalities [5–8]. Approximately 15% of patients with symptomatic

myeloma have HR disease and their median overall survival despite optimal therapy is about

2–3 years [7, 8]. Recent trials incorporating bortezomib as part of induction regimen have

shown significant improvement in the outcome of patients with t(4;14), which is now

considered an intermediate-risk abnormality by some investigators [9–11]. In the HOVON

study, use of bortezomib before and after an auto-HCT was associated with a longer PFS

and OS in a subset of patients with del 17p [10]. Based on these preliminary results,

bortezomib-based induction and maintenance is now the preferred therapy for patients with

HR myeloma.

The t(11;14)(q13;q32) abnormality involving IgH and CCND1-XT genes can be seen in

approximately 15 to 20% of patients with newly diagnosed MM [12–14]. Previous studies

have shown that t(11;14)(q13;q32) is associated with non-secretory myeloma, IgM or IgE

monoclonal protein [14,15], lymphoplasmacytic or small mature plasma cell morphology,

and CD20 expression [15–19]. In general, the presence of t(11;14)(q13;q32) is not

associated with a worse outcome in MM [13, 20–22]. However, there are limited data about

the prognostic significance of t(11;14)(q13;q32) in the context of autologous stem cell

transplant (auto-HCT) [21]. In this study, we report the impact of t(11;14)(q13;q32) on the

outcome of patients with MM who underwent auto-HCT at our institution, and compared

their outcome to patients with diploid CC or negative FISH, and patients with HR markers

by CC or FISH.

Materials and Methods

Patients

We performed a retrospective chart review on patients with symptomatic MM who

underwent high-dose chemotherapy followed by auto-HCT at the M.D. Anderson Cancer

Center between February 2000 and August 2010. Patients who had CC or FISH results

available at any point before auto-HCT were eligible for the study. The t(11;14)(q13;q32)

was defined as an abnormal signal pattern in at least 2 metaphases by CC or IgH/CCND1-XT

rearrangement using 7% as a cutoff by interphase FISH. HR cytogenetic abnormalities were

defined as del(13q)/−13 or hypoploidy by CC studies only, or t(4;14)(p16.3;q32), t(14;16)

(q32;q23), t(14;20)(q32;q11.2) or del(17p13) by CC or FISH studies [5–7]. Normal was

defined as diploid by CC and negative FISH studies at every time point before auto-HCT.
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Response and Outcome

Response criteria were as defined by the International Myeloma Working Group (IMWG)

uniform response criteria [23]. PFS was defined as the time from the day of auto-HCT to the

date of disease progression or death [24], whereas OS was defined as the time from the day

of auto-HCT to the date of death from any cause.

Statistical Analysis

The primary objective of the study was to compare the rate of progression free survival

(PFS) and overall survival (OS) in patients with t(11;14)(q13;q32) to those with normal or

HR CC or FISH studies. PFS was defined as the time from transplant to either disease

progression or death, and OS as the time form transplant to death of any cause. Patients who

were alive at the time of analysis were censored on the last date of the last follow-up.

Actuarial estimates of PFS and OS were calculated by the Kaplan-Meier method [25]. Cox’s

proportional hazards regression analysis was used to evaluate the impact of a number of risk

factors, including t(11;14)(q13;q32), on the rate of PFS and OS. Factors considered included

age, sex, year of auto-HCT, interval between diagnosis and auto-HCT, CC or FISH

abnormalities, β2 microglobulin level at diagnosis and at auto-HCT, disease status at auto-

HCT, response to induction, prior autologous transplant, and prior use of novel agents.

Statistical significance was defined at the 0.05 level and factors significant in univariate

analysis were considered in multivariate analyses. Statistical analyses were performed using

STATA 9.0.

Results

Patient Characteristics

We identified 993 patients with MM and CC and FISH as described above, who underwent

auto-HCT between February 2000 and August 2010. Patient characteristics are summarized

in Table 1. Among 993 patients, 869 patients had normal CC or FISH results, 27 patients

had t(11;14)(q13;q32) and 97 patients had HR abnormalities by CC or FISH. Patients in 3

groups were fairly evenly matched. Overall, 15% patients had relapsed disease at auto-HCT,

with 13%, 37% and 7%, in normal, HR and t(11;14)(q13;q32) groups.

In 27 patients with t(11;14)(q13;q32), CC studies were available for all 27 patients, while

FISH studies were performed on 19 patients only. In 19 patients with IgH/CCND1-XT

rearrangement, t(11;14)(q13;q32) by CC was detected in only 13 (68%) patients, reinforcing

the greater sensitivity of FISH studies in detecting this abnormality. Overall, 21 of 27

patients had t(11;14)(q13;q32) on CC studies. Out of these 21 patients with this abnormality,

5 (24%) patients had a hyperdiploid clone, 9 (43%) a hypodiploid and 7 (33%) a

pseudodiploid clone. Eighteen of 27(67%) patients with t(11;14)(q13;q32) had either

isolated t(11;14)(q13;q32) abnormality or associated with other non-HR abnormalities. Nine

patients (33%) had at least one HR abnormality: t(11;14)(q13;q32) plus del(13q) in 7

patients and t(11;14)(q13;q32) plus del(13q) and del(17p13) in 2 patients (7%). Bone

marrow flow cytometric analyses showed CD20 expression on plasma cells in 3 (11%)

patients, and absence of CD20 expression on plasma cells in 24 (89%) patients with t(11;14)

(q13;q32).
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Eighty-nine (92%) of the 97 patients with HR abnormalities had del(13q) alone or in

combination with other HR abnormalities, 4 (4%) patients had del(17p13) alone and 4 (4%)

had t(4;14)(p16.3;q32), t(14;16)(q32;q23) or t(14;20)(q32;q11.2).

Induction Therapy and Preparative Regimen

Disease status and responses to prior induction therapy are summarized in Table 1. Novel

agents including thalidomide, lenalidomide or bortezomib were used for induction or

salvage before auto-HCT in 573 (66%) patients with normal CC or FISH, 21 (78%) patients

with t(11;14)(q13;q32) and 74 (76%) patients with HR CC or FISH (Table 1). Melphalan

alone was used as preparative regimen for 720 (83%) in normal, 24 (89%) in t(11;14)

(q13;q32) and 80 (82%) in HR patients.

Survival

Median follow up in surviving patients was 37 months (range 1 to 130 months).

Accordingly, outcomes were compared within 3 years following transplant. Median PFS for

normal, t(11;14)(q13;q32) and HR groups were 33 months, 23 and 9.7 months, respectively

(Figure 1A). 3-year PFS for normal, t(11;14)(q13;q32) and HR groups were 47%, 27% and

13% (normal vs. t(11;14)(q13;q32): p=0.02, t(11;14)(q13;q32) vs. HR: p= 0.05),

respectively (Fig. 1A). Median OS for normal, t(11;14)(q13;q32) and HR groups were 87,

51 and 21 months, respectively (Fig. 1B). 3-year OS for normal, t(11;14)(q13;q32) and HR

groups were 82%, 63% and 34% (normal vs. t(11;14)(q13;q32): p=0.01, t(11;14)(q13;q32)

vs. HR: p= 0.04), respectively (Fig. 1B). Median PFS and OS showed similar trends when

patients with relapsed disease at auto-HCT were excluded from the survival anlyses (p

<0.0001 for both PFS and OS).

On univariate analyses, t(11;14)(q13;q32), HR abnormalities by CC or FISH, β2

microglobulin of >3.5 either at diagnosis or at auto-HCT, relapsed disease at auto-HCT,

<PR at auto-HCT and induction therapy without novel agents were associated with

significantly shorter PFS and OS (Table 2). Because of the large proportion of unknown

values of β2 microglobulin at diagnosis, this variable was not considered in multivariate

analysis despite reaching statistical significance on univariate analysis. On multivariate

analyses, t(11;14)(q13;q32) and HR abnormalities by CC or FISH and relapsed disease at

auto-HCT were independently associated with shorter PFS. On multivariate analyses for OS,

t(11;14)(q13;q32) and HR abnormalities by CC or FISH, β2 microglobulin of >3.5 and

relapsed disease at auto-HCT were independently associated with shorter OS (Tables 3 and

4).

Discussion

This retrospective analysis shows that myeloma patients carrying t(11;14)(q13;q32) by CC

or FISH had intermediate PFS and OS when compared to patients with normal or HR CC or

FISH studies before auto-HCT. This translocation is frequently seen in myeloma patients;

however there are conflicting data about its clinical implications. Several studies have

studied the impact of t(11;14)(q13;q32) on the outcome of patients with MM [4–7,12–21].
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Fonseca et al. reported on 336 patients with newly diagnosed myeloma that were enrolled

into the Eastern Cooperative Oncology Group (ECOG) trial, E9486. They identified 53

(16%) patients with t(11;14)(q13;q32) detected by FISH. Patients with the t(11;14)(q13;q32)

appeared to have better survival and response to treatment, although this did not reach

statistical significance. The patients in this study did not receive auto-HCT and novel agents

[4–7, 13].

Dewald et al. compared the clinical efficacy of metaphase CC and FISH with interphase

FISH in 154 patients with newly diagnosed myeloma. They found increased detection of

chromosomal abnormalities with interphase FISH (86%) vs. metaphase CC or FISH (40%).

In this study, presence of t(11;14)(q13;q32) by CC was associated with intermediate

outcome in terms of OS between normal CC and HR CC. However, detection of t(11;14)

(q13;q32) by interphase FISH was not associated with an adverse outcome [20].

Moreau et al. reported the impact of recurrent 14q32 translocations on the outcome of 168

newly diagnosed patients with multiple myeloma enrolled between January 1995 and

December 2000 with the median follow-up of 27 months. All patients received at least one

auto-HCT while 10 patients received allogeneic HCT. They identified 26 patients (15.5%)

with t(11;14)(q13;q32) by interphase FISH. Patients with t(11;14)(q13;q32) had longer

survival compared to those without this abnormality [21].

Gertz et al. evaluated the clinical implications of t(11;14)(q13;q32) in myeloma patients

treated with high-dose therapy. No survival difference was found in patients with and

without t(11;14)(q13;32) [26]. In another report, 1064 patients with newly diagnosed

myeloma enrolled into the Intergroupe Francophone du Myélome (IFM) 99 trials were

screened for chromosomal aberrations frequently seen in MM: t(11;14)(q13;q32) was seen

in 21% of patients. Majority of the patients received auto-HCT while 65 underwent

allogeneic HCT. The presence of t(11;14)(q13;q32) did not adversely impact the survival

[27].

In our study, patients with t(11;14)(q13;q32) had an intermediate outcome between patients

with normal or HR CC or FISH abnormalities. We also compared patients with t(11;14)

(q13;q32) only (18/27) and t(11;14)(q13;q32) plus other HR abnormalities (9/27) to patients

with normal or HR CC or FISH studies in a multivariate model. When analyzed separately,

both t(11;14)(q13;q32) alone and t(11;14)(q13;q32) with other HR abnormalities were

predictive of significantly shorter PFS, while t(11;14)(q13;q32) only showed a trend strong

trend towards a shorter OS.

These results are consistent with earlier observations that patients with any CC abnormality,

regardless of risk category, had worse outcome than patients with normal karyotype [5, 20,

28]. This may be a function of higher proliferation in the cells where a karyotypic

abnormality is detected [21]. Furthermore, the relatively worse outcome for patients with

t(11;14)(q13;q32) in our study could be due to the inclusion of a number of patients with

relapsed disease at auto-HCT (15%) or with concurrent HR abnormalities in 9/27 (33%)

patients. Using gene expression profiling, Nair et al. categorized patients with t(11;14)

(q13;q32) into two subsets [29]. The subset with CD20 expression was associated with a
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durable remission while the subset lacking CD20 expression had shorter duration of

remission. Since almost 90% of patients with t(11;14)(q13;q32) in our study lacked CD20

expression, it may have been partly responsible for their worse outcome.

Other significant prognostic markers were a high β2 microglobulin level at auto-HCT and

patients with relapsed disease at auto-HCT. Both of these are known risk factors for worse

outcome for myeloma [30–33]. High β2 microglobulin level either at diagnosis or at auto-

HCT has been shown to be associated with worse outcome in several prior studies and

retrospective analyses. Similarly, it is well known that patients transplanted after a relapse

have significantly shortened PFS and OS after an auto-HCT.

There are several potential limitations to consider in interpreting the results of our study.

They included the retrospective nature of the study, heterogeneous patient population in

terms of disease status and non-transplant therapy, relatively small number of patients with

t(11;14)(q13;q32), and concurrent HR CC or FISH abnormalities in about a third of patients

with t(11;14)(q13;q32).

In summary, our study showed that patients with t(11;14)(q13;q32) had intermediate

outcome compared to patients with normal and HR abnormalities by CC or FISH studies.

This finding may be used to stratify patients into risk categories and may predict the

outcome.
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Figure 1.
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Table 3

Multivariate Analysis for PFS

Overall PFS MV

N=993 HR 95% CI p

Normal 869

High-Risk 97 2.9 2.2 <0.001

t(11; 14) 27 2 1.2 0.01

Disease Status at Transplant

Relapse 148 1.96 1.5–2.5 <0.001

Other 845
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Table 4

Multivariate Analysis for OS

Overall OS MV

N=993 HR 95% CI p

Normal 869

High-Risk 97 4.6 3.2 <0.001

t(11; 14) 27 3.1 1.4 0.004

B2 M at SE

<=3.5 vs. >3.5 0.6 0.4–0.8 0.001

>5.5 vs. <=5.5

Disease Status at Transplant

Relapse 148 2.2 1.5–3.1 <0.001

Other 845
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