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Impact of cytogenetic classification on outcomes following
early high-dose therapy in multiple myeloma
GP Kaufman, MA Gertz, A Dispenzieri, MQ Lacy, FK Buadi, D Dingli, SR Hayman, P Kapoor, JA Lust, S Russell, RS Go, YL Hwa,
RA Kyle, SV Rajkumar and SK Kumar

Early high-dose therapy (HDT), consisting of high-dose melphalan and autologous stem cell transplantation following doublet or
triplet novel agent induction, is a preferred management strategy for transplant-eligible myeloma patients. We set out to examine
the utility of the current fluorescence in situ hybridization (FISH)-based risk stratification in a homogenously treated population of
transplant-eligible myeloma patients receiving novel induction regimens and early HDT with or without posttransplant
maintenance therapy. FISH was available in 409 patients at the time of diagnosis for patients receiving HDT within 12 months of
diagnosis. We present comprehensive outcomes for chromosome 14 translocations and 17p abnormalities that both support and
refute current risk stratification models. In contrast to its current classification as a marker of 'standard risk' (SR), t(11;14) was
associated with inferior overall survival (OS) when compared with the classical SR cohort. The use of novel agent maintenance
therapy (bortezomib or lenalidomide) following early HDT ameliorates the negative prognostic value of high-risk (HR) cytogenetic
markers. HR patients who received maintenance following early HDT had similar OS compared with the SR cohort at 5 years.
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INTRODUCTION
Among transplant-eligible multiple myeloma (MM) patients,
treatment with high-dose therapy (HDT) and autologous stem
cell transplantation (ASCT) early, after a defined period of initial
induction therapy, is a preferred management strategy, even in
the novel agent era.1–4 Risk stratification in MM, currently based
primarily on cytogenetic abnormalities, is critical for long-term
counseling of transplant-eligible patients and application of risk
adapted treatment algorithms to maximize clinical outcomes
while minimizing therapy related toxicities.5,6 The tools available
for risk assessment of newly diagnosed MM are expanding.
Conventional cytogenetics, given low plasma cell proliferation
rates and hence low sensitivity of conventional metaphase
karyotyping, have been surpassed in clinical application by
interphase and cytoplasmic immunoglobulin fluorescence in situ
hybridization (FISH). Gene expression profiling may further expand
to provide additional discernment in prognosis in newly
diagnosed myeloma; however, gene expression profiling has
limitations that currently preclude its widespread use. For the
majority of patients currently diagnosed with MM, FISH in
combination with other patient-related clinical and laboratory
markers (plasma cell proliferative index, International Staging
System (ISS), lactate dehydrogenase and so on) remains the
de facto standard for determining initial risk.7

Translocations involving the immunoglobulin heavy chain (IgH)
gene locus on chromosome 14 and 5 common partner chromo-
somes are present in approximately one-third of newly diagnosed
patients and are associated with a variable and often inferior
clinical outcome.8 The Mayo Stratification for Myeloma and Risk
Adapted Therapy (mSMART) guidelines are similar in construct to
IMWG (International Myeloma Working Group) and National
Comprehensive Cancer Network criteria and have been adapted

widely for use in clinical practice. Current mSMART guidelines
deem translocations of t(14;16) and t(14;20) as high risk (HR), while
t(4;14) is considered intermediate risk and t(11;14) and t(6;14) are
classified as standard risk (SR).9,10 In addition to IgH translocations,
the loss of the short arm of chromosome 17 (del(17p)), classified
by mSMART as HR, is thought to be related to the loss of one p53
allele and is observed in approximately 6% of newly diagnosed
myeloma patients. Del(17p) has been associated with an inferior
outcome even in the context of HDT.11–13 Together, specific IgH
translocations and del(17p) found on FISH at diagnosis are the
most common mechanism for classifying newly diagnosed MM as
adverse risk.14 The clinical reality for the transplant-eligible patient
deemed HR based on FISH abnormalities is a paucity of
comparative effectiveness data leading to uncertainty as to the
optimal treatment strategy following doublet or triplet induction
and early HDT. Consolidation regimens, maintenance strategies,
tandem transplantation, observation with second application of
HDT at disease recurrence and nonmyeloablative allogeneic stem
cell transplantation are all being investigated in the context of
ongoing clinical trials.
Although there is good clinical data and little controversy as to

the negative impact of t(4;14) translocations and del(17p)
deletions at diagnosis, heterogeneity in clinical outcomes does
exist within these groups. Outcome heterogeneity is certainly
related to host-specific factors as well as the variable approach in
management these patients receive following upfront therapy.15

Also, recent data from the MD Anderson Cancer Center group has
suggested inferior outcomes for t(11;14) patients treated with
ASCT compared with a standard cytogenetic risk cohort.16 This
raises the question of the accuracy of risk stratification schemes
based on historical data prior to the frequent use of novel agents.
Our aim in performing this current study was to comprehensively
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describe the clinical outcomes of newly diagnosed MM patients
with IgH translocations or del(17p) findings on FISH in the context
of the homogenous application of early HDT as this fills a void in
the current literature.

PATIENTS AND METHODS
Patients
Following approval of the Mayo Clinic Institutional Review Board and in
accordance with the Declaration of Helsinki, 941 patients evaluated and
treated with HDT at Mayo Clinic Rochester for newly diagnosed MM
between 2003 and 2012 were retrospectively identified. In order to ensure
a homogenous patient population for analysis and interpretation, patients
were excluded if they did not undergo early HDT (defined as ASCT within
12 months of initial diagnosis) or if they did not have a bone marrow FISH
evaluation with sufficient plasma cells for analysis from within 6 months of
diagnosis. Following these exclusion criteria, the final cohort consisted of
409 patients, of which 95% received at least one novel agent in the course
of initial induction therapy.

FISH studies
FISH assays were performed on isolated plasma cells from bone marrow
aspirates utilizing standard methods previously described, including
immunofluorescent detection of cytoplasmic immunoglobulin light chains.
Probes against 14q32(5′IGH,3′IGH), 17p13.1 (p53) and 17cen (D17Z1) were
used to screen for abnormalities, and when indicated, confirmatory probes
were utilized to confirm specific IgH translocations. Sensitivity thresholds
determined by the standards set forth from our reference laboratory were
used, and the probe was considered normal if the number of abnormal
signals was under the following percentage for each probe; 14q32(5′IGH,3′
IGH)—5.0%; t(11;14), t(4;14), t(14;16), t(6;14) and t(14;20)—3.0%; 17p13.1
(p53)—7.0%; and 17cen (D17Z1)—9.0%. For the purposes of this analysis,
patients were classified as HR if they had del(17p), t(4;14), t(14;20) or
t(14;16); patients were classified as SR if they had any other FISH
abnormality (chromosome 1q abnormalities were not evaluated), except
for t(11;14), which as a group were evaluated separately. If a patient had
more than one cytogenetic abnormality, they were classified into the HR or
SR group on the basis of the most adverse abnormality.

Treatment approaches
Patients received a variety of induction regimens for the initial treatment
of their myeloma. Our standard practice has been to use bortezomib-
containing regimens for patients with HR cytogenetics and lenalidomide
and dexamethasone for those with SR myeloma. Patients who presented
to us after initiation of their induction therapy by their referring physician
were continued on the therapy as long as they were tolerating the
regimen and the disease was responding and no changes were system-
atically made. Peripheral blood stem cell collection was performed typically
with granulocyte colony-stimulating factor alone with plerixafor added for
lack of adequate mobilization with chemotherapy-based mobilization
limited to those who fail this approach or have inadequate disease control
with the initial therapy. Conditioning regimen typically consisted of
melphalan 200mg/m2 (87% patients), with dose reduction of melphalan to
140mg/m2 (12% patients) considered for those 470 years, significant
comorbidities or renal insufficiency. Eight patients in the study cohort
received zevalin and melphalan for conditioning as they were enrolled in
an ongoing clinical trial evaluating that regimen. In general, maintenance
treatments were recommended in patients with HR disease or had residual
disease (less complete remission) but were left to the physician to discuss
with the patients. The typical regimens consisted of lenalidomide
10–15mg daily or bortezomib 1.3–1.6 mg/m2 every other week.

Statistical methods
Descriptive statistics were used to characterize the patient cohort. One-
way analysis of variance test was used to compare baseline continuous
variables in more than two groups when a parametric distribution could
reasonably be assumed. Pearson’s chi-square test was used to compare
baseline nominal variables between two or more groups. Response and
disease progression were defined per IMWG criteria.17 Overall survival (OS)
and progression-free survival (PFS) were calculated from time of ASCT
day 0, or where indicated from diagnosis, to death or defined disease
progression. Survival curves were calculated per Kaplan–Meier estimates

and compared using the log-rank test. JMP Version 10.0 software (2012
SAS Institute, Cary, NC, USA) was used for analysis.

RESULTS
Of the 409 patients in the final study cohort who had evaluable
FISH from within 6 months of diagnosis and underwent HDT and
ASCT within 12 months of diagnosis, the median estimated follow-
up was 43.0 (95% confidence interval (CI) 40.8-46.5) months from
the time of diagnosis, with 283 patients (69%) alive at the last
follow-up. The median age at presentation was 59 (range 23–75)
years, and 249 (61%) were men. Induction regimens included a
novel agent (immunomodulators, including thalidomide and
lenalidomide, or proteasome inhibitors, including bortezomib) in
95% of patients prior to HDT and ASCT. Partial response or better
was obtained prior to HDT in 328 patients (80%), while 46 patients
(11%) had primary refractory disease in that they did not have
measurable response prior to HDT, and 34 patients (8%) had
relapsed disease even though they underwent HDT within
12 months of diagnosis.
Overall, 202 patients (49.4%) had an abnormal probe to 14q32

(5′IGH,3′IGH). The specific chromosome 14 translocation break-
down was as follows: 41 (10.0%) patients with t(4;14), 2 (0.5%)
patients with t(6;14), 78 (19.1%) patients with t(11;14), 13 (3.2%)
patients with t(14;16), 5 (1.2%) patients with t(14;20), and 63
(15.4%) patients with an otherwise undefined abnormality of the
14q32(5′IGH,3′IGH) loci not corresponding to one of the five
described common translocations. Fifty patients (12.2%) had
either del(17p) or monosomy 17. The baseline characteristics
of all patients as well as pertinent baseline comparisons at
diagnosis for each FISH category with n430 studied are detailed
in Tables 1 and 2. Myeloma bone disease was less common
among those with t(4;14) disease as compared with the entire

Table 1. Baseline variables at diagnosis of 409 patients undergoing
early HDT for MM

Variable % Median (range)

Age at diagnosis, years — 59 (23–75)
Male gender 61 —

Duration: diagnosis to HDT, months — 5.9 (5.1–7.1)*
Β2-microglobulin, mg/dl — 3.9 (1.1–48.3)
ISS stage 3 25.9
Creatinine, mg/dl — 0.9 (0.5–9.2)
Myeloma bone disease 86 —

Hemoglobin at diagnosis — 11 (9.3–12.4)*
Serum M protein, g/dl — 0.5 (0.0–5.7)
Bone marrow plasma cell % — 5.0 (0.4–94.0)
Plasma cell labeling index (PCLI) % — 0.0 (0.0–32.3)

Abnormal 14q32(5′IGH,3′IGH) 49.4 —

t(4;14) 10.0 —

t(11;14) 19.1 —

t(6;14) 0.5 —

t(14;16) 3.2 —

t(14;20) 1.2 —

t(14;undefined) 15.4 —

del(17p) or monosomy 17 12.2 —

Induction regimen
RD 43.0 —

RVD 17.6 —

VD 11.7 —

CyBor–D 11.5 —

Abbreviations: Cy, cyclophosphamide; D, dexamethasone; HDT, high-dose
therapy; IgH, immunoglobulin heavy chain; ISS, International Staging
System; MM, multiple myeloma; R, lenalidomide; V/Bor, bortezomib.
*Interquartile range.
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cohort (73% versus 86%, P= 0.044). There were no differences in
age, plasma cell labeling index, Β2-microglobulin absolute values
or serum creatinine at diagnosis between the entire cohort and
individual FISH groups described above with n430 patients.
We then comprehensively evaluated and compared outcomes

in the entire cohort and FISH-based subgroups. We specifically
compared the outcomes for each of the common cytogenetic
type with the entire cohort to estimate the relative significance of
the abnormality. For the entire cohort of 409 patients, median PFS
following early HDT was 24 (95% CI 21.6–25.4) months, while
median OS was 92 (95% CI 80.1–99.8) months. For the 41 patients

with t(4;14) disease, median PFS following early HDT was 23.5
(95% CI 12.9–25.1) months, while median OS was not reached (NR)
(95% CI 53.8 months–NR). There was no statistical difference in
PFS (P= 0.294) or OS between the full cohort and the t(4;14) group
(Figure 1a). We then stratified the patients by ISS stage and
compared t(4;14) patients to the general cohort (Figure 1b).
Among ISS stage I–II patients, there was no difference in PFS or OS
between the groups. For ISS stage III patients, those with t(4;14)
had shorter PFS compared with the general cohort (12 versus
20.5 months, P= 0.0455); there was no difference in OS; however;
sample size was small (five patients with only one death).

Table 2. Comparison of baseline variables at the time of diagnosis between the FISH groups

Variable (mean or percentage) Full cohort, n=409 t(4;14), n=41 t(11;14), n=78 t(14;nd), n= 63 Del(17p) or -17, n=50 P-value

Age (years) 58.5 57.3 59.4 57.5 59.0 0.605
Β2-microglobulin, mg/dl 5.4 4.3 5.6 5.3 5.3 0.709
Hemoglobin 10.9 10.3 11.2 10.8 10.6 0.378
Serum M protein 0.9 1.0 0.8 0.7 1.2 0.178
PCLI 0.7 1.3 0.7 0.7 1.0 0.539
Creatinine 1.1 0.9 1.3 1.1 1.0 0.112
ISS stage 3 25.9 12.2 29.5 28.6 30.0 0.269
Bone disease 86 73 93 85 90 0.044*

Abbreviations: ISS, International Staging System; nd, not defined; PCLI, plasma cell labeling index. *Po0.05.

p=0.294 p=0.712

ISS stage I and II

p=0.528

ISS stage III

p=0.045

= t(4;14)

= General cohort

t(4;14)

t(4;14)

Figure 1. (a) PFS and OS of t(4;14) patients compared with the general cohort. (b) PFS of t(4;14) patients stratified by ISS stage at diagnosis.
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For the 78 patients with t(11;14) disease, PFS and OS were 21.9
(95% CI 16.8–25.2) months and 56.9 (95% CI 45.7–80.4) months,
respectively, from ASCT day 0. Compared with the general
cohort, there was no difference in PFS, while there was a late
difference in OS, with t(11;14) showing inferior survival
(P= 0.0201; Figure 2a). When examined by the ISS stage, the
impact of t(11;14) on PFS remained the same. The OS difference
was preserved among the ISS stage I and II patients, while there
was no OS difference observed within ISS stage III patients
(Figure 2b).
Outcomes in the 63 patients with an undefined chromosome 14

translocation revealed PFS following early HDT of 26.6 (95% CI
21.0–32.5) months and OS of 92.8 (95% CI 92.0–not calculable)
months. Neither were significantly different from the comparison
general cohort (P= 0.564 and P= 0.444, respectively). Comparison
after stratification by ISS stage did not reveal a significant
difference in either PFS or OS outcomes.
For the 50 patients with del(17p) or monosomy 17 disease, PFS

and OS were 16.9 (95% CI 13.8–27.7) months and 48.3 (95% CI
33.1–64.0) months, respectively. Both were statistically inferior
when compared with the general cohort (P= 0.050 and P= 0.0006,
respectively; Figure 3a). Analyzing PFS when stratified into ISS
categories, those patients with ISS I/II disease had no statistical
difference in PFS (22.7 versus 24.4 months P= 0.348), whereas
those patients with ISS III disease continued to see inferior
PFS following early ASCT (14.9 versus 20.5 months, P= 0.026)
(Figure 3b). ISS stratification revealed no change when
analyzing OS, with 17p abnormal patients having inferior OS
whether they were ISS I/II or ISS III at diagnosis (Figure 3c).
A summary of outcomes in each of the above groups as well as

those patients with t(14;16) and t(14;20) is presented in Table 3.
When stratified by risk group, the median PFS for HR, t(11;14) and
SR patients from diagnosis was 24.9 (23,30), 28.1 (21,31) and 30.4
(28,34) months, respectively (P= 0.034). The median OS for HR,
t(11;14) and SR patients from diagnosis was 60.5 (46,71), 73.4
(54,89) and 103 (98,113) months, respectively (Po0.0001;
Figure 4a).
The use of maintenance or consolidation immunochemother-

apy was also assessed following early HDT. Based on the
documentation of the treating hematologist at day +100 after
ASCT, plans for the use of maintenance or consolidation therapy,
typically with lenalidomide or bortezomib with or without a
corticosteroid, were observed in 30.3% of patients in the entire
cohort. Most commonly used in these settings were lenalidomide
(n= 74 patients) and bortezomib (n= 39 patients) as single agents.
As expected, the use of maintenance or consolidation therapies
was seen more frequently in patients with t(4;14) (46.3%) or del
(17p)/monosomy 17 (68%) disease as compared with the entire
cohort (Pearson P-value o0.0001 for each). We did not evaluate
for the length of maintenance or consolidation therapy, toxicities
or dose reductions, only the clinical intent to treat and with which
agents at day +100. We also did not perform a comprehensive
evaluation of subsequent therapies at the time of first relapse
following early HDT. In contrast to the general cohort, at
60 months of follow-up from diagnosis, there was no statistical
difference between HR patients and SR patients among those who
received post-ASCT maintenance therapy (P= 0.19; Figure 4b). On
multivariate analysis, HR FISH, t(11;14) and relapsed disease at the
time of early HDT and ASCT were all independently associated
with shorter OS. For multivariate analysis of PFS, HR FISH, relapsed

p=0.514 p=0.021

= t(11;14)

= General cohort

ISS stage I and II

p=0.023

ISS stage III

p=0.502

 t(11;14)  

 t(11;14)  

Figure 2. (a) PFS and OS of t(11;14) patients compared with the general cohort. (b) OS of t(11;14) patients stratified by ISS stage at diagnosis.
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disease at the time of early HDT and ASCT and not receiving
maintenance therapy following HDT were all independently
associated with shorter PFS (Table 4).

DISCUSSION
This study fills an important void in the current literature in that it
provides important and current prognostic data for newly
diagnosed MM patients with chromosome 14 translocations or
17p abnormalities detected on FISH who undergo early HDT
following novel agent induction. Data on cytogenetic risk
stratification in MM should always be interpreted in the context

of patient-specific and treatment-related factors, which have
previously been demonstrated and confirmed by our data
showing additional discernment in outcome prognostication, that
is, ISS stratification within FISH categories. A particular strength of
our current data is the homogenous application of novel induction
regimens and early HDT. We did not analyze secondary therapies
beyond the use of maintenance or consolidation regimens after
initial HDT. Potential confounding factors to keep in mind are our
exclusion of patients with insufficient plasma cells for FISH
analysis, as it is unknown whether these patients may be
predisposed to an alternate outcome compared with the general
cohort.

p=0.050 p<0.001

= del(17p)

= General cohort

ISS stage I and II

p=0.348

ISS stage III

p=0.026

ISS stage I and II

p=0.003

ISS stage III

p=0.112

Chromosome 17 p abnormality

Chromosome 17 p abnormality

Chromosome 17 p abnormality

Figure 3. (a) PFS and OS of del(17p) patients compared with the general cohort. (b) PFS of del(17p) patients stratified by ISS stage at diagnosis.
(c) OS of del(17p) patients stratified by ISS stage at diagnosis.

Myeloma outcomes following early high-dose therapy
GP Kaufman et al

637

© 2016 Macmillan Publishers Limited Leukemia (2016) 633 – 639



The French Myeloma Group (IFM) experience, published in
2007, allows for perspective by comparison.9 The 936 patients
they were able to analyze for FISH abnormalities were diagnosed
between 2000 and 2003; the majority were not treated with
novel-agent induction regimens. There was also significant
heterogeneity in the upfront transplant conditioning regimens
used compared with our cohort, and the timing of HDT in relation
to diagnosis is not as clearly defined. The incidence of
translocations t(11;14), t(4;14) and loss of 17p were relatively
similar to our data. Several important outcome similarities and
differences should be noted. Regarding PFS, the IFM reported
results from time of diagnosis, whereas we landmarked from
ASCT. However, for t(4;14) and del(17p) patients their results
(20.6 months and 15 months respectively) are similar to ours for
median PFS. Median OS for del(17p) patients in the IFM
experience was 22 months, whereas we found median OS of

48 months for this group. The IFM did not note a difference in OS
when analyzing t(11;14), whereas we found patients with t(11;14)
had inferior OS, with median survival of 56.9 compared with
92 months.
Current schema classify t(11;14) as a SR genetic marker for

newly diagnosed myeloma patients.18 Historically, there has been
variation in how t(11;14)(q13;q32) has been interpreted in terms of
its associated prognostic value. Early studies had associated a
favorable prognosis with t(11;14).19 A previously published
analysis from our group showed no difference in the t(11;14)
group compared with those patients without the abnormality,
with PFS of 20.1 versus 15.3 months and OS of 36.6 versus
34.8 months.10 The MD Anderson Cancer Center group has, as
previously mentioned, published on their experience with
t(11;14) newly diagnosed MM and ASCT.16 Several differences in
populations are worth noting. The MD Anderson Cancer Center
cohort consisted of 18 patients with isolated t(11;14) findings
compared with 69 patients in our cohort. Additionally, a greater
proportion of our patients received novel-agent induction regi-
mens (95% versus 78%), and the MD Anderson Cancer Center
group did not restrict to early HDT and includes t(11;14) patients
whose initial ASCT took place as much as 60 months following
initial diagnosis. Notably, our data show similar PFS results for the
t(11;14) group and overall improvement in median OS to
56.9 months. However, compared with the general cohort in our
current study with median OS of 92 months, these t(11;14)
patients had inferior OS compared with our updated general
cohort. This suggests the potential need for further analysis of
t(11;14) patients for other factors correlating with this observed
outcome heterogeneity, such as a tendency for clinicians to
pursue less aggressive therapy at early biochemical relapse, and
the potential need to reconsider its position as a SR genetic
marker.
Maintenance therapy following HDT and ASCT in MM has been

shown to improve PFS in large multicenter trials using lenalido-
mide or bortezomib.20–23 Our retrospective data show that the use
of either lenalidomide or bortezomib maintenance following early
HDT is independently associated with improved PFS. Our group
has adopted a risk-adapted therapy strategy for post-ASCT
maintenance. Patients who received maintenance therapy after
ASCT were analyzed by FISH stratified risk cohort, and those
patients with HR cytogenetics at initial diagnosis did not have
inferior OS as compared with those patients with SR cytogenetics.
These data support validation of our risk-adapted maintenance
strategy (http://www.msmart.org), and future trials evaluating
maintenance immunochemotherapy in MM should report on
outcomes in distinct cytogenetic risk groups.
Our data demonstrate an expected improvement in OS in the

novel agent era compared with previous reports on myeloma
outcomes following HDT. We confirmed the 'HR' prognostic
significance of 17p abnormalities as well as the 'intermediate-risk'
classification of t(4;14) disease. The ability to draw conclusions

Table 3. Outcomes (median months) by FISH category and ISS from diagnosis in patients undergoing early HDT

Group PFS OS PFS (ISS I/II) PFS (ISS III) OS(ISS I/II) OS(ISS III)

All patients (n= 409) 24 (21.6–25.4) 92 (80.1–99.8) 24.4 (21.7–27.7) 20.5 (16.5–24.9) 92 (80.1–107) 80.4 (56.8–107)
t(4;14) (n= 41) 23.5 (12.9–25.1) NR (53.8–NC) 24 (14.1–36.4) 12 (5.6–24.9) NR (53.8–NC) NR (28.1–NC)
t(11;14) (n= 78) 21.7 (16.8–25.2) 56.9 (45.7–80.4) 23.2 (18.7–27.8) 16.2 (9.0–22.4) 64 (39.8–81.5) 56.9 (49.1–NC)
t(14;16) (n= 13) 21.7 (6.9–NC) 40.9 (17.7–NC) 56.6 (6.0–NC) 20.5 (16.9–NC) 39.9 (8.9–NC) NR (40.9–NC)
t(14;20) (n= 5) 39.9 (3.1–39.9) 65.5 (10.9–65.5) 24.8 (3.1–39.9) NR (NC–NC) 42.8 (10.9–65.5) NR (NC–NC)
t(14;undefined) (n= 63) 26.6 (21.0–32.5) 92.8 (92.0–NC) 24.2 (17.2–30.7) 31.2 (15.4–NC) 92.8 (92.0–NC) 107 (23.3–107)
del(17p)/-17 (n= 50) 16.9 (13.8–27.7) 48.3 (33.1–64.0) 22.7 (13.7–30.3) 14.9 (7.1–16.8) 52.8 (28.5–64.0) 40.9 (28.1–NC)

Abbreviations: FISH, fluorescence in situ hybridization; HDT, high-dose therapy; ISS, International Staging System; NR, not reached; NC, not calculable; OS,
overall survival; PFS, progression-free survival. Values in parentheses represent 95% confidence intervals of the median.

Standard risk cytogenetics (n=244)
t(11;14) (n=69)
High risk cytogenetics (n=96)

P<0.0001

Standard risk cytogenetics with maintenance therapy (n=51)
High risk cytogenetics with maintenance therapy (n=60)

p=0.19

Figure 4. (a) OS of HR, SR and t(11;14). (b) OS of HR and SR patients
receiving maintenance therapy following early HDT.
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from our t(6;14), t(14;16) and t(14;20) was limited by small sample
size, but the 'HR' classification of t(14;16) and t(14;20) is supported
by inferior median OS outcomes, albeit not to a level of
significance. The results from our current study call into question
the 'SR' assignment of t(11;14) disease in the setting of novel
induction and early HDT, suggesting that the t(11;14) abnormality
should be in the intermediate-risk group. Finally, the application of
maintenance therapy in HR patients seems to be validated as
these patients had non-inferior OS at 5 years when compared with
SR patients who also received post-HDT novel-agent maintenance
therapy.
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Table 4. Multivariate analysis for PFS and OS

Variable n ( = 409 total) PFS OS

HR 95% CI P-value HR 95% CI P-value

HR FISH 96 1.6 1.2–2.1 0.003* 2.1 1.4–3.2 0.001*
t(11;14) 78 1.1 0.8–1.5 0.558 2.0 1.3–3.0 0.002*
Relapsed disease at the time of early HDT 34 1.5 1.0–2.2 0.040* 1.8 1.1–2.9 0.027*
Post-HDT maintenance therapy 124 0.6 0.5–0.9 0.004* 1.1 0.7–1.7 0.561
ISS stage III 106 1.3 1.0–1.6 0.101 1.0 0.7–1.5 0.995

Abbreviations: CI, confidence interval; FISH, fluorescence in situ hybridization; HDT, high-dose therapy; HR, hazard ratio; HR, high risk; ISS, International Staging
System; OS, overall survival; PFS, progression-free survival. *Po0.05.
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