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Abstract

Richter transformation (RT) is defined as development of aggressive lymphoma in patients (pts) with CLL. The incidence rates
of RT among pts with CLL range from 2 to 10%. The aim of this analysis is to report the frequency, characteristics and outcomes
of pts with RT enrolled in trials of the GCLLSG. A total of 2975 pts with advanced CLL were reviewed for incidence of RT.
Clinical, laboratory, and genetic data were pooled. Time-to-event data, starting from time of CLL diagnosis, of first-line therapy
or of RT diagnosis, were analyzed by Kaplan-Meier methodology. One hundred and three pts developed RT (3%): 95 pts diffuse
large B-cell lymphoma (92%) and eight pts Hodgkin lymphoma (8%). Median observation time was 53 months (interquartile
range 38.1-69.5). Median OS from initial CLL diagnosis for pts without RT was 167 months vs 71 months for pts with RT (HR
2.64, CI 2.09-3.33). Median OS after diagnosis of RT was 9 months. Forty-seven pts (46%) received CHOP-like regimens for
RT treatment. Three pts subsequently underwent allogeneic and two pts autologous stem cell transplantation. Our findings show
that within a large cohort of GCLLSG trial participants, 3% of the pts developed RT after receiving first-line chemo- or
chemoimmunotherapy. This dataset confirms the ongoing poor prognosis and high mortality associated with RT.

Introduction lymphocytic leukemia (CLL) [1]. Transformation occurs

due to the acquisition of multiple genetic defects that
Richter transformation (RT) describes the development of  facilitate rapid proliferation [2]. RT is primarily defined as
a more aggressive lymphoma in patients with chronic  diffuse large B-cell lymphoma (DLBCL) variant, which
accounts for ~90% of RT cases [3]. Hodgkin lymphoma
(HL) variants are additionally recognized [4, 5]. Symptoms
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ultimately confirm the diagnosis of RT based on histo-
pathological features that include presence of enlarged
CD20 + B cells with a diffuse growth pattern of large cells,
similar to de novo DLBCL [1, 6, 7]. Distinction to de novo
DLBCL, which has a better prognosis than RT, can be made
via analysis of immunoglobulin genes. Based on the
immunoglobulin gene sequence, 80% of DLBCL-type RT
are detected as clonally related to the preceding CLL [2, 8].
Also, DLBCL-type RT harbors PD1 expression in ~80% of
cases, which is uncommon in de novo DLBCL [9, 10].

The incidence rates of RT among CLL patients range
from 2 to 10% [11, 12]. The median time from diagnosis of
CLL to transformation ranges between 2 and 4 years
[11, 13, 14]. Risk factors for development of RT include
intrinsic  biological features like TP53 aberrations,
NOTCHI1 mutation, subset eight stereotype, as well as
therapy-related factors like exposure to purine analogues
like fludarabine. However, up to one third of patients with
RT are treatment-naive patients with CLL [15, 16].

RT patients have a very poor prognosis with a median
overall survival (OS) of 6-8 months. There is no established
standard of care for RT and most patients are treated com-
parably to de novo DLBCL patients with chemoimmu-
notherapies like rituximab, cyclophosphamide, doxorubicin,
vincristine and prednisolone (R-CHOP) or rituximab, dex-
amethasone, cytarabine, and cisplatin (R-DHAP) [15-17].
While this regimen achieves high response rates in de novo
DLBCL and even cures up to 80% of patients, patients with
RT are rarely cured by chemoimmunotherapy and response
rates are considerably lower between 20-60% [16]. Given the
poor prognosis, fit patients are considered for allogeneic
transplantation once they respond to therapy. However, as
CLL is a disease of the elderly with a median age of 72 years,
most patients with RT are not fit enough to undergo allo-
geneic transplantation. Novel therapeutic strategies consider
the use of targeted agents as well as immunotherapeutic
approaches via checkpoint inhibition or chimeric antigen
receptor T (CART) cell therapy [18].

So far, only a few collective analyses on the incidence of
RT have been published; most reports on RT frequency are
from separate clinical trials with limited follow-up and het-
erogenous treatments [12—14, 19]. The aim of this analysis
was to assess frequency, characteristics an outcome of patients
with RT based on a large number of patients with CLL treated
within trials of the German CLL Study Group (GCLLSG).

Methods
Dataset

For this analysis, individual patient data of eight prospective
multicenter phase II and phase III front line treatment trials
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with complete documentation and follow-up of the
GCLLSG (CLL4, CLLS, CLLS, CLL10, CLL11, CLL2-
BAG, CLL2-BIG, CLL2M,; recruitment between 1999 and
2016; total N =2975) [20-27] were reviewed for patients
with a RT. Histopathological diagnosis of RT was done by
local pathologists. Baseline characteristics and results of
central diagnostics from serum markers (serum B2 micro-
globulin [B2M], serum thymidine kinase [TK]) and genetic
parameters (deletion 17p, deletion 11q, trisomy 12, deletion
13q, translocation 14q, IGHV status, including somatic
hypermutation status, 7P53 mutation, as previously described
[28] as well as event-related data (time to RT, overall sur-
vival) were pooled. Median observation time for the whole
study cohort was 53 months (interquartile range 38.1-69.5).

Statistical methods

Statistical analysis was performed based on all patients who
received at least one dose of study medication. We com-
pared categorical variables using the Fisher Exact test, and
continuous variables using Mann-Whitney U test. Time to
event parameters included time to RT and overall survival
(OS) and were estimated using the Kaplan-Meier method.
Time was measured starting from time of CLL diagnosis,
time of first-line therapy and time of RT diagnosis. Hazard
ratios (HR) and 95% confidence intervals (CI) were calcu-
lated using Cox proportional hazards regression modelling.
Independent prognostic factors for PFS and OS were
identified by multivariate analyses using Cox proportional
hazards regression modelling with stepwise forward and
backward selection procedures. All variables (age, sex,
Binet stage, ECOG, comorbidities, B-symptoms, serum 32-
microglobulin and thymidine kinase, IGHV/TP53/Notchl/
SF3B1 status, deletion 17p/11q/13q, trisomy 12, leukocyte
and platelet count and LDH) with significant association in
univariate Cox regression analyses were included into the
multivariate analysis. Statistical tests were two-sided and
statistical significance was defined as a p-value < 0.05
without adjustments for multiple testing. The analysis was
performed with SPSS v23 (SPSS, Chicago, IL).

Results
Patient characteristics

Among a total of 2975 participants of eight GCLLSG trials,
103 (3.6%) developed RT during a median observation time
of 53 months (interquartile range 38.1-69.5). Based on
local histopathological examinations, 95 (92%) of those had
transformed to aggressive NHL (diffuse large B-cell lym-
phoma) and eight (8%) had transformed to Hodgkin’s
lymphoma. Characteristics of these 103 patients at baseline
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Table 1 Patient characteristics (N =2975) at baseline.

nRT RT P-value
Sex, N (%) 2872 103
Female 873 (30.4) 40 (38.8) 0.081
Male 1999 (69.6) 63 (61.2)
Age at first-line treatment (years), 2872 103
N (%)
Median 64 62 0.081
Range 24-90 36-81
Age at first-line treatment (years), 2872 103
N (%)
<65 1618 (56.3) 69 (67.0) 0.034
>65 1254 (43.7) 34 (33.0)
Binet stage, N (%) 2868 102
A 440 (15.3) 14 (13.7)  0.156
B 1384 (48.3) 59 (57.8)
C 1044 (36.4) 29 (28.4)
Missing, N (%) 4(0.1) 1 (1.0)
B-symptoms, N (%) 2860 102
No 1690 (59.1) 51 (50.0) 0.081
Yes 1170 (40.9) 51 (50.0)
Missing, N (%) 12 (0.4) 1 (1.0
ECOG performance status, N (%) 2797 97
0 1403 (50.2) 54 (55.7) 0.449
1 1239 (44.3) 41 (42.3)
2 148 (5.3) 2 (2.1)
3 7(0.3) 0 (0.0)
Missing, N (%) 75 (2.6) 6 (5.8)
Total CIRS score, N (%) 2190 59
Median 3.0 1.0 <0.001
Range 0-22 0-8
Missing, N (%) 682 (23.7) 44 (42.7)
Total CIRS score, N (%) 2190 59
<6 1583 (72.3) 54 (91.5) 0.001
>6 607 (27.7) 5 (8.5)
Cytogenetics, N (%) 2503 88 0.020*
del(17p) 157 (6.3) 13 (14.8)  0.006
del(11q) 509 (20.3) 18 (20.5)  1.000
Trisomy 12 334 (13.3) 11 (12.5) 1.000
Not del(17p)/del(11q)/trisomy 622 (24.9) 25 (28.4) 0.453
12/del(13q)
del(13q) alone 881 (35.2) 21 (23.9) 0.030
Missing, N (%) 369 (12.8) 15 (14.6)
IGHV mutational status, N (%) 2458 90
Unmutated 1544 (62.8) 65 (72.2) 0.075
Mutated 914 (37.2) 25 (27.8)
Missing, N (%) 414 (14.4) 13 (12.6)
TP53 mutational status®, N (%) 1692 62
Unmutated 1506 (89.0) 51 (82.3) 0.102

Table 1 (continued)

nRT RT P-value
Mutated 186 (11.0) 11 (17.7)
Missing, N (%) 1180 (41.1) 41 (39.8)
TP53 status 1125 29
None 985 (87.6) 23 (79.3) 0.250
Deleted and/or mutated 140 (12.4) 6 (20.7)
Missing information, N (%) 1747 (60.8) 74 (71.8)
NOTCH1 mutational status®, 1658 58
N (%)
Unmutated 1424 (85.9) 49 (84.5) 0.704
Mutated 234 (14.1) 9 (15.5)
Missing, N (%) 1214 (42.3) 45 (43.7)
SF3B1 mutational status®, N (%) 1655 58
Unmutated 1376 (83.1) 49 (84.5) 1.0
Mutated 279 (16.9) 9 (15.5)
Missing, N (%) 1217 (42.4) 45 (43.7)
Serum f,- microglobulin (mg/dL), 2486 86
N (%)
Median 3.1 35 0.043
Range 0.0-17.8 0.3-7.6
Missing, N (%) 386 (13.4) 17 (16.5)
CLL-IPI risk group®, N (%) 2259 76
Low 347 (154) 7 09.2) 0.191
Intermediate 828 (36.7) 23 (30.3) 0.277
High 908 (40.2) 32 (42.1) 0.812
Very high 176 (7.8) 14 (18.4) 0.004

“Fisher’s exact test of association: P-value < 0.05, this means that there
is a significant association between the two kinds of classification,
cytogenetics, and RT group.

PThere is no information on TP53 mutational status in CLLS5, CLL2M,
and CLL10.

‘There is no information on NOTCH1 mutational status in CLLS3,
CLL2M, and CLLI10.

9There is no information on SF3B1 mutational status in CLLS5,
CLL2M, and CLLI10.

°For patients in CLL5, CLL2M, and CLL10 trial CLL-IPI risk group was
calculated considering deletion 17p only without taking 7P53 mutational
status into account (as TP53 is not available in these three trials).

are listed in Table 1. Median age at first-line therapy was 62
years (range 36-81 years) in patients who later developed
RT and 64 years (range 24-90 years) in patients who did
not develop RT (nRT). Median age at diagnosis of RT was
65 years (range 41-86 years).

Frequency of some adverse risk factors at study entry
were more common in RT patients than in nRT patients,
including del(17p) (14.8 vs 6.3%, p = 0.006) and very high
risk CLL-IPI (18.4 vs 7.8%, p = 0.004).

Stereotyped B-cell receptor was detected in 21.4% of
patients with later development of RT. However, only one
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patient featured subset 8, which is particularly associated
with RT (see supplementary Table 1) [29].

RT patients with HL. (n = 8) in contrast to patients with
NHL (n = 95) had a longer median time to RT (37.2 months
vs 9.7 months), smaller proportion of deletion 17p (0 vs
12%) and higher proportion of mutated IGHV (57.1 vs
27%) (supplementary Table S2).

Treatment

Since this analysis focusses on patients with advanced
stage and need of therapy, all patients have received at
least one prior therapy. The majority of patients who were
later diagnosed with RT had either received fludarabine-
containing regimens as first-line treatment (76.7%) or
rituximab (BR) (13.6%). The remaining patients received
chlorambucil-containing regiments (9.7%) (Table 2). The
median number of prior therapies was 1 (range 1-11).

Data on RT treatment were available for 62 patients
(60.2%). For patients with DLBCL RT, 47 patients (45.6%)
received CHOP-like regimens (cyclophosphamide, doxor-
ubicin, vincristine, prednisolone) as initial treatment for RT.
Of the eight patients with HL. RT two patients (1.9%) had
received BEACOPP (bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, prednisolone)
and one patient (1.0%) had received ABVD (doxorubicin,
bleomycin, vinblastine, dacarbazine). The remaining
patients (11.7%) received other combinations of che-
motherapeutic agents (Table 3). Three patients (2.9%)
underwent allogeneic hematopoietic stem cell transplanta-
tion and 2 (1.9%) underwent autologous stem cell trans-
plantation after RT diagnosis.

Time to transformation

Median time from CLL diagnosis to start of first-line
treatment was 12.4 months for patients who later developed
RT, whereas time to first-line treatment was 90.2 months in
patients who did not develop RT. Median time from CLL
first-line treatment to RT diagnosis was not reached. After 3
years, 2.1% of patients with advanced stage CLL had
developed RT and after 12 years, 8.2% (Fig. 1).

Multivariate analysis, including B-symptoms, deletion
17p, deletion 13q, and serum thymidine kinase, was per-
formed to identify independent prognostic factors for time
to RT from first-line treatment. According to a final multi-
variable model, deletion 17p (HR 3.457, [1.561-7.655],
p=0.002), thymidine kinase>10U/L (HR 3.991,
[1.823-8.739], p =0.001) and presence of B-symptoms
(HR 1.942, [1.200-3.145], p=0.007) were independent
prognostic factors.
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Table 2 First-line treatment for CLL in RT patients.

Prior front-line treatment regimen before RT diagnosis, 103

N (%)

BR 14 (13.6)
F 21 (20.4)
FC 38 (36.9)
FCR 20 (19.4)
CLB 43.9
RCLB 4 (3.9)
GCLB 2 (1.9)

BR bendamustine, rituximab, F fludarabine, FC fludarabine, cyclopho-
sphamide, FCR fludarabine, cyclophosphamide, rituximab, CLB
chlorambucil, R-CLB rituximab, chlorambucil, G-CLB obinutuzumab,
chlorambucil.

Table 3 Treatment for RT.

Treatment, N (% of 103) 62
CHOP 47 (46)
BEACOPP 2 (1.9)
ABVD 1 (1.0)
Other 12 (11.7)

R-CHOP rituximab, cyclophosphamide, doxorubicin, vincristine,
prednisolone, BEACOPP bleomycin, etoposide, doxorubicin, cyclo-
phosphamide, vincristine, procarbazine, prednisolone, ABVD doxor-
ubicin, bleomycin, vinblastine, dacarbazine.

Overall survival

Median overall survival (OS) after diagnosis of CLL was
166.8 months in patients without RT and 71 months in
patients with RT (HR 2.639, [2.094-3.325]) (Fig. 2a).
Median OS after first-line treatment of CLL was
99.9 months in patients without RT and 53.7 months in
patients with RT (HR 2.710, [2.151-3.412]) (Fig. 2b).
Median OS after diagnosis of RT was 9.4 months (Fig. 2c).
Patients with transformation to aggressive NHL had a sig-
nificantly shorter OS after transformation of 8.7 months,
whereas patients with transformation to Hodgkin lymphoma
had a median OS after transformation of 82.6 months (HR
0.182, [0.044-0.748]) (Fig. 2d). Patients who underwent
allogeneic stem cell transplantation (n =3) had a median
OS of 17.9 months.

The standardized mortality ratio (SMR), calculated to
show the risk of death in comparison to a healthy, aged-
matched German population, indicated an increased risk of
death by 8.66 (CI 8.86-10.80) in patients with RT, while
CLL patients without RT had an increased risk of death by
2.62 (CI 2.44-2.80).
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Discussion

Over the past years, substantial progress has been achieved
in the management and treatment of patients with advanced
CLL. In contrast, one of the biggest remaining challenges in
the management of CLL are transformations into an
aggressive phenotype. The aim of this analysis was to
systematically evaluate the incidence and outcome of
patients with RT within a large cohort of participants in
front line treatment trials on CLL.

In this analysis, which covered 2975 study participants
from 1999 to 2016, 3.5% of patients developed RT at a
median observation time of 53 months. This is comparable
to other reports where an incidence between 2 and 9% has
been reported [11, 12, 14, 15, 30, 31, 32, 33]. Patients had a
median age of 65 years at the time of transformation, which
is also similar to previous reports [11, 12, 17, 30], although
one retrospective analysis suggested transformations to be
more prevalent at a younger age of <55 years [34].

Among RT patients adverse prognostic factors as TP53
aberrations, deletion 11q or unmutated IGHV status were
common at the time, when they received first-line treatment
of CLL. However, patients were not systematically re-
examined at the time of transformation, hence, the rate of
chromosomal aberrations and 7P53 mutations at time of
transformation cannot be calculated reliably. Some studies
have indicated that the rate of deletion 17p and TP53 muta-
tions increases by the line of therapy and can go up to 30 or

40% of patients [35, 36]. Moreover, stereotyped BCR has
been associated with increased risk of RT and frequencies of
up to 43% have been observed in RT patients [29, 37]; in our
cohort 21.3% of patients with RT had a stereotyped BCR, but
only one patient carried subset 8, which has been particularly
associated with an increased risk of RT.

In contrast to this pooled analysis, a review of RT
patients at the MD Anderson Cancer Center showed a broad
range of clinical features associated with RT, e.g. elevated
LDH or progressive lymphadenopathy, but no association
of chromosomal groups with development of RT was
observed [12].

Based on a multivariate analysis of our cohort, indepen-
dent prognostic factors for RT development were deletion
17p, elevated thymidine kinase > 10 U/L and presence of B-
symptoms at the time of first-line treatment of CLL. While
deletion 17p has been known to be a risk factor for genetic
instability and therefore RT, elevated TK and B-symptoms
have not been known as distinct risk factors yet [1, 19].

The majority of RT patients for which treatment data
were available received CHOP-like regimens, which is in
line with current national and international recommenda-
tions. Interestingly, allogeneic stem cell transplantation was
only performed in three patients and survival was con-
siderably longer than in those who did not receive trans-
plantation (although number of patients with very limited).
As the median age of RT patients was 65 years in this
analysis, age was probably not the leading cause for
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transplant ineligibility. Response rates to RT therapy were
not available for this meta-analysis. However, estimated
ORR to CHOP-like regimens in RT patients reportedly was
between 30-50% [38, 39] and of 67% for one trial [40].
Thus, it is possible that due to a lack of sufficient remissions,
patients could not be transferred to allogeneic stem cell
transplantation. This explains the particularly poor overall
survival after RT diagnosis with a median of 9.4 months.
Comparable survival rates between 6 and 12 months have
been observed in other retrospective analyses [11, 12, 41].
Interestingly, based on histological distinction, patients with
transformation to HL. had a median OS of 82.6 months in
contrast to those with NHL of only 8.7 months. This
underlines that the definition of the histological entity is
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crucial as treatment with ABVD or BEACOPP in these RT
patients seems to achieve good results.

Due to the retrospective nature of this pooled analysis,
some limitations have to be considered. While all trans-
formations in this analysis were biopsy-confirmed, no
central histopathological examinations were performed. As
diagnostic work-up of RT can be challenging, there is a
chance of false-positive but also false-negative cases [7]. As
data on treatment and response to treatment were not
available for all patients at the time of RT, information on
the therapeutic efficacy of regimens for RT, such as R-
CHORP, are limited. Moreover, all patients in this RT cohort
had received chemo- or chemoimmunotherapy as front-line
regimen; thus, the results might differ from patients who
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received novel agents for first-line therapy. So far, clinical
trials with front-line ibrutinib or venetoclax have reported a
frequency of between 0.5 and 1.5% [42-44], although
follow-up is very limited compared to chemoimmunother-
apy trials. Data on distinct characteristics and outcome of
these transformations have not been published yet.

Finally, data on clonal relationship of DLBCL were not
available. However, as clonal unrelated de novo DLBCL
has a median OS of ~5 years, the very short OS described
here indicates that the majority were probably clonally
related DLBCL cases, as those cases have been described in
80% of the cohort [2].

In conclusion, our data confirm that RT is a rare event but
remains a clinical challenge with a disappointing outcome.
Chemoimmunotherapy with R-CHOP is widely used as a
first-line treatment for RT, however, despite good outcomes in
de novo DLBCL, median OS was very poor with 8.7 months
in DLBCL-RT patients. Clinical trials evaluating immu-
notherapeutic approaches with checkpoint inhibitors or
CART cells together with targeted agents yield promising
efficacy and warrant further investigations [45-48].
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