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Abstract

Efficacy of conventional chemoimmunotherapy is limited in patients with Richter syndrome (RS)
with anticipated median overall survival (OS) of less than 10 months. Allogeneic hematopoietic
cell transplantation (allo-HCT) is commonly offered as a consolidative treatment option in RS. To
our knowledge, there are no randomized controlled studies that have compared allo-HCT against
other therapies in RS; available allo-HCT data are limited to small case series from single-
institution or registry studies. We performed a systematic review and meta-analysis to assess the
totality of evidence regarding the efficacy (or lack thereof) of allo-HCT for RS. We extracted data
on post-allograft outcomes related to benefits (overall response rate [ORR], complete remission
[CR], OS, and progression-free survival [PFS]). For harms, data were extracted on non-relapse
mortality (NRM) and relapse post-allografting. Our search strategy identified 240 studies, but only
four studies (77 = 72 patients) met our inclusion criteria. Pooled ORR, CR, OS, and PFS rates were
79%, 33%, 49%, and 30%, respectively. Pooled NRM and relapse rates were 24% and 28%,
respectively. Results of this systematic review and meta-analysis indicate that allo-HCT yields
encouraging OS in RS, thus remaining a reasonable treatment option in fit patients whose disease
demonstrates a chemosensitive response to pre-transplant salvage therapies. Novel strategies are
certainly needed to reduce the risk of relapse to further improve outcomes in these patients.
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Introduction

Initially described in 1928 [1], Richter syndrome (RS) entails transformation of chronic
lymphocytic leukemia (CLL) into an aggressive form of B-cell lymphoma, most commonly
a diffuse large B-cell lymphoma (DLBCL), and rarely a classical Hodgkin lymphoma
variant [2-4]. It is estimated that 10% of CLL patients would develop RS which is generally
associated with limited survival ranging from 5 to 9 months [5-7]. The median time for RS
transformation is generally reported to occur within 2—4 years [8]. Notably, presence of
bulky extensive adenopathy, Del17p, Delllq, unmutated /GHV, mutated NOTCHJ, and
stereotyped B-cell receptor has been associated with an increased risk of RS occurrence
[3,9-11]. From the treatment standpoint, several multi-agent chemoimmunotherapy
regimens, mostly those used to treat de novo DLBCL, have been used in RS [12,13] with an
overall response rate (ORR) of approximately 40% and median overall survival (OS) of less
than 10 months [6,14-18]. The durability of responses after chemoimmunotherapy is
generally short-lived [13].

Ibrutinib is a Bruton’s tyrosine kinase inhibitor approved for various stages of CLL. Studies
have demonstrated that patients with CLL treated with ibrutinib, who develop RS, have a
dismal median OS of 3.5 (range, 0.3-6) months from the time of documented transformation
[19]. Allogeneic hematopoietic cell transplantation (allo-HCT) is commonly offered as a
consolidative treatment option, particularly in clonally-related RS which is known to have a
worse prognosis than the clonally-unrelated counterpart [3]. A recently published analysis
from the German CLL Study Group showed an encouraging median OS of 17.9 months in
three patients allografted for RS [7]. Recently published practice guidelines by the American
Society of Transplantation and Cellular Therapies (formerly known as the American Society
for Blood and Marrow Transplantation) recommend allo-HCT as a front-line consolidation
in patients with RS [20]. Guidelines from the National Comprehensive Cancer Network
recommend allo-HCT only in clonally-related or unknown clonal status RS with
chemosensitive disease response [21].

To our knowledge, there are no randomized controlled studies that have compared allo-HCT
with other therapies in patients with RS. Available allo-HCT data are limited to small case
series from single-institution or registry studies. Therefore, we conducted a systematic
review and meta-analysis of the existing medical literature to assess the totality of evidence
regarding the clinical efficacy (or lack thereof) of allo-HCT for RS.

Methods

Search and selection of eligible studies

According to predefined protocol, a comprehensive search of the published medical
literature was undertaken using three major databases, namely PubMed/Medline, Embase,
and Cochrane on February 13, 2020 (Appendix 1). Additionally, we performed a manual
search of cited references listed on relevant nonsystematic or narrative review articles aimed
at identifying additional eligible studies that may have been missed by our search strategy.
We did not apply any search limits based on language, country of origin, date of study
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conduct, or type of study (prospective, retrospective from a single center or multiple centers,
or registry data), but we excluded studies that were only reported in abstract form.

Eligibility for inclusion in this systematic review/meta-analysis required that studies must
have enrolled > 10 patients who ended up receiving an allo-HCT for the sole purpose of
treating RS. Selection of included studies was undertaken by two authors (S.A. and M.A.K-
D). Possible disagreements were resolved by consensus majority in consultation with two
separate co-authors (T.R. and A.K).

Data collection

Clinical outcome data from eligible studies were extracted in relation to benefits and harms
by three authors (S.A., F.Y., and M.A.K-D). To assess clinical benefits, we extracted data on
ORR, complete remission rate (CR), OS, and progression-free (PFS) survival. For harms,
data were extracted on non-relapse mortality (NRM) and relapse after allo-HCT.

The methodologic quality of eligible studies was assessed by two authors (T.R. and A.K.)
using the Newcastle—Ottawa scale modified for single-arm cohort studies [22].

Statistical analysis

In this systematic review/meta-analysis, we calculated proportions for each specific outcome
of interest. For the meta-analysis, the proportions were transformed into quantities according
to the Freeman—Tukey variant of the arcsine square root-transformed proportion [23,24].
The pooled proportion was calculated as the back-transformation of the weighted mean of
the transformed proportions using the random-effects model proposed by DerSimonian and
Laird [23], which was used to pool data from studies with similar definitions pertaining to
study design, study subjects, and allo-HCT outcomes. All results are reported as rates with
their corresponding 95% confidence intervals (ClIs).

Analysis of heterogeneity

Results

We assessed heterogeneity among the studies included in this systematic review/meta-
analysis using the /test as described by Higgins et al. [25]. Moderate heterogeneity was
defined as # > 30%, and high heterogeneity was defined as 7> 60%. All analyses reported
in this systematic review were performed by Stata version 16 software (StataCorp LP,
College Station, TX, USA) [26] and the MetapropOne software package [27]. The review is
reported in accordance with PRISMA guidelines [28].

Search results

Our implemented search strategy (Appendix 1) identified a total of 240 studies. Only four
studies (n= 72 patients) met our inclusion criteria [14,29-30]. The three most common
reasons for studies to be excluded were: (a) not allo-HCT, (b) not specific to RS, and (c)
included < 10 patients or represented case reports (Fig. 1). Three of the studies represented
single-institution data [14,29,30], with two of those published from the same center [14,30].
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One study represented registry data from the European Society for Blood and Marrow
Transplantation (EBMT) [31].

Characteristics of included studies

The median age of patients in included studies ranged from 57 to 63 years and reduced
intensity conditioning was the preferred preparative regimen in three of four studies. Three
studies reported a median follow-up time of 29-46 months. These and other findings are
described in Table 1.

Assessment of methodologic quality of selected studies

In Table 2, we summarize the risk of bias for the studies included in this systematic review/
meta-analysis. Three studies [14,29,30] represented single-institution observational data and
one study was an EBMT registry study [31]. All included studies [14,29,30] enrolled were at
low risk for the representativeness of the cohort, except the study by Cwynarski et al. [31].
All other parameters for methodological quality assessment were judged to be at low risk for
all included studies.

Outcomes

ORR—ORR was reported in three studies (7= 47 patients) [14,29,30]. The pooled ORR
rate was 79% (95% CI = 50-98). Heterogeneity among these studies was high (¥ = 74.6%, p
=.02).

CR—CR was reported in three studies (n7= 47 patients) [14,29,30]. The pooled CR rate was
33% (95% CI = 4-71). Heterogeneity among these studies was high (# = 84.2%, p=.002).

OS—O0S was reported in four studies (n7= 72 patients) [14,29-31]. The pooled OS rate was
49% (95% CI = 29-69). Heterogeneity among these studies was high (# = 63.7%, p= .04;
Fig. 2A).

PFS—PFS was reported in three studies (17 =52 patients) [14,29,31]. The pooled PFS rate
was 30% (95% CI = 18-44). There was no heterogeneity among the studies (=0, p=.37;
Fig. 2B).

NRM—NRM was reported in three studies (17 =52 patients) [14,29,31]. The pooled NRM
rate was 24% (95% CI = 11-41). Heterogeneity among these studies was low (# = 29.4%, p
=.24).

Relapse—Relapse was reported in three studies (7= 52 patients) [14,29,31]. The pooled
relapse rate was 28% (95% Cl = 9-52). Heterogeneity among these studies was high (/=
62.7%, p=.07).

Discussion

Findings of this systematic review/meta-analysis indicate that allo-HCT yields encouraging
pooled ORR of 79% and OS rates of 49% in patients with RS. Unfortunately, a pooled
relapse rate of 28% was observed, suggesting that novel strategies are certainly warranted to
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reduce the risk of relapse to further improve outcomes in these patients. Pertaining to the
pooled NRM rate of 24% (95% CI = 11-41), this is consistent with reported NRM for allo-
HCT in various lymphoid malignancies [32].

Our analysis has several limitations, namely the small number of identified studies and a
small number of patients per study. Additionally, in the absence of individual patient data, it
is difficult to ascertain patients’ performance status and presence of specific comorbidities to
shed light into their fitness and ultimate impact on post-transplant outcomes. Moreover,
studies included in this systematic review/meta-analysis did not specify whether a clonal
relation to CLL was confirmed in all patients who received an allo-HCT, or whether the
intensity of the conditioning regimen impacts post-transplant outcomes. Besides, clinical
outcomes of two studies from the same institution were published in 2006 [14] and 2015
[30], raising concerns of possible overlap of cases. Furthermore, we did not identify any
randomized controlled trials (RCTs) comparing allo-HCT with any other treatment modality
in patients with RS. Another major limitation is the absence of data assessing the role of
novel therapies, such as BCL-2inhibitors like venetoclax when prescribed alone or in
combination with other new agents in the studies included herein, consistent with
contemporary practice. In fact, in one single-institution study, only one of 10 patients
received ibrutinib and later idelalisib for treatment of CLL prior to transformation into RS
[29]. Two of the remaining studies enrolled patients before ibrutinib or venetoclax became
approved for commercial use [14,31]. Also, in one single-institution study, the authors
reported a 2-year OS of 36% and no survivors reported after 5 years [30]. Methodologically,
we assessed OS including the 2-year OS of 36% reported in that study [30] (Fig. 2A)
yielding a pooled OS rate of 49%. When the pooled OS rate was assessed including the 5-
year OS data (5-year OS = 0) [30], the resulting pooled OS rate was 35% (95% CI = 4-76).
Heterogeneity was lower when the 2-year OS was included instead of the 5-year OS (# =
63.7% vs. 91.5%).

While novel therapeutics, such as BTK, PI3K, and BCL-2 inhibitors, have drastically shifted
the treatment paradigm in CLL, the impact of these targeted therapies on RS remains less
encouraging. A phase 2 study has demonstrated promising efficacy of pembrolizumab in
CLL patients with RS [33]. Evaluating the role of allo-HCT in patients with RS in the
setting of prior treatment with novel targeted therapies remains an area of continuous
investigation. The recent emergence of a new effective T-cell engineered therapy, namely
chimeric antigen receptor T-cell (CAR-T) therapy, has already revolutionized the treatment
algorithm of DLBCL (de novo or transformed from follicular lymphoma) [34,35]; clinical
studies are showing encouraging activity in high-risk CLL including cases of RS [36]. The
rare incidence of RS makes it difficult to conduct large RCT comparing novel therapies such
as CAR-T against allo-HCT unless performed in the context of research consortiums or
clinical trial networks.

Conclusion

Notwithstanding all aforementioned limitations, allo-HCT remains a reasonable treatment
option for patients with RS who are physically fit and have adequate organ function, have a
suitable HLA-compatible donor, and demonstrate chemosensitive disease response prior to
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the procedure. These cases should be referred to transplant centers as soon as possible to
confirm eligibility for allo-HCT in a timely manner, considering the short-lived duration of
responses with current chemoimmunotherapy regimes. Clinical trials focusing on
incorporating novel therapies as a maintenance/consolidative strategy to help reduce the risk
of disease relapse after allo-HCT are definitely needed. Finally, patients with RS who
remain refractory to salvage treatments would be better served by being considered for
enrollment in clinical trials.
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Appendix 1. Electronic search strategies

Search termsfor MEDLINE via PubMed

#1 Richter syndrome[MeSH Terms]

#2 (Richter* Syndrome*[Title/Abstract])) OR (Richter* Transformation*)
#3  #1OR#2

#4 “Hematopoietic Stem Cell Transplantation”[Mesh]

#5 (Hematopoietic Stem Cell Transplantation)

#6  (allogeneic[Title/Abstract] AND transplant*[Title/Abstract])
#7 “Bone Marrow Transplantation”[Mesh]

#8 (Bone Marrow Transplantation[Title/Abstract])

#9  #4 OR #5 OR #6 OR #7 OR #8

#10 #3 AND #9

Search termsfor EMBASE

#1 "richter syndrome’/exp OR ’richter syndrome’

#2 ’richter transformation’/exp OR ’richter transformation’

#3 richter:ti,ab

#4  #1OR#2 OR#3

#5 "allogeneic hematopoietic cell transplantation’/exp OR ’allogeneic hematopoietic cell transplantation’
#6 transplant*:ab,ti

#7  #50R#6

#8 #4 AND #7

Search termsfor Cochrane

#1 Richter syndrome
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#2 Richter Transformation
#3  #1OR#2
#4 MeSH descriptor: [Hematopoietic Stem Cell Transplantation] explode all trees
#5 MeSH descriptor: [Bone Marrow Transplantation] explode all trees
#6 Transplantation
#7  #4 OR#5 OR #6
#3 #3 AND #7
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Hematol Oncol Stem Cell Ther. Author manuscript; available in PMC 2022 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Aulakh et al.

A

Page 11

%
Study 0s Total ES (95% CI) Weight
Tsimberidou, 2006 13 17 0.76 (0.50, 0.93) 25.06
Cwynarski, 2012 9 25 0.36 (0.18,0.57) 28.34
Rozovski, 2015 7 20 0.35 (0.15, 0.59) 26.49
Kharfan-Dabaja, 2017 5 10 0.50 (0.19, 0.81) 20.11
Overall ("2 =63.7%, p = 0.041) 0.49 (0.29, 0.69) 100.00

0 154 .932

%
Study PFS Total ES (95% ClI) Weight
Tsimberidou, 2006 4 17 0.24 (0.07, 0.50) 32.71
Cwynarski, 2012 7 25 0.28 (0.12, 0.49) 47.66
Kharfan-Dabaja, 2017 5 10 0.50 (0.19, 0.81) 19.63
Overall (1"2=0.0%, p =0.374) 0.30 (0.18, 0.44) 100.00

0 .813

Fig. 2.

(@) Pooled overall survival (OS); (b) pooled progression-free survival (PFS). Note. Cl =
confidence interval. ES = effect size.
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