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Allogeneic hematopoietic stem cell transplantation (HSCT) may potentially cure patients with

chronic lymphocytic leukemia (CLL) and Richter’s transformation (CLL-RT) or CLL without

RT, but the impact of novel agents on HSCT is unclear. CLL-RT patients have a grave progno-

sis, and their outcomes after HSCT are uncertain. We conducted a retrospective analysis of all

58 CLL patients, including 23 CLL-RT patients, who underwent reduced intensity conditioning

(RIC) HSCT at Memorial Sloan Kettering Cancer Center (New York, NY) between September

2006 and April 2017. With a median follow-up of 68 months (range, 24-147 months), 5-year

progression-free survival (PFS) was 40% (95% confidence interval [CI], 28%-56%), and overall

survival (OS) was 58% (95% CI, 48%-74%). The 1-year graft-versus-host disease/relapse-free

survival (GRFS) was 38% (95% CI, 25%-50%). Patients with CLL-RT and CLL patients without

RT had comparable outcomes. In both cohorts, treatment-sensitive response and #3 previous

lines of therapy produced superior PFS and OS. Outcomes were agnostic to adverse cytoge-

netic and molecular features. Novel agents did not have a negative impact on HSCT outcomes.

Total body irradiation (TBI)-containing RIC yielded inferior PFS, OS, and GRFS. CLL-RT

patients older than age 55 years who had an HSCT Comorbidity Index score of $2 demon-

strated inferior OS. This study, which is the largest series of RIC-HSCT for patients with

CLL-RT, provides evidence supporting RIC-HSCT in early remission courses for patients with

CLL-RT and poor-risk CLL patients. TBI-containing RIC should be considered with caution.

Introduction

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) offers a potentially curative option for
patients with chronic lymphocytic leukemia (CLL) and Richter’s transformation (CLL-RT) or CLL without
RT. RT occurs in up to 10% of CLL patients, usually associated with histologic transformation to a dif-
fuse large B-cell lymphoma, although Hodgkin lymphoma transformation has also been well described.1,2

Historically, CLL-RT patients have a poor prognosis, attributable to low rates and short duration of
response to intensive chemoimmunotherapy induction regimens, with overall survival (OS) of �8 months.3

In a single-center retrospective analysis, patients with CLL-RT who responded to induction and pro-
ceeded to consolidation with HSCT experienced improved long-term survival at 3 years (75%; n 5 7)
in contrast to chemotherapy-sensitive patients who were not consolidated with HSCT (25%; n 5 35)
or those with relapsed or refractory CLL-RT who underwent HSCT or autologous hematopoietic stem
cell transplantation (auto-HSCT) as salvage therapy (21%; n 5 13; P 5 .019).3 Although patients with
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Key Points

� RIC-HSCT yields
favorable outcomes
for patients with high-
risk CLL-RT,
especially when
performed in early
remission.

� Exposure to novel
agents confers at
least equal outcomes,
whereas use of TBI-
containing RIC seems
to lead to inferior
PFS, OS, and GRFS.
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CLL-RT seem to benefit from postremission consolidation with
HSCT, the outcomes of HSCT in those patients have not been thor-
oughly investigated. The largest series to date describing HSCT
outcomes of patients with CLL-RT include 10 patients from the MD
Anderson Cancer Center4 and 25 patients from the European
Group for Blood and Marrow Transplantation (EBMT) Registry, of
whom 18 patients received reduced intensity conditioning (RIC).

With these limited data, the American Society for Transplantation
and Cell Therapy (ASTCT) has recommended HSCT for all CLL-RT
patients who had demonstrated an objective response to
anthracycline-based chemotherapy, with RIC recommended when-
ever it was indicated.5 In this study, we provide the analysis of out-
comes of the largest reported database of CLL-RT patients
undergoing RIC-HSCT and identify factors that may have an impact
on HSCT outcomes. We also compare the outcomes of CLL-RT
patients with those of CLL patients without RT who were undergo-
ing RIC-HSCT.

In addition, despite its curative potential, HSCT for CLL patients in
Europe and the United States has markedly declined with the recent
approval of novel targeted pathway inhibitors such as ibrutinib, vene-
toclax, or idelalisib.6 However, few studies have investigated the
possible impact of previous exposure to these novel agents on
HSCT outcomes.7-9 With this study, we aimed to help further deter-
mine the impact of exposure to novel agents on post-HSCT out-
comes in patients with CLL and those with CLL-RT.

Methods

Trial design and participants

We identified 61 patients who underwent HSCT for CLL with or
without RT at Memorial Sloan Kettering Cancer Center (MSKCC)
between 15 September 2006, and 26 April 2017 (Table 1). Only
patients who received RIC were included; those who received mye-
loablative conditioning (MAC; n 5 3) were excluded, based on Cen-
ter for International Blood & Marrow Transplant Research (CIBMTR)
definitions.10,11 In all, 23 (39.7%) of the 58 CLL patients who
underwent RIC-HSCT had RT.

CLL patients with TP53 mutations and del17p and all CLL-RT
patients were considered for HSCT at their first remission. For other
patients, disease refractoriness, tempo of disease progression or
relapse, and alternative therapeutic options were considered before
HSCT, and the risks and benefits of each were weighed in a multi-
disciplinary consortium.

Based on HLA-matching, stem cell source, comorbidity, and eligibility,
patients underwent HSCT either per institutional standard (rituximab,
fludarabine, cyclophosphamide, and total body irradiation 200 cGy
(TBI-200) for patients with B-cell non-Hodgkin lymphoma (NHL) or
per enrollment on protocols NCT00425802, NCT00387959,
NCT00739141, and NCT01027000 (described and registered at
www.clinicaltrials.gov).12-14 Distribution of HSCT conditioning regi-
mens, stem cell sources, and use of antithymocyte globulin (ATG)
are summarized in Table 1. The cutoff date for data analysis was
February 16, 2021. A waiver of authorization for this retrospective
review was obtained from the MSKCC Institutional Review and
Privacy Board. The study was conducted in accordance with the
Declaration of Helsinki. Histologic diagnoses of CLL with or with-
out RT were performed internally by a hematopathologist, with

confirmation of a clonal rearrangement involving the IGH gene
identified in isolated CLL and RT cells when possible. Otherwise,
architecture and immunophenotype were analyzed for suspected
clonal relationship. Patients with clonally distinct diffuse large
B-cell lymphoma and CLL were excluded.

Outcomes and statistical analysis

Response assessments were defined according to the 2018 Inter-
national Workshop on Chronic Lymphocytic Leukemia criteria and
by using Lugano criteria for RT.15,16 We defined treatment-sensitive
disease as partial response (PR) or complete response (CR) to the
last line of therapy before HSCT. We categorized as treatment-
refractory those with stable disease (SD) or progression of disease
(PD) to the last line of treatment before HSCT. Graft-versus-host
disease (GVHD) and GVHD relapse-free survival (GRFS) were
defined as the time from HSCT to grade 3 to 4 acute GVHD
(aGVHD), chronic GVHD (cGVHD) requiring systemic treatment,
relapse or PD, or death, whichever came first.17 Cumulative inci-
dence functions were used to estimate the incidence of grade 2 to
4 aGVHD, cGVHD, nonrelapse mortality (NRM), and relapse or PD;
comparisons across clinical characteristics were examined using
Gray’s test. OS, progression-free survival (PFS), and GFRS were
estimated using Kaplan-Meier methods, and comparisons across
clinical characteristics were examined using the log-rank test.

Variables included age, sex, time from diagnosis to HSCT, Rai stag-
ing, cytogenetic risks, disease response status at the time of HSCT,
number of previous lines of therapy, use of a novel agent (eg, BTK,
Bcl-2, and PI3K inhibitors) before HSCT, RT histology, HSCT-
Comorbidity Index (HSCT-CI) score, graft source, use of TBI-
containing RIC, and use of ATG with conditioning. Multivariable
models were built with all univariable covariates with P , .05. All
statistical analyses were performed with R v3.4.4 software (R Core
Development Team, Vienna, Austria).

Results

Study population

We identified 58 patients who underwent RIC-HSCT at MSKCC
for CLL, including 23 patients with RT (39.7%), between 15 Sep-
tember 2006, and 26 April 2017. The median follow-up was 89
months (range, 46-176 months); demographic and clinical charac-
teristics of patients are summarized in Table 1. The median age of
patients was 55.0 years (range, 36.3-69.6 years), and the majority
of patients (77.6%) were male (n 5 45). The median time from CLL
diagnosis to HSCT was 73.1 months (range, 7.9-241.2 months).
Patients received a median number of 3 lines of therapy before
HSCT (range, 1-10 lines of therapy).

Outcomes for all 58 CLL patients

All patients achieved engraftment. For the entire cohort, NRM was
12% at 12 months after HSCT. PFS rates at 12, 24, and 60
months were 72% (95% confidence interval [CI], 61%-84%), 53%
(95% CI, 41%-66%), and 40% (95% CI, 28%-56%), respectively,
whereas corresponding OS rates were 86% (95% CI, 77%-95%),
69% (95% CI, 57%-81%), and 58% (95% CI, 48%-74%), respec-
tively. The cumulative incidence of PD was 26% (95% CI, 15%-
37%) at 24 months. The cumulative incidence of grade 2 to 4
aGVHD at day 1100 was 29% (95% CI, 18%-41%), and for
cGVHD, it was 33% (95% CI, 21%-45%) at 12 months and 36%
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Table 1. Patient, CLL, and transplantation characteristics

Characteristic CLL-RT patients CLL patients with no RT All CLL patients

No. of patients 23 35 58

Sex

Female 5 8 13

Male 18 27 45

Median age, y (range) 57.6 (36.3-69.6) 54.5 (43.4-67.9) 55 (36.3-69.6)

Median time from diagnosis to HSCT, mo 73.9 (7.9-241.2) 65.8 (13.1-206.0) 73.1 (7.9-241.2)

Rai stage

0 5 3 8

1 10 15 25

2 5 9 14

3 1 5 6

4 2 3 5

Patients with adverse cytogenetics or molecular features 14 (60.9) 30 (85.7) 44 (75.9)

TP53 mutation/del17p 4 12 16

IGHV unmutated 8 5 13

ZAP701 0 8 8

del11q 4 16 20

Complex 2 7 9

HSCT Comorbidity Index score

0 9 11 20

1-2 3 16 19

3-4 7 6 13

$5 4 2 6

Disease response status at time of HSCT

CR 7 2 9

PR 12 23 35

SD 0 9 9

PD 4 1 5

Median No. of previous lines of therapy (range) Total: 3 (1-9); 2 (1-4) for RT 3 (1-10) 3 (1-10)

Previous use of novel agent 2 (8.7) 9 (25.7) 11 (19.0)

Novel agent

Ibrutinib 2 8 9

Venetoclax 1 4 5

Idelalisib/duvelisib 0 3 3

Conditioning regimen

Rituximab-fludarabine-cyclophosphamide-TBI 200 14 18 32

Fludarabine-cyclophosphamide-TBI 200 1 3 4

Fludarabine-cyclophosphamide-thiotepa-TBI 400 2 2 4

Fludarabine-melphalan 4 4 8

Fludarabine-melphalan-thiotepa 2 2 4

Rituximab-fludarabine-busulfan 0 3 3

Fludarabine-busulfan 0 3 3

Use of ATG

Yes 10 13 23

No 13 22 35

Haplo, HLA-haploidentical; MMUD, HLA-mismatched unrelated donor; MRD, HLA-matched related donor; MUD, HLA-matched unrelated donor; PBSC, peripheral blood stem cell; TBI
200, total body irradiation 200 cGy; TBI 400, total body irradiation 400 cGy.
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(95% CI, 24%-49%) at 24 months after HSCT. GRFS was 38%
(95% CI, 25%-50%) at 12 months. GRFS, PFS, and OS estimates
for the entire population are illustrated in Figure 1.

Univariable factors that have an impact on HSCT

outcomes for all CLL patients

Patient history and demographic factors. Although
HSCT-CI score and age were not prognostic, female sex was asso-
ciated with a higher rate of cGVHD (24-month estimates: 27%
[95% CI, 14%-40%] vs 69% [95% CI, 33%-94%]; P 5 .02). This
difference did not result in a significant difference in PD, PFS,
GRFS, or OS between sexes.

Patients with .3 previous lines of therapy experienced significantly
inferior 24-month PFS (24% [95% CI, 6%-42%] vs 70% [95% CI,
56%-85%]; P , .001) and OS (47% [95% CI, 25%-68%] vs
81% [95% CI, 68%-94%]; P 5 .001; Figure 2A). This group
incurred increased NRM (39% [95% CI, 18%-60%] vs 11% [95%
CI, 1%-21%]; P 5 .005), despite a trend toward lower incidence of
cGVHD (24% [95% CI, 6%-42%] vs 43% [95% CI, 27%-59%]; P
5 .055) compared with those with #3 previous lines of therapy. In
contrast, the time from diagnosis to transplant was not prognostic.

CLL disease factors. Advanced disease stage and molecular
and/or cytogenetic risks were not associated with HSCT outcomes.
The most significant prognostic factor was the response status at
the time of HSCT; those with treatment-sensitive disease had lower
rates of 24-month NRM (14% [95% CI, 4%-24%] vs 43% [95%
CI, 17%-69%]; P 5 .004), higher PFS (68% [95% CI, 54%-82%]
vs 7% [95% CI, ,1%-21%]; P , .001), OS (82% [95% CI, 70%-
93%] vs 29% [95% CI, 5%-52%]; P , .001; Figure 2B), and
GRFS (32% [95% CI, 18%-46%] vs 7% [95% CI, ,1%-21%]; P
5 .05). The difference in cumulative incidence of PD in patients
with treatment-sensitive vs refractory disease was not significant
(24-month estimates of 18% [95% CI, 7%-30%] vs 50% [95% CI,
24%-76%]; P 5 .104).

Exposure to novel agents. In total, 11 patients (19%) were
exposed to at least 1 novel agent before HSCT (Table 1); we did
not observe any differences in these patients relative to those with-
out previous exposure to novel agents: rates of grade 2 to 4
aGVHD at day 100 (27% [95% CI, 1%-54%] vs 30% [95% CI,
17%-43%]; P 5 .703), cumulative incidence of 24-month cGVHD
(27% [95% CI, 1%-54%] vs 38% [95% CI, 24%-52%]; P 5

.483), NRM (9% [95% CI, ,1%-26%] vs 23% [95% CI, 11%-
36%]; P 5 .242), PFS (55% [95% CI, 25%-84%] vs 53% [95%
CI, 39%-67%]; P 5 .673), OS (82% [95% CI, 59%-100%] vs
66% [95% CI, 52%-80%]; P 5 .271; Figure 2C), or GRFS (27%
[95% CI, 1%-54%] vs 26% [95% CI, 13%-38%]; P 5 .581).

Transplant platform. Although HLA-matched graft sources
resulted in expected lower rates of grade 2 to 4 aGVHD at day
100 of 18% (95% CI, 6%-31%) vs 50% (95% CI, 28%-72%) (P
5 .05) for mismatched grafts, these did not have an impact on the
cumulative incidence of cGVHD, relapse, NRM, PFS, OS, or GRFS
outcomes. By contrast, TBI-containing conditioning was associated
with inferior 24-month PFS (42% [95% CI, 27%-58%] vs 78%
[95% CI, 59%-97%]; P 5 .009), OS (57% [95% CI, 42%-73%]
vs 94% [95% CI, 84%-100%]; P 5 .003; Figure 2D), and GRFS
(12-month estimates: 30% [95% CI, 16%-40%] vs 56% [95% CI,
33%-79%]; P 5 .033), although it did not have an impact on cumu-
lative incidence of PD, NRM, grade 2 to 4 aGVHD at day 100,
or cGVHD.

CLL-RT vs CLL without RT. The 23 CLL patients with RT and
35 CLL patients without RT had comparable outcomes, including
rates of grade 2 to 4 aGVHD (22% [95% CI, 5%-39%] vs 34%
[95% CI, 19%-50%]; P 5 .126), 24-month cumulative incidence of

Table 1. (continued)

Characteristic CLL-RT patients CLL patients with no RT All CLL patients

Graft source

MRD PBSC 6 13 19

MUD PBSC 6 13 19

Haplo PBSC 2 0 2

Haplo bone marrow 0 2 2

MMUD PBSC 4 3 7

Cord blood transplant 5 4 9

Haplo, HLA-haploidentical; MMUD, HLA-mismatched unrelated donor; MRD, HLA-matched related donor; MUD, HLA-matched unrelated donor; PBSC, peripheral blood stem cell; TBI
200, total body irradiation 200 cGy; TBI 400, total body irradiation 400 cGy.

Figure 1. Survival outcomes of CLL patients from the time of HSCT. Data

include 1. OS, 2. PFS, and 3. GRFS.
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cGVHD (35% [95% CI, 15%-54%] vs 37% [95% CI, 21%-53%];
P 5 .565), NRM (13% [95% CI, ,1%-27%] vs 26% [95% CI,
11%-40%]; P 5 .32), OS (74% [95% CI, 56%-92%] vs 66%
[95% CI, 50%-81%]; P 5 .884; Figure 3A), PFS (65% [95% CI,
46%-85%] vs 46% [95% CI, 29%-62%]; P 5 .638; Figure 3B), or
GRFS (39% [95% CI, 19%-59%] vs 17% [95% CI, 5%-30%];
P 5 .256; Figure 3C).

Multivariable analysis. In multivariable analysis for the entire
population, disease treatment response status at time of HSCT,
number of previous lines of therapy, and use of TBI conditioning
were included to explore their impact on OS. Treatment-sensitive

Table 2. Multivariable analysis for the entire cohort

Variable N OS HR (95% CI) P

Treatment-sensitive response Yes 44 (reference) .002

No 14 5.19 (1.82-14.84)

#3 lines of therapy Yes 37 (reference) .337

No 21 1.60 (0.61-4.19)

TBI conditioning Yes 40 (reference) .033

No 18 0.11 (0.01-0.83)

HR, hazard ratio.

Figure 2. OS of CLL patients from the time of transplant. Patients are stratified by number of previous lines of therapy (A), remission status at the time of

transplantation (B) (treatment-sensitive: CR or PR; refractory: SD or PD), use of novel agent (C), and use of TBI-containing conditioning regimen (D). Bcl-2i, Bcl-2 inhibitor;

TKI, tyrosine kinase inhibitor.
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response at time of HSCT remained favorable and the use of TBI
remained unfavorable, whereas having received .3 previous lines
of therapy was no longer significant, as shown in Table 2.

Factors that had an impact on HSCT outcomes for

the CLL-RT cohort

In the CLL-RT cohort, those who received .3 previous total lines of
therapy (for CLL and/or CLL-RT) experienced inferior 24-month
PFS (30% [95% CI, 2%-58%] vs 92% [95% CI, 78%-100%]; P
5 .007) and OS (50% [95% CI, 19%-81%] vs 92% [95% CI,
78%-100%]; P 5 .021) and a trend toward increased NRM (30%
[95% CI, 2%-58%] vs 0; P 5 .059) in contrast to patients with #3
previous lines of therapy. Likewise, treatment-sensitive disease was
associated with a lower incidence of PD (P 5 .05) and a trend
toward improved OS (P 5 .081). In addition, patients age 55 years

or younger demonstrated superior 24-month OS compared with
those older than age 55 years (80% [95% CI, 55%-100%] vs 69%
[95% CI, 44%-94%]; P 5 .046), despite similar incidence of NRM
(P 5 .403), aGVHD (P 5 .778), cGVHD (P 5 .311), PD (P 5

.616), PFS (P 5 .407), and GRFS (P 5 .752). Similarly, patients
with a higher HSCT-CI score of $2 had poorer OS compared with
those with lower score of 0 to 1 (58% [95% CI, 30%-86%] vs
91% [95% CI, 74%-100%]; P 5 .018; Figure 4), mostly attribut-
able to a trend toward increased 24-month cumulative incidence of
NRM (25% [95% CI, 1%-49%] vs 0% [95% CI, not applicable]; P
5 .069). HSCT-CI did not have an impact on cumulative incidence
of aGVHD, cGVHD, PD, PFS, or GRFS. The time from CLL diagno-
sis to transplantation, use of ATG, and matching HLA grafts were
not found to have a significant impact on HSCT outcomes in the
CLL-RT cohort; the role of other demographic, transplantation, or

Figure 3. Survival outcomes of CLL patients from the time of HSCT. Patients are stratified by manifestation of RT, including OS (A), PFS (B), and GRFS (C).
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disease characteristics could not be adequately examined because
of the small size of the population. For the same reason, multivari-
able analysis could not be performed.

Patient outcomes after HSCT relapse

In all, 8 (34.8%) of 23 patients had PD after HSCT, among whom
only 2 (25%) are still alive: 1 achieved a CR after tapering immuno-
suppression (IS) and remains in CR 7.5 years later; the other patient
received sequential lines of chemoimmunotherapy followed by radia-
tion for refractory disease before proceeding with a salvage myeloa-
blative donor-derived auto-HSCT and remained in CR for 11 years
after his original HSCT. The 6 other CLL-RT patients who relapsed
after HSCT died as a result of PD or treatment complications: 3
received salvage regimens that included novel agents with or with-
out chemoimmunotherapy and had little to no response; 1 received
rituximab plus prednisone (during concurrent explosive PD and
infection); and 1 patient received salvage chemotherapy followed by
a second HSCT and achieved a CR but died as a result of GVHD
acquired thereafter.

Table 3. Causes of death

Cause of death

CLL-RT

(n 5 23)

CLL without RT

(n 5 35)

All CLL patients

(n 5 58)

Total deaths 12 19 31

PD 5 6 11

GVHD 5 9 14

Infection 1 1 2

Cardiac 1 1 2

Other/unknown 0 2 2

Figure 4. OS of CLL-RT patients. Patients are stratified by number of previous lines of therapy (A), age (B), and HSCT-CI score (C).
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In addition, 12 (34.3%) of 35 CLL patients without RT had PD after
HSCT, of whom 6 patients (50%) are still alive: 1 patient with early
PD achieved a CR after tapering IS and concurrent induction with
rituximab, remaining in CR 4 years after HSCT; 3 received novel
agents with or without chemoimmunotherapy or donor lymphocyte
infusions leading to PR, slow PD, or SD, and they are still alive after
4 years, 5 years, and 10 years after HSCT; 1 received ibrutinib plus
donor lymphocyte infusions leading to a PR, followed by chimeric
antigen receptor (CAR)-modified Epstein-Barr virus cytotoxic T lym-
phocytes, achieved CR, and is alive 5.5 years after HSCT; 1 was
refractory to 3 lines of novel agents and developed RT with PD for
which he received zanubrutinib plus nivolumab before receiving
CAR T cells, which led to CR and late PD for which combination
ibrutinib plus lenalidomide was started. He achieved SD and is still
alive 7.5 years after HSCT. Six patients died after relapse: 4
received combinations of novel agents; 1 received rituximab during
concurrent early PD and GVHD; 1 relapsed with RT and received
sequential chemoimmunotherapy with continued PD.

Causes of death

In total, 31 deaths occurred by the time of data cutoff, including 12
deaths for the CLL-RT population. The most common cause of
death in the whole population was GVHD (45.2%), followed by PD
(35.5%), infection (6.5%), and cardiac toxicity (6.5%). One patient
(3.8%) died as a result of secondary melanoma, and 1 (3.8%) died
as a result of unknown causes (Table 3).

Discussion

Herein, we report a single-center retrospective series of CLL
patients in the modern era, including the largest cohort of RT
patients undergoing RIC-HSCT yet reported. Our analysis confirms
the curative potential of RIC-HSCT for CLL patients, demonstrating
once again that HSCT overcomes traditional adverse cytogenetic
and molecular features.18-21 Similarly, as previously reported, we
demonstrated that patients with treatment-sensitive disease and
those who had received #3 previous lines of treatment had
improved PFS and OS.22

Surprisingly, our data suggest that TBI-containing RIC regimens
result in inferior outcomes for PFS, OS, and GRFS. The impact on
OS was further confirmed on multivariable analysis. Our findings
were somewhat unexpected, considering our previously reported
institutional favorable outcomes using fludarabine, cyclophospha-
mide, and TBI-containing RIC with peritransplant rituximab for
patients with B-cell NHL undergoing HSCT.12 Similarly, a large
series from the Fred Hutchinson Cancer Research Center has
shown equally promising outcomes for 212 CLL patients who
received TBI-based RIC-HSCT with or without peritransplant rituxi-
mab.23 However, all patients in the Seattle group series received
TBI-based conditioning, perhaps on the basis of their previous insti-
tutional data that suggested a potential benefit of TBI in MAC regi-
mens.24 This is consistent with results from the CIBMTR Registry,
which showed that TBI-containing MAC for CLL patients resulted in
outcomes similar to those with chemotherapy-only MAC.25 Never-
theless, our findings confirmed results from the Chronic Leukemia
Working Party of the EBMT,26 which show that TBI-containing RIC
regimens increased the risk of all-cause mortality in CLL patients.
The authors proposed a possible explanation that consisted of
stronger CLL-specific activity conferred with the fludarabine-

containing regimens. However, in our cohort, all patients except
those who received TBI also received fludarabine as part of their
conditioning, thereby suggesting that the effect of TBI may be inde-
pendent of exposure to fludarabine. Interestingly, the CIBMTR Lym-
phoma Working Committee recently presented registry data
illustrating that a higher dose of TBI (400 cGy vs 200 cGy) for
patients with NHL undergoing TBI-containing RIC-HSCT led to sig-
nificantly higher rates of NRM and overall mortality without increas-
ing the risk of GVHD, concluding that 200 cGy was the optimal TBI
dosing in those patients.27 In our cohort, 36 (90%) of 40 patients
who underwent TBI-containing RIC received 200 cGy dosing and
only 4 (10%) received 400 cGy. Thus, the TBI dosing intensity is
unlikely the reason for our finding.

In addition, the CIBMTR recently published data regarding the
impact of various RIC regimens on HSCT outcomes for NHL
patients, and patients who received fludarabine, cyclophosphamide,
and 200 cGy of TBI conditioning were among those with the best
outcomes, which were superior to outcomes of patients who
received more intensive fludarabine-melphalan 140 mg/m2 condi-
tioning.28 Our findings suggest that, unlike patients with other NHL
histologies, patients with CLL might not benefit from TBI-containing
regimens. A previous study from Denmark reported that patients
with CLL had lower response rates to low doses of radiation at irra-
diated sites compared with patients with other indolent NHL histolo-
gies. The overall response rate was 71% vs 87%, respectively, and
CR rates especially were much lower: 25% vs 78%.29 TP53 and
del17p aberrations along with del11q, del13q, and CD38 expres-
sion might confer enhanced radiation resistance on CLL cells.30 In
our study, patients who received TBI-containing RICs had statisti-
cally nonsignificant increased incidence of PD, NRM, and grade 2
to 4 aGVHD. Taken together, we suspect that TBI-containing RICs
for patients with CLL might be associated with multifactorial morbid-
ity and mortality features via suboptimal antitumor effects. In addi-
tion, there is a possibly increased combined risk of severe GVHD
as reported by the GVHD Working Group of the Japan Society of
Hematopoietic Cell Transplantation31; this would require deep and
prolonged IS that would ultimately result in augmented risks of com-
bined PD, end-organ toxicity,32 and infection. Our findings, along
with those from EBMT, suggest that TBI-based RIC should not be
used, even with caution, in CLL patients. The impact of TBI should
be further explored within the CIBMTR Registry of CLL patients
with or without RT in the absence of randomized prospective trials.

Patients exposed to novel agents seem to have favorable outcomes,
with 82% OS at 2 years, although that rate is statistically nonsignifi-
cant compared with that for novel agent–naïve patients in our size-
limited study. A retrospective study from the EBMT Registry sug-
gested that previous exposure to ibrutinib seemed to be associated
with increased posttransplant relapse,8 but our experiences,
included in a recent multicenter, international, retrospective cohort
study of CLL patients undergoing HSCT after having received $1
novel agents,7 does not corroborate this finding. A recent single-
center retrospective analysis of 108 patients with high-risk CLL,
among whom 30 had received a novel agent before receiving
HSCT, suggested favorable outcomes for patients who received
previous novel therapy with 3-year PFS and OS of 72% and 87%,
respectively, vs 58% and 69%, respectively, for patients who
received only chemoimmunotherapy, but these differences were not
statistically significant (P 5 .3 and P 5 .22, respectively).9 Taken
together, these findings and ours suggest that exposure to novel
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agents before HSCT does not have a negative impact on outcomes
and perhaps might be advantageous. Data from larger registries are
needed to more definitely answer this question. Our results confirm
that remission status remains the most significant prognostic factor
for CLL patients undergoing RIC-HSCT.33

CLL-RT patients and CLL patients without RT who underwent RIC-
HSCT at our institution had comparable outcomes. This is the larg-
est reported series of CLL-RT patients undergoing RIC-HSCT, and
our findings illustrate the similarly significant roles of treatment-
sensitive response status and number of lines of therapies on
HSCT outcomes. Notably, we also found that, unlike in CLL patients
without RT, HSCT Comorbidity Index score and age influenced OS
outcomes with patients age 55 years or younger and patients with
score 0 to 1 surviving longer than those older than age 55 years
with score $2, despite similar NRM, aGVHD, cGVHD, PD, PFS,
and GRFS for patients in both age groups. One plausible explana-
tion is that patients with CLL-RT generally received more intensive
induction chemoimmunotherapeutic regimens, which could poten-
tially have a greater impact on older patients with more comorbid-
ities. This would result in higher HSCT-CI scores approaching
significance (median score of 3 for patients older than age 55 years
vs a score of 0.5 for those age 55 years or younger; P 5 .06).
Relapse after HSCT remains a major cause of death in patients
with CLL-RT, as expected given the intrinsic aggressiveness of RT
histology.1

Our study is limited by its retrospective design and its restriction to
1 single-center experience. Our data inherently lack information on
the denominator for all CLL-RT patients not referred to or offered
HSCT, which generates a potential selection bias in favor of this
cohort. Interestingly, the German CLL Study Group recently
explored the outcomes and treatment courses of CLL patients with
or without RT starting from time of presentation in a meta-analysis.3

Of 2795 CLL patients, 103 patients (3.5%) had RT; the median
OS after diagnosis of RT was 9.4 months. Only 3 patients with RT
received allo-HSCT for a corresponding median OS of 17.9
months. The authors could not explain the low numbers of HSCTs,
with age unlikely to be a reason (median age of RT patients was
only 65 years), whereas a lack of sufficient remissions was possible
(overall response rates of 30% to 50% and up to 67% in 1 trial
included in the meta-analysis).34 Accordingly, our patients with RT
who proceeded to HSCT might have been chosen as a result of
selection bias, perhaps based on response, fitness, or other factors,
although our patients included a significant proportion with poor
HSCT-CI score, advanced age, and/or multirefractory disease
tempo. Therefore, it is still valuable to describe the favorable out-
comes of CLL-RT patients who proceeded with consolidation
HSCT. However, with the increasing use of novel agents over che-
moimmunotherapy for CLL in recent years, our study may not fully
represent the current practice of sequencing therapeutic interven-
tions and does not fully assess the impact of such agents.

Taken together, our study provides evidence in support of the
Guidelines from the ASTCT, which recommend that all patients with
CLL-RT should receive postremission consolidation with HSCT with
curative intent.5,35 HSCT overcomes adverse molecular, staging,
and cytogenetic features, and patients with CLL with or without RT
who possess adverse phenotypic characteristics should be consid-
ered for early HSCT before the cumulative toxicity of multiple lines
of therapy. Furthermore, our data favor the use of RIC regimens that

do not contain TBI for CLL patients undergoing HSCT. It remains
challenging to determine the optimal sequencing of therapies for
patients with high-risk CLL and/or CLL-RT. Our findings suggest
that novel agents are likely of greater benefit before HSCT because
no patients who relapsed after HSCT achieved any deep, durable
remission with novel agents delivered after HSCT. However,
patients who received immune effector cells after HSCT relapse
achieved CRs (although they were occasionally transient) and have
remained alive. Similarly, other researchers have published the effi-
cacy of allo-HSCT after patients with hematologic malignancies
received CAR T cells, including patients with CLL.36 Perhaps, a
combined modality approach with concurrent T-cell–depleted allo-
HSCT with donor-derived CAR T cells would optimize the graft-ver-
sus-leukemia effect while minimizing the GVHD effect. To answer
this question, our institution has opened a phase 1 trial exploring
this concept (clinicaltrials.gov Identifier: NCT04556266). Larger,
multicenter registry and prospective studies should be undertaken
to corroborate our findings and further determine the role of HSCT
for managing patients with CLL with or without RT in the era of
novel agents and immune effector cell therapies.
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