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Abstract

The impact of initial fludarabine therapy on transformation to Richter’s syndrome (RS) or 

prolymphocytic leukemia (PLL) in chronic lymphocytic leukemia (CLL) patients is uncertain. We 

studied the outcomes of 521 CLL patients who were randomized to initial fludarabine (F), 

chlorambucil (C), or F+C therapy on an intergroup trial (CALGB 9011). RS developed in 34 (7%) 

patients and PLL in 10 (2%). RS and PLL occurred in 14 (7%) and 3 (2%) of 188 patients 

randomized to F; 9 (5%) and 4 (2%) of 191 patients treated with C; and 11 (8%) and 3 (2%) of 

142 receiving F+C, respectively. Four percent of the 286 Rai stage III/IV patients developed PLL, 

compared to only 1% of the 315 Rai stage I/II patients (p=0.02). Initial fludarabine therapy in CLL 

patients did not impact transformation to RS or PLL, nor were any other baseline characteristics 

predictive for such transformation in this series.
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Introduction

In 1928, Richter reported a case of an adult with “reticular cell sarcoma” associated with 

lymphocytic leukemia [1]. Four decades later Lortholary defined Richter’s transformation as 

the development of an aggressive lymphoid malignancy in the setting of chronic 

lymphocytic leukemia (CLL) [2]. Other secondary lymphoid malignancies identified in CLL 

patients have included prolymphocytic leukemia (PLL). The incidence of transformation to 

Richter’s syndrome (RS) ranges from 3–6% [3–5]. The impact of initial fludarabine therapy 

on the incidence of transformation is not known. In addition, risk factors predictive for 

transformation in CLL patients have not been delineated. Thus, we examined a large series 

of previously untreated CLL patients enrolled on a prospective intergroup study (CALGB 

9011) and followed for at least 15 years to address these questions.

Patients and Methods

Five hundred forty-four patients were enrolled on an intergroup trial, “A Phase III 

Comparison of Fludarabine Phosphate vs Chlorambucil vs Fludarabine Phosphate + 

Chlorambucil in Previously Untreated B-Cell Chronic Lymphocytic Leukemia” (CALGB 

9011), from October 1990 to December 1994 in the Cancer and Leukemia Group B 

(CALGB), the Southwest Oncology Group (SWOG), the Eastern Cooperative Oncology 

Group (ECOG), and the National Cancer Institute-Canada (NCI-C) Clinical Trials group. 

The details of this clinical trial have been previously published [6]. Eligible patients were 

randomized to therapy with either: Arm 1: chlorambucil 40 mg/m2 orally on day 1, every 4 

weeks; Arm 2: fludarabine, 25 mg/m2/day intravenously, days 1–5, every 4 weeks; or Arm 

3: chlorambucil 20 mg/m2 orally on day 1 plus fludarabine 20 mg/m2/day intravenously, 

days 1–5, every 4 weeks. In addition to treatment outcomes, patients were also followed for 

the development of second malignancies, including transformation to Richter’s syndrome, 

which we defined for our analysis as progression of CLL to diffuse large cell lymphoma, or 

to PLL. Case report forms were reviewed for the occurrence of either RS or PLL, and were 

available for 521 of the 544 enrolled patients. Biopsy specimens were not centrally reviewed 

as part of this protocol.

The primary objective of the current analysis was to determine the impact, if any, of initial 

fludarabine, alone or in combination with chlorambucil, on the subsequent development of 

RS or PLL. A secondary objective was to ascertain if any baseline clinical variables were 

predictive for later transformation.

Statistical Methods

Univariate statistical analyses were used to examine the effect of treatment arm and other 

baseline patient characteristics on the probability of transformation. In all analyses, 

transformation was treated as a 3-level categorical variable indicating whether the patient 
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transformed to RS, PLL, or neither. The chi-square test was used to examine the association 

of categorical baseline variables with transformation. Associations of transformation with 

continuous predictor variables were tested by conceptually reversing the factor-response 

structure and using the general linear model to regress the continuous variable on 

transformation. Because transformation is categorical with 3 levels, all tests have 2 degrees 

of freedom (df), with the exception of the test of treatment arm, which has 4 df. Median time 

to RS (PLL) was calculated only in patients who transformed to RS (PLL). A two-sided 

alpha of 0.05 was used for all tests. Analyses were performed by a CALGB statistician.

Results and Discussion

All patients were followed for second malignancies, including transformation to PLL or 

Richter’s syndrome, and survival until death or lost-to-follow-up. The median follow-up 

time from study enrollment was >10 years (128, 121, and 135 months in the three treatment 

arms (F, C, F+C), respectively). Thirty-four of 521 patients (7%) developed RS, and 10 (2%) 

developed PLL (Table 1). Median time to RS among RS patients was 22 months (range, 1–

66); median time to PLL among PLL patients was 15 months (range, 1–36). There was no 

significant difference among treatment arms in the probability of transformation to either RS 

or PLL (p = 0.78). There was no difference in the transformation-free rate at 60 months 

among the different treatment arms (p=0.15).

Baseline clinical variables at study entry (age, gender, performance status, duration of CLL 

prior to therapy, Rai disease stage, white blood cell count, hemoglobin, lactic dehydrogenase 

(LDH), marrow cellularity, randomized treatment arm) were examined in univariate analyses 

for their association with the probability of later transformation to RS or PLL. Among these 

variables, only Rai stage was associated with disease transformation (2 d.f. p-value = 0.02), 

with this association due almost entirely to PLL (Table 1). Four percent of Rai stage III/IV 

patients developed PLL as compared to only 1% of Rai stage I/II patients. Six percent and 

7% of Rai stage I/II and III/IV patients developed RS, respectively.

Response to initial CLL therapy was examined among patients who later developed RS and 

PLL. The 34 RS patients achieved the following on-study responses: CR (2), PR (5), no 

response (16), and unevaluable (11). Responses to initial CLL therapy in the 10 PLL patients 

were: CR (1), PR (4), no response (4), and unevaluable (1).

Discussion

Patients with CLL have an increased risk of second malignancies as compared to age- and 

sex-matched controls [7]. The rate of second malignancies among CLL patients has not 

appeared to change since the introduction of fludarabine therapy [8]. We previously 

reported, with median follow-up of 15 years, seven cases of therapy-related myeloid 

neoplasms in this clinical trial population [9, 10]. The reported incidence of RS ranges from 

2.2–10% [3, 5, 11, 12, 13]. In one series of 1011 CLL patients, 22 cases (2.2%) of RS were 

found. RS was more common in patients <55 years old (12/204, 5.9%) than those >55 years 

(10/807, 1.2%; p<0.0001) [12]. Keating et al reported a cumulative 8% incidence of RS 

among 174 fludarabine-treated CLL patients, with time to transformation ranging from 1–62 
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months [14]. In another series of 185 CLL cases, the cumulative incidence of RS at ten years 

was 10% [13]. We observed a 6.7% incidence of RS, with most cases occurring within five 

years of study entry. Our study reports on a large population with prospective follow up and 

a very few loss to follow up. Thornton et al reported a 12% incidence of RS among 101 

fludarabine-treated CLL patients and suggested that this higher incidence may be related to 

fludarabine-induced immunosuppression [15]. In contrast, we found the probability of RS to 

be comparable among fludarabine- and chlorambucil-treated patients. Response to 

fludarabine therapy did not impact the occurrence of RS in our series.

Prognostic factors for RS have been examined in several series. In univariate analyses with 

620 CLL patients, younger age, diffuse pattern of marrow involvement, hemoglobin <12 

g/dl, advanced Rai stage disease, elevated LDH, and beta-2 microglobulin >3mg/dl were 

predictive for Richter’s transformation [14]. Age >55 years and ZAP-70 expression have 

also been associated with a higher risk of transformation [12]. In another series of 185 CLL 

patients with 17 cases of Richter’s transformation, factors prognostic for such 

transformation at time of CLL diagnosis in multivariate analysis included CD38 expression, 

IGVH4–39 usage, lymph node size ≥3 cm, and the absence of del13q14 [13]. This same 

group found that the presence of 14q32 translocations did not confer any predisposition to 

RS development [16]. Others have suggested that the presence of the CD38 G-allele, which 

is independently associated with nodal and splenic involvement, may confer an increased 

risk of RS transformation, as may the presence of a stereotyped B-cell receptor [17,18]. In a 

large Mayo clinic CLL series, the use of purine analog therapy increased the risk of a 

secondary lymphoid malignancy from 1.9% to 5.2%, of which 46% were diffuse large cell 

lymphoma [19]. In a smaller series of Waldenstrom’s macroglobulinemia patients, an 

increased risk of transformation to high grade lymphoma was found among patients who 

received purine analog therapy [20]. In our series, we identified no factors prognostic for 

transformation, except that CLL patients who later developed PLL were more likely to 

present with advanced Rai stage disease. Specifically, the initial CLL therapy, whether it was 

fludarabine, chlorambucil, or the combination of these two agents, had no impact on 

transformation to either RS or PLL. As the number of events was small in each subgroup 

(PLL and RS), they were pooled together in one analysis to focus on transformation as one 

entity.

The interval from CLL diagnosis to PLL transformation has been reported to range from two 

to three years [21]. Only two cases of PLL transformation were reported among 1487 CLL 

patients treated with cladribine or alkylating agents [22]. We found a 1.9% incidence of PLL 

transformation, with all cases occurring within three years of study entry.

In summary, we found no impact of initial therapy with fludarabine, as compared to 

chlorambucil, on the risk of transformation to either RS or PLL among CLL patients 

enrolled on this intergroup trial. We also found no baseline pretreatment clinical 

characteristics that were predictive for later RS. However, as this cooperative group trial was 

conducted in an earlier era, baseline demographic data routinely collected included only 

traditional disease- and patient-related factors, thus the impact of the newer molecular 

markers as CD38 or ZAP-70 expression, IGVH status, or baseline cytogenetics on 

transformation risk could not be assessed. Other limitation to this analysis is related to the 
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fact that some patients received subsequent therapies on or off protocol after their initial 

treatment. Some of these therapies were not captured as part of the protocol and could have 

affected the outcomes and transformation rates.

As new therapeutic approaches are utilized for CLL patients, their potential impact on 

transformation to RS or PLL warrants continued assessment.
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