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Abstract

Although transformation to Hodgkin lymphoma (HL) is a recognized complication in patients 

with chronic lymphocytic leukemia (CLL), its incidence, clinical characteristics and outcomes are 

not well defined. We used the Mayo Clinic CLL and Lymphoma Databases to identify CLL 

patients who developed biopsy-proven HL (CLL/HL) on follow-up, as well as cases of de novo 

HL (i.e., without prior CLL). Among 3887 CLL patients seen at Mayo Clinic from January 1995 

through August 2011, 26 (0.7%) developed HL. In a nested cohort of 2,465 newly diagnosed CLL 

patients followed prospectively, the incidence of HL was 0.05%/year (10 year risk = 0.5%). The 

median overall survival (OS) from date of HL diagnosis in patients with CLL/HL was 3.9 years 

compared to not reached for de novo HL patients (n = 709) seen during the same time interval (P < 

0.001). The shorter OS of CLL/HL patients persisted after adjusting for differences in age and 

Ann Arbor stage of disease. The International Prognostic score (IPS) developed for de novo HL 

stratified prognosis among CLL/HL patients with median survival of not reached, 6.2, 2.4, and 0.3 
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years (P = 0.006) for those with IPS scores of ≤2, 3, 4, and ≥5, respectively. In summary, 

approximately 1 of every 200 CLL patients will develop HL within 10 years. Survival after HL 

diagnosis in patients with CLL is shorter than de novo HL patients. The IPS for de novo HL may 

be useful for stratifying survival in CLL/HL patients.

Introduction

Although chronic lymphocytic leukemia (CLL) is considered a low-grade 

lymphoproliferative disorder, ∼5–10% of patients transform into a more aggressive 

lymphoma. The most common histologic subtype in patients who transform is diffuse large 

B-cell lymphoma (DLBCL) [1]. Less frequently, CLL can transform to Hodgkin lymphoma 

(HL). Although the incidence and risk factors of CLL patients who develop DLBCL are well 

described in the literature [2–4], the limited knowledge regarding HL in CLL patients 

(CLL/HL) is derived from case reports [5–9] or case series involving few patients [10-15]. 

While CLL patients that develop clonally related transformation to DLBCL are known to 

have a worse outcome than de novo DLBCL [3,16], there is no information regarding the 

outcome of HL arising as a complication of CLL compared to de novo HL (i.e., with no 

prior CLL). In the largest single-center experience published to date, investigators at the MD 

Anderson Cancer Center (MDACC) described 18 CLL patients who developed HL and 

reported a median survival after HL diagnosis of 0.8 years [17]. More recently, Bockorny 

and colleagues conducted a comprehensive review of the literature from 1975 to 2011 and 

identified 86 CLL patients (including the 18 from MDACC) who developed HL. Although 

the authors did not have access to the individual patient data for their analysis, they 

estimated the median survival for CLL/HL was 1.7 years, and reported the outcomes of HL 

patients who had received prior CLL therapy (especially therapy containing purine analogs) 

was worse compared to those who had not received prior CLL therapy [18]. We used the 

Mayo Clinic CLL and Mayo Clinic Lymphoma Databases to evaluate the incidence, clinical 

characteristics, and outcomes of CLL patients who developed HL. We also compared the 

outcomes of these patients to individuals with de novo HL seen at Mayo Clinic during the 

same time interval.

Methods

The Mayo Clinic CLL Database includes all patients with a pathologically confirmed 

diagnosis of CLL seen in the Division of Hematology at Mayo Clinic, Rochester, MN and 

who permit their records to be used for research purposes [2,19–21]. Baseline clinical and 

laboratory characteristics are recorded on all patients, including novel prognostic markers 

such as immunoglobulin heavy chain variable (IGHV) gene mutation status, expression of 

ZAP-70 and CD38, and genetic abnormalities detected by fluorescence in situ hybridization 

(FISH). In selected patients, in situ hybridization studies were performed on paraffin 

sections of the bone marrow biopsy or lymph node specimen using probes specific for EBV-

encoded ribonucleic acid. Patients are prospectively followed, and data regarding therapy of 

CLL, secondary cancers, and overall survival (OS) are recorded for all patients on an 

ongoing basis.
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After approval from the Mayo Clinic Institutional Review Board, CLL patients seen at 

Mayo Clinic from January 1995 through August 2011 were considered eligible for this 

study. CLL patients with biopsy-proven HL pathologically confirmed at Mayo Clinic were 

identified within this cohort. The Mayo Clinic Lymphoma Database was also used to 

identify a contemporaneous cohort of patients with de novo HL. The clinical and laboratory 

characteristics of patients at the time of HL diagnosis, therapy administered for HL and 

survival were abstracted from clinical records. The International Prognostic Score (IPS) for 

HL was applied to all patients at the time of HL diagnosis [22,23]. The original study by 

Hasenclever et al reported the following seven factors were independently associated with 

shorter OS: serum albumin <4 g dL−1, hemoglobin <10.5 g dL−1, male sex, age >45 years, 

stage IV disease, WBC ≥15 × 109/L, and lymphocytopenia (absolute lymphocyte count <0.6 

× 109/L or <8% of differential) [23]. We also evaluated the recently proposed simplified 

prognosis score based on age >45 years, hemoglobin <10.5 g dL−1, and stage IV disease (3-

Factor Prognostic Score, PS-3) [24] among CLL/HL patients. Patients were followed until 

death, loss to follow-up, or the study end date of December 31, 2013.

The time to development of HL was defined as date of CLL diagnosis to the date of 

diagnosis of HL. To reduce referral bias and calculate prevalence of HL over long-term 

follow-up of CLL patients accurately, only newly diagnosed (<12 months of diagnosis) CLL 

patients were included in the time-to-HL analyses. Fisher's exact and Kruskal–Wallis tests 

were used to define differences between the categorical and continuous variables, 

respectively. The OS was estimated by the Kaplan–Meier method and defined as the time 

from the date of HL diagnosis until death or last follow-up. Patients alive at the last recorded 

follow-up were censored. Multivariable Cox proportional hazards models were used to 

determine which factors affect OS from HL diagnosis; included in the model were age at HL 

diagnosis, Ann Arbor stage, and prior CLL. All statistical analyses were conducted using 

SAS 9.3 software package (SAS Institute, Cary, NC).

Results

CLL patients who develop HL

Among 3,887 CLL patients seen at Mayo Clinic from January 1995 through August 2011, 

26 (0.7%) patients developed biopsy-proven HL. The baseline characteristics of these 

patients at the time of HL diagnosis are shown in Table I. Their median age was 67 years 

(range 45–88 years). All patients had classical HL (except in three patients in whom HL 

could not be further classified). Of nine CLL/HL patients in whom EBV in situ 

hybridization studies were performed, EBV was detected in 6 (67%) biopsy samples. No 

association was observed between prior purine analog therapy and EBV status (P = 1.0).

The median time from CLL diagnosis to development of HL was 6.2 years (range, 0–24.5 

years). In a nested cohort of 2,465 CLL patients who were seen at the time of CLL diagnosis 

and followed prospectively (median follow-up= 6.3 years), the prevalence of HL was 

0.05%/year (10 year risk = 0.5%, 95% C.I. = 0.1–0.8%, Fig. 1).
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Risk factors for development of HL in CLL patients

The baseline characteristics of CLL patients (at the time of CLL diagnosis) who developed 

subsequent HL (n = 26) versus those who did not (n = 3,861) are shown in Table II 

(Supporting Information). No significant differences in the baseline clinical and biological 

characteristics were noted between the two groups, though comparisons were limited by the 

small sample size of CLL/HL patients.

Survival of CLL/HL patients

After a median follow-up of 9.4 years from CLL diagnosis date, 17/26 (65.4%) CLL/HL 

patients have died. The median OS from date of HL diagnosis was 3.9 years. The median 

survival of CLL/HL patients who had previously received CLL therapy was significantly 

shorter compared to those who were untreated for CLL (2.8 years vs. 7.6 years, P = 0.02, 

Fig. 2A). The survival of CLL/HL patients who received prior purine analog therapy for 

CLL was also significantly shorter compared to those who did not receive purine analogs 

(1.8 years vs. 5 years, P = 0.03, Fig. 2B). There was no difference in survival according to 

the EBV in situ hybridization status of HL in the nine cases analyzed (data not shown).

The IPS for HL predicted median survival among CLL/HL patients as follows: score of ≤2 

(18% of the patients), median survival not reached; score of 3 (23% of the patients), 6.2 

years; score of 4 (36% of the patients), 2.4 years; and score ≥5 (23% of the patients), 0.3 

years (P = 0.006, Fig. 2C). A recently proposed simplified prognostic score (PS-3 score) 

was also able to stratify median survival among CLL/HL patients as follows: score of 1 

(36% of the patients), 0.3 years; score of 2 (36% of the patients), 1.4 years; and score of 3 

(27% of the patients), 6.2 years (P = 0.02, data not shown).

Comparison of CLL/HL to de novo HL

Seven hundred and nine patients with de novo HL were seen at Mayo Clinic during the same 

time interval and entered into the Mayo Clinic Lymphoma Database. The median survival of 

CLL/HL patients was significantly shorter than those with de novo HL (3.9 years vs. not 

reached, P < 0.001; Fig. 3A). Older age (hazard ratio [HR] for each year older = 1.05, 95% 

CI = 1.04–1.06, P < 0.001), Ann Arbor stage (HR = 1.7, 95% CI = 1.2–2.4, P = 0.002) and 

prior CLL (HR = 1.7, 95% CI = 1.02–2.9, P = 0.04) were independently associated with 

worse survival on multivariate analysis. Among patients with an IPS of 0-3, there was a 

trend toward shorter survival in CLL/HL patients compared to de novo HL (median OS: 7.6 

years vs. not reached, respectively, P = 0.06, Fig. 3B). Among patients with IPS of 4-7, OS 

was significantly shorter in CLL/HL patients compared to de novo HL patients (median OS: 

1 year vs. not reached, respectively, P = 0.003, Fig. 3C).

Discussion

This is the largest single-institution study of HL in CLL patients and is the first, to our 

knowledge, to employ a prospective cohort design that allows calculation of incidence and 

compares the outcome of CLL/HL patients to those with de novo HL. The primary findings 

include the following: (1) the 10-year incidence of HL among newly diagnosed CLL 

patients was ∼0.5% (1/200 CLL patients), and the median time from CLL diagnosis to 
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development of HL was 6.2 years; (2) the median OS after a diagnosis of HL was ∼4 years 

and patients who previously received CLL therapy (especially purine analogs) experienced a 

worse outcome; (3) the OS of CLL/HL patients was worse than de novo HL patients; and (4) 

the IPS score for de novo HL was able to effectively stratify survival of CLL/HL patients.

Several studies have reported that HL develops in ∼0.1–0.4% CLL patients on long-term 

follow-up [13,17,25]. This is the first study that describes the incidence of HL in a cohort of 

newly diagnosed CLL patients who were followed prospectively with adequate long-term 

follow-up. Our results show the risk of developing HL after CLL diagnosis is ∼0.25% (1 in 

400) at 5-years and 0.5% (1 in 200) at 10-years (∼0.05%/year risk). This is in contrast to 

DLBCL transformation in CLL which is ∼ 10–20 times more common (10-year risk of 

DLBCL in CLL: 5-10%) [2–4]. The median time to development of HL was ∼6 years after 

CLL diagnosis in our study, slightly longer than the 2.6–4.6 years reported in other similar 

series [13,17,18]. Our study did not identify clinical or biological risk factors at the time of 

CLL diagnosis that were associated with the future development of HL, likely, at least in 

part, due to small sample size.

Among CLL/HL patients, prior therapy of CLL with purine analogs adversely impacted 

survival after HL diagnosis. Results from our study are consistent with this observation 

[13,18]. It is postulated that therapy with purine analogs leads to prolonged 

immunosuppression, which may increase the risk of EBV reactivation and subsequent 

development of secondary lymphoproliferative disorders, including HL [26]. In our series, 

6/9 (67%) CLL/HL patients tested were EBV positive; and 4/6 (67%) EBV-positive patients 

previously received nucleoside analog. It is unlikely that EBV reactivation alone explains 

the worse prognosis in patients with prior purine analog exposure, since there was no 

difference in EBV positivity between those who received purine analogs versus those who 

did not.

Therapy with doxorubicin, bleomycin, vinblastine and dacarbazine (ABVD) currently 

represents a standard of care for newly diagnosed de novo HL patients [27]. In our study, 

∼60% of CLL/HL patients were treated with ABVD. In contrast, in the MDACC study and 

in the series reported by Bockorny and colleagues, only 30% CLL/HL patients received 

ABVD. No patients in our study underwent stem cell transplantation or receive novel 

therapies for HL such as brentuximab vedotin (anti-CD30 monoclonal antibody) [28]. The 

median survival of patients in our study (3.9 years) was longer than previously reported by 

Tsimberidou et al. (0.8 years) [17], Bockorny et al. (1.7 years) [18], and Jamroziak et al. (0.3 

years) [13]; although it was comparable to those reported by Tamdor et al. (3.3 years) [15]. 

Although the improved survival in our study may be in part related to a higher proportion of 

patients receiving ABVD, it could also be due to difference among other factors including 

age, IPS risk profile, or the clonal relationship of the HL to the underlying CLL. 

Unfortunately, like most previous studies, we do not have the information about clonal 

relationship between the CLL and HL phase to be able to comment on this aspect. It is 

unlikely that patients in our study were low risk Hodgkin transformations since ∼60% 

patients received prior therapy for CLL (including 50% patients who received purine 

analogs), ∼50% had an IPS of ≥4 (considered high-risk for de novo HL), and ∼40% patients 

had stage IV disease at HL diagnosis.
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There is limited information about prognostic factors related to survival after HL 

transformation in CLL. Tsimberidou et al. applied the Richter prognosis score in their cohort 

of 18 transformed HL patients but were not able to segregate patients with different 

outcomes [17]. Similarly, the Richter prognosis score failed to predict survival in our cohort 

of CLL/HL patients. Hasenclever and Diehl developed the IPS for de novo HL based on 

5,141 patients treated with combination chemotherapy and/or radiotherapy. Although the 

IPS did not include de novo HL patients >65 years of age, this scoring system was applied to 

our group of CLL/HL patients whose median age was 67 years. We were able to effectively 

stratify our cohort of CLL/HL patients, with median survival of not reached, 6.2, 2.4, and 

0.3 years for those with IPS scores of ≤2, 3, 4, and ≥5, respectively. Additionally, the PS-3 

score (age ≥45 years, hemoglobin <10.5 g dL−1, and stage IV disease), proposed by 

Diefenbach et al. from the US Intergroup E2496 study for de novo HL patients, accurately 

predicted outcomes in our cohort, suggesting that this prognostic score may be useful in 

CLL/HL patients also. In de novo HL, age >70 is associated with a significantly shorter 

survival compared to patients 60-69 years of age [29–32]. To investigate the impact of older 

age on survival, we conducted a multivariable analysis for all patients with HL (CLL/HL 

and de novo HL) in our study. After adjusting for age and Ann Arbor disease stage, prior 

CLL remained significantly associated with shorter survival, thereby suggesting that age 

alone does not explain the observed differences in survival between de novo HL and 

CLL/HL. It is unclear if newer prognostic markers for de novo HL such as response to 

therapy based on positron emission tomography can be readily applied to CLL patients with 

HL transformation at this time.

Our study has several limitations. Novel CLL prognostic markers were not available for all 

patients in the study during the entire study period; hence, we had limited power to study 

their impact on the development of HL. The lack of archived tissue for most patients 

precluded determining the clonal relationship between HL and the preceding CLL in this 

clinical study. Additionally, although it is the largest single-institution study to date, the 

relatively small number of HL patients did not allow a more comprehensive modeling of 

risk factor analysis. It should also be noted that the IPS was originally developed from 

patients <65 years treated in the pre-ABVD era [23]; nonetheless this staging system was 

subsequently validated in community-based cohort of HL patients up to age 85 years 

receiving ABVD-based therapy [22].

In summary, this large single-institution analysis of CLL patients shows that HL 

transformation is 0.5% at 10 years. The median survival after HL diagnosis was ∼4 years 

for the entire cohort; and 1.8 years for the subset of patients who had previously received 

purine analog CLL therapy. The IPS score may help in predicting survival after HL 

transformation in CLL patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Risk of Hodgkin lymphoma in 2,465 newly diagnosed CLL patients seen at the time of 

diagnosis and followed prospectively.
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Figure 2. 
(A) Overall Survival of CLL/HL patients based on prior receipt of CLL therapy. (B) Overall 

survival of CLL/HL patients who had received previous purine analog therapy (PA) for CLL 

compared to those who did not receive PA therapy. (C) Overall survival of CLL/HL patients 

according to the International Prognostic Score (IPS).
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Figure 3. 
(A) Overall Survival of CLL/HL patients (from the time of diagnosis of Hodgkin 

lymphoma) compared to patients with de novo Hodgkin lymphoma. (B) Overall survival of 

CLL/HL patients (from the time of diagnosis of Hodgkin lymphoma) compared to de novo 

HL according to the International Prognostic Score of 0–3. (C) Overall survival of CLL/HL 

patients (from the time of diagnosis of Hodgkin lymphoma) compared to de novo HL 

according to the International Prognostic Score of 4–7.
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Table I
Characteristics of CLL Patients at the Time of Hodgkin Lymphoma Diagnosis

Characteristic N (%)

Number of patients 26

Median age, years (range) 67 (45–88)

Male 21 (81)

Median WBC, ×109/L (range) 7.8 (1.3–87.3)

Median HB, g dL−1(range) 11 (7.2–13)

Median PLT, ×109/L (range) 220.5 (53–627)

Median LDH, U L−1(range) 249 (133–658)

Median creatinine, mg dL−1 (range) 1 (0.6–2.1)

Median albumin, g dL−1(range) 3.5 (2.6–4.2)

Ann Arbor stage I 0

II 10 (38)

III 3 (11)

IV 11 (42)

Undetermined 2 (8)

Epstein–Barr virus statusa Positive 6 (67)

Negative 3 (33)

Not done 17

Prior CLL therapy before HL diagnosis No 9 (35)

Yes 17 (65)

Purine analog containing regimen 13 (50)

Therapy administered for of HL ABVD 16 (61)

MOPP/ABV hybrid 3 (11)

BCVPP 2 (8)

CVPP 1 (4)

VP 1 (4)

Unknown 3 (11)

a
Performed clinically on select patients.

Abbreviations used: WBC; white cell count; HB: hemoglobin; PLT; platelet; LDH; lactate dehydrogenase; ABVD: doxorubicin, bleomycin, 
vinblastine and dacarbazine; MOPP/ABV hybrid: mechlorethamine, vincristine, procarbazine, and prednisone (MOPP) followed by doxorubicin, 
bleomycin and vinblastine (ABV); BCVPP: carmustine, cyclophosphamide, vinblastine, pro-carbazine, and prednisone; CVPP: chlorambucil, 
vincristine, procarbazine and prednisone; VP: vinblastine and prednisone.
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