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Impact of CR before and after allogeneic and autologous
transplantation in multiple myeloma: results from the EBMT
NMAM2000 prospective trial
S Iacobelli1, LC de Wreede2, S Schönland3, B Björkstrand4, U Hegenbart3, A Gruber5, H Greinix6, L Volin7, F Narni8, AM Carella9,
M Beksac10, A Bosi11, G Milone12, P Corradini13, K Friberg5, A van Biezen2, H Goldschmidt3, T de Witte14, C Morris15, D Niederwieser16,
L Garderet17, N Kröger18 and G Gahrton5 for the EBMT CMWP, Plasma Cell Disorders Subcommittee

Previous studies have shown that obtaining complete hematologic remission (CR) in multiple myeloma is an important predictor of
PFS and OS. This applies both to autologous and allogeneic transplantation. However, the importance of CR obtained before vs
after second transplant or following allogeneic vs autologous transplantation is not clear. We investigated the role of CR analyzing
data from the EBMT-NMAM2000 interventional prospective study comparing tandem autologous/reduced intensity conditioning
allogeneic transplantation (auto/RICallo) to autologous transplantation—single or double (auto/auto). Allocation to treatment was
performed according to availability of a matched sibling donor. Cox regression and multi-state models were applied. The long-term
probability of survival in CR was superior in auto/RICallo, both comparing groups according to treatment allocated at start (28.8 vs
11.4% at 60 months, P= 0.0004) and according to actual administration of second transplant (25.6 vs 9.6% at 60 months, P= 0.008).
CR achieved before the second transplant was predictive for PFS (hazard ratio (HR) = 0.44, P= 0.003) and OS (HR 0.51, P= 0.047)
irrespective of the type of second transplant. CR achieved after auto/RICallo was more beneficial for PFS (HR = 0.53, P= 0.027) than
CR after auto/auto (HR = 0.81, P= 0.390), indicating a better durability of CR obtained after an allotransplant procedure.
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INTRODUCTION
Previous studies have shown that obtaining a complete hemato-
logic remission (CR) in multiple myeloma is an important predictor
for PFS and OS. In the transplant setting, it applies to CR obtained
both with autologous1–11 and allogeneic transplantation.12 How-
ever, the importance of the CR status before and after the second
transplant (hematopoietic SCT (HSCT)), and whether it differs
according to type of second HSCT remains unclear. The
prospective NMAM2000 trial compared autologous followed by
reduced intensity conditioning allogeneic (auto/RICallo) HSCT with
autologous—single (auto) or tandem (auto/auto)—HSCT in newly
diagnosed patients with multiple myeloma.13 The primary end-
point was PFS. As recently confirmed in the update of the study
after a median follow-up of 96 months,14 PFS was superior in the
auto/RICallo arm as compared with the auto arm, as a result of
lower progression/relapse rates. Superior long-term OS and higher
CR rates using auto/RICallo were also observed. In the present

study, we have analyzed and compared the impact on PFS and OS
of the CR status at different steps (before or after second
transplant) of the auto/RICallo or auto/auto protocol.
We have used both Cox regression and multi-state

models15–17 to properly take into account time-dependence of
CR achievement (as well as of administration of second
transplant),4,11 showing also the probability of long-term survival
in CR with the two transplant approaches.

SUBJECTS AND METHODS
Subjects
The NMAM2000 study enrolled 357 patients from February 2001 to January
2005.13 Patients were included if at least in stable disease after induction
and prior to first HSCT, after giving informed consent. Patients with an
HLA-identical sibling donor were allocated to the auto/RICallo arm, the
others were allocated to single or tandem auto according to physician's
and patient's decisions. Patients’ characteristics were previously described
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in detail.13 Characteristics at inclusion were evenly distributed with the
exception of age, which was slightly higher in the auto arm (median 57 vs
54 years in the auto/RICallo arm). The main analysis13,14 was made on
outcomes measured since first HSCT and on an intention-to-treat basis.
A second analysis compared outcomes after second HSCT according to
protocol. We followed a similar approach in the current analysis. To use
multi-state models focusing on the role of CR (defined according to EBMT
criteria)18 and of double auto or RICallo second HSCT, we considered 346
patients, 242 enrolled in the auto arm and 104 in the auto/RICallo arm,
excluding 5 patients because of missing information on the date of
achievement of CR and 6 patients who received second HSCT not
according to protocol. Sensitivity analyses showed that results are not
affected when other approaches are chosen to deal with protocol
violations. Patient flows are reported in Figures 1a and b. Ninety-one
patients received RICallo and 102 patients received second autologous
HSCT according to protocol, and were included in the analyses of
outcomes after second transplant.

Statistical methods
Two multi-state models15–17 with six states and nine transitions were
used to investigate the interplay between CR and progression/relapse or
death. A brief introduction to multi-state models is provided as
Supplementary information. The schema of the two models, with patient
numbers and flows are represented in Figures 1a and b. All patients started
in the state ‘First transplant’. Death or progression (first model, PFS) or
Death (second model, OS) were the final states; in addition, patients could
enter one or two of four intermediate states characterized by the
occurrence of second HSCT and of CR, taking into account the sequence of
these two events. We used the non-parametric Aalen-Johansen estimator
for the transition hazards and computed accordingly the transition
probabilities and their standard errors.19–21 Differences between the
curves with point-wise 95% confidence intervals and significance tests at 5

and 8 years were developed in analogy to Klein et al.,22 based on the
untransformed quantities of interest.
Left-truncated Cox models23 were used to assess the impact of CR on

the hazard of PFS and OS after second HSCT (Tables 1 and 2). CR achieved
after second HSCT was included as a time-dependent covariate. The
models were stratified by arm to avoid violation of the proportional hazard
assumption (see Supplementary information).
All analyses were performed using R version 2.14.1, (R is a product of The

R Foundation for Statistical Computing (http://www.r-project.org/)) using
the package ‘mstate’21 for the multi-state models.

RESULTS
Survival in first CR
In our study, patients in the auto/RICallo arm had a higher total CR
rate than patients in the auto arm (51% vs 41% at 60 months,
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Figure 1. Six states (boxes) and nine transitions (arrows) of the multi-state models for PFS (a) and for OS (b), with numbers of patients and
events reported by arm, respectively, auto and auto/RICallo. The number in a box represents the patients remaining in that state until the end
of their follow-up; the number reported along an arrow represents the patients moving to another state (events). For example, in the model
for PFS (a), 242 auto patients entered the study; 72 of them got CR as first event, 86 got second auto prior to CR and 81 progressed or died
without experiencing intermediate events; the remaining 3 stayed in the initial state until last follow-up. In the auto arm, a total of 102
patients got second auto, 86 without prior CR and 16 after achievement of CR. Notice that the number of events per transition to the final
state is lower in (b) compared with (a) implying a loss of power of the analyses on OS as compared with PFS.

Table 1. Cox models for PFS and OS after second transplant; overall
impact of CR achievement assuming it is the same for both types of
transplant

Variable PFS OS

HR P-value HR P-value

Age (impact of +10 years difference) 1.15 0.210 1.22 0.160
CR vs no CR before second trx 0.45 0.003 0.51 0.047
CR vs no CR after second trx 0.68 0.040 0.67 0.079

Abbreviations: HR= hazard ratio; trx= transplant. The treatment arm
showed a strong non-constant effect and was thus included as a
stratification factor.
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respectively13). The probability of surviving without myeloma
depends on this component and on the subsequent probability of
relapse or death, but cannot be derived by separate estimation of
the probabilities of CR achievement and relapse-free survival. We
thus used a multi-state approach to compute the probability of
this endpoint.
Figure 2a illustrates the curves from study entry according to

the assigned HSCT strategy. To assess significance, Figure 2b
shows the difference between the two curves, with its confidence
intervals. The latter are all above zero from time equal to
24 months, meaning that since that time auto/RICallo arm was
significantly superior to the auto arm at 5% level. The probability
of being alive in CR at 60 months was 28.8% and 11.4%,
respectively, in auto/RICallo and auto arm (P= 0.0004) and
remained significantly different in the long-term follow-up
(21.3 vs 10.1% at 96 months, P= 0.015).

To compare the outcome according to type of second HSCT, we
computed predictions from 4 months, as the landmark time
closest to the median time to second transplant in auto/auto
(4.28 months) and auto/RICallo arm (4.21 months). Importantly,
conclusions hold also with different landmark times. Results are
shown in Figures 3a and c, respectively, for patients not yet in CR
and for patients in CR at 4 months. Figure 3b again illustrates the
difference between the curves displayed in Figure 3a, with 95%
confidence intervals for each point estimate. Again, this band is
almost continuously above 0 after 24 months, indicating a strong
trend of global significance of the advantage of auto/RICallo as
compared with auto/auto. The probability of being alive and in CR
was 25.6% vs 9.6% (P= 0.008) at 60 months and 18.0% vs 9.2%
(P= 0.120) at 96 months for patients not in CR who received auto/
RICallo and auto/auto, respectively.

Impact of CR on PFS and OS from second HSCT
The impact of CR achievement before and after second HSCT was
investigated in the subpopulation of patients who received
second transplant according to protocol. The impact on the
hazard of failure was analyzed using Cox regression, and actual
probabilities were illustrated by curves obtained by the multi-
state model.
Table 1 reports the Cox models where the effect of CR was

evaluated under the assumption of being the same for both types
of second HSCT. For PFS and OS, CR was beneficial both when
achieved before (hazard ratio, HR = 0.45, P= 0.003 for PFS;
HR= 0.51, P= 0.047 for OS) and after second HSCT (HR= 0.68,
P= 0.040 for PFS; HR = 0.67, P= 0.079 for OS). We then investigated
the effects of CR achievement according to second transplant
(Table 2). Being in CR as compared with not being in CR at second
HSCT was beneficial for both PFS and OS regardless of HSCT arm
(HR= 0.44, P= 0.003 for PFS; HR = 0.51, P= 0.047 for OS). However,
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Figure 2. (a) Probability of survival in first CR estimated at study entry according to treatment allocation. Black=Auto arm, Grey= auto/RICallo
arm. The curves increase as patients enter the CR status, and decrease as they relapse or die. (b) Difference between the two curves, with
point-wise 95% confidence intervals (CI). When the 95% CI is above the horizontal line at 0, the difference is statistically significant at the
5% level.

Table 2. Cox models for PFS and OS after second transplant; impact of
CR achievement allowed to vary according to type of transplant

Variable PFS OS

HR P-value HR P-value

Age (impact of +10 years difference) 1.16 0.170 1.22 0.150
CR vs no CR before second trx 0.44 0.003 0.51 0.047
CR vs no CR after second auto 0.81 0.390 0.69 0.220
CR vs no CR after RICallo 0.53 0.027 0.63 0.190

Abbreviations: HR=hazard ratio; trx= transplant; RICallo= reduced inten-
sity conditioning allogeneic transplantation. The treatment arm showed a
strong non-constant effect and was thus included as a stratification factor.
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Figure 3. Probability of survival in first CR estimated at 4 months after first transplant according to actual administration of second transplant.
(a) Patients not in CR. Black=Auto/auto given, Grey=Auto/RICallo given. The curves increase as patients enter the CR status, and decrease as
they relapse or die. (b) Difference between the two curves of (a), with point-wise 95% confidence intervals (CI). When the 95% CI is above the
horizontal line at 0, the difference is statistically significant at 5% level. (c) Patients in CR. Solid Black= second auto given to patient in CR,
Dotted Black= second auto given without CR and CR achieved after second auto; similar interpretation for the Solid/Dotted Grey curves for
auto/RICallo given.
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Figure 4. Impact of CR achieved after second transplant on PFS (a, b) and OS (c, d) by dynamic prediction. Horizontal axis: time of prediction
(measured since first auto, in months); vertical axis: estimated probability of PFS/OS at target time 60 months (a, c) or 96 months (b, d).
Black=Auto/auto given, Grey=Auto/RICallo given. Dotted line=no CR yet, solid line=CR achieved. Patients with second transplant given
and not in CR (dotted curve) ‘jump’ to the solid curve of the same color when achieving CR.
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achieving CR after RICallo was more important for PFS than
achieving CR after second auto (CR after auto/auto: HR= 0.81,
P= 0.390; CR after auto/RICallo: HR = 0.53, P= 0.027), while it was
not significantly different for OS.
Multi-state model: The impact of CR achievement after second

HSCT on the probability of PFS is illustrated in Figures 4a and b.
The figures illustrate the dynamic prediction of the probability that
the patient will be alive and progression-free at 60 months
(Figure 4a) or 96 months (Figure 4b). The horizontal axis reports
the time when the prediction is made (limited to the period from
3 to 15 months). The auto/RICallo curves are above the auto/auto
curves, consistent with all analyses previously reported16 that
indicated superiority of the first regimen. In particular, an auto/
RICallo patient with CR achieved during the first year after RICallo
has a probability equal to 31% or higher of being still alive and in
CR at 8 years, compared with less than 18% of an auto/auto
patient (Figure 4b). The impact of achieving CR is represented by
the distance between the curve represented by a dotted line (no
CR after second HSCT) and the curve represented by a solid line
(CR achieved after second HSCT). The advantage of obtaining CR
after HSCT is higher in auto/RICallo (for example, at 9 months, 11%
compared with 5%), confirming the finding of the Cox model of a
stronger impact of CR on PFS when obtained with RICallo as
compared with second auto.
Figures 4c and d illustrate the impact of CR achievement after

second transplant on OS probability (the interpretation of the
graphs is the same as in Figures 4a and b). Given the response
status, the auto/RICallo curves are again superior to the auto/auto
curves,16 and the CR status is associated with improved OS
compared to no CR. However, consistently with the Cox analysis
that did not detect significant differences, the impact of CR
according to the type of second HSCT cannot be determined.
Figure 4c suggests that CR obtained after auto/RICallo might be
more beneficial than CR with auto/auto (the gain is 7% in both
arms for CR achieved at 9 months, and larger with RICallo for later
CR), but this is not shown in Figure 4d.

DISCUSSION
The beneficial effect of CR in patients with multiple myeloma
has been reported in several studies;1–11 however, there is
limited information on the actual impact in allogeneic as
compared with autologous HSCT.12 In the present analysis of
the EBMT-NMAM2000 study, we compared for the first time
directly and prospectively the impact of CR achievement in
autologous and allogeneic treatment protocols. We confirmed
previous findings that obtaining CR is important for both PFS and
OS;1–12 in addition, by using appropriate methodology, we
investigated the change of effect according to the stage of
treatment when CR is achieved and the type of second HSCT. CR
after the first HSCT and before the second is of major importance
irrespective of transplant modality. Furthermore, we could also
show that for PFS, the impact of CR after second transplant was
greater when occurring after auto/RICallo than after auto/auto as
assessed from the models and curves for PFS, indicating that the
quality of the remission was better with auto/RICallo. The
combined effect of higher CR rates and higher protection against
progression/relapse when CR is achieved after RICallo turned
into significantly higher probabilities of surviving in first CR, as
shown both in the analysis from study entry and according to
administration of second HSCT.
The prognostic factors at diagnosis and at first HSCT were well

balanced as shown in our previous report.13 The better outcome
with CR after auto/RICallo does not seem to result solely from
more intensive conditioning treatment. The auto/RICallo proce-
dure used the same conditioning—Melphalan 200mg/m2—for
auto as in the auto or auto/auto procedures, and conditioning for
RICallo was non-myeloablative, using 200cGy TBI in combination

with CYA and mycophenolate mofetil. Thus, the graft-vs-myeloma
effect24,25 may play a role not only in increasing the CR rate,
but also in improving the quality and the duration of the CR
resulting in prolonged CR and PFS. Likewise, previous studies have
shown that molecular remission is more often obtained with
allogeneic than with autologous transplantation26 and molecular
remission is more important for sustained CR than a hematologic
remission.27,28 In the present multicentre study, the EBMT criteria18

were used and, for practical reasons, it was not possible to further
analyze the quality of CR, that is, with molecular methods.
For OS, the investigations are limited in power by a reduced

number of events compared to PFS. An even longer follow-up
than the current one is probably necessary to observe a potential
higher benefit of CR for OS with auto/RICallo.
Previous assessments of outcome probabilities related to

response were hampered by the use of inappropriate or inefficient
statistical methodology. In the present study, we used both
traditional Cox regression and the novel methodology of multi-
state models.15–17 As compared with Cox regression, where the
effects are expressed as hazard ratios, in multi-state models, the
differences between groups defined by the occurrence or not of
an event (CR) during the follow-up are measured in terms of actual
probability of the endpoint of interest. A large HR might turn into
a small difference of the real risk of failure, depending on the
baseline risk; thus, hazard ratios are not exhaustive measures of
impact. Actual probabilities are more relevant for predictions and
more meaningful for clinicians and patients than hazard functions,
and they can be displayed in informative graphs. With adequate
sample size, differences between curves with confidence intervals
can be computed and tested for significance at specific time
points as we showed.
Multi-state models allow assessments of total combined effects

of various elements of the disease history in one endpoint, as
compared with the traditional methods where all components are
analyzed separately. In the present study, we could analyze the
probability of surviving in first CR (Figures 2 and 3), a new
endpoint dependent upon the hazard of achievement of CR and
the hazard of relapse and death. This is a simplified version of the
curve known in the framework of allogeneic HSCT for CML as
current leukemia-free survival29,30 also obtained by a multi-state
approach.
Finally, the results of a multi-state analysis can be presented in

the form of a dynamic prediction (Figure 4), useful to show the
impact of events occurring during the course of the disease on the
probability of specific outcomes. In this analysis, we illustrated
the effect of CR achievement, in another study we used a three-
state multi-state model to investigate the impact of second
autologous HSCT and its timing in multiple myeloma.31

The multi-state methodology has significantly higher potential
than standard methods and should be considered in the future
when investigating time-to-event outcomes in the presence of
one or more intermediate events.

CONFLICT OF INTEREST
UH: Janssen and Binding Site—received personal fees outside the submitted work.
SS: Janssen, Celgene and Binding Site– received personal fees outside the submitted
work. PC: Celgene—Honoraria. HG: Janssen—advisory board, speakers bureau,
research support; Celgene—advisory board, speakers bureau, research support;
Novartis—advisory board, speakers bureau, research support; Chugai—speakers
bureau, research support; Onyx—advisory board, speakers bureau; Millenium—
advisory board, speakers bureau. GG: Fujimoto Pharmaceutical Cooperation Japan—
consultant or advisory relationship; Celgene—Honoraria, research funding. The other
authors have no conflicts of interest.

ACKNOWLEDGEMENTS
We would like to thank Hein Putter (Department of Medical Statistics and
Bioinformatics, Leiden University Medical Center) for statistical input and for support

CR before and after transplant in MM
S Iacobelli et al

509

© 2015 Macmillan Publishers Limited Bone Marrow Transplantation (2015) 505 – 510



through his grant awarded by the Netherlands Organization for Scientific Research
(Grant ZONMW-912-07-018 ‘Prognostic modeling and dynamic prediction for
competing risks and multi-state models’, LCdW). Other funding (GG): Swedish Cancer
Fund; Stockholm Cancer Society; Netherlands Organization for Scientific Research.
The funding sources had no role in the design and conduction of the study, nor in
interpretation of the data or in decisions regarding writing the report and submitting
for publication.

AUTHOR CONTRIBUTIONS
Conception and design: SI, GG and DN. Collection and assembly of data: All

authors. Data analysis and interpretation: SI, LCdW, SS, CM, DN, LG, NK and GG.

Manuscript writing: All authors. Final approval of manuscript: All authors.

REFERENCES
1 Chanan-Khan AA, Giralt S. Importance of achieving a complete response in

multiple myeloma, and the impact of novel agents. J Clin Oncol 2010; 28:
2612–26124.

2 Paiva B, Gutierrez NC, Rosinol L, Vidriales MB, Montalban MA, Martinez-Lopez J
et al. High-risk cytogenetics and persistent minimal residual disease by multi-
parameter flow cytometry predict unsustained complete response after auto-
logous stem cell transplantation in multiple myeloma. Blood 2012; 119: 687–691.

3 Harousseau JL, Attal M, Avet-Loiseau H. The role of complete response in multiple
myeloma. Blood 2009; 114: 3139–3146.

4 Hoering A, Crowley J, Shaughnessy JD Jr., Hollmig K, Alssayed Y, Szymonifka J
et al. Complete remission in multiple myeloma examined as time-dependent
variable in terms of both onset and duration in Total Therapy protocols. Blood
2009; 114: 1299–1305.

5 Wang M, Delasalle K, Feng L, Thomas S, Giralt S, Qazilbash M et al. CR represents
an early index of potential long survival in multiple myeloma. Bone Marrow
Transplant 2010; 45: 498–504.

6 Attal M, Harousseau JL, Stoppa AM, Sotto JJ, Fuzibet JG, Rossi JF et al. A pro-
spective, randomized trial of autologous bone marrow transplantation and che-
motherapy in multiple myeloma. Intergroupe Francais du Myelome. N Engl J Med
1996; 335: 91–97.

7 Alexanian R, Weber D, Giralt S, Dimopoulos M, Delasalle K, Smith T et al. Impact of
complete remission with intensive therapy in patients with responsive multiple
myeloma. Bone Marrow Transplant 2001; 27: 1037–1043.

8 Child JA, Morgan GJ, Davies FE, Owen RG, Bell SE, Hawkins K et al. High-dose
chemotherapy with hematopoietic stem-cell rescue for multiple myeloma. N Engl
J Med 2003; 348: 1875–1883.

9 Attal M, Harousseau JL, Facon T, Guilhot F, Doyen C, Fuzibet JG et al. Single versus
double autologous stem-cell transplantation for multiple myeloma. N Engl J Med
2003; 349: 2495–2502.

10 Bjorkstrand B, Goldstone AH, Ljungman P, Brandt L, Brunet S, Carlson K et al.
Prognostic factors in autologous stem cell transplantation for multiple myeloma:
an EBMT Registry Study. European Group for Bone Marrow Transplantation. Leuk
Lymphoma 1994; 15: 265–272.

11 Barlogie B, Tricot G, Rasmussen E, Anaissie E, van Rhee F, Zangari M et al. Total
therapy 2 without thalidomide in comparison with total therapy 1: role of
intensified induction and posttransplantation consolidation therapies. Blood 2006;
107: 2633–2638.

12 Gahrton G, Tura S, Ljungman P, Bladé J, Brandt L, Cavo M et al. Prognostic factors
in allogeneic bone marrow transplantation for multiple myeloma. J Clin Oncol
1995; 13: 1312–1322.

13 Bjorkstrand B, Iacobelli S, Hegenbart U, Gruber A, Greinix H, Volin L et al. Tandem
autologous/reduced-intensity conditioning allogeneic stem-cell transplantation
versus autologous transplantation in myeloma: long-term follow-up. J Clin Oncol
2011; 29: 3016–3022.

14 Gahrton G, Iacobelli S, Björkstrand B, Hegenbart U, Gruber A, Greinix H
et al. Autologous/reduced-intensity allogeneic stem cell transplantation versus
autologous transplantation in multiple myeloma—long-term results of the EBMT-
NMAM2000 study. Blood 2013; 121: 5055–5063.

15 Andersen PK, Keiding N. Multi-state models for event history analysis. Stat
Methods Med Res 2002; 11: 91–115.

16 Putter H, Fiocco M, Geskus RB. Tutorial in biostatistics: competing risks and multi-
state models. Stat Med 2007; 26: 2389–2430.

17 Keiding N, Klein JP, Horowitz MM. Multi-state models and outcome prediction in
bone marrow transplantation. Stat Med 2001; 20: 1871–1885.

18 Blade J, Samson D, Reece D, Apperley J, Björkstrand B, Gahrton G, Gertz M et al.
Criteria for evaluating disease response and progression in patients with multiple
myeloma treated by high-dose therapy and haemopoietic stem cell transplan-
tation. Myeloma Subcommittee of the EBMT. European Group for Blood and
Marrow Transplant. Br J Haematol 1998; 102: 1115–1123.

19 Andersen PK, Perme MP. Inference for outcome probabilities in multi-
state models. Lifetime Data Anal 2008; 14: 405–431.

20 Liu L, Logan B, Klein JP. Inference for current leukemia free survival. Lifetime Data
Anal 2008; 14: 432–446.

21 de Wreede LC, Fiocco M, Putter H. The mstate package for estimation and pre-
diction in non- and semi-parametric multi-state and competing risks models.
Comput Methods Programs Biomed 2010; 99: 261–274.

22 Klein JP, Logan B, Harhoff M, Andersen PK. Analyzing survival curves at a fixed
point in time. Stat Med 2007; 26: 4505–4519.

23 Iacobelli S, EBMT Statistical Committee. Suggestions on the use of statistical
methodologies in studies of the European Group for Blood and Marrow Trans-
plantation. Bone Marrow Transplant 2013; 48: S1–37.

24 Tricot G, Vesole DH, Jagannath S, Hilton J, Munshi N, Barlogie B. Graft-versus-
myeloma effect: proof of principle. Blood 1996; 87: 1196–1198.

25 Aschan J, Lönnqvist B, Ringdén O, Kumlien G, Gahrton G. Graft-versus-
myeloma effect. Lancet 1996; 348: 346.

26 Corradini P, Voena C, Tarella C, Astolfi M, Ladetto M, Palumbo A et al. Molecular
and clinical remissions in multiple myeloma: role of autologous and allogeneic
transplantation of hematopoietic cells. J Clin Oncol 1999; 17: 208–215.

27 Corradini P, Cavo M, Lokhorst H, Martinelli G, Terragna C, Majolino I et al. Mole-
cular remission after myeloablative allogeneic stem cell transplantation predicts a
better relapse-free survival in patients with multiple myeloma. Blood 2003; 102:
1927–1929.

28 Kröger N, Badbaran A, Zabelina T, Ayuk F, Wolschke C, Alchalby H et al.
Impact of high-risk cytogenetics and achievement of molecular remission on
long-term freedom from disease after autologous-allogeneic tandem transplan-
tation in patients with multiple myeloma. Biol Blood Marrow Transplant 2013; 19:
398–404.

29 Klein JP, Keiding N, Shu Y, Szydlo RM, Goldman JM. Summary curves for patients
transplanted for chronic myeloid leukaemia salvaged by a donor lymphocyte
infusion: the current leukaemia-free survival curve. Br J Haematol 2000; 109:
148–152.

30 Klein JP, Szydlo RM, Craddock C, Goldman JM. Estimation of current leukaemia-
free survival following donor lymphocyte infusion therapy for patients with leu-
kaemia who relapse after allografting: application of a multistate model. Stat Med
2000; 19: 3005–3016.

31 Iacobelli S, Apperley J, Morris C. Assessment of the role of timing of second
transplantation in multiple myeloma by multistate modeling. Exp Hematol 2008;
36: 1567–1571.

Supplementary Information accompanies this paper on Bone Marrow Transplantation website (http://www.nature.com/bmt)

CR before and after transplant in MM
S Iacobelli et al

510

Bone Marrow Transplantation (2015) 505 – 510 © 2015 Macmillan Publishers Limited


	Impact of CR before and after allogeneic and autologous transplantation in multiple myeloma: results from the EBMT NMAM2000 prospective�trial
	Introduction
	Subjects and methods
	Subjects
	Statistical methods

	Results
	Survival in first CR

	Figure 1 Six states (boxes) and nine transitions (arrows) of the multi-state models for PFS (a) and for OS (b), with numbers of patients and events reported by arm, respectively, auto and auto/RICallo.
	Table 1 Cox models for PFS and OS after second transplant; overall impact of CR achievement assuming it is the same for both types of transplant
	Impact of CR on PFS and OS from second HSCT

	Figure 2 (a) Probability of survival in first CR estimated at study entry according to treatment allocation.
	Table 2 Cox models for PFS and OS after second transplant; impact of CR achievement allowed to vary according to type of transplant
	Figure 3 Probability of survival in first CR estimated at 4�months after first transplant according to actual administration of second transplant.
	Figure 4 Impact of CR achieved after second transplant on PFS (a, b) and OS (c, d) by dynamic prediction.
	Discussion
	We would like to thank Hein Putter (Department of Medical Statistics and Bioinformatics, Leiden University Medical Center) for statistical input and for support through his grant awarded by the Netherlands Organization for Scientific Research (Grant ZONMW
	We would like to thank Hein Putter (Department of Medical Statistics and Bioinformatics, Leiden University Medical Center) for statistical input and for support through his grant awarded by the Netherlands Organization for Scientific Research (Grant ZONMW
	ACKNOWLEDGEMENTS
	Chanan-Khan AA, Giralt S. Importance of achieving a complete response in multiple myeloma, and the impact of novel�agents. J Clin Oncol 2010; 28: 2612&#x02013;26124.Paiva B, Gutierrez NC, Rosinol L, Vidriales MB, Montalban MA, Martinez-Lopez J  High-risk 
	REFERENCES




