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Abstract

Richter’s transformation (RT) is a rare complication arising in patients with chronic lymphocytic leukemia/small lymphocytic
lymphoma (CLL/SLL) and is associated with an overall dismal outcome. The rarity of this entity poses many challenges
in understanding its biology and outcomes seen and the optimal treatment approach. We utilized the SEER (Surveillance,
Epidemiology and End Results) database to identify patients diagnosed with CLL/SLL between 2000 and 2016 and sub-
sequently had a diagnosis of diffuse large B-cell lymphoma (DLBCL) or Hodgkin lymphoma (HL), thus capturing those
who experienced an RT event. We compared the outcomes of those patients to those of patients in the database diagnosed
with DLBCL without a preceding CLL/SLL diagnosis. We identified 530 patients who developed RT out of 74,116 patients
diagnosed with CLL/SLL in the specified period. The median age at RT diagnosis was 66 years, and the median time from
CLL/SLL diagnosis to RT development was roughly 4 years. Patients with RT had a dismal outcome with median overall
survival of 10 months. We identified advanced Ann Arbor stage (III/IV) and prior treatment for CLL as predictors of worse
outcome in patients with RT. Our study represents the largest dataset of patients with CLL/SLL and RT and adds to the
existing literature indicating the poor outcomes for those patients.
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Introduction

The recent few years witnessed many strides in the treat-
ment of patients with chronic lymphocytic leukemia/small
lymphocytic lymphoma (CLL/SLL).

However, significant gaps remain in risk factors, biology,
prognosis, and optimal treatment approach for patients who
develop Richter’s transformation (RT), a rare complication
of CLL/SLL with a reported incidence of 4.8% at 10 years
[1]. RT denotes disease transformation to an aggressive
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lymphoma, most commonly a diffuse large B-cell lymphoma
(DLBCL), or less commonly a Hodgkin lymphoma (HL).
Maurice Richter was the first to describe the pathologic
appearance of a “generalized reticular cell sarcoma” in a
patient with CLL in 1928 [2]. The terms Richter’s syndrome
and Richter’s transformation (RT) are used interchangeably
nowadays.

Available reports addressing RT are limited by their ret-
rospective nature and generally the small number of patients
included. Additionally, the rarity of RT meant that most ret-
rospective studies spanned several years that saw several
changes in the paradigms of treatment of CLL, HL, and
DLBCL, making it very challenging to compare the results
of those studies and discern prognostic/predictive factors
for outcomes and the optimal treatment strategies in those
patients. We sought to utilize the Surveillance, Epidemiol-
ogy and End Results (SEER) database to evaluate outcomes
with RT in a large cohort of patients.
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Methods
Database

Covering approximately 35% of the US population; SEER
is a program of the National Cancer Institute that col-
lects and publishes cancer incidence and survival data
from national population-based cancer registries (http://
www.seer.cancer.gov). We used the SEER 2018 publica-
tion and identified three cohort of patients over the period
2000-2016 and labeled them as follows: Patients with
CLL who did not develop RT (CLL WO RT), patients
with CLL who developed RT (CLL W RT), and patients
with DLBCL and no history of CLL in the SEER database
(de novo DLBCL).

All data were collected and used following the SEER
policies and procedures. All CLL/SLL cases during the
period between January 2000 and December 2016 were
identified in the SEER cancer registry, using the Interna-
tional Classification of Diseases ICD-0O-3 code 9823/3.
Patients who had subsequent diagnosis of DLBCL (ICD-
0-3 code 9680/3) or HL (ICD-0O-3 code 9650/3) at least
2 months after CLL/SLL diagnosis and within the study
period were identified.

Data obtained included age, gender, race, history of
treatment for CLL, overall survival (OS), lymphoma
anatomical site, Ann Arbor stage, and the time period
between CLL and RT diagnoses.

Definitions and statistical analysis

Overall survival was the primary endpoint of this study and
was defined as the period from CLL/SLL diagnosis to death
from any cause and was determined from the SEER records
of survival time (total number of months) and vital status
(dead or alive). The reversed Kaplan—-Meier method was
used to calculate median follow-up time. Secondary end-
points were comparison of baseline characteristics between
the CLL/SLL cohort who developed RS and those who did
not.

Statistical analyses were performed using PC SAS 9.4.
y-square tests and Fisher’s exact tests were used to compare
differences between nominal variables, and the Mann—Whit-
ney U test or the Kruskal-Wallis test was used for continu-
ous variables. Kaplan—-Meier method and log-rank test were
used to analyze and create the survival curve. Finally, the
Cox proportional hazards model was used to assess the influ-
ence of various prognostic factors on OS.

Results

We identified 74,116 patients diagnosed with CLL between
2000 and 2016. A total of 530 patients developed RT
(0.72%). Of the 530 patients who developed RT, most
patients experienced transformation to a DLBCL (85%),
while 81 patients (15%) developed Hodgkin lymphoma
(Table 1). Most of those transformation events were nodal

Table 1 Identified patients Variable CLL without RT CLL with RT De novo DLBCL
diagnosed with CLL between (n="73,586) (n=530) (n=97,415)
2000 and 2016
Median age (IQ) in years 70 (61,79) 66 (58,73) 68 (55,78)
Gender
Male 60% 62% 55%
Female 40% 38% 45%
Chemotherapy
Yes 16% 2% 75%
No/unknown 84% 28% 25%
Radiation
Yes 1% 14% 20%
No/unknown 99% 86% 80%
Ann Arbor stage N/A
1-2 30% 43%
34 47% 45%
Unknown 23% 12%
Histology N/A N/A
DLBCL 85%
HL 15%
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Median OS (95% CI)

101 months (99-102)

10 months (8-14)

62 months (61-64)
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Fig.1 KM curves for OS of CLL/SLL patients

Table2 CLL without RT comparison of HR for mortality based on
different variables

Description HR (95% CI) P-value

Year (20002010 vs 2011-2016) 1.20 (1.15, 1.23) <0.0001
Gender (male versus female) 1.17 (1.15, 1.20) <0.0001
Race (black versus white) 1.37 (1.31, 1.43) <0.0001
Age (> 60 versus <60) 3.70 (3.57, 3.84) <0.0001

(74%). The most commonly involved extra-nodal sites were
the GI tract (25%), skeletal system (19%), and the brain/
CNS (12%).

The median age of the subgroup of CLL WO RT was
70 years, males constituted 60% of this population, and
90% were white. Regarding treatment status, 84% of these
patients had not received chemotherapy for CLL or had
unknown treatment status, while 1% were reported to have
received radiation therapy. A significant improvement in
median overall survival was noted for patients diagnosed
with CLL between 2011 and 2016 compared to those
diagnosed between 2000 and 2010 (Fig. 1, Table 2) with
median OS not reached versus 98 months (HR 1.2, 95% CI
1.15-1.23), p<0.0001.

The median time from the diagnosis of CLL to the devel-
opment of RT was almost 4 years, with no significant differ-
ence in the time interval based on histology of the transfor-
mation event comparing DLBCL and HL (47 months versus
49 months, P=0.22) and the median age at the time of RT
was 66 years.

The median overall survival from the RT event diag-
nosis among the entire population that developed RT was
10 months (Fig. 2), with a significantly better median over-
all survival for those who were treatment naive for CLL as
opposed to those with prior treatment for CLL (12 months

Fig.2 KM curve for OS of de novo DLBCL versus DLBCL arising
from RT
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Fig.3 KM curves for RT stratified by histology (DLBCL versus HL)

versus 7 months, P=0.02). We found that 72% of patients
received chemotherapy for RT, resulting in a significantly
improved outcome compared to the remainder of patients
who did not receive treatment (or had unknown status for
treatment with chemotherapy), with median overall survival
of 15 months versus 2 months (HR 2.2, 95% CI 1.74-2.79,
p<0.0001), and an advanced Ann Arbor stage (3/4 ver-
sus 1/2) was associated with worse overall survival on
multivariate analysis with HR of 1.58 (95% CI 1.23-2.03,
P=0.0003).

Fourteen percent of the entire cohort of RT patients
received radiation as part of their treatment.

When stratified by the histology of the transformation
event (Fig. 3), no significant difference in median OS was
noted between DLBCL and Hodgkin lymphoma (10 months
versus 14 months, P=0.22).
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Within the SEER database, we found a total of 97,415
patients who were diagnosed with DLBCL over the study
specified period. The median age at the time of diagnosis
was 68 years, with male predominance (55%). The median
overall survival for all patients was 62 months. Factors asso-
ciated with a significantly worse OS on multivariate analysis
included age > 60 years, male gender, and advanced Ann
Arbor stage. Black patients had a significantly worse out-
come compared to white patients with HR of 1.24 (95% CI
1.20-1.29, p <0.0001) (Table 3).

Discussion

To our knowledge, our study represents the largest dataset
of patients with RT published to date. Several limitations
exist due the nature of the SEER registry and lack of central
review of the pathology slides. As no reassurance exists to
the quality of pathological review used to label each patient
included in the dataset, we aimed to minimize the risk of
incorporating patients who were incorrectly diagnosed with
HL or DLBCL without a true culprit transformation event
by incorporating a delay of 2 months between the diagnosis
of CLL and RT in the registry. We thus excluded patients
who were likely to have presented with symptomatic disease
leading to a diagnosis of one of the three entities (CLL/SLL,
HL, or DLBCL).

The results from our review of this large dataset are com-
parable to many of the previous reports. However, while
some of the observations were consistent among several
reports of RT, significant differences are also noted.

Our study found that the median overall survival from
the RT event diagnosis among the entire population that
developed RT was 10 months. This is in line with previous
US reports such as the large MD Anderson series by Tsim-
beridou et al. [3] (n =148, median OS 8 months), and the
Mayo clinic series by Parikh et al. [1] (n =120, median OS
0.9 years). The similarity in results between the two series

Table 3 Factors associated with worse OS for DLBCL on multivari-
ate analysis

Variable HR for mortality (95% CI) P-value
Age

> 60 versus < 60 2.45(2.4-2.5) <0.0001
Gender

Male versus female 1.12 (1.10-1.14) <0.0001
Ann Arbor stage

3/4 versus 1/2 1.58 (1.55-1.61) 0.0009
Race

Black versus white 1.24 (1.20-1.28) <0.0001
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is notable given the difference in the timeframe covered
(1975-2005 and 1995-2013, respectively).

Interestingly, significantly better outcomes were seen
in the study by Ben-Dali et al. [4] which used data from
the Danish National CLL registry, providing coverage
of nearly 99% of patients diagnosed with CLL between
2008 and 2016, with a median OS after development of
RT (n=113) in this patient population of 3.1 years for
DLBCL and 2.9 years for HL.

The reason for this remarkably better outcome is
unclear. Only 12 patients received a hematopoietic stem
cell transplant (HSCT) in this cohort (5 autologous and
7 allogeneic, with median OS of 4.1 years and 4.3 years,
respectively). The results from our large dataset make it
likely that a role for referral bias contributing to the poor
prognosis noted in the previous single-center US studies
is minimal, if any.

A clonal relationship to the underlying CLL has been
reported to be present in more than 75% of cases of RT to
DLBCL [5]. Those with a clonally unrelated DLBCL have a
significantly lower prevalence of TP53 disruption and better
outcomes compared to those with clonally related DLBCL
(median 62.5 months versus 14.2 months) [6].

While data on clonal relationship of the RT in our study
are not available from the SEER database, the poor median
overall survival supports the existing evidence that the clon-
ally unrelated (de novo) DLBCL that is associated with bet-
ter prognosis represents a minority of cases in RT. Other
limitations of our study related to the nature of the SEER
database are the lack of specific data about CLL genetic
markers and specific CLL prior therapies.

Similar to previous reports [4], our analysis found a sig-
nificantly better outcome for those who were treatment naive
for CLL as opposed to those who were previously treated for
CLL (12 months versus 7 months, P =0.02). The associa-
tion of prior treatment for CLL with a poor median overall
survival for RT is still noted in the era of novel agents. [7, 8]

This is likely related to biological differences in DLBCL
in the setting of RT or the inherently different population
selected for treatment with novel agents as opposed to chem-
oimmunotherapy, as exemplified by the frequent findings of
TP53 disruption in RT developing while on venetoclax or
ibrutinib therapy [9, 10], and 17p deletion has been reported
as an independent prognostic factor for development of RT
[11]. The findings of worse outcome for RT during treatment
with novel agents may also be reflective of outcomes in a
heavily pretreated population.

By assessing the outcomes for patients diagnosed with
DLBCL without a preceding CLL/SLL diagnosis in the
same timeframe (Fig. 2), we were able to identify a com-
parison group from the same dataset to properly compare
outcomes of de novo DLBCL to those arising from RT. The
median overall survival for de novo DLBCL was 62 months.
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The significant improvement in median overall survival
noted for patients diagnosed between 2011 and 2016 com-
pared to those diagnosed between 2000 and 2010 (median
OS not reached versus 98 months) likely reflects improve-
ment in supportive care and salvage therapy options. Our
study also found a significantly worse outcome for black
patients compared to white patients (HR 1.238, p <0.0001).
Prior reports have demonstrated such disparities in outcomes
[12], as well as younger age and a more advanced stage at
presentation for black patients. [13]

Factors reported to affect the outcome of patients with
RT-DLBCL included platelet count < 100 10° /L and pres-
ence of TP53 alterations [14]. Our study identified advanced
Ann Arbor stage and prior therapy for CLL as factors associ-
ated with worse overall survival in patients with RT.

Our analysis shows no significant difference in the time
from CLL diagnosis to the RT event whether it was to a
DLBCL or a HL (47 months versus 49 months, P=0.2163).

Transformation to a HL is a rare event. Our study identi-
fied 81 patients who developed RT to HL, corresponding
to an incidence of 0.1% with a time from CLL/SLL to RT
of 49 months that is in line with previous reports, where
median time to transformation to HL. was between 37.2 and
55 months. [11, 15]

The reported outcomes for HL arising from RT are varia-
ble, with some reporting good outcomes such as that seen in
the pooled analysis of German CLL study group (GCLLSG)
front line treatment trials [11], which reported a median OS
of 82.6 months (n=_8), contrary to a series of 18 patients
from MD Anderson that had a median OS of 0.8 years. [15]

For the HL variant of RT, advanced age was reported
as the strongest predictor for shorter overall survival, and
the clonal relationship did not affect the outcome in a large
series that included 77 patients [16].

Our findings of a median OS for HL-RT of 14 months
when considered with the previous reports suggest that the
outcomes are generally worse compared to de novo Hodg-
kin lymphoma, though some patients may have favorable
outcomes.

The optimal treatment approach for patients with RT is
unclear. Majority of patients with RT to DLBCL are treated
with R-CHOP like regimens. [4, 11]

Given the poor prognosis, the ASBMT (now the ASTCT)
in their 2016 guideline for use of allogeneic HSCT in CLL
provided strong recommendation for allogeneic stem cell
transplantation (alloSCT) in RT patients who achieve an
objective response to anthracycline-based chemotherapy.
(17]

A retrospective, survey-based analysis from the Euro-
pean Group for Blood and Marrow Transplantation
(EBMT) identified 59 patients who received HSCT (34
autologous transplants, 25 allogeneic transplants) with
36% of patients refractory to chemotherapy at the time of

stem cell transplant. Outcomes for post-remission HSCT
in DLBCL type RT showed a 3-year survival of 36% for
allogeneic transplant and 59% after autologous SCT. [18]
For patients who received an allogeneic transplant, the dis-
ease status at the time of transplant significantly impacted
survival (3-year survival of 41% for those transplanted in
complete response or partial response compared to 17% for
those transplanted with progressive disease).

With evolving treatment options for CLL, our under-
standing of the biology and pathogenesis of RT continues
to grow. Particularly poor outcomes have been reported for
patients developing RT on ibrutinib therapy (median OS of
2 months and 3.5 months in two series). [7, 19]

More interestingly, Parikh et al. [20] recently described
three patients who were diagnosed with RT incidentally
during temporary interruption of ibrutinib therapy, and all
patients responded to reintroduction of ibrutinib.

As more novel therapeutic options for CLL become
available, the changes this may bring to the incidence,
prognosis, and best treatment approach to RT will need to
be revisited more thoroughly.

The ideal treatment approach for patients with DLBCL
type RT thus generally depends on whether or not there is
clonal relationship to the preceding CLL, patient fitness
for enrollment in clinical trials, and patient’s candidacy
for consideration of autologous or allogeneic SCT [21].

CAR-T cell therapy is a new promising option for
patients with relapsed or refractory DLBCL.

With regard to DLBCL arising as a transformation
event, the three landmark trials for CAR-T cell therapy in
DLBCL differed in their enrollment criteria. The TRAN-
SCEND trial [22] allowed transformed DLBCL from
indolent histology, while JULIET [23] and the ZUMA-1
trial [24] allowed enrollment of patients with transforma-
tion from a follicular lymphoma (tFL). The full cohort for
TRANSCEND trial included one patient with RT.

It is thus not possible to draw any conclusions about
whether the response rates noted with the different CAR-T
products in DLBCL still apply for those with DLBCL aris-
ing from an RT event, and further data is needed in this
space. It is notable that a single-center experience report-
ing the largest cohort of patients with RT (n=9) treated
with commercial axicabtagene ciloleucel (axi-cel) showed
promising results, with 5 out of 8 patients who underwent
formal response assessment achieving a CR and 3 patients
achieving a PR. [25]

A few promising regimens that have been studied in
RT are:

— The combination of nivolumab plus ibrutinib (phase

II study), which showed a response rate of 43% and a
median overall survival of 13.8 months. [26]

@ Springer



2518

Annals of Hematology (2021) 100:2513-2519

— VR-EPOCH (phase II study) which showed a response
rate of 59% and a median OS of 16.3 months. [27]

— U? (umbralisib and ublituximab) plus pembrolizumab
(phase I/IT) showing a response rate of 38% in RT (n=38).
(28]

Some of the agents and regimens currently under investi-
gation for treatment of RT are zanubrutnib (NCT04271956),
combination of venetoclax, atezolizumab, and obinutu-
zumab (NCT04082897), obinutuzumab, high-dose methyl-
prednisolone (HDMP) and lenalidomide (NCT03113695),
and atezolizumab, gemcitabine, oxaliplatin, and rituximab
(NCT03321643).

Conclusion

In summary, our study highlights the challenging nature of
RT and the overall poor outcomes for this rare phenome-
non. Given the evolving landscape in treatment of CLL and
DLBCL, more gaps in our understanding of RT are likely to
surface. Whether the favorable outcomes for DLBCL with
the newer approaches such as CAR-T cell therapy would
apply as effectively for RT-DLBCL is yet to be proven.
Continued dynamic investigation of RT biology and patho-
genesis is thus needed and multi-center collaborations are
strongly encouraged.
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