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Autologous(auto-) and allogeneic(allo-) hematopoietic stem cell transplantation (HSCT) are key treatments for relapsed/refractory
diffuse large B-cell lymphoma (DLBCL), although their roles are challenged by CAR-T-cells and other immunotherapies. We
examined the transplantation trends and outcomes for DLBCL patients undergoing auto-/allo-HSCT between 1990 and 2021
reported to EBMT. Over this period, 41,148 patients underwent auto-HSCT, peaking at 1911 cases in 2016, while allo-HSCT saw a
maximum of 294 cases in 2018. The recent decline in transplants corresponds to increased CAR-T treatments (1117 cases in 2021).
Median age for auto-HSCT rose from 42 (1990-1994) to 58 years (2015-2021), with peripheral blood becoming the primary stem
cell source post-1994. Allo-HSCT median age increased from 36 (1990-1994) to 54 (2015-2021) years, with mobilized blood as the
primary source post-1998 and reduced intensity conditioning post-2000. Unrelated and mismatched allo-HSCT accounted for 50%
and 19% of allo-HSCT in 2015-2021. Three-year overall survival (OS) after auto-HSCT improved from 56% (1990-1994) to 70%
(2015-2021), p < 0.001, with a decrease in relapse incidence (RI) from 49% to 38%, while non-relapse mortality (NRM) remained
unchanged (4%). After allo-HSCT, 3-year-OS increased from 33% (1990-1999) to 46% (2015-2021) (p < 0.001); 3-year Rl remained at
39% and 1-year-NRM decreased to 19% (p < 0.001). Our data reflect advancements over 32 years and >40,000 transplants, providing
insights for evaluating emerging DLBCL therapies.
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INTRODUCTION

The first reports on autologous and allogeneic transplantation of
hematopoietic stem cells performed in end-stage patients with
relapsed or refractory aggressive lymphoma were published in the
early 1990s [1-6]. The basic principles of transplantation first
described in patients with leukemia were shown to also apply to

patients with lymphoma: the superior anti-tumor effect of dose-
escalated chemotherapy to prepare patients for transplantation,
better outcomes of patients with chemo-sensitive as compared to
chemo-refractory disease, and the favorable survival of patients
transplanted in complete or partial remission as opposed to
patients being refractory to salvage chemotherapy [7-9]. Results
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of allogeneic bone marrow transplantation suggested the
existence of a graft-versus-lymphoma effect (GvL) comparable to
the graft-versus-leukemia effect described earlier [10]. The albeit
limited success of allo-HSCT in patients with completely chemor-
efractory disease and the ability of donor lymphocyte infusions
(DLI) to induce further remissions in patients relapsing after allo-
HSCT have repeatedly been taken as an evidence of GvL [11-15].
Further relying on the therapeutic potential of donor T-cells,
conditioning shifted from myeloablative conditioning (MAC) to
reduced-intensity conditioning (RIC) especially in patients with
chemosensitive disease and low tumor burden [12, 13, 16-19]. RIC
also resulted in expanded access to allo-HSCT for older and frail
patients [12, 13, 17]. The switch from bone marrow to G-CSF-
mobilized blood as the preferred stem cell source, first reported
for auto-HSCT [20, 21] and later for allo-HSCT [22], also contributed
to the steep increase of transplant numbers observed for all
lymphomas in the new millennium [23]. Large donor registries and
the adoption of haplo-identical transplantation helped finding a
suitable donor for almost every patient within a short period of
time. Unfortunately, despite all progress made in donor-recipient
matching, conditioning, GvHD prophylaxis, and supportive care,
allo-HSCT remains loaded with a relatively high treatment-related
mortality (TRM), primarily due to graft-versus-host disease [13, 16].

In recent years, transplantation of B-cell lymphoma patients has
come under scrutiny by the development of CD19-directed
chimeric antigen receptor (CAR) T-cells which show promising
efficacy without the high TRM typical for allo-HSCT [24-27].

Here, we describe the pivotal changes in transplant modalities
and outcomes of auto- and allo-HSCT for diffuse large B-cell
lymphoma (DLBCL) in a very large cohort of patients registered
with the European Society for Blood and Marrow Transplantation
(EBMT) over 32 years. These benchmarking data will help to assess
new therapeutic strategies for patients with DLBCL.

METHODS

Data collection

We conducted a retrospective analysis of patients registered with the
EBMT. Details describing the data collection process, quality management,
and data hosting have been published previously [28]. All participating
institutions are required to obtain written informed consent from patients
prior to registration with EBMT, following the current version of the
Helsinki Declaration. Numbers of auto-HSCT, allo-HSCT, and CAR T-cell
infusions performed in adult patients with DLBCL between 1990 and 2021
were collected from centers reporting to the EBMT. For CAR T-cells,
numbers were available from 2016 to 2021. Adult patients =18 years
diagnosed with DLBCL receiving auto-HSCT as a first transplant or allo-
HSCT as first transplant or after previous auto-HSCT, grafted between 1990
and 2021 were identified in the EBMT registry. For this analysis, patients
with DLBCL were considered, including germinal center B-cell type (GCB)
DLBCL, activated B-cell type (ABC or non-GCB) DLBCL, DLBCL not otherwise
specified (NOS), primary cutaneous DLBCL, EBV-positive DLBCL, DLBCL
associated with chronic inflammation, intravascular large B-cell lymphoma,
ALK-positive large B-cell lymphoma, Human Herpesvirus-8 (HHV8) positive
DLBCL, NOS as well as additional DLBCL-related subtypes as shown in Fig.
S1. Eligible patients were registered by 578 transplant centers. Over the 32-
year period from 1990 to 2021, the process of data reporting to EBMT
evolved in accordance with national and center-specific regulations. EBMT
members are generally required to report all cases, but consistent data
reporting is the responsibility of individual centers. Consequently, we are
unable to report to which extent the number of cases reported to EBMT
reflects the number of cases actually transplanted in the countries covered
by our report and how the number of reported compared to actually
transplanted cases may have changed over time. Centers contributing 200
or more patients are listed in Table S1.

Definitions

Diagnosis of DLBCL was based on local pathology review using criteria
effective at the time of diagnosis. Disease stage was classified according to
the Ann Arbor staging system. Refractory disease was defined as disease
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progressing during first-line (immuno-)chemotherapy or in patients with
transient response [complete (CR) or partial response (PR) lasting
<3 months] after induction treatment. Relapse was diagnosed in case of
lymphoma recurrence occurring at least 3 months after end of therapy in
patients having achieved CR. Disease status was assessed by individual
investigators according to standard criteria at the time patients were
referred for transplantation and classified as CR, PR, stable disease (SD) and
progressive disease (PD). Regimens containing TBI>6 Gy, total oral
busulfan >8 mg/kg or a total of intravenous busulfan >6.4 mg/kg body
weight were classified as myeloablative, all other regimens were classified
as reduced intensity conditioning (RIC) [29]. The diagnosis and grading of
acute GvHD (aGvHD) and chronic GvHD (cGvHD) were made by transplant
centers according to established criteria [30, 31].

Statistical analysis

Endpoints analyzed were progression-free survival (PFS) defined as survival
without lymphoma relapse or progression, overall survival (OS) defined as
time from transplantation to death from any cause; non-relapse mortality
(NRM) defined as death without previous lymphoma relapse and relapse
incidence (Rl) defined as disease recurrence after transplantation. In
patients receiving allo-HSCT, the incidence and severity of aGvHD and
cGvHD were analyzed. All outcomes were measured from the day of
transplantation. Surviving patients were censored at the time of last
contact. The probabilities of OS and PFS were calculated using the
Kaplan-Meier method. We calculated cumulative incidences for Rl and
NRM using a competing risk model, where death was treated as a
competing event for relapse. Death and relapse were considered as
competing events for aGvHD and ¢GvHD. Demographics were compared
between groups using the chi- squared test or Fisher's exact test for
categorical variables and the Mann-Whitney U test for continuous
variables. Univariate analyses were performed using the log-rank test for
PFS and OS, while Gray's test was used for competing risk outcome data.
Multivariate analyses were performed using the Cox proportional-hazards
regression model. Results were reported as hazard ratios (HR) with a 95%
confidence interval (95% Cl). All statistical tests were two-sided with a type
| error fixed at 0.05 for factors associated with time-to-event outcomes. All
analyses were performed using R version 4.3.3 with the R packages survival
version 3.5-8, cmprsk version 2.2-11 and Hmisc version 5.1-2. (R Core Team.
R: a language for statistical computing. 2014. R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

Evolution of transplantation and CAR T-cell numbers

over time

In total, 41,148 auto-HSCTs and 4562 allo-HSCTs for DLBCL
meeting the inclusion criteria were registered with EBMT between
1990 and 2021. As shown in Fig. 1A, transplantation activities
constantly increased over time. Annual numbers of auto-HSCT
increased from 92 in 1990 to reach a maximum of 1911 in 2016;
allo-HSCT increased from 5 in 1990 to 294 in 2018. After 2018, the
numbers of auto-HSCT and allo-HSCT sharply declined with no
more than 1503 and 192 HSCT reported for 2021, respectively.
Conversely, the number of CAR T-cell infusions steeply increased
since 2016 (3 CAR T-cell therapies reported to EBMT) to 1117 in
2021 (Fig. 1A).

Detailed clinical data were available for 43,260 DLBCL patients,
of which 41,148 received an auto-HSCT and 4562 underwent allo-
HSCT (2450 patients received allo-HSCT after auto-HSCT). The
number of reporting centers as well as the number of patients per
center increased over time. The number of patients receiving
auto-HSCT in CR or PR increased from 681 (71%) between 1990-
1994 to 11,287 patients in the most recent period accounting for
91% of all auto-HSCT (Fig. 1B). Similar trends were observed for
patients undergoing allo-HSCT.

Auto-HSCT: patient characteristics and outcomes

The age and the proportion of patients with good performance
status undergoing auto-HSCT significantly increased from 42 years
(range: 18-67) to 58 years (range: 49-65) (p < 0.001) and from 90%
10 94% (p < 0.001) for the time periods 1990-1994 and 2015-2021,
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Fig. 1 Trends for hematopoietic stem cell transplantation and CAR T-cell infusions for DLBCL over time. Numbers of auto- and allo-HSCT
(A) by indicated periods between 1990 and 2021. The proportion (B) of patients undergoing auto-HSCT and allo-HSCT in CR/PR or SD/PD.
Auto-/allo-HSCT autologous/allogeneic hematopoietic stem cell transplantation, CR complete remission, PR partial remission, SD stable

disease, PD progressive disease.

respectively (Table 1). After 1994, peripheral blood (PB) emerged
as the universally used stem cell source, accounting for more than
97% of all auto-HSCT between 1990 and 2021. TBI for conditioning
has practically been abandoned after 2005 (Table 1). Preparation
with BEAM or similar regimens remained most popular through-
out all time periods (Table 1). Rituximab as part of conditioning
was first reported after 2000 with 7.2% of all patients receiving
Rituximab between 2015 and 2021 (Table 1). Significantly higher
proportions of patients in CR or PR than in SD or PD were
autografted over time (p < 0.001) (Fig. 1B, Table 1).

Major outcomes of patients receiving auto-HSCT are shown in
Fig. 2 and Table 2. With a median follow-up of 4.7 years (95% ClI:
4.7-4.8 years), 1-year, 5-year, and 10-year overall survival (OS) rates
were 78.6% (95% Cl: 78.2-79.1%), 61.1% (95% Cl: 60.4-61.7%), and

Blood Cancer Journal (2024)14:106

52.6% (95% Cl: 51.8-53.4%). We noted significant improvements in
OS and PFS over time reaching 3-year OS and PFS rates of 69.5%
(95% Cl: 68.4-70.5%) and 55.9% (95% Cl: 54.8-57.0%) for the 2015-
2021 period (Table 2). Three-year relapse rates significantly
decreased form 49.4% (95% Cl: 46-52.7) for the 1990-1994 period
to 38.0% (95% Cl: 36.9-39.0%) in the 2015-2021 period. One-year
NRM remained at 4-6% throughout the entire study period
despite slight improvements over time (Fig. 2, Table 2).

Figure S2A illustrates outcomes of patients who underwent
auto-HSCT for consolidation after achieving a CR following one
treatment line compared to two and more treatment lines. Two-
year OS and PFS of patients transplanted after one treatment line
were significantly better than in patients undergoing auto-HSCT
after two or more lines of therapy [3-year OS: 79.3% (95% ClI:

SPRINGER NATURE
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P value
<0.001

2015-2021
940 (7.4%)
862 (6.8%)
28 (0.2%)

526 (4.1%)

307

362 (4.1%)
171 (2.0%)

43 (0.5%)
113 (1.3%)

2010-2015
288

2005-2009
88 (1.6%)
5 (<0.1%)
59 (1.1%)
25 (0.5%)

2407

1 (<0.1%)

2000-2004
3958

4 (0.1%)

0 (0%)
425 (14%)

1995-1999
1 (<0.1%)
0 (0%)

116 (6.4%)
4 (0.2%)
1546

Time Periods
1990-1994

0 (0%)

0 (0%)
82 (10%)

1 (0.1%)

169

1395 (4.3%)
1038 (3.2%)
753 (2.3%)
670 (2.1%)

Overall
8675

continued

TBI for conditioning

BCNU+thiotepa
No

BENDA-+EAM

Characteristics
CBV

Table 1.
TEAM
Missing
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12,872 (99%)
74 (0.6%)

98

8917 (99%)
70 (0.8%)
50

7616 (99%)
88 (1.1%)

920

6472 (98%)

2986 (93%)
226 (7.0%)

152

776 (84%)
153 (16%)

48

39,639 (98%)
768 (1.9%)

741

157 (2.4%)

303

Yes

Missing

Rituximab as part of

conditioning

No

11,814 (93%)
923 (7.2%)

307

8047 (92%)
702 (8.0%)

288

5095 (95%)
292 (5.4%)

2407

2947 (99%)
27 (0.9%)
3958

1818 (100%)

0 (0%)
1546

808 (100%)
0 (0%)
169

30,529 (94%)
1944 (6.0%)

8675
No. number, HSCT hematopoietic stem cell transplantation, /QR interquartile range, CR complete remission, PR partial remission, SD stable disease, PD progressive disease, KPS Karnofsky performance score, PB

peripheral blood, BEAM carmustine (BCNU), etoposide, cytarabine, melphalan, TEAM thiotepa, etoposide, cytarabine, melphalan, Benda+EAM bendamustine, etoposide, cytarabine, melphalan; CBV

cyclophosphamide, carmustine, etoposide, TBI total body irradiation.

Yes

Missing
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77.8-80.8%) vs. 72.6.7% (95% Cl: 71.1-74.1%) vs. 69.1% (95% Cl:
66.2-71.1%); 3-year PFS: 68.3% (95% Cl: 66.5-70.1%) vs. 58.6%
(95% Cl: 56.9-60.3%) vs. 52.0% (95% Cl: 48.9-55.0%); p < 0.001 for
both]. This difference was primarily due to a lower relapse
incidence in patients who underwent consolidative auto-HSCT
(p <0.001). As shown in Fig. S2B, patients who underwent auto-
HSCT not being in CR had significantly inferior OS and PFS
compared to CR patients after auto-HSCT (both p < 0.001).

To further investigate the effect of remission status and
conditioning before auto-HSCT, we used a multivariate model
including the following variables with known prognostic rele-
vance: year of HSCT, age at HSCT, gender, time interval from
HSCT < 12 months, disease status at HSCT, and type of condition-
ing regimen (Table S2). For Auto-HSCT patients, not being in CR
was associated with lower OS and PFS rates, as well as being
treated before 2000 compared to after 2000, similarly a longer
interval from diagnosis to HSCT (> 12 months) was associated
with inferior OS and PFS compared to patients transplanted within
12 months from diagnosis (all p<0.001) (Table S2). These
differences in OS and PFS were primarily influenced by an
increased relapse risk in patients transplanted not in CR
(p<0.001), patients who underwent auto-HSCT before 2000
[1995-1999 period: HR=1.25 (95% Cl: 1.14-1.37) compared to
2015-2021 period as reference, p <0.001], as well as receiving
conditioning therapy other than BEAM [HR=1.11 (95% Cl:
1.06-1.17), p<0.001], or a longer treatment interval from
diagnosis (> 12 months) [HR = 1.20 (95% Cl: 1.15-1.26), p < 0.001].

Allo-HSCT: patient characteristics and outcomes
Major clinical characteristics of allografted patients are shown in
Table 3. Patient age significantly increased from 36 years (range:
19-50) in 1990-1994 to 54 years (range: 18-76) in 2015-2021
(p<0.001). The median time from diagnosis to allo-HSCT
increased from 15 months (range 3-74) for the 1990-1994 period
to 19 months (range 1-354) (p<0.001) over time with an
increasing proportion of patients having failed a previous auto-
HSCT (47% of all allo-HSCT for 2015-2021) (Table 3). Peripheral
blood became the universal source of allogeneic stem cells after
1998. The proportion of patients undergoing allo-HSCT in CR/PR
significantly increased from 69% in 1990-1994 to 80% in
2015-2021 (p < 0.001) (Table 3). RIC was introduced in the 1990s
and preceded allo-HSCT in 54% of cases in the most recent time
period. In the early days, 74% of patients received TBI as part of
conditioning declining to 23% in the most recent period (Table 3).
Transplantations from unrelated or haploidentical/mismatched
related donors increased over time; 50% and 19% of HSCT were
from such donors between 2015 and 2021. The frequencies for
T-cell depletion and other GVHD prophylaxis are listed in Table 3.
Figure 3 and Table 4 demonstrate the improvement of key
outcome parameters. With a median follow-up of 5.2 years (95%
Cl: 5.0-5.5 years), 3-year OS- and PFS-rates of 46.1% (95% Cl:
43.6-48.6%) and 38.5% (95% Cl: 36.0-41.0%) were noted for the
2015-2021 period. For the entire study period, 1-year, 5-year, and
10-year OS rates were 54.5% (95% Cl: 53.0-56.0), 37.8% (95% Cl:
35.8-39.7%), 30.6% (95% Cl: 28.1-33.1%); PFS was 45.4% (95% ClI:
43.8-47.0%), 31.4% (95% Cl: 29.5-33.4%), 24.7% (95% Cl:
22.3-27.2%), respectively. The observed improvements in OS
and PFS rates can partially be explained by a significant decrease
of cumulative relapse incidences (Table 4, Fig. 3). Main causes of
death after allo-HSCT were disease-related/relapse in 44.7% of
cases followed by transplant--related causes, mostly infectious
complications (35.8%), GvHD (12.9%), other/unknown causes
(7.1%) and secondary malignancies (0.3%). We observed a
significant decrease in NRM after 1999 (Table 4, Fig. 3). For acute
and chronic GvHD incidences, a significant decrease over time was
noted (Table 4, Fig. S3). No significant differences between
matched-related (sibling and non-sibling) and unrelated donor
transplants in terms of severe acute GvHD Grades IlI-IV at day 100
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Fig. 2 Kaplan-Meier estimates of auto-HSCT outcomes over time. Overall survival (A), progression-free survival (B), cumulative incidence of
relapse (C) and non-relapse mortality (D) after auto-HSCT by indicated periods between 1990 and 2021. Auto-HSCT autologous hematopoietic

stem cell transplantation.

[8.2% (95% Cl: 6.9-9.7%) vs. 8.5% (95% Cl: 7.2-10.0%), p = 0.926]
were observed. The incidences of chronic GvHD at 1 year were
also comparable for patients with matched-related and unrelated
donors with 24.1% (95% Cl: 22.0-26.3%) and 23.2% (95% Cl:
21.1-25.3%) (p = 0.833), respectively. Haploidentical/mismatched-
related transplantations became more common since 2010 (> 5%
of allo-HSCT) with incidences of acute GvHD grades llI-IV at day
100 being 12.6% (95% Cl: 9.4-16.2%) and 16.7% (95% Cl:
13.1-20.7%) for chronic GvHD at 1 year, comparing favorably to
patients who received matched-related or unrelated donor
transplants [acute GvHD grades lll-IV at day 100: 8.4% (95% Cl:
7.4-9.4%), p=0.027; chronic GVHD at 1 year: 23.7% (95% Cl:
22.2-35.2%), p = 0.002]. To evaluate the effect of disease status
and conditioning intensity we used a multivariate model that
incorporated year of HSCT, age at HSCT, gender, time interval from
diagnosis to HSCT <12 months, disease status at HSCT, and
conditioning intensity (Table S3). This model revealed that disease
status at allo-HSCT, most notably CR, as well as a longer interval
between diagnosis and HSCT (> 12 months) were associated with
superior OS and PFS rates. These observations reflect a higher risk

SPRINGER NATURE

of relapse for patients not in CR at allo-HSCT (p <0.001) and a
reduced risk of relapse in patients allografted >12 months from
diagnosis [HR = 0.75 (95% Cl: 0.65-0.85), p < 0.001]. Conditioning
with MAC protocols was associated with inferior PFS compared to
RIC conditioning [HR = 1.23 (95% Cl: 1.12-1.34), p < 0.001] and OS
[HR = 1.34 (95% Cl: 1.22-1.47), p < 0.001] in the model. The risk of
NRM significantly increased with age at allo-HSCT [HR = 1.12 (95%
Cl: 1.08-1.15), p<0.001], and conditioning intensity [HR=1.32
(95% CI: 1.14-1.53), p < 0.001] (Table S3).

DISCUSSION

In the current study, we describe the evolution of transplantation
activities and modalities, and provide outcome data for more than
40,000 transplants performed for DLBCL covering 32 years. We
observed steadily increasing numbers of autologous and allo-
geneic HSCT with a growing proportion of transplants being
performed in CR or PR. After 2018, a steep decline in transplanta-
tion activities was observed coinciding with the availability of CAR
T-cells and other new agents entering the clinical arena. Although
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we cannot exclude that the SARS-CoV-2 pandemic temporarily
disrupted transplant activities also for DLBCL, there is evidence
based on the most recent numbers reported to EBMT that post-
pandemic transplant numbers continue to decrease [32, 33]. The
promising reports on CAR T-cell therapies including the recently
published randomized studies comparing CAR T-cells to auto-
HSCT for treatment of DLBCL patients failing first-line therapy will
further boost CAR T-cell therapy [24, 26]. The approval of
bispecific antibodies and antibody-drug-conjugates will acceler-
ate this trend [34-36].
LI Clinical characteristics of transplant patients evolved from younger
patients with advanced disease towards an older but medically fit
population undergoing transplantation in CR or PR. Changes in
transplant modalities like the use of mobilized blood as the source of
hematopoietic stem cells for auto- and allo-HSCT and the adoption
of RIC prior to allo-HSCT fostered easier access to transplantation also
for older and frail patients. The switch from HLA-identical sibling
donors to unrelated, and, more recently, haploidentical donors
paralleled by changes in GvHD prophylaxis also contributed to the
increase in allogeneic transplantation numbers.

Until today, there is no consensus on the optimal preparatory
regimen for auto- or allo-HSCT [12, 13, 16, 17, 37-39]. BEAM
remains the most commonly used conditioning regimen prior to
auto-HSCT, while busulfan/fludarabine and TBl-based protocols
were most frequently used to prepare for allo-HSCT. TBI-based
protocols using doses >6 Gy clearly decreased from 75% in the
1990s to 9% in the most recent period, underscoring the
transition to mainly chemotherapy-based RIC. The most popular
MAC protocols combined busulfan, fludarabine and TBI, while the
most popular RIC regimens were fludarabine/melphalan and
busulfan/fludarabine at lower doses. Because patients prepared
with MAC tend to present with higher tumor burden and more
advanced disease, direct comparisons of outcomes after RIC and
MAC remain problematic. The reported 3-year NRM rate of
approximately 24% aligns with previous findings that myeloa-
blative conditioning (MAC) regimens are associated with higher
NRM [16, 40, 41]. Despite the increasing use of RIC over time, in
this analysis, over 40% of allo-HSCTs performed since 2010 were
preceded by MAC conditioning. This likely has contributed to the
relatively high NRM rates observed [42, 43]. The increasing usage
of RIC regimens over time was also paralleled by more patients
undergoing allo-HSCT in CR or PR and reflects the investigators’
views that RIC is the preferred conditioning approach for patients
with less rapidly growing tumors and lower tumor burden at
transplantation. For older and frail patients, RIC frequently is the
only option to prepare patients for allo-HSCT. OS and PFS as the
most important outcome parameters significantly improved over
time. This seems at least partly due to a decrease in relapse rates,
which in turn mirrored the lower number of patients transplanted
with active disease. The 3-year OS- and PFS rates of approximately
45% and 38% for the most recent period appear slightly better
than those reported for the only randomized trial involving allo-
HSCT for DLBCL (42% and 39%, respectively) [16] but are in line
with other registry-based analyses, which consistently showed
3-year PFS rates of 30-40% [13, 41, 44].

NRM rates after allo-HSCT and auto-HSCT showed a trend to
decline after 1999. Improvements in recipient/donor matching,
conditioning, GvHD prophylaxis and supportive care obviously
were able to compensate for the increasing patient age and
broader donor selection. Patients who received an auto-HSCT for
consolidation of a first CR or PR showed the highest survival rates
approaching 80%. Despite such excellent outcomes, consolidative
auto-HSCT cannot generally be recommended after several
randomized studies failed to demonstrate an improvement of
PFS or OS in young, high-risk patients with DLBCL when
compared to conventional immunochemotherapy [45-47].

In the early days, a large proportion of allo-HSCT were performed
in patients with active disease conditioned with myeloablative
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66.6 (66.1-67.1)
58.9 (58.3-59.4)
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Outcomes after auto-HSCT in % (95% Cl)
PP value representing outcomes with available data.

Table 2.
Variable
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Fig. 3 Kaplan-Meier estimates of allo-HSCT outcomes over time. Overall survival (A), progression-free survival (B), cumulative incidence of
relapse (C) and non-relapse mortality (D) after allo-HSCT by indicated periods between 1990 and 2021 (outcomes for the 1990-1999 period
are summarized due to low event numbers between 1990 and 1994). Allo-HSCT allogeneic hematopoietic stem cell transplantation.

regimens [48, 49]. These transplants were characterized by high
relapse and NRM rates resulting in poor survival. In recent years, allo-
HSCT frequently was performed in responding patients after
reduced-intensity conditioning (RIC) featuring lower NRM and Rl
resulting in better survival [12, 13]. A large proportion of patients
underwent allo-HSCT after failing auto-HSCT with results comparable
to those reported for patients without a previous autograft [13, 49].

The observed parallel increase in GvHD prophylaxis using post-
transplantation cyclophosphamide (PTCy) and haploidentical
donors after 2015 is likely attributable to encouraging results
highlighting comparable survival rates for haploidentical donors
as compared to matched sibling or unrelated donors [50-52].
Recently, a large phase 3 trial demonstrated superior outcomes
with PTCy-based GvHD prophylaxis in patients, predominantly
with leukemia/MDS (> 85%), undergoing allo-HCT after reduced-
intensity conditioning (RIC) with either an HLA-matched or 7/8-
mismatch donor. Although these findings may apply also to
DLBCL patients, no formal proof is available and studies
addressing this point are unlikely to be conducted, given the
recent decline of allo-HCT in patients with DLBCL [53].

SPRINGER NATURE

The present study has limitations. Most importantly, we cannot
know how many patients initially deemed transplant candidates
could not make it to transplantation because of disease progres-
sion or toxicity of salvage therapies. Unknown confounders of
outcomes after transplantation might have gone undetected, and
we cannot directly compare outcomes after HSCT with outcomes
of patients receiving alternative treatments. Additionally, due to
changes in data reporting over time not all details of pre-transplant
treatments may have been caught, particularly for patients
transplanted in the early years of data collection. While we
acknowledge these and other limitations of any retrospective
analysis, we believe that the huge number of patients closely
followed for up to 32 years provides a solid foundation for further
discussion of evolving treatment strategies in DLBCL.

Our analysis reflects the changing role of transplantation in the
treatment of DLBCL. Allo-HSCT, CAR-T cells, and bispecific
antibodies represent different forms of immunotherapy. There-
fore, we suggest that international databases like ours should be
open to include all these modalities, hopefully also allowing for
comparison of competing strategies. The large body of data
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presented here summarizes long-term outcomes after auto- and
allo-HSCT, which may serve as real-world benchmarks when
comparing transplantation to newer, more targeted therapies.

DATA AVAILABILITY
The datasets presented in the study are included in the article/Supplementary
information. Further inquiries can be directed to the corresponding author.
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