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TRANSPLANTATION
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The best conditioning regimen before al-
logeneic transplantation for high-risk dif-
fuse large B-cell lymphoma (DLBCL) re-
mains to be clarified. We analyzed data
from 396 recipients of allotransplants for
DLBCL receiving myeloablative (MAC;
n � 165), reduced intensity (RIC; n � 143),
or nonmyeloablative conditioning (NMAC;
n � 88) regimens. Acute and chronic
GVHD rates were similar across the
groups. Five-year nonrelapse mortality
(NRM) was higher in MAC than RIC and

NMAC (56% vs 47% vs 36%; P � .007).
Five-year relapse/progression was lower
in MAC than in RIC/NMAC (26% vs 38% vs
40%; P � .031). Five-year progression-
free survival (15%-25%) and overall sur-
vival (18%-26%) did not differ signifi-
cantly between the cohorts. In multivariate
analysis, NMAC and more recent trans-
plant year were associated with lower
NRM, whereas a lower Karnofsky perfor-
mance score (< 90), prior relapse resis-
tant to therapy, and use of unrelated

donors were associated with higher NRM.
NMAC transplants, no prior use of ritux-
imab, and prior relapse resistant to
therapy were associated with a greater
risk of relapse/progression. In conclu-
sion, allotransplantation with RIC or
NMAC induces long-term progression-
free survival in selected DLBCL patients
with a lower risk of NRM but with higher
risk of lymphoma progression or relapse.
(Blood. 2012;120(20):4256-4262)

Introduction

Approximately 80% of patients with diffuse large B-cell lymphoma
(DLBCL) and other aggressive lymphomas may be cured by
modern therapy.1-3 Some of those who do not achieve remission or
who relapse can be rescued by high-dose chemotherapy and an
autologous hematopoietic cell transplant (AHCT).4 Others, includ-
ing those relapsing after an AHCT, are sometimes treated with an
allogeneic transplant (alloHCT).5,6 However, because of the rela-
tively low numbers of DLBCL patients included in published
reports of alloHCT, the heterogeneity of histologic subtypes,
differing conditioning protocols, and the short follow-up, the role
of alloHCT for DLBCL patients still remains unclear. The use of
myeloablative conditioning (MAC) was shown to achieve long-
term survival of 40%-50%, but high transplant-related mortality up
to 30%-40% seemed to limit this option to selected patients.7-9 It
remains to be seen whether reduced-intensity conditioning (RIC)
and nonmyeloablative conditioning (NMAC) may result in im-
proved outcomes of lymphoma patients, as higher relapse rates
between 30% and 80% were reported.10-15

We analyzed outcomes of 396 recipients of alloHCT for
DLBCL reported to the Center for International Blood and Marrow
Transplant Research (CIBMTR) to compare these conditioning
approaches.

Methods

Subject selection

We reviewed all subjects with DLBCL reported to the CIBMTR 2000-2009
and included adult recipients of a first allogeneic HLA-matched related or
unrelated T cell replete grafts for primary induction failure or relapse of
DLBCL. All subjects whose data were included in this study provided
institutional review board-approved consent to participate in the CIBMTR
Research Database and have their data included in observational research
studies. Each individual study does not receive institutional review board
approval as these studies are not human subject research studies according
to the OHRP Guidance on Research Involving Coded Private Information
or Biologic Specimens (October 16, 2008). Individual studies, including
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this one, undergo administrative review by the institutional review board
chair to ensure that the study, which was conducted in accordance with the
Declaration of Helsinki, meets the criteria in the CIBMTR Research
Database protocol. Subjects � 18 or � 70 years of age (n � 19), twin
transplants (n � 4), recipients with in vitro T cell–depleted transplants
(n � 25), related mismatched donor (n � 13), complete response 1 status
before transplantation (n � 15), recipients with � 6 months from autolo-
gous to allogeneic transplant (n � 12), recipients of cord blood cell grafts
(n � 17), and recipients of second allogeneic transplants were excluded
(n � 3). A total of 396 patients with DLBCL met the inclusion criteria;
228 were male. Median age was 54 years (range, 18-69 years). A total of
125 (32%) patients received a prior AHCT. A total of 129 patients received a
related HLA-matched transplant, 267 received an unrelated donor alloHCT
(HLA-matched: n � 168; partially HLA-matched: n � 68; HLA-

mismatched: n � 31) after MAC (n � 165, 42%), RIC (n � 143, 36%), or
NMAC (n � 88, 22%) regimens (see “Study endpoints and definitions”).
Antithymocyte globulin was given to 88 subjects (Tables 1 and 2).

Study end points and definitions

Outcomes analyzed included engraftment rate, nonrelapse mortality
(NRM), relapse/progression, progression-free survival (PFS), and over-
all survival (OS). The intensity of conditioning was categorized based
on consensus criteria.16 Neutrophil recovery was defined as the first of
3 subsequent days with absolute neutrophil counts � 0.5 � 109/L
without growth factor support. Platelet recovery was defined as the first
of 7 subsequent days with platelet counts � 20 � 109/L without platelet
transfusions. NRM was defined as death from any cause in the first

Table 1. Characteristics of patients in the different conditioning groups

Parameter MAC (n � 165) RIC (n � 143) NMAC (n � 88) P

Median age, y (range) 48 (18-66) 54 (20-69) 54 (19-69) � .001

Age group at alloHCT, y

18-29 22 (13%) 14 (10%) 7 (8%) .001

30-39 27 (16%) 20 (14%) 13 (15%)

40-49 49 (30%) 25 (17%) 11 (13%)

50-59 58 (35%) 55 (38%) 35 (40%)

60-64 7 (4%) 23 (16%) 16 (18%)

Male sex 97 (59%) 87 (61%) 44 (50%) .248

Karnofsky score at alloHCT � 90 63 (38%) 56 (39%) 36 (41%) .977

Lymphoma stage at diagnosis

I-II 42 (25%) 44 (31%) 34 (39%) .007

III-IV 118 (72%) 85 (59%) 45 (51%)

Missing 5 (3%) 14 (10%) 9 (10%)

BM involvement at diagnosis 43 (26%) 35 (24%) 14 (16%) .039

B symptoms at diagnosis 75 (45%) 38 (27%) 22 (25%)

No. of chemotherapy lines before alloHCT

1 4 (2%) 4 (3%) 2 (2%) .002

2 41 (25%) 24 (17%) 6 (7%)

3 38 (23%) 25 (17%) 18 (20%)

4 33 (20%) 45 (31%) 32 (36%)

5 40 (24%) 34 (24%) 30 (34%)

Missing 9 (6%) 11 (8%) 0

Radiation before alloHCT 53 (32%) 68 (48%) 44 (50%) .005

Rituximab before alloHCT 106 (64%) 96 (67%) 64 (73%) .392

Prior autologous HCT 29 (18%) 51 (36%) 45 (51%) � .001

Disease status before transplantation

PIF-sensitive 35 (21%) 14 (10%) 7 (8%) � .001

PIF-resistant 41 (25%) 21 (15%) 6 (7%)

Relapse-sensitive 32 (19%) 36 (25%) 24 (27%)

Relapse-resistant 28 (17%) 22 (15%) 17 (19%)

CR2� 19 (12%) 34 (24%) 30 (34%)

Relapse untreated/unknown 2 (1%) 3 (2%) 1 (1%)

Missing 8 (5%) 13 (9%) 3 (3%)

Median interval from diagnosis to alloHCT, mo (range) 17 (4-238) 27 (5-309) 36 (8-198) � .001

Interval between diagnosis and alloHCT, mo

� 12 49 (30%) 18 (13%) 8 (9%) � .001

12-24 58 (35%) 44 (31%) 21 (24%)

24-36 16 (10%) 24 (17%) 15 (17%)

36-60 15 (9%) 25 (17%) 20 (23%)

� 60 25 (15%) 29 (20%) 24 (27%)

Interval from autologous to allogeneic HCT, mo

6-12 12 (41%) 15 (29%) 10 (22%) .263

12-24 12 (41%) 17 (33%) 17 (38%)

24-36 1 (3%) 10 (20%) 4 (9%)

36-48 1 (3%) 4 (8%) 4 (9%)

48-60 0 2 (4%) 4 (9%)

� 60 3 (10%) 3 (6%) 6 (13%)

No prior autologous HCT 136 (82%) 92 (64%) 43 (49%)

IPI indicates international prognostic index; PIF, primary induction failure; REL, relapse; and CR, complete remission.
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28 days or death without evidence of lymphoma progression/relapse.
Progression was defined as an increase of � 25% in the sites of
lymphoma or development of new sites of lymphoma.17 Relapse was
defined as recurrence of lymphoma after a complete response. For PFS,
patients were considered treatment failures at the time of relapse/
progression or death from any cause. Patients alive without evidence of
disease relapse or progression were censored at last follow-up, and the

PFS event was summarized by a survival curve. The OS interval variable
was defined as the time from date of transplantation to date of death or
last contact and summarized by a survival curve.

Other outcomes analyzed included acute GVHD (aGVHD)18 and
chronic GVHD (cGVHD)19 graded by established criteria and cause of
death. “Well matched” was defined as no known disparity between
donor and recipient at HLA A, B, C, and DRB1 (8 of 8), partially

Table 2. Characteristics of transplantation in the different conditioning intensity groups

Parameter MAC (n � 165) RIC (n � 143) NMAC (n � 88) P

Year of allogeneic HCT

Before 2004 (2000-2003) 87 (53%) 46 (32%) 32 (36%) � .001

After 2004 (2004-2009) 78 (47%) 97 (68%) 56 (64%)

HLA match

HLA-identical sibling 66 (40%) 37 (26%) 26 (30%) .121

Unrelated well HLA-matched 55 (33%) 69 (48%) 44 (50%)

Unrelated partially matched 29 (18%) 26 (18%) 13 (15%)

Unrelated mismatched 7 (4%) 5 (3%) 1 (1%)

Unrelated matching to be defined 8 (5%) 6 (4%) 4 (5%)

Donor/recipient sex match

Male/male 59 (36%) 64 (45%) 28 (32%) .359

Male/female 37 (22%) 34 (24%) 25 (28%)

Female/male 36 (22%) 22 (15%) 15 (17%)

Female/female 30 (18%) 21 (15%) 16 (18%)

Donor/recipient CMV serostatus

Positive/positive 42 (25%) 38 (27%) 23 (26%) .753

Positive/negative 20 (12%) 17 (12%) 9 (10%)

Negative/positive 57 (35%) 36 (25%) 27 (31%)

Negative/negative 41 (25%) 48 (34%) 25 (28%)

Missing 5 (3%) 4 (3%) 4 (5%)

Graft source

BM 46 (28%) 28 (20%) 13 (15%) .039

Peripheral blood stem cells 119 (72%) 115 (80%) 75 (85%)

Conditioning regimens

MAC

CY/TBI 90 (55%) 0 0

BU/CY 38 (23%) 0 0

Bu/MEL 6 (4%) 0 0

FLU/MEL 4 (2%) 0 0

FLU/BU 15 (9%) 0 0

MEL 200 1 (1%) 0 0

RIC

BU/CY-low dose 0 2 (1%) 0

FLU/MEL-low dose 0 44 (31%) 0

FLU/BU-low dose 0 49 (34%) 0

CY/VP16 � BU 0 11 (8%) 0

FLU/ATG 0 1 (1%) 0

BEAM � similar 0 17 (12%) 0

TBI based-RIC per center 0 3 (2%) 0

TBI-low dose-RIC per center 0 7 (5%) 0

NMAC

TBI based 0 0 4 (5%)

TBI-low dose 0 0 29 (33%)

FLU/CY 0 0 42 (48%)

Others

Other/unspecified 11 (7%) 9 (6%) 13 (15%)

TBI in conditioning 90 (55%) 15 (10%) 33 (38%) � .001

ATG at conditioning regimen or GVHD prophylaxis

ATG at conditioning regimen 27 (16%) 40 (28%) 21 (24%) .046

GVHD prophylaxis

FK506 � MTX � other 77 (47%) 50 (35%) 14 (16%) � .001

FK506 � other 22 (13%) 45 (31%) 20 (23%)

CsA � MTX � other 50 (30%) 20 (14%) 5 (6%)

CsA � other 13 (8%) 26 (18%) 45 (51%)

Median Follow-up of survivors, mo (range) 39 (3-108) 41 (3-87) 59 (12-99)

CY indicates cyclophosphamide; BU, busulfan; TBI, total body irradiation; Flu, fludarabine; MEL, melphalan; BEAM: carmustine, etoposide, cytarabine, melphalan; VP-16,
etoposide; ATG, antithymocyte globulin; MTX, methotrexate; CsA, cyclosporine A; and FK506, tacrolimus.
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matched as one known or one likely disparity, and mismatched
as � 2 disparities.20

Statistical analysis

Subject-, disease-, and transplant-related variables for the 3 cohorts based
on conditioning intensity (MAC, RIC, and NMAC) were compared using
the �2 test for categorical and the Kruskal-Wallis test for continuous
variables. Univariate probabilities of PFS and survival were calculated
using the Kaplan-Meier estimator. Probabilities of aGVHD and cGVHD,
NRM, and relapse/progression were calculated using cumulative incidence
curves to accommodate competing risks. Conditioning regimens were
compared using multivariate Cox proportional hazards regression models
adjusting for risk factors significantly associated with outcomes. Factors
significant at P � .05 level were retained in the final model.

Results

Changing use of pretransplant conditioning regimens

The use of MAC decreased over time (comparing 2000-2003 with
2004-2009; P � .001). In years 2000-2003, proportion of MAC
was 53% versus 34% in 2004-2009, whereas RIC increased from
28% in 2000-2003 to 42% in 2004-2009. The proportion of
NMAC-transplants was 19% in 2000-2003 versus 24% in
2004-2009.

Subjects

Subject-, disease-, and transplant-related variables of the MAC,
RIC, and NMAC cohorts are summarized in Tables 1 and 2.
Karnofsky performance score did not differ significantly. MAC
subjects were significantly younger (medians 48 vs 54 vs 54 years;

P � .001), more often had stage 3/4 disease (72% vs 59% vs 51%;
P � .007) and B-symptoms at diagnosis (45% vs 27% vs 25%;
P � .003) compared with the RIC and NMAC patients. MAC patients
were less likely to receive a prior autotransplant (18% vs 36% vs 51%;
P � .001) or radiation before transplantation (32% vs 48% vs 50%;
P � .005). MAC subjects had a higher incidence of prior resistant
lymphoma to therapy (42% vs 30% vs 26%; P � .001).

MAC regimens were based in most cases (128 of 165) on a
combination of cyclophosphamide (120 mg/kg) with total body
irradiation (TBI, 12 Gy) or with busulfan (� 9 mg/kg oral or
equivalent intravenous). The majority of RIC regimens (118 of
143) were based on combination of fludarabine (150 mg/m2) with
busulfan (� 9 mg/kg) or melphalan (� 150 mg/m2). NMAC regi-
mens were based on low-dose TBI (2-5 Gy) combined with
fludarabine (29 of 88 subjects) or on fludarabine with cyclophosph-
amide (42 of 88 subjects).

Transplant outcomes

Table 3 summarizes univariate probabilities of all outcomes of
interest after transplantation. Supplemental Table 1 (available on
the Blood Web site; see the Supplemental Materials link at the top
of the online article) displays variables tested in Cox proportional
hazards regression models. Table 4 summarizes variables that had
an impact on each study outcome.

Engraftment

Cumulative incidence of neutrophil recovery at days 28 and 100 after
transplantation was significantly higher after RIC (day 28: 96%,
95% CI, 90%-98%; day 100: 99%, 95% CI, 94%-100%) and NMAC
(day 28: 92%, 95% CI, 83%-96%; day 100: 97%, 95% CI, 90%-99%)

Table 3. Univariate outcomes after transplantation

Outcome event

MAC (n � 165) RIC (n � 143) NMAC (n � 88)

n Probability (95% CI) n Probability (95% CI) n Probability (95% CI) P*

Time to ANC � 0.5 � 109/L 164 143 88

28 d 86 (80-90) 96 (90-98) 92 (83-96) .012

100 d 88 (82-92) 99 (94-100) 97 (90-99) � .001

aGVHD (II-IV) 164 143 88

100 d 43 (36-51) 43 (35-51) 44 (34-55) .970

cGVHD 163 137 88

1 y 35 (28-43) 39 (31-47) 33 (24-43) .641

3 y 37 (30-45) 41 (32-49) 37 (27-47) .794

5 y 37 (30-45) 42 (34-51) 37 (27-47) .605

NRM 163 142 86

100 d 32 (25-39) 24 (17-31) 17 (10-26) .029

1 y 47 (39-54) 31 (24-39) 29 (20-39) .004

3 y 55 (47-63) 42 (34-50) 34 (24-45) .003

5 y 56 (48-64) 47 (38-56) 36 (26-46) .007

Relapse/progression 163 142 86

1 y 23 (17-30) 32 (25-40) 37 (27-48) .043

3 y 26 (19-33) 35 (27-43) 38 (28-49) .078

5 y 26 (19-33) 38 (30-46) 40 (30-50) .031

PFS 163 142 86

1 y 30 (23-38) 37 (29-45) 34 (24-44) .487

3 y 19 (13-25) 23 (16-31) 27 (18-37) .309

5 y 18 (12-24) 15 (9-23) 25 (16-34) .309

OS 165 143 88

1 y 38 (31-45) 46 (37-54) 45 (35-56) .315

3 y 21 (15-28) 27 (20-35) 29 (20-39) .302

5 y 18 (12-25) 20 (13-29) 26 (17-36) .365

n indicates number of patients; and ANC, absolute neutrophil count.
*Probabilities of neutrophil recovery, platelet recovery, aGVHD, cGVHD, NRM, and progression/relapse were calculated using the cumulative incidence estimate. PFS and

OS were calculated using the Kaplan-Meier product limit estimate.
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compared with MAC regimens (day 28: 86%, 95% CI, 80%-90%;
P � .012; day 100: 88%, 95% CI, 82%-92%; P � .001).

NRM

MAC regimens were associated with higher NRM compared with
RIC and NMAC regimens (100-day NRM: 32% vs 24% vs 17%;
P � .029; 1-year NRM: 47% vs 31% vs 29%; P � .004; 5-year
NRM: 56% vs 47% vs 36%; P � .007; Figure 1). In multivariate
analysis, NMAC (HR � 0.58, 95% CI, 0.36-0.97; P � .026) and
RIC (HR � 0.71, 95% CI, 0.49-1.03; P � .069) were associated
with lower NRM compared with MAC. Significant covariates
associated with a higher NRM included Karnofsky performance
score � 90% (HR � 1.51, 95% CI, 1.10-2.08; P � .011), and
HLA-mismatched unrelated donor status (HR � 2.32, 95% CI,
1.57-3.43; P � .001). Transplants performed after year 2004
(HR � 0.49; P � .001) and chemotherapy-sensitive relapse before
transplantation (HR � 0.5; 95% CI, 0.31-0.81; P � .005) were
associated with lower NRM.

Relapse/progression

Cumulative incidence of relapse/progression at 1, 3, and 5 years
after alloHCT was higher after NMAC and RIC than MAC
regimens (at 1 year: 37% vs 32% vs 23%; P � .043; at 3 years:
38% vs 35% vs 26%; P � .078; at 5 years: 40% vs 38% vs 26%;
P � .031; Figure 1). NMAC regimens (HR � 2.14, 95% CI,
1.29-3.54; P � .003) and RIC (HR � 1.45, 95% CI, 0.94-2.26;
P � .096) were associated with a higher risk of relapse/
progression in multivariate analysis compared with MAC.
Significant covariates associated with a higher risk of relapse/

progression were no therapy with rituximab before transplant
(HR � 1.69, 95% CI, 1.15-2.48; P � .008), chemoresistant
primary induction failure (HR � 3.23, 95% CI, 1.55-6.69;
P � .002), and chemotherapy resistant relapse before transplant
(HR � 3.6, 95% CI, 1.72-7.55; P � .001).

PFS

PFS was similar at 1, 3, and 5 years after transplantation between
MAC, RIC, and NMAC regimens (at 1 year: 30% vs 37% vs 34%;
P � .487; at 3 years: 19% vs 23% vs 27%; P � .309; at 5 years:
18% vs 23% vs 25%; P � .309; Figure 1). In multivariate analysis,
PFS was similar for patients from RIC (HR � 1.05, 95% CI,
0.79-1.39; P � .74) and NMAC cohorts (HR � 1.05, 95% CI,
0.75-1.47; P � .788) compared with the MAC cohort. Significant
covariates associated with lower PFS included lower Karnofsky
performance status (HR � 1.43, 95% CI, 1.12-1.83; P � .004) and
chemotherapy-resistant relapse (HR � 2.49, 95% CI, 1.74-3.57;
P � .001). Transplantation performed in year 2004 or later was
associated with superior PFS and lower risk of treatment failure
(HR � 0.61, 95% CI, 0.48-0.78; P � .001).

Survival

Survival at 1, 3, and 5 years did not differ significantly between
MAC, RIC, and NMAC regimens (at 1 year: 38% vs 46% vs
45%; at 3 years: 21% vs 27% vs 29%; at 5 years: 18% vs 20% vs
26%). Covariates significantly correlated with lower survival
and higher mortality included Karnofsky performance score � 90
(HR � 1.48, 95% CI, 1.16-1.90; P � .002) and chemotherapy-
resistant relapse (HR � 1.70, 95% CI, 1.14-2.56; P � .010).
Transplants performed in 2004 or later were associated with
lower mortality (HR � 0.60; 95% 0.47-0.76; P � .001).

Secondary outcomes

The incidence of grade � 2 aGVHD (43%; 95% CI, 36%-51%
both for MAC and RIC, 44%; 95% CI, 34%-55% for NMAC), and
cGVHD at 5 years (37%; 95% CI, 30%-45% both for MAC and
NMAC, 42%; 95% CI, 34%-51% for RIC) did not differ signifi-
cantly between the cohorts.

Cause of death

The main cause of death among all 3 cohorts was relapsed/progressive
lymphoma (MAC, 38%; RIC, 39%; NMAC, 48%). Other leading
causes of deaths were sepsis/severe infection (MAC, 21%; RIC, 16%;

Table 4. Multivariate analysis

Reference group

NRM Relapse/PD Treatment failure/PFS Mortality/OS

P HR P HR P HR P HR

Main effect .71*/.58† 0.069*/0.026† 1.45*/2.14† 0.096*/0.003† 1.05*/1.05† 0.740*/0.788† .96*/.84† 0.761*/0.301†

Karnofsky‡ 1.51 0.011 — — 1.43 0.004 1.48 0.002

Donor type§ 2.32 � 0.001 — — — — — —

Disease status� 2.79/1 � 0.001�/— 2.06�/3.23¶ 0.006�/0.002¶ 2.49�/1.47¶ � 0.001�/0.056¶ 2.37�/— � 0.001�/—
No rituximab before alloHCT# — — 1.69 0.008 — — — —

Year of alloHCT** .49 � 0.001 — — .61 � 0.001 .60 � 0.001

— indicates not applicable; and PIF, primary induction failure.
*RIC-resistant versus MAC (reference group).
†NMAC versus MAC (reference group).
‡� 90% versus � 90% (reference group).
§Other versus sibling MRD (reference group).
�Relapse-resistant versus sensitive (reference group).
¶PIF-resistant versus sensitive (reference group).
#Versus used.
**After 2004 vs before 2004 (reference group).

Figure 1. Illustration of PFS, progression/relapse, and NRM in the different
conditioning groups. NST indicates nonmyeloablative stem cell transplantation;
Prog, progression; and Rel, relapse.
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NMAC, 16%), organ failure (MAC, 14%; RIC, 13%; NMAC, 6%), and
GVHD (MAC, 11%; RIC, 8%; NMAC: 6%).

Discussion

In contrast to autologous HCT, which represents a standard
second-line approach for relapsed/refractory patients with DLBCL,
alloHCT that is performed in some centers as third-line approach is
no standard option for this disease entity. A limited number of
studies evaluating the outcomes of alloHCT in DLBCL have been
published, and the heterogeneity of patients in these reports does
not allow definite conclusions to be drawn regarding this
approach.10,21-25 The current study is the largest report comparing
outcomes after conditioning regimens of different intensity (includ-
ing 164 MAC, 143 RIC, and 88 NMAC) in DLBCL patients.
Patient-, disease-, and transplant-related differences observed be-
tween the different conditioning groups reflect the expected effect
of patient selection, with the MAC cohort having lower median
age, higher incidence of advanced and chemorefractory disease,
and less use of radiotherapy or autotransplantation before allotrans-
plantation. The patients in the 3 conditioning groups were different
regarding disease characteristics as those patients with poor
prognosis (eg, with chemorefractory disease) underwent more
aggressive MAC transplantations. In this setting, the potential of
the alloHCT based on the graft-versus-lymphoma effect might be
insufficient because of still increased tumor burden after the
conditioning.

In one major aspect, conditioning intensity affected the out-
comes. Both the short- and long-term NRM was higher for MAC
compared with the RIC and NMAC patients: The MAC cohort had
a higher day-100 NRM (� 30%), and also 5-year NRM. Similarly,
in an EBMT analysis studying 101 DLBCL patients, van Kampen
et al observed a 3-year NRM of 41% after MAC compared with
20% in RIC.5 Lazarus et al reported a high NRM of 45% at 5 years
in 79 DLBCL patients who received related donor alloHCT with
MAC, primarily combinations of cyclophosphamide with 12 Gy
TBI or with busulfan as second-line approach after initial chemo-
therapy.26 Regarding the RIC/NMAC transplants, we found a
similar NRM rate compared with previous studies reporting on
NRM rates between 23% and 28%.12,15,27 A lower Karnofsky
performance status, a history of chemotherapy resistant relapse
before alloHCT, or the use of unrelated donors impacted adversely
on NRM in our study.

On the other hand, the cumulative incidence of relapse/
progression at 5 years was higher after NMAC and RIC with 40%
and 38% compared with MAC with 26% (P � .031) in our study.
This is also similar to previous studies reporting relapse rates of
33%-41% after RIC regimens for DLBCL patients.12,14,15 After
MAC alloHCT, Doocey et al documented a 5-year relapse rate of
32% in patients with different aggressive lymphoma entities,
including DLBCL,8 and Lazarus et al observed a relapse rate of
33% at 5 years for DLBCL patients.26 Besides the negative impact
of RIC regimens, nonreceipt of rituximab before transplantation
and chemoresistant disease adversely impacted on relapse.

Finally, we found no difference in survival between the
3 conditioning groups. Although the OS and PFS after MAC
(18% each at 5 years) were comparable with other studies,26

survival outcomes after RIC (5-year OS, 20%; PFS, 15%) and
NMAC (5-year OS, 26%; PFS, 25%) in our study was lower
compared with other studies (OS, 45%-52%; PFS, 35%-
48%).5,12,14,15 Thomson et al observed a 4-year PFS of 48% after

RIC,14 whereas Lazarus et al observed a 5-year PFS of 22% after
MAC alloHCT.26 These differences between the results in this
study and the previous literature are probably the result of different
patient selection criteria. Karnofsky performance status, disease
status before alloHCT, and year of transplantation were significant
predictors regarding the PFS and OS.

As the present study was based on a retrospective multicenter
registry analysis, limitations regarding the patients’ demographics
between 3 conditioning groups with possible bias should be taken
into account. Nevertheless, the present data and the previous
studies clearly demonstrate that allogeneic HCT may be curative
for selected patients with relapsed, poor-risk DLBCL. The higher
NRM after use of MAC regimens and the association of the relapse
with the conditioning intensity provide an orientation for selecting
the most appropriate conditioning strategies. The use of rituximab
before HCT according to our study may reduce the relapse/
progression rate after transplantation; however, it needs to be
further investigated in large prospective studies. In summary,
younger DLBCL patients and patients with little comorbidity may
receive additional reduction in relapse risk from MAC regimens,
whereas elderly patients or those with severe comorbidities may be
selected for RIC regimens that are associated with lower NRM.
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