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Richter syndrome (RS) represents a transformation from chronic lymphocytic leukemia/

small lymphocytic lymphoma (CLL/SLL) to aggressive lymphoma, most commonly diffuse

large B-cell lymphoma (DLBCL), which is associated with a dismal prognosis. Patients with

DLBCL-RS have poor outcomes with DLBCL-directed therapy; thus, consolidation with

hematopoietic cell transplantation (HCT) has been used, with durable remissions observed.

Studies reporting HCT outcomes in patients with DLBCL-RS have been small, have not

evaluated the prognostic impact of cytogenetic risk factors, andwere conducted prior to the

era of novel targeted therapy of CLL/SLL. We performed a Center for International Blood

and Transplant Research registry study evaluating outcomes after autologous HCT (auto-

HCT; n 5 53) and allogeneic HCT (allo-HCT; n 5 118) in patients with DLBCL-RS treated in

the modern era. More auto-HCT recipients were in complete response (CR) at HCT relative

to allo-HCT recipients (66% vs 34%), whereas a higher proportion of allo-HCT recipients had

17p deletion (33% vs 7%) and had previously received novel agents (39% vs 10%). In the

auto-HCT cohort, the 3-year relapse incidence, progression-free survival (PFS), and overall

survival (OS) were 37%, 48%, and 57%, respectively. Among allo-HCT recipients, the 3-year

relapse incidence, PFS, and OS were 30%, 43%, and 52%, respectively. In the allo-HCT

cohort, deeper response at HCT was associated with outcomes (3-year PFS/OS, 66%/77%

CR vs 43%/57% partial response vs 5%/15% resistant; P , .0001 for both), whereas
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Key Points

� Allo-HCT and auto-
HCT produce durable
remissions in patients
with DLBCL-RS.

� Outcomes after allo-
HCT are associated
with remission status
at HCT but not with
receipt of prior novel
agents or 17p deletion
status.
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cytogenetic abnormalities and prior novel therapy did not impact outcomes. In our study,

HCT resulted in durable remissions in therapy-sensitive patients with DLBCL-RS treated in

the era of targeted CLL/SLL therapy, including patients with high-risk features.

Introduction

About 2% to 10% of patients with chronic lymphocytic leukemia/
small lymphocytic lymphoma (CLL/SLL) will ultimately develop Richter
syndrome (RS), which is characterized by transformation to an aggres-
sive lymphoma, most commonly diffuse large B-cell lymphoma
(DLBCL).1–7 DLBCL-RS is associated with a poor prognosis, with
estimated overall survival (OS) measured in months and a median
OS # 1 year.2–4,8–11 Prognostic factors for outcome after the devel-
opment of RS include clinical features at the time of transformation
(eg, performance status, tumor size, number of prior lines of therapy)
and whether the RS is clonally related to the preceding CLL/
SLL.4,5,8–11 Patients with DLBCL that is clonally unrelated to the pre-
ceding CLL/SLL (�20% of RS) have been reported to have favorable
outcomes relative to patients with clonally related DLBCL-RS.5

Patients with DLBCL-RS are typically treated with DLBCL-directed
chemotherapy, but response rates and long-term outcomes are lower
than observed with de novo DLBCL.3,6,8,10–14 Because of the poor
outcomes after standard DLBCL-directed therapy, consolidative
hematopoietic cell transplantation (HCT) has been studied in patients
who are chemotherapy sensitive and has produced durable remis-
sions in a subset of patients.8,10,11,15–18 Autologous HCT (auto-
HCT) and allogeneic HCT (allo-HCT) have been used for RS, with
the largest study being a registry analysis from the European Society
for Blood and Marrow Transplantation reporting 3-year relapse-free
survival of 27% after allo-HCT (n525) and 45% after auto-HCT
(n534).15 Although multiple studies have suggested improved out-
comes for DLBCL-RS patients who undergo HCT, a small minority
of patients with DLBCL-RS respond sufficiently to therapy to proceed
to HCT. Nevertheless, based on these limited data, it is generally rec-
ommended that patients with DLBCL-RS who are responsive to
RS-directed therapy, particularly clonally related DLBCL-RS, undergo
consolidative HCT.16

The therapeutic landscape of CLL/SLL has shifted dramatically in the
past decade. A range of effective targeted therapies, such as Bruton’s
tyrosine kinase inhibitors, BCL-2 inhibitors, and phosphatidylinositol
3-kinase inhibitors, produce durable responses in a large proportion
of patients, including traditionally high-risk patients with chromosome
17p deletion (del17p) or TP53 aberration.19–31 Of note, the use of
novel agents for CLL/SLL does not appear to impact the incidence
of RS.19,21,24,32,33 Multiple studies have recently demonstrated that
the development of RS in a patient who previously received a novel
agent for CLL/SLL tends to be highly aggressive and associated
with short survival.23,34,35 Targeted agents have been evaluated as
a treatment for DLBCL-RS with objective responses observed,
although the median duration of response tends to be short with
single-agent therapies.2,11,36,37

Although the modern treatment for CLL/SLL and DLBCL-RS has
evolved, no study has comprehensively evaluated HCT outcomes
for patients with RS in the modern era. Although the impact of prior
exposure to novel therapies on allo-HCT outcomes has been studied
in CLL/SLL,38 no study has evaluated the relationship between prior

novel therapy exposure and HCT outcomes in patients with RS. In
the limited studies performed to date, the primary indicator of outcome
in patients with RS who undergo HCT was disease status at the time
of transplantation, with patients in response to RS-directed therapy
having more favorable outcomes.10,15 However, there has not been
an analysis of the impact of cytogenetic risk factors on HCT outcomes
in patients with RS. Because RS is rare and prospective data on the
topic are not forthcoming, we used the Center for International Blood
and Marrow Transplant Research (CIBMTR) registry to evaluate the
outcomes after HCT in patients with RS-DLBCL. We included
patients who had undergone auto-HCT or allo-HCT prior to and since
the availability of novel agents and sought to evaluate the impact of
clinical prognostic factors, cytogenetic abnormalities, and the use of
novel agents on HCT outcomes.

Methods

This study used data from the CIBMTR, a working group of .380
transplantation centers worldwide that contributed detailed data on
HCT to a statistical center at the Medical College of Wisconsin. Par-
ticipating centers are required to report all HCTs consecutively, and
compliance is monitored by on-site audits. Computerized checks for
discrepancies, physicians’ review of submitted data, and on-site audits
of participating centers ensured data quality. Observational studies
conducted by the CIBMTR are performed in compliance with all appli-
cable federal regulations pertaining to the protection of human
research participants. Patients provided written informed consent
for research. The institutional review boards of the Medical College
of Wisconsin and the National Marrow Donor Program approved
this study.

Patients

Eligible patients included adults $18 years of age with DLBCL-RS
(DLBCL transformed from underlying CLL/SLL) who underwent their
first auto-HCT or allo-HCT between January of 2007 and December
of 2017. Patients with prior auto-HCT were eligible for inclusion in the
allo-HCT cohort; in these cases, data from only the first allo-HCT pro-
cedure were eligible for inclusion. Patients with DLBCL transformed
from other subtypes of lymphoma or patients with non-DLBCL sub-
type RS (ie, Hodgkin lymphoma or peripheral T-cell lymphoma) were
not eligible for this analysis. In eligible patients identified from the reg-
istry, additional data were collected on the type and number of thera-
pies (including novel agents) received for antecedent CLL/SLL vs
DLBCL-RS, the presence of cytogenetic abnormalities (patients clas-
sified according to highest-risk abnormality as any time point), and
IGHV mutation testing. Because IGHV mutation data were not avail-
able for .95% of patients, these data are not presented.

Study end points and definitions

Disease response at the time of HCT was determined with the stan-
dard criteria in use at the time of HCT, including the InternationalWork-
ing Group criteria39 or the Lugano Classification.40 Using consensus
criteria, the intensity of allo-HCT conditioning regimens was catego-
rized as nonmyeloablative, reduced intensity, or myeloablative.41
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Baseline and transplant characteristics are reported descriptively. The
primary end point was OS, defined as death from any cause. Second-
ary end points included progression-free survival (PFS), nonrelapse
mortality (NRM), and relapse/progression. For PFS, an event was
defined as progression/relapse or death from any cause. NRM was
defined as death without preceding lymphoma relapse/progression,
with relapse considered a competing risk. Progression/relapse was
defined as progressive lymphoma after HCT or lymphoma recurrence
after a complete remission, with NRM considered a competing risk.
Data regarding histology at relapse (ie, CLL/SLL vs DLBCL) were
not available; therefore, any relapsewas considered an event. Surviving
patientswere censored at the date of last follow-up. PFS andOSprob-
abilities were calculated using Kaplan-Meier estimates.

Acute and chronic graft-versus-host disease (GVHD) were graded
using established clinical criteria.42,43 Neutrophil recovery was
defined as the first of 3 successive days with an absolute neutrophil
count $500 per microliter after post-HCT nadir. Platelet recovery
was defined as the first of 3 consecutive days with a platelet count
$20000 per microliter in the absence of platelet transfusion for 7
consecutive days. For neutrophil and platelet recovery, death without
the event was considered a competing risk.

Statistical analyses

Baseline patient and HCT characteristics were described. Because
there were notable differences in the characteristics of patients who
received auto-HCT compared with patients who received allo-HCT
(ie, more auto-HCT patients in a complete response [CR] at HCT,
very few auto-HCT patients had received prior novel agents, and
few patients with high-risk cytogenetics in the auto-HCT cohort)
and because of the potential for selection bias in utilizing 1 transplant
approach vs the other, we did not compare outcomes between the
auto-HCT and allo-HCT cohorts. Cumulative incidences of hemato-
poietic recovery, GVHD, relapse, andNRMwere calculated to accom-
modate for competing risks. Cox proportional-hazard analysis for PFS
andOS and the proportional cause-specific hazardsmodel for relapse
and NRM were used to identify prognostic factors, via forward step-
wise selection, for the allo-HCT cohort. The proportional hazard
assumption for each variable was examined by testing whether its
coefficient is constant over time. The small sample size of the auto-
HCT cohort precluded multivariate analysis. Center effect was tested
using the score test of homogeneity.22 Covariates with a P value ,
.05 were considered significant. The variables considered in the mul-
tivariable regression analysis are shown in supplemental Table 1.
Because the regression models for relapse, NRM, PFS, and OS iden-
tified 1 significant covariate for each outcome, Kaplan-Meier estimates
for PFS andOS and cumulative incidences for relapse and NRMwere
calculated. All statistical analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC).

Results

Baseline characteristics

One hundred and seventy-one patients with DLBCL-RS who under-
went their first HCT between 2007 and 2017 with data reported to
the CIBMTR were included. One hundred and eighteen patients
received allo-HCT and 53 patients received auto-HCT. Baseline
and HCT characteristics for all patients, organized according to type
of HCT, are shown in Tables 1 and 2. Among auto-HCT patients,
7% had del17p aberration (although nearly half did not have available

cytogenetic data); 5 of 53 (9%) had received a novel agent prior to
HCT (all Bruton’s tyrosine kinase inhibitors), including 2 prior to and
3 after the RS; the median number of lines of therapy for the anteced-
ent CLL/SLL was 2 (range, 1-5); the median number of lines of ther-
apy for DLBCL-RS was 2 (range, 1-6); and 66% were in a CR prior to
HCT. Six patients who underwent auto-HCT as their first HCT proce-
dure subsequently underwent allo-HCT. Among allo-HCT patients,
33% had del17p; 46 of 118 (39%) had received a novel agent prior
to HCT, including 11% prior to RS, 15% after RS, and 13% before
and after RS; and 34% were in a CR prior to HCT. The majority of
allo-HCT recipients received reduced-intensity/nonmyeloablative con-
ditioning (77%), received calcineurin inhibitor-based GVHD prophy-
laxis without posttransplant cyclophosphamide (85%), and had a
fully matched related or unrelated donor (63%).The median follow-
up time in surviving patients in the auto-HCT and allo-HCT cohorts
was 48 months (range, 4-98) and 49 months (range, 3-75),
respectively.

Hematopoietic recovery, GVHD, NRM, and relapse

The 1-month cumulative incidence of neutrophil recovery among auto-
HCT and allo-HCT recipients was 98% (95% confidence interval [CI],
89-100) and 96% (95% CI, 91-99), respectively, and the 100-day
cumulative incidence of platelet recovery was 96% (95% CI, 86-
100) and 93% (95% CI, 87-97), respectively (Table 3). Among allo-
HCT recipients, the 180-day cumulative incidence of grade 2-4 and
grade 3-4 acute GVHD was 39% (95% CI, 29-49) and 13% (95%
CI, 7-21), respectively, and the 1-year incidence of cGVHD was
37% (95% CI, 27-46). The 1-year NRM and incidence of relapse
among auto-HCT recipients were 10% (95% CI, 3-21) and 29%
(95% CI, 17-42), respectively (Figure 1A-B; Table 3); they were
23% (95% CI, 16-31) and 23% (95% CI, 16-31) among allo-HCT
recipients, respectively (Figure 2A-B; Table 3). Disease status at the
time of allo-HCT was associated with 3-year adjusted incidence of
relapse: 16% (95% CI, 6-29) among patients in CR at allo-HCT com-
pared with 31% (95% CI, 18-44) in patients with partial response
(PR) and 47% (95% CI, 22-69) in patients with resistant disease
(Figure 3B; Table 4; P5.05). There was not a significant difference
in the 3-year adjusted incidence of relapse among allo-HCT recipients
with del17p (37%; 95% CI, 22-51) vs those without del17p (32%;
95% CI, 19-44; P5.62; supplemental Table 2).

PFS and OS

The 1-year and 3-year PFS among auto-HCT recipients was 61%
(95% CI, 47-74) and 48% (95% CI, 34-62), respectively, and the
1-year and 3-year OS was 73% (95% CI, 61-84) and 57% (95%
CI, 43-70), respectively (Figure 1C-D; Table 3). Among allo-HCT
recipients, the 1-year and 3-year PFS was 54% (95% CI, 45-63)
and 43% (95% CI, 34-52), respectively, and the 1-year and 3-year
OS was 69% (95% CI, 60-77) and 52% (95% CI, 43-61), respec-
tively (Figure 2C-D; Table 3). Disease status at the time of allo-HCT
was significantly associated with 3-year adjusted PFS: 66% (95%
CI, 51-81) among patients in CR at allo-HCT compared with 43%
(95% CI, 29-57) in patients with PR and 5% (95% CI, 0-15) in
patients with resistant disease (P, .0001; Figure 3C; Table 4). Sim-
ilarly, disease status at allo-HCT was associated with 3-year adjusted
OS (P, .0001; Figure 3D; Table 3). However, the presence of
del17p was not associated with adjusted PFS or OS (supplemental
Table 2).
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Multivariable analysis

A multivariable regression model was constructed to evaluate for
covariates associated with NRM, relapse, PFS, and OS in the larger
allo-HCT cohort. Covariates are listed in supplemental Table 1).
Receipt of .3 regimens for DLBCL-RS was associated with an
increased risk for NRM (hazard ratio [HR], 4.05, 95CI, 1.75-9.39,
P5.001, Table 5). Disease status at allo-HCT was associated with

an increased risk for relapse (HR for PR, 2.65; 95% CI, 1.10-6.38;
P5.03 and HR for resistant, 6.81; 95% CI, 2.49-18.59; P, .001),
poorer PFS (HR for PR, 1.97; 95% CI, 1.07-3.61; P5.03 and HR
for resistant, 5.42; 95% CI, 2.73-10.79; P, .001), and poorer OS
(HR for PR, 2.05; 95% CI, 1.04-4.06; P5.04 and HR for resistant,
6.63; 95% CI, 3.16-13.92; P, .001; Table 5). Other covariates
were not significantly associated with outcomes, including presence

Table 1. Baseline characteristics according to type of HCT

Characteristics Allo-HCT (n5118) Auto-HCT (n553)

Age, median (range), y 61 (26-73) 65 (30-79)

Males 81 (69) 37 (70)

White race 96 (81) 47 (89)

KPS

$90 69 (58) 28 (53)

Missing 2 (2) 1 (2)

HCT-CI

31 41 (35) 32 (60)

Missing 8 (7) 2 (4)

Prior auto-HCT 4 (3) N/A

Cytogenetic abnormalities

17p 6 others 39 (33) 4 (7)

11q deletion 6 others (except 17p) 10 (9) 0

Trisomy 12 6 others (except 17p and/or 11q) 13 (11) 3 (6)

None 13 (11) 13 (24)

Deletion of 13q alone 4 (3) 6 (11)

Others 15 (13) 5 (9)

Missing 24 (20) 22 (42)

Received novel agents before HCT*

Bruton’s tyrosine kinase inhibitor 45 (38) 5 (9)

Venetoclax 7 (6) 0

PI3K inhibitor 6 (5) 0

None 69 (59) 46 (87)

Missing 3 (2) 2 (4)

Novel agent

Yes, before RS 13 (11) 2 (4)

Yes, after RS 18 (15) 3 (6)

Both 15 (13) 0

Neither 69 (58) 46 (87)

Missing 3 (3) 2 (4)

Response to first line RS therapy

CR 31 (26) 24 (45)

PR 25 (21) 10 (19)

Refractory disease 41 (35) 8 (15)

Not assessed 21 (18) 11 (21)

Prior therapy regimens received for CLL/SLL before RS, median (range), n 2 (1-10) 2 (1-5)

Prior therapy regimens received for RS, median (range), n 2 (1-8) 2 (1-6)

Time from CLL diagnosis to RS, median (range), mo 30 (0-296) 32 (0-166)

Unless otherwise indicated, data are n (%).
HCT-CI, HCT Comorbidity Index; IGHV, immunoglobulin variable region heavy chain, PI3K, phosphatidylinositol 3-kinase; PS, Karnofsky Performance Status; 6, with or without.
*Total adds up to 130 rather than 118 because some patients received .1 type of novel therapy.
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of del17p, conditioning intensity, receipt of prior novel agents (supple-
mental Table 3), and time between diagnosis of CLL/SLL and diagno-
sis of DLBCL-RS. No center effect on outcomes was observed.

Causes of death

Disease relapse/progression was the most common cause of death
after auto-HCT (48%) and allo-HCT (39%); causes of death by

HCT type are listed in supplemental Table 4. Other frequent causes
of death included GVHD (21%) and infection (11%) after allo-HCT,
as well as organ failure (9%) after auto-HCT.

Discussion

DLBCL-RS is a rare and aggressive lymphoma with limited treatment
options; it is associated with dismal outcomes. In this registry study,

Table 2. HCT characteristics according to type of HCT

Characteristic Allo-HCT (n5118) Auto-HCT (n553)

Time from CLL diagnosis to HCT, median (range), mo 44 (4-303) 46 (5-172)

Time from RS diagnosis to HCT, median (range), mo 11 (1-213) 11 (3-172)

DLBCL-RS disease status (at HCT)

CR 40 (34) 35 (66)

PR 51 (43) 15 (28)

Resistant 20 (17) 2 (4)

Unknown 7 (6) 1 (2)

CLL/SLL disease status (at HCT)

CR 27 (23) 19 (36)

PR 39 (33) 15 (28)

Stable/untreated 13 (11) 5 (9)

Progressive 17 (14) 5 (9)

Missing/not assessed 22 (19) 9 (17)

Conditioning regimen (allo-HCT only)

MAC 27 (23) N/A

NMA/RIC 91 (77) N/A

TBI-containing conditioning regimen 44 (37) 1 (2)

GVHD prophylaxis

CNI 6 others (except PTCY) 100 (85) N/A

PTCY 6 CNI 6 MMF 14 (12) N/A

Others* 3 (3) N/A

Missing 1 (1) N/A

Received ATG/alemtuzumab 28 (24) N/A

Donor type

HLA-matched related donor 27 (23) N/A

HLA-mismatched related donor 18 (15) N/A

Matched unrelated donor (8/8) 47 (40) N/A

Mismatched unrelated donor (#7/8) 7 (6) N/A

Unrelated donor, matching unknown 9 (8) N/A

Cord blood 10 (9) N/A

Graft source

Bone marrow 8 (7) 0

Peripheral blood 103 (87) 53 (100)

Cord blood 7 (6) 0

Year of transplant

2007-2013 31 (26) 13 (25)

2014-2017 87 (74) 40 (75)

Follow-up after HCT, median (range), mo 48 (4-98) 49 (3-75)

Unless otherwise noted, data are n (%).
ATG, anti-thymocyte globulin; CNI, calcineurin inhibitor; MAC, myeloablative conditioning; MMF, mycophenolate mofetil; NMA, nonmyeloablative conditioning; PR, partial response; PTCY,

posttransplant cyclophosphamide; RIC, reduced-intensity conditioning; TBI, total body irradiation; 6, with or without.
*CD34 selection (n51), ex vivo T-cell depletion (n51), sirolimus (n51).
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the largest study of HCT in RS and the first analysis to include a sig-
nificant number of patients treated with novel targeted therapies, we
demonstrate that auto-HCT or allo-HCT resulted in durable remission
in nearly half of patients with DLBCL-RS. In the larger allo-HCT cohort,
disease response status at the time of HCT was associated with inci-
dence of relapse, PFS, and OS, whereas a higher number of
RS-directed lines of therapy was associated with NRM. Among allo-
HCT recipients, the presence of del17p or the receipt of a prior novel
agent was not associated with outcomes. We did not compare out-
comes after auto-HCT against outcomes after allo-HCT because of
the differences in the characteristics of the study cohorts (ie, more
patients in CR, very few patients had received prior novel agents,
and few had high-risk cytogenetics in the auto-HCT cohort, including
nearly half with missing cytogenetic data), as well as the possible
biases in selecting 1 transplant approach vs the other; however,
auto-HCT and allo-HCT appear to provide a proportion of treated
patients with a durable remission.

Prior studies of HCT in patients with RS have been limited to small ret-
rospective analyses, mostly single-center experiences of outcomes in
all patients with RS, of which a small proportion underwent

HCT.10,11,15,17 Our study confirmed the important finding from previ-
ous studies, including an European Society for Blood and Marrow
Transplantation multicenter registry study from Cwynarski et al that
disease status at the time of allo-HCT is associated with survival.15

The larger number of patients in our study allowed us to compare out-
comes in patients with CR at allo-HCT against patients in PR or with
resistant disease; indeed, patients with CR had decreased incidence
of relapse and improved PFS and OS (3-year PFS and OS of 66%
and 77%, respectively) compared with PR and resistant patients.
Patients in PR at allo-HCT also had significantly better outcomes
than did resistant patients; the 3-year PFS and OS of 43% and
57%, respectively, suggest that allo-HCT can provide durable remis-
sion in a sizable proportion of patients with PR to pre-HCT therapy.
Similar to what was observed in some studies of allo-HCT in patients
with CLL/SLL,38,44–46 del17p did not have a significant impact on out-
comes after allo-HCT in patients with DLBCL-RS. As was observed in
other studies of allo-HCT in patients with aggressive non-Hodgkin
lymphomas, conditioning intensity did not impact outcomes; higher-
intensity conditioning should be avoided to mitigate the risk of
NRM.47–51 Although the development of DLBCL-RS following the
receipt of CLL/SLL-directed novel therapies has been associated

Table 3. Outcomes of patients with DLBCL-RS undergoing auto-HCT or allo-HCT

Outcomes

Allo-HCT (n5118) Auto-HCT (n553)

n Prob, % (95% CI) n Prob, % (95% CI)

Neutrophil recovery 117 52

1 mo 96 (91-99) 98 (89-100)

Platelet recovery 114 51

100 d 93 (87-97) 96 (86-100)

Grade 2-4 acute GVHD 91 N/A N/A

100 d 34 (25-44)

6 mo 39 (29-49)

Grade 3-4 acute GVHD 91 N/A N/A

100 d 12 (6-20)

6 mo 13 (7-21)

Chronic GVHD 100 N/A N/A

1 y 37 (27-46)

2 y 41 (31-51)

NRM 114 49

100 d 11 (6-17) 4 (0-11)

1 y 23 (16-31) 10 (3-21)

3 y 27 (19-36) 15 (6-26)

Relapse/progression* 114 49

1 y 23 (16-31) 29 (17-42)

3 y 30 (22-39) 37 (24-51)

PFS 114 49

1 y 54 (45-63) 61 (47-74)

3 y 43 (34-52) 48 (34-62)

OS 118 53

1 y 69 (60-77) 73 (61-84)

3 y 52 (43-61) 57 (43-70)

N/A, not applicable; Prob, probability.
*Histology at relapse (CLL/SLL vs DLBCL-RS) was not available; therefore, any relapse was considered an event.
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Figure 2. Outcomes after allo-HCT. (A) NRM. (B) Relapse/progression. (C) PFS. (D) OS. Histology at relapse (CLL/SLL vs DLBCL-RS) was not available; therefore, any

relapse was considered a relapse and PFS event.
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Figure 1. Outcomes after auto-HCT. (A) NRM. (B) Relapse/progression. (C) PFS. (D) OS. Histology at relapse (CLL/SLL vs DLBCL-RS) was not available; therefore, any

relapse was considered a relapse and PFS event.
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with dismal outcomes, in our study, in which 39% of the allo-HCT
cohort had received prior novel agents and 24% had received the
novel agent prior to transformation to DLBCL-RS, receipt of a novel
agent was not associated with outcome after allo-HCT. This parallels
the observation that the type of prior novel agent received, the number
of prior novel agents received, and the receipt of only novel agents vs
receipt of novel agents and chemoimmunotherapy prior to allo-HCT
are not associated with PFS or OS after allo-HCT in patients with

CLL.38 There were too few patients who received prior novel agents
(9%) or had del17p (10%) to assess their prognostic impact in the
auto-HCT cohort, which may reflect a bias in the patients selected
for auto-HCT.

Our study has several limitations, including the inherent limitations of
potential selection bias and center-specific transplantation practices
with a multicenter registry analysis. Because a prospective study in
this population is not forthcoming, our registry study is important for
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Figure 3. Outcomes after allo-HCT according to disease status at allo-HCT. (A) NRM. (B) Relapse/progression. (C) PFS. (D) OS. Histology at relapse (CLL/SLL vs

DLBCL-RS) was not available; therefore, any relapse was considered a relapse and PFS event.

Table 4. Outcomes after allo-HCT according to disease status at HCT

Outcomes

CR (n 5 40) PR (n 5 51) Resistant (n 5 20)

Pn Prob, % (95% CI) n Prob, % (95% CI) n Prob, % (95% CI)

Adjusted relapse* 40 49 19

1 y 13 (5-25) 29 (17-42) 32 (12-53) .11

3 y 16 (6-29) 31 (18-44) 47 (22-69) .05

Adjusted NRM 40 49 19

1 y 18 (5-31) 23 (12-34) 33 (14-52) .47

3 y 25 (10-41) 25 (14-36) 37 (16-58) .61

Adjusted PFS* 40 49 19

1 y 72 (58-86) 47 (33-61) 26 (7-46) ,.0001

3 y 66 (51-81) 43 (29-57) 5 (0-15) ,.0001

Adjusted OS 40 51 20

1 y 80 (67-92) 67 (54-80) 45 (23-67) .02

Prob, probability.
*Histology at relapse (CLL/SLL vs DLBCL-RS) was not available; therefore, any relapse was considered an event.
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understanding the outcomes and risk factors for treatment failure after
HCT in DLBCL-RS. Any study of HCT in DLBCL-RS is subject to the
reality that a selected minority of patients diagnosed with DLBCL-RS
undergo HCT (10-12% in studies that report HCT as a proportion of
all diagnosed RS patients10,11), as well as that these patients may rep-
resent a biologically more favorable group. We did not have informa-
tion about the clonal relationship between the DLBCL-RS and
antecedent CLL/SLL, which has been identified as an important prog-
nostic factor of outcome with DLBCL-RS.5 Clonally unrelated
DLBCL-RS is associated with more favorable outcomes, and we can-
not exclude that there may be patients with clonally unrelated disease
included in this study. This especially may have been true in the auto-
HCT cohort, given the low proportion of confirmed del17p and high
proportion of CR at HCT in that group. TP53 disruption/del17p are
less common in clonally unrelated DLBCL-RS.5 About 40% of
patients in the allo-HCT cohort in this study had del17p, and out-
comes were similar regardless of del17p status, suggesting that our
results are applicable across DLBCL-RS patients undergoing allo-
HCT. Information regarding the histology at relapse after HCT
(DLBCL-RS vs the underlying CLL/SLL) was not available because
of the limitations of the registry data. This limits the precision of our
relapse and PFS estimates because some patients may have had
relapse of CLL/SLL rather than DLBCL-RS. Post-HCT progression
of CLL/SLL vs DLBCL-RS has starkly different clinical implications:
relapsed DLBCL-RSwould be expected to bemore difficult to control
and more likely to impact survival. Still, our results represent the most

conservative “worst-case” estimate of outcomes specific to DLBCL-
RS because all DLBCL-RS relapses were included.

Although our study evaluated patients with DLBCL-RS who were
diagnosed and treated in the era of novel targeted therapy of CLL/
SLL, there are newer immunotherapies that are being studied in
DLBCL-RS and were not reflected in our study, including checkpoint
inhibitors,52,53 bispecific antibodies,54 and chimeric antigen
receptor–modified T cells.55 In future studies, it will be important to
study the impact of these therapies on HCT outcomes in patients
with DLBCL-RS. Future work should also address the optimal timing
of HCT in relation to these newer immunotherapies, including chimeric
antigen receptor–modified T cells. Our study provides important data
on observed outcomes after HCT in the modern era that will hopefully
guide decision making for transplant-eligible patients with DLBCL-RS
who are responsive to therapy.

In conclusion, we observed that a sizable proportion of patients with
DLBCL-RSwhowere transplanted in themodern era achieved a dura-
ble remission with auto-HCT or allo-HCT. Among recipients of allo-
HCT, outcomes were independent of receipt of prior novel agents
or cytogenetic risk, and deeper response at the time of transplantation
was associated with decreased relapse and improved PFS and OS.
Allo-HCT outcomes were dismal among treatment-resistant patients;
these patients should be considered for alternative management
approaches. Although a minority of patients with DLBCL-RS will
respond to treatment and be considered for HCT, our data suggest

Table 5. Multivariable regression analysis in allo-HCT cohort

n HR 95% CI, lower limit 95% CI, upper limit P Overall P

NRM

Prior therapy regimens received, n

1 51 1 .01

2 27 1.38 0.52 3.63 .52

$3 30 4.05 1.75 9.39 ,.001

Missing 6 0.96 0.12 7.59 .97

Relapse*

Disease status

CR 40 1.00 ,.001

PR 49 2.65 1.10 6.38 .03

Resistant 19 6.81 2.49 18.59 ,.001

Missing 6 0.87 0.11 7.07 .90

PFS*

Disease status

CR 40 1.00 ,.001

PR 49 1.97 1.07 3.61 .03

Resistant 19 5.42 2.73 10.79 ,.001

Missing 6 0.78 0.18 3.39 .74

OS

Disease status

CR 40 1.00 ,.001

PR 51 2.05 1.04 4.06 .04

Resistant 20 6.63 3.16 13.92 ,.001

Missing 7 1.05 0.23 4.70 .95

*Histology at relapse (CLL/SLL vs DLBCL-RS) was not available; therefore, any relapse was considered an event.
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that HCT should be considered for responding patients with DLBCL-
RS, regardless of whether they have del17p or have received prior
novel therapies, and, especially, for those in CR.
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