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Abstract

Patients with Chronic Lymphocytic Leukemia (CLL) are known to have an increased incidence of 

second cancers, but the contribution of commonly used frontline therapies to the incidence of 

second cancers is unclear. We report on the characteristics, incidence, outcomes and factors 

associated with second cancers in 234 patients receiving Fludarabine, Cyclophosphamide, and 

Rituximab (FCR) based regimens in the frontline setting. The risk of second cancers was 2.38 

times higher than the expected risk in the general population. Ninety three patients (40%) had 

other cancers before and 66 patients (28%) after FCR. The rates of t-AML/MDS (5.1%) and 

Richter’s transformation (RT) (9%) were high while solid tumors were not increased. Overall 

survival of patients with second cancers after frontline FCR was shorter (median of 4.5 years) 

compared to patients with and without prior cancers. Second cancer risk after frontline FCR is 

mainly due to high rates of t-AML/MDS and RT and as speculated the survival of affected 

patients is shorter.

Introduction

Increased risk of second cancers in patients with CLL was reported in some studies.[1-4] 

The risk of skin cancers is 8 fold higher and the risk of other malignancies is twofold higher 

than in the general population. Mechanisms which may explain increased risk of second 
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cancers in CLL are largely unclear. Tsimberidou et al. reported on the frequencies, outcomes 

and risk factors for development of second cancers in CLL from MD Anderson cancer 

center (MDACC). Second cancers in CLL may be due to patient specific risk factors, pro-

tumorigenic microenvironment in patients with CLL or due to chemotherapy related factors, 

such as immunosuppression. Some groups have also reported that the secondary neoplasms 

may occur with equal frequency whether they occurred concurrently or after the diagnosis of 

CLL.[5] Immunodeficiency in CLL may also predispose to the increased risk of other 

malignancies.[6] In addition, Monoclonal B cell lymphocytosis (MBL) a precursor state to 

CLL, is reportedly associated with increased risk of non-hematological malignancies.[7] 
Chemoimmunotherapy with FCR is the most commonly used frontline treatment modality in 

physically fit patients with CLL.[8,9] Development of second cancers after 

chemoimmunotherapy in lymphomas is reported in few studies.[10-12] It is particularly 

relevant to study the development of second cancers among patients with CLL as they 

achieve longer progression free survival (PFS) and overall survival (OS) after therapy with 

immunosuppressive fludarabine based regimens. Studies with alkylating agents did not 

demonstrate a clear evidence for higher risk of second cancers compared to untreated 

patients with CLL.[4,13] Cyclophosphamide is known to have weaker carcinogenicity 

compared to other alkylating agents however high dose cyclophosphamide based therapies 

increases the risk of second cancers in patients with CLL and Non-Hodgkin’s lymphoma.

[14,15] Skin cancers which developed after therapy with fludarabine in patients with CLL 

were reported to be more aggressive, with higher growth rate, recurrence and distant 

metastasis.[16] Cheson et al compared the number of observed to the expected second 

cancers in 724 relapsed refractory patients with CLL who were treated with fludarabine for a 

median follow up of 7.4 years.[17] The risk of second cancers in patients with CLL was 

higher than in healthy individuals, however, this increased risk was consistent with rates 

expected in patients with CLL.[3,17] The addition of rituximab to fludarabine and 

cyclophosphamide (FC) increases immunosuppression.[8] Whether the FCR based regimens 

further increase the risk of second cancers is still unclear. Present study aims to evaluate the 

characteristics, incidence and outcomes of second cancers in patients with CLL before and 

after receiving FCR based regimens in the frontline setting. We compared CLL patients with 

and without cancers prior to FCR therapy with patients that developed second cancers after 

FCR. We have also compared the risk of other malignancies with the expected risk among 

healthy individuals.

Patients and methods

This is a retrospective analysis of patients with CLL who have received FCR based therapies 

in the front line setting, between January 2004 and March 2012 at MDACC. Diagnosis of 

CLL was made according to the 2008 IWCLL (International working group on CLL) 

criteria.[18] All patients signed informed consent as per the declaration of Helsinki and 

charts were reviewed after approval from MDACC Institutional Review Board. Patient 

charts were reviewed for clinical features, treatments outcomes, history of prior cancers 

before FCR treatment and development of second cancers after the completion of FCR 

regimen.[19]
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FCR based regimens

Treatment regimens included in the analysis were standard FCR (FCR, n=131); FCR with 

granulocyte-macrophage colony-stimulating factor (FCR GM-CSF, n=13); FCR with thrice 

higher rituximab per cycle (FCR3, n=63); FCR with mitoxantrone (FCMR, n=3); FCR with 

alemtuzumab (CFAR, n=24). Details of treatment protocols have been reported previously.

[20-23] Of note, the patients included in frontline CFAR regimen were high risk patients 

with β2 microglobulin ≥ 4.0 and del17p 6/24 (22%). Following the completion of the 

therapy, all patients were periodically followed up at MDACC by clinical assessment and 

relevant investigations. Second cancers were diagnosed with appropriate investigations.

Statistical methods

Analysis of clinical outcomes

Response criteria used were as defined by the National Cancer Institute (NCI) - Working 

Group.[24] Overall survival (OS) was determined from the time of starting therapy with 

FCR based regimens until death from any cause or last follow up available from patients 

records. PFS was measured from the time of starting treatment to the time of disease 

progression, death or last follow-up. The distribution of each continuous variable was 

summarized by its mean, standard deviation and range. The distribution of each categorical 

variable was summarized in terms of its frequencies and percentages. Continuous variables 

were compared between risk groups by Wilcoxon rank sum tests and categorical variables 

were compared by Fisher Exact tests. Kaplan-Meier curves were used to estimate unadjusted 

overall survival and progression free survival. Log rank test was used to compare time to 

event outcomes between each group. The logistic regression model was applied to evaluate 

the ability of the covariates to predict the presence or absence of second cancers. The 

multivariate logistic regression model was finalized by including the variables that showed a 

significant association (P≤0.01) with the second cancer status in the univariate model. All 

cancers were considered for the analysis, except in the comparisons with SEER database. 

Comparison with SEER data base excluded non-melanoma skin cancers.

Cancer and mortality risk analysis

To determine the number of patients who developed second cancers after FCR based 

regimens, we computed standardized incidence ratios (SIRs). This is a ratio of the number of 

patients who developed subsequent invasive cancers (excluding non-melanoma skin cancers; 

NMSC) in our population (O = observed) compared with the number of cases expected (E = 

expected) to occur if the US population rates were applied to the same cohort. The latter 

number was determined with age, sex, and calendar year-specific incidence from the SEER 

data applied to the relative person-years at risk from our population. To calculate the SIR 

(O/E) we used cohort analysis for Epidemiology and End Result program. For SIRs, person 

years at risk were calculated from the date of starting FCR based therapy to the date of 

diagnosis of second cancer, death, or date of last contact, whichever came first. The 95% 

confidence intervals (CIs) and P values for the SIRs were determined by assuming a Poisson 

distribution for the observed number of patients with subsequent cancers. A two sided test 

was used to test the equality of the O/E number of patients with cancer.
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Results

Patient characteristics

Initial clinical characteristics of 234 patients who were treated with FCR based regimens are 

shown in Table 1.

Second Cancers

Out of the 234 patients with CLL included in this study, 159 (68%) of the patients had other 

cancers either prior to or after receiving front line FCR based therapies (n=93; 40% and 

n=66; 28% respectively).

Other cancers prior to FCR based therapies—Ninety three (40%) patients had a 

history of other cancer prior to treatment with FCR based regimens. Among them 34 

patients (14%) had non-melanoma skin cancers (NMSC), 14 (6%) melanoma, 17 (7%) 

prostate cancer, 8 (3%) breast cancer, 5 (2%) liver and gastrointestinal tract, 4 patients (2%) 

Renal cell cancer and all other cancers at ≤ 1%. Six patients (3%) had more than one cancer 

type before they started treatment. Fifteen out of 93 patients (16%) with prior history of 

other cancers have received radiotherapy or chemotherapy or both for treatment of other 

cancers. Three patients received platinum compounds (cisplatin, n=1, carboplatin, n=2), one 

patient received alkylating agent (cyclophosphamide) and anthracycline (adriamycin) as a 

part of CHOP protocol and one patient received topoisomerase inhibitor (etoposide). None 

of these patients received purine analogues. Patients with other cancers prior to treatment 

were older as compared to patients without a history of prior cancers (p=0.0007). These 

patients received fewer cycles of chemotherapy than patients without history of prior 

cancers (p=0.006).

Second cancers after FCR based therapy—The median follow up of the patients 

after frontline FCR based therapies was 4.4 years (95% CI, 3.7 to 5.0). After excluding 22 

patients (9%) who developed non-melanoma skin cancers 14 (5.9%) developed solid tumors, 

12 (5%) hematological malignancies and 22 (9%) Richter’s transformation (RT). The 

distribution of cancers included MDS / AML 12 (5.1%), Lung cancer 3 (5%), prostate 

cancer 2 (1%), liver and gastrointestinal 4 (2%), melanoma 2 (3%) and other malignancies at 

lower rates. The median time to development of second cancers in the whole cohort was not 

reached (Figure 1). Among patients who developed second cancers, the median time to t-

AML/MDS was 2.7 years (Range 1.1 to 7.8 years) compared to 1.5 years (Range 0.3 to 7.3 

years) for solid tumors and 1.1 years (Range 0.1 to 6.2 years) for RT, however this 

difference was not statistically significant (p=0.38). Characteristics of patients who 

developed AML/MDS are summarized in supplementary table 1.

Follow up and time to event analysis

The median follow-up for all the 234 patients after FCR based therapy was 4.4 years (95% 

CI, 3.7 to 5.0). The estimated median PFS in the total cohort was 4.5 years (95% CI, 3.81 to 

5.75) and 5.3 (95% CI, 4.4 to NR) when excluding 22 patients (9%) who developed RT after 

FCR. PFS in patients developing second cancers after FCR based therapies was 3.1 years 

(95% CI, 2.3 to 3.8) as compared to 5.8 years (95% CI: 5.1 to NR ) in patients with prior 
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history of other cancers and NR in patients without prior history of other cancers (p<0.0001) 

(Figure 2A).

The median OS for the total cohort was not reached (NR), even after excluding higher risk 

patients treated with CFAR and FCMR (n=27). At the time of last follow up, 172 (74%) 

patients were alive and estimated 5 year OS rate was 73% (95% CI, 65-81) excluding the 

patients who developed Richter’s transformation (RT). The actuarial 5-year overall survival 

rate in patients who had second cancer after FCR therapy (19%; n=46) was 48% (95% CI, 

35-67), 74% (95% CI, 63-88) for patients with history of prior cancers (40%; n=93) and 

92% (95% CI, 86-98) for patients without history of other cancers (32%; n=75) (Figure 2B).

The median overall survival for patients who developed second cancer after FCR was 4.5 

years (95% CI, 3.6 to NR) and not reached for patients with/without prior history of other 

cancers (Figure 2B). Seven patients (9%) died among the 75 patients without prior cancers 

as compared to 18/93 patients (19%) among the patients with prior cancers and 23/46 

patients (50%) among those with second cancer after FCR based therapies (p <0.0001) 

Figure 2B.

The median survival from the time of diagnosis of RT was 7.3 months (0.1 to 4.8 years) 

(Figure 3). After exclusion of high risk patients treated with CFAR and FCMR (n=27) the 

estimated PFS after FCR based therapy was 4.85 years (95% CI, 3.81 -7.57) and OS not 

reached. Among the 24 patients treated with CFAR regimen, 7 patients (26%) developed RT 

whereas, among the 132 patients who were treated with standard FCR, 10 patients 

developed RT (7%).

Comparison with SEER data

Second cancer developed in 66 (28%) patients after FCR based therapies. We have 

compared 26 patients who developed solid tumors ( 14) or AML/MDS (12) with the SEER 

database (Table 2) not included are patients with skin cancers and patients with Richter’s 

transformation. . The overall risk of developing second cancer after FCR based therapy was 

2.38 times higher than the expected risk in general population, especially higher risk was 

observed in females and in patient age > 60 years. When compared to age and race matched 

general population from the SEER database, patients who develop second cancer after FCR 

had significantly higher observed to expected (O/E) ratio of AML and MDS - O/E- 240 

(95% CI, 124.08 - 420). The risk of lung cancer 1.17(95% CI, 0.24 - 3.4), colon cancer 

1.45(95% CI, 0.17 to 5.23) and prostate cancer 0.7 (95% CI, 0.08 to 2.53) were not 

statistically different. Two patients had more than one cancer (one had melanoma after lung 

cancer and one had prostate cancer after colon cancer). When patients with CFAR regimen 

(n=24) were excluded from the cohort, the overall O/E SIR for development of second 

cancers after FCR based therapies was 2.16 (95% CI, 1.34- 3.30). (data not shown)

Correlation between Second Cancers after FCR and patients characteristics

In univariate analysis, parameters associated with development of second cancer after FCR 

included age > 60 years, past history of smoking, β2-microglobulin≥3.5mg/dL, LDH twice 

the upper limit of normal or higher, abnormal karyotype and treatment with CFAR/FCMR 
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vs FCR (Table 3). In multivariate analysis, the factors that were independently associated 

with development of second cancers after FCR based therapies were - LDH higher than 

twice the upper limit of normal and therapy with CFAR or FCMR regimens compared to 

FCR, FCR3, and FCR-GM.

Discussion

Higher risk of second cancers exists in patients with CLL and second cancers are one of the 

causes of death in these patients.[3,25,26] Information regarding the impact of prior therapy 

and second cancers in CLL patients is derived mainly from patients treated with 

chlorambucil.[4] In one study no difference was observed between untreated and 

chlorambucil treated patients with CLL.[27] Data on the relationship of 

chemoimmunotherapy and development of second cancers in patients with CLL is sparse. 

Specifically, treatment of various hematological and non-hematological cancers with 

alkylating agents, radiation and purine analogues predispose to development of second 

cancers in patients with preexisting malignancy.[28,29]

In this study, we have demonstrated the occurrence of second cancers in a cohort of patients 

with CLL who received FCR based regimens in the frontline setting. The risk of secondary 

malignancies with FCR based regimens is important for the assessment of the long term 

safety of commonly used FCR based regimens in CLL. Our study demonstrates that CLL 

patients after frontline FCR based therapy have 2.38 times higher risk of second cancers 

than in the general population. Particularly, the incidence of AML and MDS was 

significantly higher after FCR based therapy with a crude rate of 5.1% during the follow up 

period of 4.4 years (95% CI, 3.7 to 5.0). We did not find a significantly higher rate of non-

hematologic cancers. Solid tumors were found in 5.9% of patients in our cohort, however, 

the small number of events and short follow up time should be considered cautiously and 

confirmed with further studies. Preliminary result of the CLL8 of the GCLLSG reported 

5.7% solid tumors combined in the FC and FCR. Comparison to the general population was 

not reported.[30] The risk of non-hematological malignancies is progressively increasing 

with no either plateau or decrease. (Figure 1A) Our analysis helps to understand the risk 

posed by FCR based regimens in the development of second cancers. Relatively shorter 

follow-up and small cohort of patients are the main limitations of this study. In addition, 

comparisons between FCR treated and untreated CLL patients could indicate the additive 

effect of FCR based therapies on the development of second cancers. Nevertheless, treated 

patients have more adverse disease characteristics posing other limitations for such 

comparison.

We also report that patients age > 60 years have a higher tendency for second cancers. This 

higher tendency in older patients was also observed in previous report in treated and 

untreated patients with CLL.[2] In our analysis, female patients had a higher rate of second 

cancers. Although most reports show higher rates of second cancers in male patients with 

CLL, excessive risk of second malignancies in female patients treated with fludarabine was 

reported.[17] Non-significantly higher rate myelodisplasia was reported in female patients 

after fludarabine based regimens.[31] One possible explanation for higher rate of second 

cancers in female patients could be higher myelotoxicity due to gender differences in 
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chemoimmunotherapy pharmacodynamics. Elderly female patients were found to have 

slower rituximab clearance.[32] The higher rituximab blood levels and longer exposure may 

potentiate bone marrow toxicity. Whether female patients with CLL are more prone to 

develop second cancers after receiving any purine analogue needs to be confirmed in a 

larger cohort of patients. In the current study, patients with second cancer after FCR based 

therapy had shorter progression free survival compared to patients with and without prior 

cancers (Figure 2A). Four different types of second cancers in CLL patients after FCR based 

therapy deserve separate attention. These include skin cancers, secondary non-hematologic 

malignancies, t-AML/MDS and Richter’s transformation. Thirty two patients (14%) had 

skin cancer before FCR and additional 22 (9 %) had skin cancer after FCR. Skin cancers are 

most common second cancers in patients with CLL.[6,33] It is important to study further the 

association of skin cancer in patients with CLL after FCR therapy.[6,34] Patients with CLL 

have an increase in the incidence of skin cancers with three fold increased rate of malignant 

melanoma and up to 14 times higher rates of basal cell carcinomas.[13,35-37] Importantly, 

skin cancers may be more aggressive with higher rates of recurrence, regional metastasis 

and death in CLL patients as compared to skin cancers in general population.[35,36,38,39] 
Patients with CLL have an increased risk of death due to malignant melanoma and non-

melanoma skin cancer, with standard mortality ratios 4.79 and 17.0 respectively.[40] In spite 

of high rate and aggressiveness of skin cancers in CLL patients, adherence to screening 

programs is inadequate.[41]

Previous studies did not demonstrate increased second cancer rates in treated CLL patients 

compared to those patients who have been observed and untreated, however the types of 

chemotherapy regimens varied and did not include the current standard FCR.[37]

One large retrospective study reported the increased risk for second cancers in CLL patients 

and included 16,367 patients from the SEER data between the years 1973 and 1996.[37] 
This report indicated modest but significantly elevated risk of solid tumors in CLL patients 

with overall O/E ratio of 1.2 (95% CI, 1.25-1.26). The risk of second cancers remained 

relatively constant between less than one year (O/E 1.25) and over 10 years (O/E 1.16) from 

the time of diagnosis of CLL. Second cancer risk for patients treated with chemotherapy was 

similar to untreated patients.[37] Most recent studies reported higher rates (> 2 fold) of 

second cancers than previously reported [2,3,25,36] One possible explanation is that higher 

risk of second cancers could be related to higher degree of immunosuppression caused by 

current therapies. In one report, an aggressive course of squamous cell carcinoma (SCC) 

with diffuse metastasis was noted after treatment with fludarabine.[42] The authors 

suggested that T cell depletion by fludarabine was responsible for the sudden transformation 

in the biological course and behavior of the SCC. Another study of cladribine and second 

cancers in patients with CLL did not demonstrate increase in risk of second malignancies in 

CLL except for lung cancer.[43]

The overall risk of therapy related myeloid neoplasms with a median follow up of 4.4 years 

after FCR based treatment was 5% with 8/127 (6.3%) patients (< 60 years) and 4/107 (3.7%) 

patients (≥ 60 years). The crude rates of MDS/AML were higher than previously reported 

for similar patients receiving alkylating agents or fludarabine monotherapy or both.

[17,30,44,45] There is a steady increase of AML after chemotherapies used in the treatment 
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of non-Hodgkin’s lymphoma in the last 3 decades.[12] However, patients receiving non-

high dose cyclophosphamide based therapies (cumulative dose < 11250mg/m2) do not show 

a significantly elevated risk of MDS/AML.[15] Addition of fludarabine potentiates the DNA 

damage caused by alkylating agents and inhibit subsequent DNA repair.[46] This translates 

clinically in having a shorter time to develop into MDS developing after alkylator agents.

[31,47,48] The CALGB 9011 trial showed that the risk of t-AML/MDS after the frontline 

treatment with fludarabine and chlorambucil combination was 3.5% as compared to 0.5% 

and 0% for fludarabine alone and chlorambucil respectively, with a median follow up of 4.2 

years.[49] Higher risk of t-AML/MDS was also seen following fludarabine based 

combination therapy (FC, FCR, FCR with mitoxantrone) as a first line or salvage therapy in 

137 patients with a crude rate of 2.5% for previously untreated (n=40) patients and 9.3% for 

pretreated ( n=97) patients (p=0.28).[50] On the contrary, among 210 patients treated at a 

single center with fludarabine and cyclophosphamide (FC) only four (1.9%) developed 

MDS/AML after a median follow up of 41 months.[45] Preliminary data from the largest 

trial on frontline FC and FCR, the CLL8, reported only 12 patients (1.5%) that developed 

AML/MDS, lower rate in comparison to our observation. [30] In three well controlled FCR 

frontline clinical trials 19 out of 426 CLL patients (4.5%) developed t-AML/MDS over a 

follow up period of 44 months,[51] having similar rate of t-AML/MDS as in our cohort.

Delayed cytopenias induced by chemotherapy, chemotherapy induced bone marrow damage 

with dysplastic changes and the effect of growth factors, can all mimic MDS.[51] Therefore 

overestimation of t-MDS after FCR due to conditions mimicking MDS should be 

considered. Relatively high rate of AML/MDS was seen in patients treated with FCR3 

protocol (6 of 36 patients) containing 3 times higher dose of rituximab per cycle compare to 

standard FCR regimen (1 of 131 patients) (Supplementary table 1). This observation may 

suggest that higher doses of rituximab potentiate myelotoxicity of chemoimmunotherapy. 

On the contrary, compared to FC the addition of rituximab in CLL8 did not increase the rate 

of AML/MDS.[30]

Richter transformation (RT) i.e. development of an aggressive lymphoma, mostly diffuse 

large B-Cell lymphoma, is analyzed separately in the current study. In the classical RT, the 

malignant B cell in RT is clonally related to the original CLL clone. The remaining 20% of 

cases are unrelated to the CLL clone and are considered as second cancer arising in a patient 

with CLL.[52] The incidence of RT ranges from 2 to less than 10%.[44,53-55] The 

influence of prior treatment especially with purine analogues on the incidence of RT is 

unclear. Patients in our cohort may represent higher proportion of patients with poor risk 

disease due to referral from smaller centers. In some reports the incidence of RT among 

fludarabine treated patients was high (up to 12%).[56,57] On the contrary, an analysis of 511 

patients with CLL who were randomized to initial fludarabine, chlorambucil or combined 

therapy on an intergroup trial (CALGB 9011), RT developed in 7% of the patients with no 

significant difference among treatment arms.[58] In our study 22 of 234 (9%) patients 

developed RT which is a higher rate of RT among other studies. Notably, patients treated 

with frontline CFAR (FCR+ Alemtuzumab) had higher incidence of RT (7/24, 30%) 

compared with patients treated with FCR regimen (10/132,7%). A possible explanation for 

this higher risk of RT is the pronounced immunosuppression with the addition of 
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alemtuzumab to the FCR regimen. In addition, patients selected to participate in this trial 

required high β2-microglobulin (≥ 4mg/dL). This group of patients had high rates, 6/24 

(25%) of TP53 gene deletion. Interestingly, post renal transplant patients under 

immunosuppressive therapy have increased risk for second malignancies. In this setting, 

alemtuzumab did not show further increased risk.[59]

In conclusion, our study indicates that the relatively high rate of second cancers after 

frontline FCR based therapies (SIR 2.38) is particularly contributed by t-AML/MDS and is 

less influenced by the rate of solid tumors. Importantly, this observation is limited by size of 

the cohort and duration of follow up and it requires further validation. Richter’s 

transformation (9%) was also relatively high compared to previous reports. The 

development of second cancers after FCR does affect the overall survival adversely and OS 

is significantly shorter in these patients as compared to patients with or without prior 

malignancies. Older age, female sex, are other predisposing factors for second cancers after 

FCR. The long term pro-tumorigenic effect of FCR based chemoimmunotherapy should be 

considered during the follow up of patients with CLL.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Probability of Second cancers after FCR based therapy
Cumulative incidence of second cancers and death from initiation of treatment with FCR to 

last follow-up in all patients; median time was not reached. Cumulative death rate is shown 

for comparison.
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Figure 2. Progression free survival (PFS) and overall survival (OS) in patients after FCR with 
and without second cancers
(A) PFS for patients with second cancers after FCR was shorter (3.1 years) compared to 

patients without second cancers (not reached) or cancer before FCR (5.8 years) (B) Overall 

survival from start of treatment in patients with second cancers after FCR was shorter (4.5 

years) compared to patients who had cancers prior to treatment and patients without second 

cancer (not reached) (p < 0.0001). Patients who developed Richter’s transformation were 

excluded.
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Figure 3. Overall survival of patients who developed of Richter’ transformation (RT) after FCR 
based therapy
The time to transformation is calculated from RT diagnosis.
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Table 1

Initial characteristics of 234 patients prior to receiving FCR treatment

Variable No
of patients Total patients %

Age ≥ 60 years 127 234 54

Male sex 171 234 73

Smoking history 81 234 35

ALC≥100 ×109/L 92 232 40

LDH≥1 X normal 110 230 48

β2-microglobulin ≥3.5g/dL 133 230 58

RAI stage III/IV 71 234 30

Cytogenetics

  Normal 139 219 64

  Abnormal 80 219 36

FISH

    17p deletion 24 215 10

    11q deletion 49 215 23

    Trisomy 12 34 215 16

    Negative 42 215 19

    13q deletion 64 215 30

IGHV unmutated 116 181 64

Zap70-positive * 112 180 62

CD38-positive 91 234 39

Previous cancers 93 234 40

Previous chemotherapy / radiotherapy 15 93 16

Type of frontline chemotherapy

FCR ** 207 234 88

CFAR 25 234 11

FCMR 3 234 1

Number of FCR cycles

1-3 38 232 16

4-6 194 232 84

*
Zap-70 in BM by immunohistochemistry (IHC);

**
FCR based therapy includes: FCR, FCR3, FCR-GM;

Abbreviations: LDH, Lactate dehydrogenase; ALC, absolute lymphocyte count; IGHV, Immunoglobulin variable heavy chain; FISH, Fluorescence 
in situ hybridization; ZAP-70, Zeta-chain associated protein kinase 70; CFAR: Cyclophosphamide, Fludarabine, Alemtuzumab, Rituximab; 
FCMR: Fludarabine, Cyclophosphamide, Mitoxantrone, Rituximab
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Table 2

Comparison of Frequency of Second Cancers in CLL Patients after Frontline FCR based therapies with SEER 

Data

Variable* Observed Expected O/E 95% CI for O/E

Overall 26 10.92 2.38 1.55 – 3.50

Male 20 9.03 2.21 1.35 – 3.41

Female 6 1.9 3.16 1.15 – 6.88

Age ≥ 60 y 19 7.3 2.60 1.56 – 4.06

Age < 60 y 7 3.6 1.94 0.78 – 4.00

Second cancer type

t-AML/MDS 12 0.05 240 124.08 - 420

Lung 3 2.57 1.17 0.24 – 3.40

Colon 2 1.38 1.45 0.17 – 5.23

Prostate 2 2.85 0.70 0.08 – 2.53

*
Excluded Richter’s Transformation, non-melanoma skin cancers and cancer within 12 months of therapy.

Abbreviations: y,years; t-AML/MDS, therapy related acute myeloid leukemia or myelodysplastic syndrome
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Table 3

Factors predicting development of second cancers after frontline FCR chemotherapy.

Parameters Second cancer Univariate analysis Multivariate analysis*

Yes/all in category
66/234 (28%) OR P value OR P value

Age ≥60 yrs 44/125 (35%) 1.92 0.03 1.53 0.2

      <60 yrs 24/109 (22%)

Gender

  Male 55/171 (32%) 1.82 0.09

  Female 13/63 (21%)

Smoking History

    No 38/153 (25%)

    Yes 30/81(37%) 1.78 0.05 1.77 0.08

RAI stage

  0 1,2 45/163 (27%)

  3,4 23/71 (32%) 1.26 0.46

Bulky disease

  LN < 5cm 28/112 (25%)

  LN≥5cm/ Splenomegaly 40/122 (33%) 1.46 0.19

ALC

  <100,000 41/150 (27%)

  ≥100,000 27/92 (29%) 1.0 0.99

LDH

  < 2×ULN 52/200 (26%)

  ≥ 2×ULN 15/30 (50%) 2.85 0.01 2.78 0.03

β2 macroglobulin (mg/dL)

 <3.5 21/97 (22%)

  ≥3.5 47/133 (35%) 1.98 0.03 1.42 0.32

CD38

  Negative 39/143 (27%)

  Positive 29/101 (29%) 1.25 0.45

ZAP70

  Negative 18/68 (26%)

  Positive 35/112 (31%) 1.26 0.5

IGHV Status

  Mutated 14/65 (22%)

  Unmutated 37/116 (32%) 1.69 0.14

Cytogenetics

  Diploid 34/139 (24%)

  Abnormal 32/80 (40%) 2.04 0.02 0.84 0.6

FISH

13q 15/64 (23%)
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Parameters Second cancer Univariate analysis Multivariate analysis*

Yes/all in category
66/234 (28%) OR P value OR P value

Negative 10/42 (24%)

T12 11/34 (32%)

11q/ATM 11/49 (22%)

17p/p53 13/26 (50%) 0.08

Protocol type

FCR/FCR3/FCR+GM 52/207 (25%)

CFAR/FCMR 16/27 (59%) 3.56 <0.01 2.78 0.01

Number of Cycles

1-3 14/38 (37%)

4-6 14/38 (37%) 0.66 0.66

Abbreviations: yrs,years;LN, lymph node; ALC, absolute lymphocyte count; 2×ULN,twice the upper limit of normal; IGHV, Immunoglobulin 
variable heavy chain; CFAR: Cyclophosphamide, Fludarabine, Alemtuzumab, Rituximab; FCMR: Fludarabine, Cyclophosphamide, Mitoxantrone, 
Rituximab; FISH, Fluorescence in situ hybridization; ZAP-70, Zeta-chain associated protein kinase 70
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