
haematologica | 2021; 106(11) 2845

Received: April 22, 2020. 

Accepted: September 24, 2020. 

Pre-published: October 5, 2020. 

©2021 Ferrata Storti Foundation

Material published in Haematologica is covered by copyright. 
All rights are reserved to the Ferrata Storti Foundation. Use of 
published material is allowed under the following terms and 
conditions:  
https://creativecommons.org/licenses/by-nc/4.0/legalcode.  
Copies of published material are allowed for personal or inter-
nal use. Sharing published material for non-commercial pur-
poses is subject to the following conditions:  
https://creativecommons.org/licenses/by-nc/4.0/legalcode, 
sect. 3. Reproducing and sharing published material for com-
mercial purposes is not allowed without permission in writing 
from the publisher.

Correspondence:  
DEBORAH M. STEPHENS 
deborah.stephens@hci.utah.edu 

Haematologica 2021 
Volume 106(11):2845-2852

ARTICLEChronic Lymphocytic Leukemia

https://doi.org/10.3324/haematol.2020.256388

Ferrata Storti Foundation

Chronic lymphocytic leukemia (CLL) patients who develop Hodgkin 
lymphoma (HL) have limited survival. No current therapeutic standard 
of care exists. We conducted a multi-center retrospective study of 

patients with Hodgkin transformation (HT) of CLL. Clinicobiologic character-
istics, treatment type, and survival outcomes were analyzed and compared 
with historic case series. Ninety-four patients were identified. Median age at 
HT was 67 years (range, 38-85). Median time from CLL diagnosis to HT was 
5.5 years (range, 0-20.2). Prior to HT, patients received a median of two ther-
apies for CLL (range, 0-12). As initial therapy for HT, 61% (n=62) received 
ABVD-based regimens (adriamycin, bleomycin, vinblastine, and dacarbazine).  
Seven (7%) patients received hematopoietic cell transplantation (HCT) while 
in first complete remission (CR1). The median number of treatments for HT 
per patient was one (range, 0-5) with 59 (61%) patients only receiving one line 
of therapy. After HT, patients had a median follow-up of 1.6 years (range, 0-
15.1). Two-year overall survival (OS) after HT diagnosis was 72% (95% 
Confidence Interval: 62-83). The patients who received standard ABVD-based 
therapy had a median OS of 13.2 years. Although limited by small sample 
size, the patients who underwent HCT for HT in CR1 had a similar 2-year OS 
(n=7; 67%) compared to patients who did not undergo HCT for HT in CR1 
(n=87; 72%; P=0.46). In this multi-center study, HT patients treated with 
ABVD-based regimens had prolonged survival supporting the use of these 
regimens as standard of care for these patients.
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ABSTRACT

Introduction 
Richter Transformation (RT) is the development of an aggressive lymphoma in 

the setting of chronic lymphocytic leukemia (CLL), occurring in 5-10% of CLL 
patients. Clinical outcomes in patients with RT are exceedingly poor with a medi-
an overall survival (OS) of 5-8 months from diagnosis.1 In the majority of RT 
cases, the CLL transforms into diffuse large B-cell lymphoma (DLBCL). 
Development of Hodgkin lymphoma (HL) in patients with CLL is a rare (<1%), 
but recognized form of RT.1,2 Based on prior data, the expected OS of CLL patients 
with HL transformation (HT) appears longer than CLL patients with transforma-
tion to DLBCL, with reported survival ranging from 0.8–3.9 years after diagnosis 
of HT.2-4 In contrast, HT patients have shorter OS (2-year OS of 30-40%) when 



compared with all patients with de novo HL (2-year OS 
>90%) after treatment with standard chemotherapy regi-
mens, such as adriamycin, bleomycin, vinblastine, and 
dacarbazine (ABVD).3-7   

There are limited published data about HT patients and 
most are small series reported from single institutions.3,8-

10 To date, there are no clear recommendations for the 
management of these patients. Extrapolating from data in 
RT to DLBCL, some groups recommend aggressive ther-
apy with hematopoietic cell transplantation (HCT) after 
achievement of first complete remission (CR1).3,11 As 
patients with CLL are typically elderly with comorbidi-
ties, undergoing a HCT is infrequently feasible for this 
patient population. In order to better understand the clin-
icobiologic features, treatment patterns, and clinical out-
comes, we describe the largest reported series of HT 
patients based upon our inclusive multi-institutional clin-
ical experience. 

 
 

Methods 

After Institutional Review Board approval, CLL patients were 
retrospectively identified who also developed biopsy-proven, 
classical HL diagnosed between 2000 and 2018 at 13 United States 
tertiary cancer centers. The number of patients identified at each 
center is detailed in the Online Supplementary Table S1. 
Investigators from each site reviewed pathology records to con-
firm diagnosis. Clinicobiologic characteristics, treatment type, 
and survival outcomes for each patient were analyzed (collected 
variables are listed in the Online Supplementary Table S2). The 
International Prognostic Score (IPS) for HL and the Richter Scoring 
System (RSS, scoring validated previously on RT patients with 
DLBCL) was calculated for each patient at the time of HT diagno-
sis in patients where data were available (see the Online 
Supplementary Tables S3 and S4).1,12 Progression-free survival (PFS) 
was measured from the time of HT diagnosis until relapse, subse-
quent therapy for HT, or death. OS was measured from the time 
of HT diagnosis until time of death. PFS and OS estimates were 
calculated using the Kaplan-Meier method. The log-rank test was 
used to calculate differences in survival. Cox proportional hazards 
models and associated Wald tests were used to analyze the rela-
tionship between covariates and OS.  Logistic regression was used 
to compare baseline characteristics of patients receiving full dose 
ABVD versus all other regimens. R statistical computing software 
version 3.2.1 (The R Foundation for Statistical Computing, 
Vienna, Austria 2015) was used for statistical analysis. 

 
 

Results 

Patient characteristics 
Ninety-four CLL patients with HT were identified from 

13 centers. Median age at initial CLL diagnosis was 60 
years (range, 31-84) and 81% of the patients were men. 
At initial CLL diagnosis, 15% (11 of 81) were Rai 3-4, 
67% (25 of 37) had an un-mutated IGHV gene, and 15% 
(nine of 61) had del(17p). Prior to HT diagnosis, patients 
had a median of two (range, 0-12) prior therapies for CLL. 
Seventeen (18%) had no prior CLL treatments. Forty-
three (46%) and 25 (27%) patients had received purine 
analogue- and ibrutinib-based therapy prior to HT, 
respectively. Median time from CLL diagnosis to HT was 
5.5 years (range, 0-20.2). Seven patients had simultaneous 
diagnosis of CLL and HL.   

Median age at HT was 67 years (range, 38-85; Table 1). 
Eighty-seven percent (72 of 83) had Ann Arbor stage 
III/IV, 15% had Eastern Cooperative Oncology Group 
(ECOG) performance status of >2, 65% (58 of 89) had B-
symptoms, 11% (nine of 81) had bulky disease (>10 cm), 
and 62% (36 of 58) had an IPS score of >3 (Table 1). Of 72 
evaluable patient samples 41 (57%) tested positive for 
Epstein Barr virus (EBV). The median number of treat-
ments for HT per patient was one (range, 0-5) with 59 
(61%) patients only receiving one line of therapy. Details 
of regimens received can be found in the Online 
Supplementary Table S5. As initial therapy for HL, the 
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Table 1. Baseline Characteristics at Hodgkin transformation of chronic 
lymphocytic leukemia. 
 Number                                                                                   94 

 Median age at HT diagnosis, years (range)                            67  (38 – 85) 
 Male sex, no. (%)                                                                               76 (81) 
 Ann Arbor Stage III/IV, no. (%) 
 N = 83                                                                                                   72 (87) 
 ECOG performance status 0-1, no. (%) 
 N = 80                                                                                                   54 (68) 
 B-symptoms, Yes, no. (%)  
 N = 89                                                                                                   58 (65) 
 Bulky disease >10 cm, Yes, no. (%)  
 N = 81                                                                                                    9 (11) 
 Pathology subtype, no. (%)* 
    Type I HT                                                                                           33 (59) 
    Type II HT                                                                                          23 (41) 
 N = 56                                                                                                           
 Epstein Barr virus positive, Yes, no. (%)                                     41 (57) 
 N = 72                                                                                                           
 Median WBC, x109/L (range) 
 N = 73                                                                                             7.4 (0.6-199.0) 
 Median ALC, x109/L (range)                                                      1.8 (0.1-187.0) 
 N = 72                                                                                                           
 Median hemoglobin, g/dL (range) 
 N = 74                                                                                             11.0 (4.9-18.6) 
 Median platelet, x109/L (range)                                                 185 (19-539) 
 N = 74                                                                                                           
 Elevated LDH, Yes, no. (%)                                                                  40 
 N = 78                                                                                                           
 Median creatinine, g/dL (range)                                                1.0 (0.5-2.0) 
 N = 72                                                                                                           
 Median number of CLL-directed therapies prior to HT,         2 (0-12) 
   no. (range)                                                                                                
 CLL-directed therapies received prior to HT, no. (%) 
    No therapy                                                                                        17 (18) 
    No cytotoxic chemotherapy+                                                        27 (29) 
    Purine analogue-based therapy#                                                  43 (46) 
    Ibrutinib-based therapy                                                                25 (27) 
    Acalabrutinib-based therapy                                                          2 (2) 
    Venetoclax-based therapy                                                              1 (1) 
    Both cytotoxic chemotherapy+                                                    15 (16) 
    and ibrutinib-basedtherapy  
    Both purine analogue#- and ibrutinib-based therapy             12 (13)  
ALC: absolute lymphocyte count; CLL: chronic lymphocytic leukemia; HT:  Hodgkin 
transformation; LDH: lactate dehydrogenase; WBC: white blood cell; ECOG: Eastern 
Cooperative Oncology Group: *Type I: Hodgkin/Reed-Sternberg cells scattered in a 
background of CLL cells; Type II: typical classical Hodgkin lymphoma morphology 
showing Hodgkin/Reed-Sternberg cells in a polymorphous inflammatory back-
ground, largely segregated from CLL.20,26 +Cytotoxic chemotherapy regimens include 
bendamustine, chlorambucil, fludarabine, and pentostatin. #Purine analogue-based 
therapies include fludarabine and pentostatin. 



majority of patients (61%, n=62) received ABVD-based 
(n=48) or AVD-based regimens (n=14).  Of these, anti-
CD20 monoclonal antibody was added in seven and BTK 
inhibitor was added in five (Online Supplementary Table 
S5). Ten (11%) received a brentuximab vedotin as part of 
initial therapy. Seven (7%) received an RCHOP-based 
regimen (rituximab, cyclophosphamide, doxorubicin, 
vincristine, prednisone). Six patients (6%) received no 
therapy for HT due to frailty.  Nine (10%) patients 
received other regimens, which are detailed in the Online 
Supplementary Table S5. There were 25 patients who 
received ibrutinib (n=24) or acalabrutinib (n=1) as the 
CLL treatment immediately prior to the first HT treat-
ment. Of the 25 patients, 17 patients discontinued BTK 
treatment during the first HT treatment and three of 
these resumed BTK inhibitor upon completion of HT 

therapy. Of the nine patients who continued BTK 
inhibitor therapy concurrently with the first HT treat-
ment, six received AVD, two received rituximab plus 
AVD, and one received brentuximab vedotin. Twenty-
nine patients received salvage chemotherapy for HT. The 
majority (n=13) received only one salvage regimen for 
HT. The most common salvage regimens used were ifos-
famide, carboplatin, and etoposide in seven patients and 
brentuximab vedotin in six patients. Online Supplementary 
Table S6 describes salvage chemotherapy regimens 
received by individual patients. Subsequent therapy 
included autologous HCT and allogeneic HCT in seven 
(7%) and eleven (12%) patients, respectively. Two (2%) 
and five (5%) patients received their autologous and allo-
geneic HCT while in CR1, respectively. Detailed toxicity 
data are not available for this patient subset.  
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Table 2. Baseline chronic lymphocytic leukemia (CLL) characteristics at time of CLL diagnosis: univariate Cox models for overall survival. 
Covariate                                  Reference               Tested                      N                                             Hazard Ratio                                               
                                                    Level                    Level                                             Estimate                95% CI                 95% CI                     P 
                                                                                                                                                                     Low                     High                         

 Time from a                                                  (per month)                                     94                             1.00                           1.01                           1.00                           0.26  
 CLL to HT                                                                                                                                                                                                                                                               
 Rai Stage 1                                              0                              1-4                             81                             0.48                           2.14                           0.48                           0.98 
 Rai Stage 2                                            0-1                             2-4                             81                             0.39                           1.76                           0.39                           0.63 
 IGHV Status                                           U                               M                              37                             0.23                           3.52                           0.23                           0.88 
 Del(13q)                                                No                            Yes                             59                             0.15                           1.36                           0.15                           0.16 
 Trisomy 12                                             No                            Yes                             44                             0.24                           2.59                           0.24                           0.70 
 Del(11q)                                                No                            Yes                             59                             0.86                           5.76                           0.86                           0.10 
 Del(17p)                                                No                            Yes                             60                             0.38                           4.57                           0.38                           0.67 
CLL: chronic lymphocytic leukemia; HT: Hodgkin transformation of CLL; IGHV: Iimmunoglobulin variable heavy chain. 

Table 3. Baseline characteristics at time of Hodgkin transformation of chronic lymphocytic leukemia: univariate Cox models for overall survival. 
Covariate                                  Reference               Tested                      N                                             Hazard Ratio                                             P 
                                                    Level                    Level                                             Estimate                95% CI                 95% CI 
                                                                                                                                                                     Low                     High 

 Age at HT (years)                                         (per year)                                        94                             1.03                           0.99                           1.07                          0.107 
 HT subtype                                             1                                2                               57                             0.67                           0.21                           2.19                          0.511 
 Ann Arbor Stage                                  1-2                             3-4                             83                             1.26                           0.38                           4.16                          0.710 
 ECOG PS                                               1-2                             3-4                             80                             1.13                           0.39                           3.28                          0.820 
 B symptoms                                           N                                Y                               89                             1.85                           0.79                           4.31                          0.154 
 LDH above normal                               N                                Y                               78                             4.45                           1.78                          11.11                         0.001 
 Hgb (g/dL)                                           < 12                          ≥ 12                            74                             0.75                           0.30                           1.86                          0.533 
 Hgb (g/dL)                                         < 10.5                       ≥ 10.5                           74                             0.75                           0.30                           1.86                          0.533 
 WBC (x109/L)                                      < 15                          ≥ 15                            73                             1.47                           0.56                           3.84                          0.430 
 ALC (x109/L)                                       < 0.6                         ≥ 0.6                            72                             1.25                           0.36                           4.26                          0.725 
 ALC (x109/L)                                         < 4                            ≥ 4                             72                             1.97                           0.81                           4.76                          0.133 
 Platelet (x109/L)                                 < 50                          ≥ 50                            74                              -*                              -                               -                               - 
 Creatinine (g/dL)                              < 1.5                         ≥ 1.5                            72                             1.61                           0.57                           4.48                          0.366 
 Albumin (g/dL)                                    < 4                            ≥ 4                             74                             0.41                           0.12                           1.39                          0.152 
 ESR                                                       < 50                          ≥ 50                            36                             0.69                           0.23                           2.06                          0.502 
 Lymph node (cm)                             < 10                          ≥ 10                            80                             0.64                           0.15                           2.69                          0.542 
 EBV positive                                          N                                Y                               72                             1.72                           0.68                           4.39                          0.255 
 IPS Score+                                            < 4                            4+                             57                             4.81                           1.05                          21.99                         0.043 
 RSS Score^                                           0-1                             2-4                             57                             5.74                           1.77                          18.54                         0.003 
*Did not converge. The log-rank test (which is valid even if the Cox model does not converge) gives P=0.27: +See the Online Supplementary Table S3 for calculation of the 
International Prognostic Score.  ^See the Online Supplementary Table S4 for calculation of the Richter Scoring System. ALC: absolute lymphocyte count; CLL: chronic lymphocytic 
leukemia; EBV: Epstein Barr virus: ESR: erythrocyte sedimentation rate; Hgb: hemoglobin; HT: Hodgkin transformation of CLL; IPS: International Prognostic Score; LDH: lactate 
dehydrogenase; PS: performance status; RSS: Richter Scoring System.



Survival 
After HT diagnosis, patients had a median follow-up of 

1.6 years (range, 0.0–15.1). The median time between HT 
diagnosis and HT treatment was 15 days (interquartile 
range, 6.5–30.5 days).  The median PFS was 21 months 
(95% Confidence Interval [CI]: 14-58). Estimated 2-year 
PFS was 48% (95% CI: 38-61; Online Supplementary Figure 
S1A). There was minimal difference in the estimated 2-
year PFS after censoring for subsequent HCT (2-year PFS 
=48.9%, 95% CI: 38.7– 61.8; Online Supplementary Figure 
S1B). The median OS was 65 months (95% CI: 34-infini-
ty). Two-year OS after HT diagnosis was 72% (95% CI: 
62-83). Five patients (5%) died within 2 months of HT 
diagnosis.   

At the time of initial CLL diagnosis, the baseline charac-
teristics of Rai Stage, IGHV mutational status, or the pres-
ence of del(13)(q14), trisomy 12, del(11)(q22.3), or 
del(17)(p13.1) were not associated with differences in OS 
after HT (Table 2). Patients who received any CLL-direct-
ed therapy (n=80) prior to HT had a significantly lower 
estimated 2-year OS of 69% (95% CI: 58–82) compared 
with patients who did not receive any prior CLL-directed 
therapy (n=17; 93%; 95% CI: 82-100; P=0.02; Figure 1A). 
Patients who received purine-analogue-based therapy for 
CLL prior to HT had a significantly lower estimated 2-
year OS of 60% (95% CI: 46–79) compared with patients 
who did not receive purine-analogue-based CLL-directed 
therapy prior to HT (n=51; 83%; 95% CI: 73–96; P=0.009; 
Figure 1B). A more detailed depiction of estimated OS by 
prior CLL-directed therapy is shown in the Online 
Supplementary Figure S3. The available samples of those 
patients treated with purine-analogue-based therapy prior 
to HT (n=34) more frequently demonstrated positivity for 
EBV (OR 3.24; 95% CI: 1.1-9.9; P=0.02).     

Of the 25 patients who developed HT following treat-
ment at any time with ibrutinib, the median time from ini-
tiation of ibrutinib to HT was 15.5 months (range, 1.2–
37.7). Ten of these patients had never received a standard 

chemoimmunotherapy regimen prior to HT. Compared 
with the patients who did not receive ibrutinib prior to 
HT, the estimated 2-year OS was slightly lower in the 
patients who did receive ibrutinib prior to HT (73% vs. 
64%) although this finding was not statistically different 
(P=0.33). The available samples of those patients (n=22) 
treated with ibrutinib prior to HT tended to be less likely 
to be positive for EBV than samples from patients not pre-
viously treated with ibrutinib (OR 0.52; 95% CI: 0.2-1.6; 
P=0.21).   

At the time of HT diagnosis, the only characteristics 
associated with OS in univariate analysis were lactate 
dehydrogenase (LDH) above normal (Hazard Ratio [HR] 
4.5; 95% CI: 1.8-11.1; P=0.001), IPS of ≥4 versus <4 (HR 
4.8; 95% CI: 1.1-22.0; P=0.043) and RSS of ≥2 versus <2 
(HR 5.7 95% CI: 1.8-18.5; P=0.003; Table 3; Figure 2A and 
B). In the patients who had available data to calculate the 
RSS (n=57), each increase of the RSS by one point resulted 
in an increased risk of death (HR 2.3; 95% CI: 1.3-3.9; 
P=0.004; Figure 2B).   

As compared to patients who received ABVD-based 
regimen (n=48) as first therapy for HT, those who 
received RCHOP (n=8) had a similar risk of death (HR 1.6, 
95% CI: 0.4-5.7; P=0.48; Figure 3A). Conversely, those 
patients who received AVD-based (n=14; HR 3.0; P=0.04), 
BV-based (n=9; HR 3.6; P=0.05), or other (n=9; HR 7.67; 
P<0.001) regimens for first therapy for HT had an 
increased risk of death compared with patients who 
received ABVD-based regimen (n=48). This finding still 
remained significant after adjusting for age of patient at 
time of first HT therapy (Online Supplementary Table S7). 
Patients who received ABVD had a median OS of 13.2 
years (95% CI: 4.8-infinity). Patients who received ABVD 
versus all other regimens were more likely to be less than 
65 years of age (P=0.05), have a baseline absolute lympho-
cyte count (ALC) >0.6 (P=0.003), and have an IPS of <4 
(P=0.03). There was no difference in OS based on the year 
that the patient received the first therapy for HT (P=0.81; 
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Figure 1.  Overall survival for patients with Hodgkin transformation. (A) Overall survival for patients with Hodgkin transformation (HT) who received prior chronic lym-
phocytic leukemia (CLL)-directed treatment versus no prior CLL-directed treatment. (B) Overall survival for patients with HT who received prior purine analogue (PA)-
based therapy for CLL versus no prior PA-based therapy for CLL.  

 A                                                                                                B



Online Supplementary Figure S2).   
The patients who underwent HCT for HT in first com-

plete remission had a similar 2-year OS (n=7; 67%; 95% 
CI: 38-100) to patients who did not undergo HCT for HT 
in first complete remission (n=87; 72%; 95% CI: 63–84; 
P=0.46; Figure 3B). Peritransplant mortality did not con-
tribute to shortened survival in this group as the earliest 
death in this group occurred at 355 days post-transplant. 

 
 

Discussion 

In this retrospective analysis, we describe the largest 
reported multi-center inclusive series of patients with HT 
from CLL. Clinical outcomes, including survival, in this 
series of patients with HT were higher than what has pre-
viously been reported for this patient population and strik-
ingly similar to what is historically expected in elderly 
patients with de novo HL.3,4,6,7 Patients with HT who have 
received prior CLL-directed therapies (specifically purine-
analogue-based treatments), elevated LDH, IPS ≥4, and 
RSS ≥2 are predicted to have a shorter OS. The OS of 
patients in this series was higher than what is expected in 
CLL patients who transform to DLBCL.1,13-15 Unlike 
patients with RT to DLBCL, the majority of patients only 
received one line of HL therapy. Only 20% went on to 
receive HCT and had similar OS to patients who did not 
receive HCT in CR1. This finding has impact in the stan-
dard management of patients with HT as these data chal-
lenge the recommendation of HCT in CR1.   

Patients in our series survived longer than historical 
series of RT to DLBCL (median OS 65 months vs. 5-8 
months).13-17 It is unclear whether this difference is related 
to underlying disease biology or effectiveness of therapy. 
Prior molecular studies have revealed that patients with 
RT to DLBCL that is clonally related to the underlying 
CLL have much shorter survival than patients with RT to 
DLBCL that is clonally unrelated to the underlying CLL.18 

Therefore, clonally unrelated RT to DLBCL is treated as  
de novo DLBCL with expected outcomes more consistent 
with de novo DLBCL.19 Little is known about clonal rela-
tion of the HL and CLL cells in patients with HT. One 
group evaluated tissue samples of 33 HT cases.20 The HL 
cells were clonally related to the CLL cells in 14 cases and 
unrelated in 19 cases.20 Interestingly, they found no differ-
ences in baseline characteristics or OS with treatment 
when comparing patients with clonally related versus 
unrelated HT, which is in contrast to what was previously 
observed in patients with RT to DLBCL.20,21 Further 
molecular study of HT patient samples is needed to fully 
understand the underlying biology of HT, which may help 
to determine prognosis or guide therapy for these patients 
in the future. 

The dismal survival in patients with RT to DLBCL often 
prompts clinicians to implement more aggressive therapy 
for these patients. One group showed that RT patients 
with DLBCL who underwent allogeneic HCT in CR1 had 
longer survival than those patients in CR1 who did not 
receive further therapy or those patients who did not 
receive HCT until salvage therapy.1 Based on the data for 
patients with RT to DLBCL, it was extrapolated that 
patients with HT may require HCT when they achieve 
CR1.3,11 In our study, the majority of patients (61%) only 
received one line of HL therapy and only 20% went on to 
receive HCT (7% while in CR1).  Although limited by 
small numbers, the patients who underwent HCT for HT 
in CR1 had a similar 2-year OS to patients who did not 
undergo HCT for HT in CR1. Our data indicate that these 
patients with HT can have prolonged OS after achieving 
response to first-line therapy for HT and may not require 
HCT in CR1. Therefore, our large series does not support 
the recommendation of HCT in CR1 for this patient pop-
ulation and has major implications in the  management of 
these patients. 

In addition to our patient population demonstrating 
longer survival than previously published series of RT to 
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Figure 2. Overall survival for patients with Hodgkin transformation. Overall survival for patients with Hodgkin transformation categorized by (A) International 
Prognostic Score (IPS) for Hodgkin lymphoma and (B) Richter Scoring System for Richter transformation. 



DLBCL, the OS in our group of patients with HT was 
higher than what has been previously reported in historic 
series of patients with HT (2-year OS 72% vs. 30-40%).3,4 
Without direct comparison of the baseline characteristics 
of the patients, it is possible that the historically diagnosed 
patients had higher risk features such as increased age or 
higher IPS or RSS compared with the patients in our 
group. Additionally, it is possible that the increased use of 
traditional HL treatment such as ABVD in our patients 
(60%) versus the prior patients (30%) could have con-
tributed to the improved outcomes of our patients.3,4 As 
only 11% of our patients received targeted HL therapy 
with BV, it is unclear at this time if novel targeted HL ther-
apy has improved the outcomes of these patients. In fact, 
in our review patients who received BV-based therapies 
(n=9) as initial treatment had a higher risk of death than 
those who received full dose ABVD therapy (n=48). This 
finding is likely biased by selection of less aggressive 
induction therapy in less fit patients (older and higher IPS) 
that were not felt to be able to tolerate full doses of ABVD.   

In contrast to prior reports indicating that patients with 
HT have a shorter survival than patients with de novo HL, 
these data from the largest multi-center study actually 
demonstrate a very similar survival compared to historic 
controls of patients with de novo HL when matched for 
age. In our study, the median age at time of HT was 67 
years.3,4,6,7 A retrospective study described 95 patients 
diagnosed with HL over the age of 60 years.6 Similar to 
our population, the median age of the patients in this 
analysis was also 67 years and the majority of the patients 
received ABVD as initial HL treatment (n=67). The 2-year 
OS reported for this group was 73% and very comparable 
to the 72% found in our analysis of patients with HT.6 A 
subset analysis was performed on patients over the age of 
60 years treated on the prospective phase III E2496 study, 
where patients were randomized to ABVD versus Stanford 
V regimen.7 The median age of patients receiving ABVD 
on this analysis was 66 years. In this group, the  
2-year OS rate was approximately 80%, which is compa-

rable to the 72% found in our current analysis.7 Based on 
these data, the survival of patients with HT seen in our 
analysis appear similar to patients with de novo HL of a 
similar age group. 

For older patients with de novo HL, clinical outcomes 
have improved over time.22 This finding was attributed to 
the adoption and development in expertise of ABVD 
administration and willingness of clinicians to offer com-
bination chemotherapy to older patients. In much the 
same way, recent development of novel therapies, such as 
ibrutinib, have significantly improved survival for patients 
with CLL, a disease predominately of older patients.23,24 A 
single-center review found that RT to DLBCL was most 
likely to occur during the first 2 years of therapy (7% at 2 
years).25 This is similar to our finding that of the 25 
patients who developed HT following treatment with 
ibrutinib, the median time from initiation of ibrutinib to 
HT was 15.5 months.  There was no statistically signifi-
cant difference in 2-year OS between the patients who did 
and did not receive ibrutinib prior to HT. In five of our 
cases, clinicians opted to continue ibrutinib therapy to 
control the patient’s CLL while adding chemotherapy to 
treat the HL. At this time, the full effect of ibrutinib and 
other novel agents on risk for HT is unclear. 

Although prior ibrutinib therapy did not contribute to 
reduced survival, we found that prior purine-analogue-
based therapies for CLL prior to HT led to reduced sur-
vival. This finding has been reported by other groups and 
is possibly attributed to immunosuppression resulting 
from purine-analogue therapy.8 In our limited data set, this 
attribution is supported by the fact that patients who 
received prior fludarabine-based therapy were more likely 
to have EBV-positive HT. Interestingly, other traditional 
baseline characteristics of CLL that have been associated 
with survival in CLL, such as Rai Stage, unmutated IGHV 
and karyotype, did not correlate with survival after HT. In 
addition to prior purine-analogue therapy, the major fac-
tors that were identified to predict poor survival for 
patients with HT were elevated LDH, IPS, and RSS. These 
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Figure 3. Overall survival for patients with Hodgkin transformation. Overall survival for patients with Hodgkin transformation (HT) categorized by (A) first treatment 
for HT and (B) hematopoietic cell transplant (HCT) versus no stem cell transplant (SCT) in first complete remission (CR1). RCHOP: rituximab, cyclophosphamide, dox-
orubicin, vincristine, prednisone; ABVD: adriamycin, bleomycin, vinblastine, and dacarbazine

 A                                                                                                B



factors may be useful in counseling patients with this 
diagnosis. Interpretation of our data is limited by the 
intrinsic nature of retrospective analyses. Although indi-
vidual centers locally confirmed the diagnosis of HT, cen-
tral review of samples was not feasible secondary to lim-
ited quantity of sample and a small number of patients 
from many centers. We did not search all patients with 
consecutive HL diagnoses at each center, but searched for 
CLL patients who subsequently developed HL. As such, it 
is possible this may have introduced selection bias to our 
results that may lead to overestimation of patient out-
comes.  Subset analyses of this patient population were 
limited secondary to small numbers of patients.  Our 
study examined patients treated at tertiary referral cancer 
centers and results may not be generalizable to patients 
treated in the community setting. Despite these limita-
tions, our series is notable as the largest reported cohort of 
this rare group of patients with HT.   

In summary, this series of patients with HT from CLL 
reveals similar survival to what is expected in patients 
with de novo HL when compared with age- and treatment-
matched HL patients in previously published studies. 
These data support that HT patients have longer survival 
compared with historic controls of patients with RT from 
DLBCL and do not require allogeneic HCT in CR1. Based 
on this series, HT patients should be treated with regi-
mens used to treat de novo HL. The effects of novel target-
ed HL and CLL therapies on the outcomes of patients with 
HT is unclear at this time, and further study of this rare 
population, ideally in prospective clinical trials, is required 
to fully define the optimum management of these 
patients.   
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