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Abstract The aim of this study was to evaluate the impact of
the response to induction therapy on the long-term prognosis
of multiple myeloma (MM) after autologous stem cell trans-
plantation (ASCT) in the era of novel agents (NAs). A total of
171 patients who were newly diagnosed with MM and
underwent early ASCT were analyzed. One hundred ten had
a NA-based induction therapy, and 61 patients had a non-NA-
based induction therapy. After a median follow-up of
45.4 months, the 4-year overall survival (OS) and progression-
free survival (PFS) from transplantation were 60.5 and 25.5 %,
respectively, for the NA-based induction group and 54.6 and
15.6 %, respectively, for the non-NA-based induction group.
Multivariate analyses revealed that the patients who had
NA-based induction had a significantly shorter OS (P <
0.001) and PFS (P<0.001) when at least a partial response
(PR) was not achieved. In patients who did not receive NAs
before ASCT, lack of at least a PR to induction therapy was
not associated with a survival disadvantage. These findings
suggest that, unlike pretransplantation induction before
NAs, patients who do not respond to induction treatment
using NAs may not derive a benefit from ASCT. The rele-
vance of induction failure differs for corticosteroid- and
NA-based induction.
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Introduction

High-dose therapy followed by autologous stem cell trans-
plantation (ASCT) is the platform for transplant-eligible pa-
tients with multiple myeloma (MM). Previous reports showed
that ASCT for patients with MM who did not achieve at least a
partial response (PR) to pretransplant induction therapies did
not have a compromised survival outcome [1, 2]. All of these
data, however, predate the introduction of novel agents (NAs).
Gertz et al. evaluated the effect of response to induction
therapy on prognosis in patients with MM who underwent
ASCT after thalidomide- or lenalidomide-based induction
therapy. A <50 % decrease in serum M-protein predicted
worse overall survival (OS) and progression-free survival
(PFS) after ASCT [3]. This result contrasts results before
NAs were introduced, in which responses to pretransplant
induction therapies were not associated with long-term out-
comes [1, 2]. Recently, Awan et al. reported conflicting results
on the effect of response to NAs on ASCT outcomes. They
analyzed 127 patients with MM who were receiving NAs as
induction therapy and found that patients with <PR (n=17)
did not have a poorer OS or PFS, than patients with >PR (n =
110) [4]. Therefore, the effect of response to NA-based induc-
tion therapies, including proteasome inhibitors and immuno-
modulatory drugs, on long-term prognosis remains elusive.
To address this issue, we stratified patients according to the
response to induction with NAs containing bortezomib and/or
thalidomide and non-NA induction therapies, and investigated
the long-term outcomes after ASCT. Additionally, we com-
pared detailed response groups, including complete response
(CR), very good PR (VGPR), PR, and stable disease (SD).
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Data were analyzed to allow for adequate long-term follow-up
given the potentially slow rate of progression in MM.

Materials and methods
Patient selection

Between February 1999 and July 2010, 248 adults newly
diagnosed with MM at the Catholic Blood and Marrow Trans-
plantation Center received early ASCT, defined as transplan-
tation within 1 year of initial diagnosis and as part of first-line
therapy, following NA-based or non-NA-based induction che-
motherapy. Among these patients, 77 were not eligible be-
cause of tandem transplants (n =73) or early transplant-related
mortalities (n=4); thus, 171 patients were evaluated in this
study. Patients who had progressive disease before ASCT did
not proceed to transplantation. The treatment schedule is
summarized in Fig. 1. The Institutional Review Board of
The Catholic University of Korea approved the research pro-
tocol for data analysis, and this study was conducted in
accordance with the Declaration of Helsinki.

Treatment regimens and transplant procedures

NA-based induction chemotherapy consisted of bortezomib +
dexamethasone (n=87), bortezomib + dexamethasone + tha-
lidomide (n=14), or thalidomide + dexamethasone (n=9).
Sixty-one patients received non-NA-based induction chemo-
therapy, including high-dose dexamethasone or vincristine,
adriamycin, and dexamethasone (VAD). The treatment proto-
cols for both groups (NA-based group vs non-NA-based

group) were the same except for the induction chemotherapy.
General ASCT procedures were performed as described in
previous reports [5]. Briefly, all patients were mobilized with
cyclophosphamide (3 g/m? total) over 2 days followed by G-
CSF (lenograstim, JW Pharmaceutical, Seoul, Korea) at 10 pg/
kg/day, subcutaneously once a day. Conditioning consisted of
melphalan (100 mg/m?) for 2 days. G-CSF (5 ug/kg/day) was
administered subcutaneously to all patients from 1 day after
transplantation until the absolute neutrophil count (ANC)
was >3.0x10°/L. All patients received prophylactic antibi-
otics and an antifungal agent (fluconazole) starting 4 days
before transplantation until the ANC was 1.5x10°/L.

Definitions and evaluation of response

Stage was classified by the Durie—Salmon staging system, and
treatment response was assessed according to the criteria from
the International Myeloma Working Group [6]. Using the
response to induction chemotherapy, we stratified each group
of patients into four subgroups: (1) CR, (2) VGPR, (3) PR,
and (4) SD. OS from transplantation was defined as the time
from ASCT to death from any cause, and surviving patients
were censored at the last follow-up. PFS was measured as the
time from ASCT to disease progression or death (regardless of
cause), whichever comes first. Time to progression (TTP) was
calculated as time from ASCT to disease progression, with
deaths due to causes other than progression censored.

Statistical analysis

Our main objectives were to evaluate the probability of PFS
and OS from the date of ASCT and to measure TTP. The

Fig. 1 Treatment schedule

Newly diagnosed MM eligible for transplantation
between Feb 1999 ~ July 2010

NA based chemotherapy

Non-NA based chemotherapy

ASCT* within one year of initial diagnosis (N = 248)

*Patients with progression received salvage chemotherapy

\ Excluded (N =77)

Tandem transplantation (N=73)
Day 100 mortality (N = 4)

Patients surviving at least 100 days post-ASCT

(N=171)
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probabilities of PFS and OS after ASCT were plotted using the
Kaplan—Meier method. Potential prognostic factors for PFS
and OS were assessed using a two-tailed log-rank test in each
induction chemotherapy group, including age, sex, stage at
diagnosis, serum M-protein type, myeloma bone disease ap-
parent on plain radiographs at diagnosis, hemoglobin level,
serum LDH, creatinine, calcium, (32-microglobulin, albumin
levels, and percentage of bone marrow plasma cells.
The number of patients having cytogenetic data was
too small to provide meaningful information, and hence,
their data were not included. Covariates having a P value
of less than 0.1 in the univariate analyses were added to
a Cox proportional hazards regression model, in which
all P values were two-sided, and statistical significance
was set at P<0.05. The association between the categorical
variables was assessed using either y ? or Fisher’s exact tests.
The Mann—Whitney U test was used to compare continuous
variables.

Results
Patient characteristics

A total of 171 MM patients were included in this study, of
whom 90 (53 %) were male and 81 (47 %) were female. The
median age was 53 years (range, 34-65 years), and the median
disease duration before ASCT was 7.0 months (range, 3.3—
11.0 months). Stage IIA, IIIA, and IIIB diseases at diagnosis
comprised 9, 74, and 17 % of subjects, respectively. Table 1
lists the demographic information for all patients. After induc-
tion chemotherapy, in the NA-based induction group, 42
(38 %), 18 (16 %), and 40 (36 %) patients had a CR, VGPR,
and PR, respectively, while 10 (9 %) patients had SD. In the
non-NA-based group, 9 (15 %), 8 (13 %), 33 (54 %), and 11
(18 %) patients had a CR, VGPR, PR, and SD after induction
therapy, respectively. Evaluation of the CR status did not
require a bone marrow examination. There was a trend toward
higher PR or better response after NA-based induction
therapy (91 %) than after non-NA-based induction therapy
(82 %) (P=0.088).

Overall ASCT outcomes

The median follow-up was 45.4 months (range, 38.3—
52.4 months) for survivors. A total of 35 (32 %) patients in
the NA-based induction group and 44 (72 %) in the non-NA-
based induction group died. In addition, 68 (62 %) patients in
the NA-based induction group and 50 (82 %) in the non-NA-
based induction group had disease progression. For the NA
and non-NA groups, the 4-year OS was 60.5 and 54.6 %,
respectively (median 67.7 and 52.2 months; P=0.145), and
the 4-year PFS was 25.5 and 15.6 %, respectively (median

24.0 and 36.9 months; P=0.656). TTP for the NA and non-
NA groups had a median of 24.0 (95 % CI, 17.6-30.4) and
27.1 (95 % CI, 23.6-30.7)months from ASCT, respectively,
which were not significantly different (P =0.689).

Influence of response to pretransplant induction therapy
on long-term outcomes after ASCT

To assess the impact of the response to pretransplant induction
therapy, outcomes of patients were analyzed according to the
depth of response (CR + VGPR vs PR vs <PR) on the basis of
the type of induction therapy (Fig. 2). In the NA-based group,
the 4-year OS of patients with CR + VGPR, PR, and <PR was
62.2, 67.4, and 10.0 % (median OS not reached vs 67.7 vs
11.6 months; P<0.001), respectively, and the 4-year PFS was
30.2, 25.9, and 0 % (median OS 26.6 vs 19.1 vs 4.7 months;
P <0.001), respectively. In contrast, in the non-NA-based
group, there was no difference of OS according to response
(median OS 71.8 vs 52.1 vs 45.5 months; P=0.152). Regard-
ing 4-year PFS, the patients with CR + VGPR, PR, and <PR
showed 39.4, 9.6, and 0 % (median PFS 32.7 vs 23.5 vs
24.6 months; P=0.024), respectively.

We also compared the outcomes of patients by more de-
tailed responses. In the NA-based group, the median OS was
not reached for the CR and VGPR subgroups and was 67.7
and 11.6 months for the PR and SD subgroups, respectively.
The median PFS was 30.0, 24.0, 19.1, and 4.7 months for the
CR, VGPR, PR, and SD subgroups, respectively, after induc-
tion therapy. In the non-NA-based group, the median OS
was 60.1, 83.7, 52.1, and 45.5 months, and the median PFS
was 32.7,56.8,23.5, and 26.9 months for the CR, VGPR, PR,
and SD subgroups, respectively, after induction therapy
(Online resource Fig. 1).

Multivariate analysis of prognostic factors affecting long-term
outcomes after ASCT

Of factors that affected survival outcomes in the NA-based
group on univariate analyses, multivariate analyses showed
that patients with <PR had a lower OS (RR of 6.46, P<0.001)
and PFS (RR of 6.64, P<0.001) than patients with CR +
VGPR (Table 2), whereas there was no difference between
CR + VGPR and PR for OS (RR of 1.16, P=0.796)
and PFS (RR of 1.22, P=0.497). Additionally, higher
serum [32-microglobulin level and myeloma bone disecase
on plain radiographs at diagnosis were associated with
poor PFS.

Of factors affecting survival outcomes in the non-NA-
based group on univariate analyses, multivariate analyses
showed that no survival advantage was observed according
to responses to pretransplant induction therapy (Table 2).
However, the <PR subgroup tended to have a poor PFS (RR
of 2.38, P=0.072). Additionally, higher serum creatinine
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Table 1 Baseline patient characteristics

Characteristics All patients NA-based Non-NA-based P value
(N=171) (%) induction (N=110) (%)  induction (N=61) (%)
Age, years, median (range) 53 (34-65) 54 (34-65) 51 (34-65) 0.015
Patient gender (M/F) 90 (53)/81 (47) 58 (53)/52 (47) 32 (53)/29 (47) 0.973
Dates
Myeloma diagnosis Feb 1999-Jul 2010 Jul 2002-Jul 2010 Feb 1999-Apr 2010 -
ASCT Oct 1999-Dec 2010 Jul 2003-Dec 2010 Oct 1999-Oct 2010 -
Serum M-protein 0.921
IgG 73 (43) 45 (41) 28 (46)
IgA 48 (28) 32 (29) 16 (26)
Light chain, kappa 19 (11) 13 (12) 6 (10)
Light chain, lambda 22 (13) 15 (14) 7 (11)
Others 9(5) 54) 4(7)
Stage at diagnosis 0.086
1A 16 (9) 14 (13) 203
1B 0 (0) 0 (0) 0 (0)
1IA 126 (74) 76 (69) 50 (82)
1B 29 (17) 20 (18) 9 (15)
Myeloma bone disease on plain radiographs, yes/no 137 (80)/34 (20) 89 (81)/21 (19) 48 (79)/13 (21) 0.727
Creatinine at diagnosis, mg/dL, median (range) 1.0 (0.4-94) 1.0 (0.4-9.4) 1.0 (0.6-8.4) 0.752
[32-microglobulin at diagnosis, mg/mL, median (range) 3.9 (1.1-73.7) 4.0 (1.2-73.7) 3.9 (1.1-26.7) 0.701
Pretransplant induction therapy
NA-based induction
Bortezomib + dexamethasone 87 (51) 87 (79) -
Bortezomib + thalidomide 14 (8) 14 (13) -
Thalidomide + dexamethasone 9(5) 9 (8) -
Non-NA-based induction
VAD or high-dose dexamethasone 61 (36) - 61 (100)
Duration from diagnosis to ASCT, months, median (range) 7.0 (3.3-11.0) 7.0 3.9-11.0) 7.1 3.3-10.1) 0.825
Response to induction therapy (%) 0.005
CR 51 (30) 42 (38) 9 (15)
VGPR 26 (15) 18 (16) 8 (13)
PR 73 (43) 40 (36) 33 (54)
SD 21(12) 10 (9) 11 (18)
Response after ASCT (%) 0.004
CR 116 (68) 83 (76) 33 (54)
Non-CR 55(32) 27 (24) 28 (46)

ASCT autologous stem cell transplantation, CR complete remission, NA novel agent, PR partial response, VGPR very good partial response, SD stable

disease, VAD vincristine, adriamycin, and dexamethasone

and posttransplant non-CR were predictors of poor OS.
Posttransplant non-CR also tended to have a poor PFS.

Multivariate analyses, including detailed pretransplant re-
sponses (CR, VGPR, PR, and SD), are presented in Online
resource Table 1. In the NA-based group, patients achieving a
VGPR or PR had a similar OS and PFS to patients achieving a
CR, while those with SD had a significantly shorter OS and
PFS compared to those achieving a CR. In the non-NA-based
group, however, any detailed response to induction therapy
did not predict long-term outcomes.

@ Springer

Discussion

Since there has been a large change in the initial therapy of
MM during the past few years with early incorporation of
NAs, this study emphasizes the importance of different re-
sponses to induction therapy with NAs and non-NAs to pre-
dict survival outcomes after ASCT. To refine patient selection
for ASCT according to the response to induction treatment, we
evaluated a group of patients who had either NA-based
(bortezomib and/or thalidomide) or corticosteroid-based
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Fig. 2 Long-term outcomes according to pretransplant induction therapy and response. In the NA-based group, a overall survival and b progression-
free survival. In the non-NA-based group, ¢ overall survival and d progression-free survival

induction. We then classified patients according to the depth
of response before administering high-dose therapy on the
basis of the type of induction therapy. Among the patients
treated with NAs before ASCT, the response was an indepen-
dent prognostic factor, whereas among patients treated with
corticosteroid-based induction, the response did not have any
long-term implications.

Before the era of NAs, transplant-eligible patients
with MM who do not achieve an objective response to
induction therapy have never been shown to have inferior
outcomes following ASCT when compared to patients with
chemosensitive disease. Therefore, high-dose therapy has
been administered whether or not the disease responded to
induction therapy without compromising PFS or OS [2, 7-9].
In the past decade, however, highly effective NAs have be-
come available and have been used for initial therapy in
patients newly diagnosed with MM [10—12]. Incorporating
new drugs into the initial treatment has resulted in higher
response rates, including CR rates, than those seen with

previous steroid-based regimens. Compared to dexametha-
sone or VAD, combined thalidomide and dexamethasone as
induction treatment increased the overall response rate but
failed to increase the CR rate before transplantation or the
CR plus VGPR rate after ASCT [13]. A randomized trial
showed that, compared with VAD, bortezomib plus dexa-
methasone significantly improved CR plus VGPR before
ASCT [14]. Recently, the most promising results have been
obtained with a three-drug regimen consisting of thalidomide,
bortezomib, and dexamethasone [15]. In the current study,
however, we did not observe any differences between NA-
based and non-NA-based induction groups in terms of PFS,
OS, or TTP despite a more high-quality response before
ASCT in the NA-based induction group. The short duration
of therapy before ASCT with any of these agents probably
does not have a long-term effect on survival outcomes after
transplantation. However, given that patients not receiving
NAs as pretransplant treatment appeared to have higher >PR
rates (82 %), this result may be biased to some extent by
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Table 2 Multivariate analysis of independent variables affecting long-term outcomes

Variables Overall survival Progression-free survival
E/N RR (95 % CI) P value E/N RR (95 % CI) P value
NA-based induction (N=110)
Response to induction therapy
CR + VGPR 13/60 1 32/60 1
PR 22/40 1.16 (0.49-2.55) 0.796 27/40 1.22 (0.69-2.18) 0.497
SD 9/10 6.46 (2.51-16.62) <0.001 10/10 6.64 (2.87-15.35) <0.001
Response after ASCT
CR 24/83 - - 49/83 1
Non-CR 1127 - - 20/27 1.40 (0.77-2.56) 0.271
Stage at diagnosis
1A 2/14 1 9/14 - -
A 24/76 2.29 (0.51-10.30) 0.281 48/76 - -
1B 9/20 1.85 (0.25-13.48) 0.546 12/20 - -
Hb at diagnosis
<10 g/dL 23/58 1 40/58 1
>10 g/dL 12/52 0.71 (0.32-1.60) 0.411 29/52 0.74 (0.44-1.25) 0.265
Cr at diagnosis
<2 mg/dL 27/92 1 59/92 - -
>2 mg/dL 8/18 2.63 (0.50-14.00) 0.256 10/18 - -
32-microglobulin at diagnosis
<5.5 mg/mL 17/71 1 40/71 1
>5.5 mg/mL 18/39 1.10 (0.46-2.64) 0.829 29/39 1.85 (1.05-3.24) 0.033
Myeloma bone disease on plain radiographs
No 7/21 - - 16/21 1
Yes 28/89 - - 53/89 2.25(1.22-4.18) 0.010
Non-NA-based induction (N=61)
Response to induction therapy
CR + VGPR 9/17 1 11/17 1
PR 28/33 1.82 (0.81-4.11) 0.150 30/33 1.82 (0.87-3.80) 0.112
SD 7/11 1.81 (0.60-5.52) 0.295 10/11 2.38 (0.93-6.09) 0.072
Response after ASCT
CR 21/33 1 49/83 1
Non-CR 23/28 2.15(1.11-4.18) 0.024 20/27 1.76 (0.97-3.18) 0.062
Cr at diagnosis
<2 mg/dL 39/55 1 46/55 - -
>2 mg/dL 5/6 4.08 (1.46-11.37) 0.007 5/6 - -

retrospectively evaluating treatment responses. Other possible
explanations may be different follow-up periods between the
NA-based induction group and the non-NA-based induction
group (P <0.007), and administration of NAs after relapse
may be more effective in the patients without NA exposure.
A meta-analysis of randomized, controlled trials of NA-based
regimens as induction treatment before ASCT in newly diag-
nosed MM showed improved CR and PFS but not OS [16]. In
their analyses, the potential survival benefits of the NA-based
induction were observed in a long-term follow-up study.

@ Springer

Further intensification of the induction regimen using NAs
has been shown to improve response rates before ASCT, but
the impact on OS has not been established [17].

The current study found an important relationship between
the survival outcomes and the respective responsiveness to
either NAs or conventional induction regimens. A poor re-
sponse to dexamethasone or VAD did not appear to alter the
natural course of the disease. Given that a failed response to
induction with NAs correlated with a reduced benefit from
ASCT, response to NAs may be a surrogate marker for
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biological characteristics that would improve long-term out-
comes. These data also were supported by the findings of
previous studies. Gertz et al. evaluated the impact of response
failure with thalidomide or lenalidomide induction on survival
outcomes after ASCT and found that unlike the non-NA era,
patients who do not achieve PR have a significantly shorter
OS and PFS [3]. Our results could be related to selection bias
because a subgroup of patients with failure of non-NA induc-
tion therapy may include some patients who were sensitive to
novel salvage therapy. A disease that does not respond to NAs
before ASCT has increased kinetic activity with more rapid
regrowth after cytoreduction with high-dose melphalan,
resulting in short PFS. Patients with disease that did not
respond to NAs at induction could not be salvaged with
NAs on progression, resulting in short OS. Awan et al., how-
ever, demonstrated that high-dose melphalan remains one of
the most active therapies for patients with MM, and a
failed response to novel induction regimens should not auto-
matically preclude consideration of ASCT in patients with
refractory disease [4]. Prospective studies are required to
prove whether MM patients who are refractory to novel in-
duction therapies should not routinely be considered ineligible
for ASCT.

The results of the current study should be used in a limited
manner to provide novel therapies in the context of ASCT.
One caveat of this retrospective study is that heterogenous
NA-based combinations were used as an induction therapy in
the NA-based group. It is not obvious that any type of NA
(bortezomib or thalidomide) treatment mainly contributes to
the resistance to high-dose melphalan. Patients who received
induction treatment with NAs showed good response to NAs,
and the proportion of those with <PR was relatively small.
The type of induction treatment is determined on the basis of
coverage by the National Health Insurance Program in South
Korea. It does not cover the costs of some NAs as frontline
treatment, and the selection of induction regimen has been
diverse. Induction treatment was performed at the physician’s
discretion for some patients who had been transferred to our
institute from other hospitals to receive ASCT. To minimize
the bias, we focused on a relatively homogeneous population,
consecutive patients with newly diagnosed MM who received
early ASCT (1 year of initial diagnosis and as part of first-line
therapy).

In conclusion, although interpretation with caution is need-
ed because of the limitations of a small number of patients, our
results show that patients who do not respond to induction
with NAs do not benefit from ASCT, suggesting that the
relevance of induction failure depends on whether the induc-
tion is a NA-based or conventional treatment. Patients with a
suboptimal response to induction with NAs could be offered
an alternative therapy. However, a larger study should be
performed to verify that a response to NAs, or lack thereof,
precludes ASCT.
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