hpg)

Bone Marrow Transplantation (2013) 48, 562-567
© 2013 Macmillan Publishers Limited Al rights reserved 0268-3369/13

www.nature.com/bmt

ORIGINAL ARTICLE

Tandem autologous vs autologous plus reduced intensity
allogeneic transplantation in the upfront management of multiple
myeloma: meta-analysis of trials with biological assignment

KE Armeson’, EG Hill' and LJ Costa®

We utilized meta-analysis to compare tandem autologous (TA) hematopoietic SCT (auto-HSCT) or single auto-HSCT followed by
reduced intensity conditioning (RIC), allogeneic (AR) hematopoietic SCT in the upfront management of patients with multiple
myeloma (MM). A comprehensive search strategy of published and unpublished reports utilized the following entry criteria: newly
diagnosed patients, first autologous transplantation in both arms, use of an RIC regimen and assignment to TA or AR based
exclusively on the availability of an HLA matched donor. Six trials were identified yielding 1192 subjects in TA and 630 in AR.
Patients in AR had higher likelihoods of TRM (relative risk (RR) = 3.3, 95% confidence interval (Cl) =2.2-4.8) and CR (RR=1.4, 95%
Cl=1.1-1.8). OS was not different in the first 36 months (hazard ratio (HR) =1.15, 95% Cl=0.91-1.45) or after (HR=0.74, 95%
Cl=0.53-1.04) 36 months from assignment. Similar findings were seen for PFS. When compared with TA in the upfront
management of MM, AR is associated with higher TRM and CR without improvement in PFS or OS.
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INTRODUCTION

Autologous hematopoietic SCT (auto-HSCT) has a defined role in
the upfront treatment of multiple myeloma (MM).'™> Some trials,
but not all, have shown an advantage for tandem autologous (TA)
transplantation over a single procedure.®’ The main challenge
remains the durability of response, and nearly all patients
eventually relapse.

Allogeneic transplantation carries the potential benefit of graft
vs myeloma (GVM) effect. Such effect is confirmed by the lower
risk of recurrence after allogeneic transplantation when compared
with autologous transplantation and the occurrence of responses
to donor lymphocyte infusion.®'°

The early experience with conventional (myeloablative) allo-
geneic transplantation was plagued by a very high risk of
TRM,>'"'2 that in some series approached 50%. RIC allogeneic
transplantation may prevent some of the short-term complications
associated with transplantation, reduce the risk of TRM and yet
provide GVM effect, but it has limited cytoreduction potential.
Therefore, the combination of a cytoreductive autologous
transplantation followed shortly after by an RIC allograft has
been proposed as a strategy to achieve deep remissions and long-
term disease control through the GVM effect.'>'*

There have been multiple prospective trials that assigned
younger, newly diagnosed MM patients to TA or the combination
of autologous and RIC allogeneic transplantation (AR) based on
the availability of an HLA-matched donor (biological assignment).
These trials yielded conflicting results so it remains unclear which
strategy is preferred in younger patients with suitable donors.

We performed a systematic review of the literature and meta-
analysis of all known prospective trials comparing autologous with

autologous plus RIC allogeneic transplantation in newly diagnosed
MM to test if the approach including RIC allogeneic transplanta-
tion provides advantage in achievement of response, PFS or OS.

MATERIALS AND METHODS
Entry criteria

We included studies meeting all the following entry criteria: prospective
trial, inclusion only of newly diagnosed patients (typically after conven-
tional induction therapy), subjects undergoing first autologous transplan-
tation in both arms, allocation to reduced intensity allogeneic
transplantation or a second autologous transplantation based exclusively
on the availability or not of an HLA matched donor (biological assignment),
conditioning regimen in the allogeneic transplantation arm meeting the
center for international blood and marrow transplant research criteria for
reduced intensity,15 and report of OS and/or PFS for both arms. EFS end
points were treated as equivalent to PFS end points whenever the
reported EFS definition matched the PFS definition.

Identification of studies

We utilized a comprehensive search strategy to capture all available
relevant data, published or unpublished. A search in MEDLINE (PubMed)
was performed on 30 September 2011 utilizing the terms ‘allogeneic’ and
‘myeloma’ or ‘allograft’ and ‘myeloma’. There was no filtering for type of
publication, language, country of publication or year of publication. The
manuscripts resulting from this search were manually reviewed at the title
and abstract level to capture studies possibly meeting the entry criteria.
The manuscripts appearing to meet the entry criteria were retrieved and
fully reviewed. The reference lists of included manuscripts were also
screened for published and unpublished similar trials potentially meeting
the entry criteria. In addition to published trials, we manually reviewed the
abstracts presented since 2001 until end of 2011 at the American Society
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of Hematology, American Society of Clinical Oncology, American Society of
Blood and Marrow Transplantation, European Group for Blood and Marrow
Transplantation and European Hematology Association Annual Meetings.
For trials reported in a meeting abstract not yet followed by a published
manuscript, the authors were contacted to obtain additional data not
present in the body of the abstract. For trials with more than one report, all
the available reports were reviewed in detail to obtain the most accurate
and updated data set.

Outcomes

The primary objective of this study was comparing OS as reported for the
intention to treat (ITT) population. Secondary objectives were to compare:
PFS for the ITT population, OS and PFS for the population that completed
the assigned treatment (CT), rate of TRM and rate of complete response to
therapy (CR).

Statistical methods

The recommended summary statistics for trials with time-to-event end
points are the (log transformed) HR and corresponding 95% Cls.'®
Accordingly, our primary analytical objective was to construct meta-
analytical HRs comparing survival experiences between autologous plus
reduced intensity allogeneic transplantation and TA transplantation. It has
been suggested that the excessive upfront TRM associated with allogeneic
transplantation would be overcome by the reduction in the risk of late
relapse.'” This phenomenon presents itself in the data by way of
intersecting survival curves (that is, a violation of proportional hazards),
which we observed in a number of studies. To accommodate this issue, we
constructed HRs and corresponding 95% Cls for time-to-event outcomes
separately for the first 36 months of follow-up (early period), and for
follow-up beyond 36 months (late period). We chose to divide the analysis
at 36 months since in all instances where survival curves intersected, such
intersection happened at or before 36 months. Furthermore, 36 months
were deemed a sufficient amount of time to capture all TRM. Finally, before
analysis and to achieve data uniformity across studies, survival curves were
adjusted as necessary so that time 0 corresponds to trial enrollment (for ITT
analyses) or time of second transplant (for CT analyses).

For each study, we used the reported Kaplan-Meier survival curves to
construct estimates of log HRs and their respective variances for both early
and late follow-up periods using the method put forth by Parmar et al.'® To
briefly summarize their approach as applied to our analysis, for a given study
we divided the total follow-up time into consecutive, non-overlapping time
intervals and, within each sub-interval, estimated the probability of survival,
the number at risk and the number of events. In all studies, we assumed
uniform censoring. We used sub-intervals of 3 (or 6) months in width for
follow-up before (or after) 48 months, due to the sparseness of observed
events beyond 48 months. We then estimated the log HR and variance within
each sub-interval and combined estimates across sub-intervals to construct a
study-specific log HR for early and late follow-up periods. When necessary,
we aggregated sub-intervals to yield a minimum of one event in each arm,
an approach that we found resulted in improved numerical stability of the
estimates. Estimates were then pooled across studies to provide meta-
analytic early and late follow-up HR estimates and corresponding 95% Cls for
OS and PFS end points for both the ITT and CT populations.

To evaluate our method’s performance, for each study reporting an HR,
we used our approach to construct a study-specific HR and corresponding
95% Cl for the entire follow-up period. We then informally compared the
constructed estimates with those reported in the literature to assess
accuracy. The constructed estimates closely resembled those in the
published reports with only slight attenuation toward the null. Ninety-five
percent Cls constructed using our approach were only slightly wider than
those reported in individual studies, which is expected since there is a loss
of information in estimating the HR based on the Kaplan-Meier curve
rather than individual patient data (Supplementary Table 1).

For the binary end points TRM and CR, data were combined across studies
using fixed and random-effects meta-analytical methods to construct overall
estimates of RR and their 95% Cls. For studies reporting percentages without
raw frequencies, the number of patients who experienced TRM and CR was
estimated from available data (reported percent and total sample size). Study
heterogeneity was assessed via Cochran’s Q statistic,'® with P<0.05,
indicating a random-effects model should be used to construct pooled
estimates in order to account for study heterogeneity. For each end point, we
reported the value of Higgin's * index,'® a quantitative measure of the
percent of overall variation attributable to study-to-study heterogeneity.
Fixed models used the Mantel-Haenszel method®® and random-effects
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models followed the DerSimonian-Laird method?' for calculating RR
summary estimates and 95% Cls.

Potential publication biases for all meta-analyses were assessed via
funnel plots, although formal hypothesis tests were not conducted as this
is not a recommended practice for meta-analyses with fewer than 10
studies.? For all forest plots, the size of the plotting symbol for a given
study is proportional to the study’s weight in that particular analysis, with
higher weights implying smaller variability. Study weights are time period
(early or late) specific for meta-analyses of time-to-event end points.
Specifically, the weighted contribution of the same study can vary for early
vs late time periods due to differing numbers of events, numbers at risk
and follow-up times. If a study had no events in either the AR or TA arms in
the late period, then no study-specific HR estimate was available, and that
study did not contribute to the pooled estimate for that period.

For the analysis of time-to-event end points (OS and PFS), we wrote our
own analysis code using R v.2.11.1 (R Foundation for Statistical Computing,
Vienna, Austria).> For the analysis of binary end points, we used the ‘meta’
package in R?* For all analyses, TA was the reference treatment arm.

Methodology and findings are reported in conformity with the PRISMA
statement.?

RESULTS

Utilizing the comprehensive search strategy as described above we
identified 1183 reports in our initial screening. Figure 1 displays the
reason for exclusion of the reports not meeting all the eligibility
criteria. Overall, there were eight relevant reports that provided
information about six clinical trials'’?533 that met eligibility criteria
for inclusion in the analysis. There were 1192 patients analyzed in
the TA arm and 630 patients in the AR arm. Three trials included
only patients considered as ‘high risk’.?22°*"33 The trial reported by
Krishnan et al.>® provided separate reports in the same paper for
‘high-risk’ and ‘standard-risk’ patients so it can be interpreted as
two parallel trials with identical design, raising to 4 the number of
trials reporting outcomes for high-risk patients, although the
definition of high-risk diverged among trials (Table 1). In all but one

1183 reports

439 excluded
Not addressing multiple myeloma or case
reports or editorial/correspondence

219 excluded
Review articles

135 excluded
Correlative studies

169 excluded
Analysis of complications and supportive care

180 excluded
Therapeutic intervention did not include
allogeneic transplantation

T

41 outcome reports of allogeneic
transplantation in multiple myeloma

H

21 excluded

No comparison with autologous
transplantation, retrospective analysis without
biological randomization or allogeneic
transplantation not preceded by autologous

12 excluded
Duplicate publication

H

6 clinical trials reported in 7
manuscripts and 1 meeting abstracts

Figure 1. Flow chart showing the outcomes of the comprehensive
search strategy to identify studies meeting entry criteria for the
meta-analysis.
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CSA + MMF

TBI 200 cGy

57 51 Mel200

37

40 48

<70

Chr13 del by metaphase cytogenetics or 2

microglobulin >4 mg/L

BMT-CTN

Krishnan
(HR)

CSA + MTX

Flu + Mel

Mel200 or
CVB

55

25

62 85

<65

Not achieving CR/nCR after first autologous

PETHEMA

Rosinol

Intergroupe Francophone du Myelome; Mel200

high risk; IFM
Programa para el Estudio de la Terapéutica en Hemopatia Maligna; SR = standard risk;

Blood and Marrow Transplant Clinical Trials Network; Bu=busulfan; CVB

European BMT; Flu = fludarabine; HR

mycophenolate mofetil; NA, not applicable; PETHEMA

Deutsche Studiengruppe Multiples Myelom; EBMT

multiple myeloma; MMF

Abbreviations: AR = autologous + reduced intensity allogeneic transplantation; ATG = antithymocyte globulin; BMT-CTN

cyclophosphamide, etoposide, BCNU; DSMM

Melphalan 200 mg/m? MM
TA =tandem autologous transplantation; TBI = total body irradiation.
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trial, patients were assigned to allogeneic transplant only if they
had an HLA identical sibling donor. The trial reported by Knop
et al?® also assigned patients with an unrelated HLA identical
donor to the AR arm. In all the analyses described below, there
were no clear indications of publication bias noted upon visual
examination of funnel plots (Supplementary Figures 1-3).

Treatment-related mortality

All studies provided sufficient information to contribute to the
TRM analysis, and each indicated higher TRM with relative risks
greater than one. Overall, patients assigned to AR had more than
three times the probability of death from treatment complications
than did patients assigned to TA (RR=3.3, 95% Cl=22-438;
Figure 2).

Complete response

The achievement of complete response is a validated surrogate for
PFS, OS and a necessary step to achieve cure in MM.>* Individual
study results were mixed, with five studies indicating an improved
CR rate. Overall, there was higher likelihood of obtaining CR in AR
than in TA (RR=1.4, 95% Cl=1.1-1.8; Figure 3).

Progression-free survival

Five trials provided sufficient information for ITT PFS analysis with
1034 subjects in the TA arm and 479 subjects in the AR arm
(Figure 4). Four of five studies had HR estimates greater than one
in the early period, favoring the TA arm, and two of four in the late
period. There was no significant difference between arms in the
early period (HR=1.07, 95% Cl=0.92-1.25) or in the late period
(HR=0.89, 95% Cl=0.67-1.20). When the same analysis was
repeated for studies reporting PFS for CT population
(Supplementary Figure 4), again no significant difference between
arms was found in the early (HR =0.89, 95% Cl=0.72-1.09) or late

Allo Auto

Study TRM N TRM N RR 95% CI
Bjorkstrand* 13 108 7289 | —== 43 [18,104]
Garban - Moreau 5 46 3 166 | » 6.0 [1.5,24.2]
Giaccone - Bruno 9 58 1 46 ¢ » 71 [0.9,54.3]
Knop 15 126 3 B 4 2.9 [0.9,9.7]
Krishnan (SR) 21 189 17 436 | —/—+— 2.8 [15,5.3]
Krishnan (HR)* 8 37 5 48 +—%——— 2.1 [0.7,5.8]
Rosinol* 4 25 4 85 ¢ > 3.4 [0.9,12.6]
Total 75 589 40 1103 !
Fixed effect e 33 [22,48]
Random effect e 33 [23,49]

i T T T T 1
Heterogeneity: I-squared=0%, P=0.85 0 2 4 6 8 10

*TRM calculated Relative risk

Figure 2. Forest plot comparing TRM between the arms.
Allo Auto

Study CR N CR N RR 95% Cl
Bjorkstrand* 51 91 46 104 - 1.3[1.0,1.7]
Garban - Moreau 15 45 54 166 —#— 1.0 [0.6, 1.6]
Giaccone - Bruno 32 58 12 46 —— 2.1[1.2,3.6]
Knop* 61 104 19 60 L —E— 1.9[1.2,2.8]
Krishnan (SR) 90 156 164 366 - 1.3[1.1,1.5]
Krishnan (HR)* 14 29 18 31 —=m— 0.8 [0.5, 1.3]
Rosinol* 0 25 9 8 | ———= —» 38[17,83]
Total 273 508 322 858 |
Fixed effect = 1.41[1.2,1.6]
Random effect i+ 1.4[1.1,1.8]

r T T T T 1
Heterogeneity: I-squared=66%, P<0.01 0 1 2 3 4 5
* CR caleulated Relative risk

Figure 3. Forest plot comparing incidence of CR between the arms.
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0-36 months Beyond 36 months

Study Allo (N) Auto (N) HR  95% cl HR  95%cl
Bjorkstrand 108 249 e 1.06 [0.79, 1.43] - 0.43[0.23, 0.81]
Garban - Moreau 65 219 o 1.29 [0.88, 1.88] |- 1.30 [0.88, 1.92]
Giaccone - Bruno 80 82 -+ 0.67[0.45, 0.99] -t 0.51(0.24, 1.07)
Krishnan (SR) 189 436 .- 1.20 [0.93, 1.56] ————— 1.64[0.48, 5.62]
Krishnan (HR) 37 48 —— 1.12 [0.61, 2.08] ;

Summary 479 1034 »> 1.07 [0.92, 1.25] - 0.89[0.67, 1.20]

0 1 2

Hazard ratio

0 1 2 3
Hazard ratio

Figure 4. Forest plot comparing PFS for the ITT population between the arms.
0-36 months Beyond 36 months
Study Allo (N)  Auto (N) HR  95%cl HR  95%cl
Bjorkstrand 108 249 e 1.1 [0.71, 1.72] B 0.51[0.31, 0.86]
Garban - Moreau 65 219 v‘—% 1.49 [0.95, 2.36] %—0—> 1.52 [0.55, 4.17]
Giaccone - Bruno 80 82 —0—% 0.52[0.27,1.02] —0—L 0.61[0.33, 1.11]
Krishnan (SR) 189 436 B 1.36 [0.88, 2.11] 4+ 2.23[0.86,5.78]
Krishnan (HR) 37 48 ————  0.91[0.32,2.58] !
Summary 479 1034 s 1.15 [0.91, 1.45] - 0.74 [0.53, 1.04]
[ o 1 2 3
Hazard ratio Hazard ratio
Figure 5. Forest plot comparing OS for the ITT population between the arms.

period (HR=0.91, 95% Cl=0.71-1.16). Three of five studies had
HR estimates less than one in the early period, favoring the AR
arm, and three of four in the late period.

0s

Like PFS, four trials (including both standard-risk and high-risk
comparisons in the study by Krishnan et al.) contributed 1034
subjects in the TA arm and 479 subjects in the AR arm for the ITT
OS analysis (Figure 5). Three of five comparisons had HR estimates
greater than one in the early period, favoring the TA arm, and two
of four in the late period. No significant difference between the
arms could be found in the risk of death of any cause in the early
period (HR=1.15, 95% Cl=0.91-1.45) or in the late period
(HR=0.74, 95% Cl =0.53-1.04). When the same comparison was
made utilizing the CT population (Supplementary Figure 5), similar
results were found both in the early (HR=1.14, 95% Cl=0.79-
1.64) and in the late period (HR=10.59, 95% Cl=0.31-1.12).

DISCUSSION

The possible superiority of autologous followed by RIC sibling
allogeneic transplantation was suggested in a 2007 study by
Bruno et al.>>%’ Despite its relatively long follow-up, this study was
met by skepticism, driven, among other factors, by the
inconsistency in dose of melphalan in the conditioning regimen,
the high drop-out rate between first and second transplant and
the exquisitely poor performance of the control arm. A diverging
result emerged from the larger comparison between the
Intergroupe Francophone du Myelome (IFM) studies IFM99-03
and IFM99-04*%23 in a high-risk population, raising further
questions about the appropriateness of upfront AR trans-
plantation in MM. More recently, the results of the two largest
trials addressing this question have been published. While the trial
conducted by the European BMT (EBMT) centers'” found superior
PFS for the autologous/RIC allogeneic arm at 60 months, the
north-American Blood and Marrow Transplant Clinical Trials
Network (BMT-CTN) study?® did not find superiority for either

© 2013 Macmillan Publishers Limited

approach in standard-risk or in high-risk patients. Of interest, the
BMT-CTN trial has the highest number of patient but has been
reported with relatively short follow-up. It is possible that
differences may emerge in future updates. We understand that
the plurality of clinical trials addressing this question, the
divergence in results and conclusions, the recent report of
results from large studies and the lack of ongoing trials make a
meta-analysis timely and necessary.

One important trial excluded from the present analysis is the
HOVON-50. In this trial, patients with newly diagnosed MM were
randomized to induction with one of two different regimens (VAD
or TAD) followed by auto-HSCT. After transplantation, patients
were assigned to maintenance with IFN-o or thalidomide. Patients
with an HLA identical sibling could be enrolled in the HOVON-54, a
phase Il trial of reduced intensity allogeneic transplantation
without post-transplant maintenance. Even though a donor vs
no donor analysis has been published,®® this trial did not meet
entry criteria for the present analysis due to no intent to proceed
with second auto-HSCT for the majority of patients without sibling
donor, the lack of information on a systematic treatment
assignment based on availability or not of a donor, and
variability in time for enrollment in HOVON-54, including
enrollment of patients who were already receiving maintenance
therapy.*

The present study confirms the higher rate of TRM in patients
assigned to AR. Nevertheless, the overall rate of TRM was
only 12.7% in AR (vs 3.6% in TA), verifying that this approach
is safer than fully myeloablative allogeneic transplantation
in MM.5,11,12

Our study found higher likelihood of CR among subjects in AR.
In fact, most trials,'”?°™® including some that did not find
superiority of AR in PFS or 05,2>3° acknowledge the lower risk or
disease recurrence in AR, confirming the existence of GVM effect.
A formal meta-analysis of risk of relapse was not possible since this
outcome was not reported for most of the trials included. The fact
that this study did not find PFS superiority for AR despite higher
rate of CR indicates that the GVM, although present, is insufficient
to overcome the penalty of excessive TRM associated with AR,
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even if the first 36 months of follow-up are excluded from the
analysis.

In the trials analyzed, AR is considered as experimental while TA
is the standard conventional approach. The results of the present
analysis do not support the adoption of the experimental
approach. However, it also did not show clear superiority of TA.
It is possible that a subgroup of patients with specific individual or
disease-related characteristics may have a clear advantage with
one of the approaches. It is well established that patients with
high-risk myeloma, defined by either chromosome abnormalities,
high levels of B2 microglobulin, or inadequate response to
induction therapy perform poorly after TA transplantation.®*’
However, when the studies that included only patients with high-
risk disease were meta-analyzed, there was still no advantage for
AR in either PFS or OS (results not shown). Therefore, if there is a
subgroup of patients for which the AR approach is beneficial, such
subgroup remains unidentified.

Meta-analyses have limitations (for example, the risk of multiple
types of bias) and are not perfect substitutes for properly
designed and powered prospective trials, yet they are an
invaluable source of evidence with their own set of strengths,
particularly higher statistical power (than individual studies) and
potentially better generalization of findings. Despite well-defined
entry criteria, there are still notable dissimilarities among the
included studies in regards to population included (unselected,
standard risk or high risk), definition of high-risk MM, conditioning
regimens utilized and strategies for GVHD prophylaxis. Two of the
trials also included post TA transplantation maintenance therapy.
IFM99-04 assessed maintenance with a murine anti-IL-6 MoAb, a
strategy that proved itself ineffective. The BMT-CTN trial rando-
mized patients undergoing TA transplantation to observation or
thalidomide + dexamethasone maintenance, but unfortunately
there was an excessively high rate of treatment discontinuation
in the maintenance arm and the two arms (maintenance and
observation) were merged in the analysis. Bias assessments in this
meta-analysis were limited in scope and challenging to interpret
due to the small number of studies and the division of time-to-
event end points into two periods.

In summary, this meta-analysis of all available prospective trials
with biological assignment indicates that single autologous
followed by RIC allogeneic hematopoietic SCT is not superior to
tandem auto-HSCT in patients with newly diagnosed MM.
Substantial innovative measures are necessary to either reduce
the TRM and/or enhance the GVM effect before allogeneic
transplantation can be re-assessed in this setting.
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