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Contrary to tandem autologous transplant (auto-auto), autologous followed by reduced intensity
conditioning allogenic transplantation (auto-allo) offers graft-versus-myeloma (GVM) effect but
with higher toxicity. Trials comparing these two strategies relied on availability of HLA-matched
sibling donors for arm allocation (biological randomization) and yielded conflicting results. A
pooled analysis of multiple trials with extended follow up provides an opportunity to compare
these strategies. We obtained individual patient data from participants of 4 trials comparing auto-
auto vs. auto-allo after induction therapy. There were 899 patients in auto-auto and 439 in auto-
allo. Median follow up of survivors was 118.5 months. Median overall survival (OS) was 78.0
months in auto-auto and 98.3 months in auto-allo (HR= 0.84, P=0.02). OS was 36.4% vs. 44.1% at
10 years (P=0.01) for auto-auto and auto-allo respectively. Progression-free survival (PFS) was
also improved in auto-allo (HR= 0.84, P=0.004). Risk of non-relapse mortality (NRM) was higher
in auto-allo (10 year 8.3% vs. 19.7%, P<0.001), while risk of disease progression was higher in
auto-auto (10 year 77.2% vs. 61.6%, P<0.001). Median post relapse survival (PRS) was 41.5
months in auto-auto and 62.3 months in auto-allo (HR=0.71, P<0.001). This supports the
existence of durable GVM effect enhancing myeloma control with subsequent therapies.

Introduction

Disease control and survival of MM patients has improved steadily over the last two decades
thanks to incorporation of proteasome inhibitors (P1) and immunomodulatory agents
(IMiDs) in the upfront management, greater utilization of hematopoietic cell transplantation
and incorporation of new Pls, IMiDs and more recently monoclonal antibodies to treat
relapsed and refractory disease.

Although autologous hematopoietic cell transplantation (AHCT) prolongs PFS and OS in
newly diagnosed MM patients, near all patients will eventually relapse. Allogeneic
transplantation carries the potential benefit of GVM effect!~4, but at the risk of increased
NRM driven by conditioning regimen toxicity and graft versus host disease (GVHD)>~’. The
use of reduced intensity instead of fully myeloablative regimens mitigated conditioning
toxicity at the expense of reduced cytoreductive effect.

Two strategies to improve transplantation in MM are the use of tandem autologous
transplant (auto-auto) and autologous followed by reduced intensity conditioning (RIC)
allogeneic transplant (auto-allo) from HLA identical sibling donors. Multiple clinical trials
were performed assigning patients to auto-auto or auto-allo based on the availability of an
HLA identical sibling donor (biological randomization) and yielded conflicting conclusions
with relatively short term follow up. A prior meta-analysis of published results indicated
higher NRM but also higher chance of obtaining complete response (CR) with auto-allo but
no significant difference between these two approaches in terms of PFS or OSE.

Here we describe an individual patient data pooled analysis inquiring whether long term
follow up affected the comparison between those two transplant strategies.
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Study selection

Outcomes

We included prospective trials that enrolled only patients with newly diagnosed MM
(typically after conventional induction therapy) who were allocated to auto-auto or auto-allo
based exclusively on the availability or not of a HLA-identical matched sibling donor
(biological assignment). Conditioning regimen for the allogeneic transplant had to meet the
center for international blood and marrow transplant research (CIBMTR) criteria for reduced
intensity®.

We utilized a comprehensive search strategy to capture available relevant data. A search in
MEDLINE (PubMed) was performed utilizing the terms “allogeneic”, “myeloma” and
“clinical trial” or “allograft”, “myeloma” and “clinical trial”. There was no filtering for type
of publication, language, country of publication or year of publication. We invited for
participation investigators from all trials with these characteristics and with basic patient and
disease characteristics and data on OS and PFS available for both arms. Authors were asked

to share the most up to date dataset even if not yet published.

The primary objectives of this study were to compare OS and PFS between auto-auto and
auto-allo. Secondary objectives were comparison of NRM, cumulative incidence of relapse/
progression and post-relapse survival. Analysis was performed according to intention to treat
(ITT) principle. We also aimed at comparing OS and PFS between auto-auto and auto-allo
arms among high-risk patients. Because different studies employed different definitions of
high-risk, we utilized the definition from the largest study, BMT CTN 010219, that defined
as high-risk patients with 2 microglobulin level at diagnosis = mg/L and/or presence of
deletion of chromosome 13 by metaphase karyotyping.

Statistical methods

For time-to event outcomes OS, PFS, NRM and cumulative incidence of relapse/
progression, time was counted from first autologous transplant until event of interest. For
post-relapse survival (PRS) time was counted from relapse/progression until death from any
cause. For all time-to event outcomes patients not experiencing the event were censored at
the most recent follow up.

We estimated survival distributions using the Kaplan-Meier method while NRM and relapse/
progression were estimated using cumulative incidence. NRM and relapse/progression were
analyzed as competing events. For point wise comparisons we employed Gray’s test. For
time-to-event analysis we evaluated the proportional hazards assumption using the log (-log)
survival plots. When there was no violation of proportional hazards assumption, we
compared arms using log-rank test. When we found that associations varied over the follow
up period, hazard ratios were calculated by adding an interaction term between arm of the
study and the natural logarithm of time.
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Utilizing the comprehensive search strategy as described above we identified 314
manuscripts in the initial screening. Figure 1 displays the reason for exclusion of the reports
not meeting all the eligibility criteria. Overall, there were 9 manuscripts corresponding to 5
trials that met eligibility criterial®-18, Investigators from 4 of these trials accepted the
invitation to share data and collaborate in this pooled analysis 10-14. 17,18,

There were 899 patients analyzed in the auto-auto arm and 439 patients in the auto-allo arm.
Median follow up of survivors approached 10 years (118.5 months). Characteristics of
individual trials and the entire population included in the analysis are displayed in Table 1.
The treatment assigned by study design was completed in 56% of auto-auto and 73% of
auto-allo patients.

NRM and relapse/progression

Overall, 40.0% in the auto-auto and 54.9% of patients in auto-allo achieved complete
response. The risk of NRM was lower in auto-auto than in auto-allo (P<0.001). Five-year
risk of NRM was 6.9% (95% C.I. 5.3%-8.5%) vs. 17.4% (95% C.I. 13.9%-20.9%),
P<0.001, while 10-year risk of NRM was 8.3% (95% C.I. 6.5%—-10.0%) vs. 19.7% (95% C.I.
16.0%-23.4%), P<0.001, for auto-auto and auto-allo respectively (Figure 2). The risk of
relapse/progression was higher in auto-auto arm. Five-year risk of relapse/progression was
69.7% (95% C.1. 66.8%—72.6%) vs. 52.4% (95% C.I. 47.9%-56.9%), P<0.001, while 10-
year risk of relapse/progression was 77.2% (95% C.1. 74.5%—79.9%) vs. 61.6% (95% C.I.
56.9%-66.3%), P<0.001, for auto-auto and auto-allo respectively (Figure 2).

Progression-free survival

Overall, 759 of the 899 patients in auto-auto, and 352 of the 439 patients in auto- allo died
or had disease relapse/progression. Patients in auto-allo had improved PFS (HR 0.85, 95%
PFS 0.75-0.95, P=0.004), figure 3. Median PFS was 26.4 months (95% C.I. 23.8-28.9) in
auto-auto and 24.4 months (95% C.I. 18.8-30.0) in auto-allo. The 5-year PFS was 23.4%
(95% C.1. 20.7-26.1%) vs. 30.1% (95% C.I. 25.8%-34.4%), P=0.010, and the 10-year PFS
was 14.4% (95% C.I. 11.8-16.9%) vs. 18.7% (95% C.I. 15.0%-33.4%), P=0.060, for auto-
auto and auto-allo arms respectively.

Overall survival

There were 553 deaths among the 899 patients in auto-auto, and 249 deaths among the 439
patients in auto-allo. Patients in auto-allo had improved OS (HR 0.84, 95% C.1. 0.73-0.97,
P=0.02), figure 3. Median OS was 78.0 months (95% C.l. 71.5-84.5) in auto-auto and 98.3
months (95% C.I. 81.8-114.7) in auto-allo. The 5-year OS was 59.8% (95% C.I. 56.6—
63.0%) vs. 62.3% (95% C.l. 57.8%-66.8%), P=0.370, and the 10-year OS was 36.4% (95%
C.1. 32.9-40.0%) vs. 44.1% (95% C.I. 39.2%-49.0%), P=0.010, for auto-auto and auto-allo
arms respectively. There was no sex or age subset with clear increased benefit from either
strategy (Supplemental figure 1).
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High risk patients

Among high-risk patients median PFS was 22.9 months in auto-auto and 21.5 months in
auto-allo. PFS was superior in auto-allo arm at 5 years (17.0% vs. 31.5%, P=0.015) and at
10 years (8.9% vs. 22.3%, P=0.008). Median OS was 64.4 months for auto-auto and 73.2
months for auto-allo. There was no difference in OS at 5 years (50.8% vs. 51.7%, P=0.897)
and 10 years (28.6% vs. 39.0%, P=0.120), Supplemental Figure 2.

Post relapse survival

In auto-auto arm, 478 of the 685 patients who relapsed/progressed subsequently died while
in auto-allo arm there were 162 deaths among 266 patients who relapsed. Patients in auto-
allo had improved PRS (HR 0.71, 95% C.I. 0.59-0.85), P<0.001 (Figure 4). Median PRS
was 41.5 months (95% C.I. 36.5-46.4) in auto-auto and 62.3 months (95% C.I. 47.7-76.9)
in auto-allo. The 5-year PRS was 37.0% (95% C.I. 33.1-40.9%) vs. 51.1% (95% C.I.
44.8%-57.4%) in auto-auto and auto-allo respectively, P<0.001.

Discussion

Trials comparing auto-auto vs. auto-allo in patients with NDMM using biological
randomization yielded divergent results for reasons that remain unclear, but may be related
to population included, conditioning regimen employed and duration of follow up. While
auto-allo has clearly higher NRM, mostly driven by risk of GVHD, it also leads to deeper
responses® and may carry long term benefit due to the existence of GVM effect!: 2 hence the
importance of long term follow up.

The present analysis combines 4 studies designed in the early 2000s, before the introduction
of IMiDs, Pls and monoclonal antibodies, in order to determine the relative benefit of auto-
allo in patients with available HLA-matched sibling donors. We found that although auto-
allo carries higher risk of NRM, it also substantially reduces the risk of relapse/progression
leading to improved PFS and OS.

One important observation, previously noted in some studies 11 19-21 js the clear and robust
improvement in post-relapse survival in patients who received prior allogeneic
transplantation when compared with patients who did not. While information on specific
therapies administered post relapse is not available, we believe this finding indicates that in
some cases GVM does not fully prevent a relapse but may enhance the effect of therapies
utilized at progression, particularly Pl and IMiDs. In fact, the IMiD lenalidomide has been
found to magnify alloreactivity of donor T cells and even drive GVHD?2-25, The improved
survival of auto-allo patients treated for relapsed disease also argues that MM patients
recipients of prior allogeneic transplantation should not be arbitrarily exclude from clinical
trials exploring new MM agents.

One important limitation of the present study is that it does not support analysis by risk
subsets as determined by modern criteria. These trials were designed prior to adoption of the
international staging system for MM?28 and prior to broader use of fluorescence in situ
hybridization for risk classification?’- 28, We did report outcomes on a subset of patients
identified as high risk based on the criteria defined in the largest of the studies. In alignment
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with the overall study, we found improved PFS for high-risk patients receiving auto-allo but
no significant difference in OS. This result however cannot be used to inform a risk-based
transplant strategy for patients with NDMM given the evolution of risk classification that has
since occurred. In recent years, minimal residual disease (MRD) has also extensively been
applied to predict clinical outcomes in myeloma. Although small, a meaningful prospective
study on MRD after auto-allo reported the long-term outcomes of molecular monitoring on
26 patients. At a median follow up of 12.1 years, median OS and EFS were not reached in
patients who achieved MRD negativity by nested-PCR. Of note, patients in continuous
molecular remission were never exposed to newer agents underlying a durable GVM effect
that could potentially lead to disease eradication?®.

Absent from the present analysis are the Intergroupe Francophone du Myelome (IFM)
studies IFM99-03 and IFM99-0416. 30, patients with high risk NDMM defined by deletion
in chromosome 13 or high p2 microglobulin received an autologous HCT and were assigned
to a RIC allogeneic transplant (IFM99-03, N=65) or a second autologous HCT (IFM99-04,
N=219) according to the availability of an HLA-matched sibling. A comparison between
these two studies was last published in 2008 with a median follow up of 56 months and
showing no difference in event-free survival between the two transplant approaches.
Unfortunately, patient-level updated information was not available to integrate the current
analysis. Another important trial not included in the analysis is the HOVON-50. Patients
with NDMM received induction with one of two different regimens followed by AHCT.
After transplantation, patients were assigned to maintenance with thalidomide or interferon-
alpha. Patients with an HLA identical sibling could be enrolled in the HOVON-54, a phase 11
trial of RIC allogeneic transplantation. Even though a donor vs. no donor analysis has been
presented3!, this trial did not meet entry criteria for the present analysis since a second
AHCT was not part of the design.

In summary, the present study stresses the need for long term follow up in trials appraising
transplant strategies in MM. This combined analysis with long term follow up confirms the
existence of meaningful GVM effect that prevents and delays progression, improves
outcomes post relapse, improves OS and may lead to cure in a subset of patients. This
analysis does not inform what subsets of patients, if any, would currently benefit from an
upfront auto-allo strategy given the multiplication of treatment options since these trials
were designed and conducted. It also does not indicate whether the potential benefit in OS
would justify the morbidity and impairment in quality of life expected from graft versus host
disease or how the presented auto-allo strategy would compare with modern induction and
maintenance strategies that lead to higher 10 year OS than presented in either arm of the
present analysis. Instead, the findings invite continuous exploration of allogeneic
transplantation in MM with approaches such as use of post-transplantation
cyclophosphamide32, unrelated and related haploidentical donors and the deployment of new
MM immunotherapeutic agents as post allogeneic HCT maintenance strategy. Along with
better risk stratification and patient selection, these innovations could mitigate regimen
toxicity, minimize risk of GVHD and reduce risk of relapse ultimately improving the safety
and applicability of allogeneic HCT in MM particularly in young patients with high-risk
disease or early relapse, where prognosis remains very poor.
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Risks of relapse and non-relapse mortality in auto-auto and auto-allo arms.
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Comparisons of (a) progression free survival and (b) overall survival between auto-auto and

auto-allo arms.
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Post relapse survival of auto-auto and auto-allo patients.
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Table 1-
Characteristics of the studies included
Krishnan, Giralt Gahrton, Giacone, Bruno Rosinol Total
Bjorkstrand
BMT CTN EBMT Torino GEM-PETHEMA
Population Newly diagnosed Newly diagnosed MM Newly diagnosed Not achieving CR/nCR
MM patients patients MM patients after first autologous

Years of accrual 2003-2007 2001 to 2005 1998-2004 1999-2004
Number of participants 709 357 162 110 1,338
Auto-auto 483 249 82 85 899
Auto-allo 226 108 80 25 439
Median follow up (mo) 75.5 75.5 57.6 87.7 75.3
Median follow up of 122.6 94.2 146.9 140.1 118.5
survivors (mo)
Age criteria <70 <70 <65 <65
Male patients 418 (59%) 211 (59%) 88 (54%) 59 (54%) 776 (58%)
Median age (years)

Auto-auto 55 57 55 55 56

Auto-allo 52 54 55 52 53
Age = 60 years

Auto-auto 133 (28%) 81 (33%) 18 (22%) 30 (35%) 262 (29%)

Auto-allo 32 (14%) 18 (17%) 15 (19%) 3 (12%) 68 (15%)
Conditioning regimen

Auto-auto Mel200 Mel200 Mel200, Mel100- Mel200 or CVB

Auto-allo TBI 200cGy Flu+TBI 200cGy TBI 200cGy Flu+Mel
GVHD prophylaxis CSA + MMF CSA + MMF CSA + MMF CSA + MTX

HR= high risk, Mel200= Melphalan 200 mg/mz, TBI = total body irradiation; CSA = Cyclosporine A; MMF = Mycophenolate mofetil; MTX =
Methotrexate. Bu= Busulfan; Flu= Fludarabine; ATG= Anti-thymocyte globulin; CVB = Cyclophosphamide, etoposide, BCNU.
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