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Introduction

The biological basis for the heterogeneity in clinical outcome
of patients with chronic lymphocytic leukemia (CLL) has
recently become better understood. Immunophenotypic, cyto-
genetic and molecular markers have emerged that help define
prognosis more precisely. 
The issue of gender in CLL was first explored by Rai et al. in

1975, in a small series of 125 patients.1 It was noted that
women had a better survival, although the difference was not
found to be statistically significant after adjustment for age and
stage. By 1989, an analysis of our first Medical Research
Council CLL trial found that women did have a better overall
survival, independently of age and tumor stage.2 This study
suggested a major difference between the sexes in the biology
of CLL which has still not been widely recognized. Large pop-
ulation-based studies from Sweden3 and the United States4 sub-
sequently confirmed the difference in overall survival between
the sexes. Kristinsson et al.3 documented a statistically signifi-
cant inferior survival for men compared to women in all age
groups and calendar periods in their 30-year study of patients
with CLL. The updated SEER-18 Registry4 also showed that
women had a significantly better overall survival than men
when the whole CLL population was evaluated and across dif-
ferent age groups, including when CLL-specific causes of death
were considered separately.4 The GIMEMA CLL group pro-
posed a gender-based score for predicting clinical outcome of
patients with early CLL (Binet stage A) based on their observa-
tion of a significantly better progression-free survival in
females.5

The first indication of a biological basis for the differences in
prognosis between the sexes came from studies on the muta-
tional status of the immunoglobulin heavy chain variable
region (IGHV) genes that showed that those with unmutated
CLL6,7 were predominantly males. Our own study of over 1000
cases, including familial and sporadic CLL,8 showed that 37%
of females had unmutated IGHV genes compared with 50% of
males (P<0.0001). 
In the present study, comprising two large series of patients,

four randomized trials and three registration studies of stage-A
CLL, we have further examined the influence of patients’ sex
on prognosis. Our observations may have implications for
patients’ management and may throw new light on the biology
of this common leukemia.

Methods

We analyzed data from four randomized clinical trials that were
conducted in the UK between 1978 and 2004 (Medical Research
Council CLL1, 2 and 3 and LRF CLL4)2,9-11 comprising 1821 previously
untreated patients requiring treatment according to clinical criteria
(Binet stages A progressive, B and C); all were evaluable for overall sur-
vival analysis, 1656 were evaluable for response to treatment, 1144 for
toxicity (CLL3 and LRF CLL4) and 777 for progression-free survival
(LRF CLL4 only) (Figure 1). In addition we examined data from 1299
patients with early CLL (Binet stage A) registered in three prospective
studies between 1978 and 1998. A proportion of the latter (301
patients) were randomized to chlorambucil or no early therapy but for
the purposes of this study were included in the control group (registra-
tion series). Details of the treatments used have been reported else-
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where.2,9,10 Briefly, chlorambucil was one of the arms in every trial.11

The comparators were the combination of COP (cyclophos-
phamide, oncovin and prednisolone) and splenic irradiation in
CLL1, chlorambucil plus prednisolone and splenic irradiation in
CLL2, chlorambucil plus epirubicin in CLL3, and fludarabine with
or without cyclophosphamide in LRF CLL4. Biological, cytogenetic
and molecular markers were available from patients entered in the
LRF CLL4 trial and have been reported elsewhere, together with a
full description of the cutoffs used to define positivity.12,13 Causes of
death were centrally categorized using the patients’ death certifi-
cates and/or reports from the participating centers. Follow-up
(overall survival only) was to June 2012 for the trials and June 2010
for the registration series, with a median follow-up for each trial of
at least 9 years.
Statistical analyses used the chi square test for comparisons of

incidence, response to therapy and toxicities. Kaplan-Meier sur-
vival curves were calculated and compared by the log-rank test.
Overall survival was calculated from randomization to death from
any cause. Progression-free survival in the LRF CLL4 trial was
defined as the time from randomization to relapse needing further
treatment, progression, or death from any cause. For non-respon-
ders and progressive disease, date of progression was when no
response or progressive disease was recorded. Multivariate analy-
ses of variables significantly associated with response and overall
survival in univariate tests were performed by means of stepwise
generalized linear modeling and the Cox proportional hazards

model respectively. Values of P≤0.05 (two sided) were considered
statistically significant. Analyses were performed using the STA-
TISTICA software from StatSoft, a wholly owned subsidiary of
Dell, Inc.
The LRF CLL4 trial was registered as an International Standard

Randomized Trial, number ISRCTN58585610 and was approved
by the UK multicenter research ethics committee (MREC). All four
trials followed the UK Medical Research Council guidelines for
good clinical practice. All patients provided informed consent. All
authors had access to the primary clinical trial data. The main trial
endpoints have been previously reported.2,9,10

Results

The main characteristics of the patients in both series are
shown in Table 1. The proportion of females was signifi-
cantly higher in the registration series than in the random-
ized series. Women were more likely than men to be aged
≥70 years in both series. They were more likely to have
Binet stage A-progressive disease than stage B or C in the
randomized series and slightly more likely to have Rai stage
0 disease than Rai stages I-II in the registration series.
Overall survival was significantly longer in women both

in the randomized series [hazard ratio (HR): 0.72, 95% con-
fidence interval (CI): 0.64–0.81, P<0.0001; Figure 2A] and in
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Figure 1. Analysis of the clinical signifi-
cance of gender in four randomized trials:
CONSORT flow diagram.
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the registration series (HR: 0.71, 95% CI: 0.62–0.81,
P<0.0001; Figure 2B). At 10 years, the overall survival rate in
the randomized series was 27% (95% CI: 23–31%) for
women and 15% (95% CI: 13–17%) for men. In the regis-
tration series it was 55% (95% CI: 51–59%) and 43% (95%
CI: 39–47%), respectively. The overall survival rates at 10
years were better for women than for men in each of the
four randomized trials although the difference did not quite
reach statistical significance in CLL2 [CLL1: 23% (95% CI:
15–31%) versus 9% (95% CI: 6–13%), Online Supplementary
Figure S1A; CLL2: 21% (95% CI: 12–30%) versus 11% (95%
CI: 7–16%), Online Supplementary Figure S1B; CLL3: 20%
(95% CI: 12–28%) versus 8% (95% CI: 5–11%), Online
Supplementary Figure S1C; LRF CLL4: 35% (95% CI: 28–
43%) versus 23% (95% CI: 19–27), Online Supplementary
Figure S1D]. In the randomized trials 10-year overall sur-
vival rates were better for women than for men within each
disease stage [stage A-progressive: 31% (95% CI: 22–39%)
versus 23% (95% CI: 17–29%);  stage B: 32% (95% CI: 24–
39%) versus 16% (95% CI: 13–19%); stage C: 19% (95%
CI: 13–25%) versus 11% (95% CI: 8–14%); Online
Supplementary Figure S2A] and within each age group [<70
years: 33% (95% CI: 28–38%) versus 19% (95% CI: 17–

22%); ≥70 years: 15% (95% CI: 9–21%) versus 4% (95% CI:
1–6%); Online Supplementary Figure S2B]. When patients
aged <50 years were considered separately, in an attempt to
investigate a possible effect of estrogens in women, the dif-
ference in overall survival rate at 10 years between women
and men was similar to that seen in the other age groups
studied [55% (95% CI: 36–75%) versus 31% (95% CI: 21–
41%) respectively]. In the registration series women also
had a better overall survival rate at 10 years than men with-
in each Rai Stage and age group (data not shown).
Women were more likely than men to respond to treat-

ment (Table 2) but were no more likely to attain a complete
response. Response rates were 8%-14% higher in women
in all stages, age groups, treatment categories and trials
(Table 2). Response rates were no different between pre-
and post-menopausal women (cutoff age 50 years; 85% ver-
sus 82% respectively; P=0.7). Women who responded to
treatment had a better overall survival rate at 10 years than
had male responders [31% (95% CI: 26–37%) versus 19%
(95% CI: 16–22%)] but non-responders of both sexes had
poor 10-year overall survival rates [14% (95% CI: 6–21%)
versus 7% (95% CI: 4–10%); Online Supplementary Figure
S3A]. Progression-free survival, assessed only in LRF CLL4
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Table 1. Comparison of the two series by sex (3120 patients).
Randomized series Registration series *

Variable Total Male (%) Female (%) P value Total Male (%) Female (%) P value

All 1821 1329 (73) 492 (27) 1299 772 (59) 527 (41) <0.0001**
Age group <60 568 413 (31) 155 (31) 356 214 (28) 142 (27)
(years) 60-69 709 539 (41) 170 (35) 0.03 429 277 (36) 152 (29) 0.008

70+ 544 377 (28) 167 (34) 514 281 (36) 233 (44)
Median age (years) 65 65 66.2 68.2
Binet stage A progressive 330 203 (15) 127 (26)

B 764 582 (44) 182 (37) <0.0001
C 727 544 (41) 183 (37)

Rai stage * 0 953 552 (71.5) 401 (76) 0.07
I-II 346 220 (27.5) 126 (24)

* All registration cases were Binet stage A; **P value for the comparison between the two series by the c2 test.

Figure 2. Overall survival by sex. (A) In all four randomized trials. (B) In the registration series. 
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and including non-responders to treatment, was longer for
women (HR: 0.83, 95% CI: 0.70–0.98, P=0.03), though
showing only a marginal difference at 3 years [38% (95%
CI: 32–45%) for women versus 31% (95% CI: 27–35%) for
men; Online Supplementary Figure S3B]. Data from the CLL3
and LRF CLL4 trials only showed that women were more
likely to experience toxicity than men (85% versus 78%,
P=0.01), particularly gastro-intestinal toxicity (nausea/vom-
iting and/or diarrhea; 57% versus 42%, P<0.0001; Table 3)
and they were less likely than men to be given the full dose
of treatment (79% versus 85%; P=0.01). Both sexes received
the same number of treatment courses (median 6 courses,
with 35% of women and 34% of men receiving fewer than
6 courses; data from CLL3 and LRF CLL4 trials only).  
The causes of death were analyzed in the randomized

series. These did not vary between the sexes. The respec-
tive proportions for females and males were as follows:
CLL-related deaths: 79% versus 77% (Richter syndrome:

4% versus 3%); deaths unrelated to CLL: 21% versus 23%
(cardiovascular: both 8%; other cancer: 10% versus 12%;
other: both 3%). When non-CLL-related deaths were cen-
sored, overall survival remained significantly longer for
women than for men (HR: 0.73, 95% CI: 0.64–0.84,
P<0.0001).
Sex was an independent predictor of both response to

treatment and overall survival in multivariate models which
included variables available from patients in all four trials:
sex, age, stage, white blood cell count, trial (LRF CLL4 versus
earlier trials) and (for overall survival only) also response to
treatment (Table 4). Biomarkers and molecular features
were only available for multivariate analysis in the LRF
CLL4 trial and the results, published elsewhere,12-14 are not
repeated here. A comparison of prognostic features accord-
ing to sex is detailed in Table 5. Women had a significantly
higher incidence than men of good prognostic features: low
beta-2 microglobulin, mutated IGHV genes, absence of
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Table 2. Overall response rate by sex (randomized trials; 1218 males
and 438 females evaluable).
Variable Male % Female % P value

All patients 71 83 <0.0001
- Complete response 16 19 0.5

Stage A progressive 77 88 0.02
Stage B 75 85 0.007
Stage C 64 76 0.006
Age <70 years 70 81 0.0005
Age ≥70 years 73 87 0.0008
Treatment 
Chlorambucil-based 69 83 <0.0001
Fludarabine-based 84 96 0.003
Other* 49 57 0.4
Trial
CLL1 50 63 0.04
CLL2 73 84 0.08
CLL3 73 87 0.01
LRF CLL4 77 90 <0.0001

* COP (cyclophosphamide, oncovin & prednisolone) or splenic irradiation.

Table 5. Incidence of laboratory findings by sex [male (M) vs. female
(F)] in the LRF CLL4 trial.
Variable Total evaluable M F P value

M/F % %

Beta2 microglobulin ≥4 mg/L 410/146 48 35 0.007
Unmutated IGHV genes (98% cut off) 394/139 65 52 0.007
TP53 deletion (10% cutoff) 432/148 9 7 0.7
and/or mutation
11q deletion (5% cutoff) 430/149 22 15 0.06
TP53 del/mut and/or 11q del 430/148 30 20 0.01
Trisomy 12 (3% cutoff) 430/149 16 15 0.9
CD38 positive (7% cutoff) 398/137 67 50 0.0003
ZAP-70 positive (10% cutoff) 358/120 52 42 0.05
13q deletion (5% cutoff) 430/149 59 63 0.3
Notch1mutation 344/122 11 7 0.3
SF3B1mutation 319/118 18 14 0.4
CLLU1 positive 378/137 54 47 0.2

Table 3. Toxicity by sex in the CLL3 and LRF CLL4 trials.
Toxicity (all grades) Males % Females % P value

n=849 * n=295 * 

A. Neutropenia 34 36 NS
B. Thrombocytopenia 15 12 NS
Any hematologic toxicity (A and/or B) 39 38 NS
C. Nausea & vomiting 38 50 0.0004
D. Diarrhea 13 18 0.05
Any gastro-intestinal toxicity (C and/or D) 42 57 <0.0001
E. Alopecia 23 26 NS
F. Other toxicity 37 38 NS
G. Febrile episodes 29 26 NS
H. Hospital admission 30 29 NS
Any toxicity (A – H) 78 85 0.01

* Smallest number of assessable cases for any variable: males 772; females 260 (alope-
cia); NS: not significant

Table 4. Multivariate analysis of prognostic factors found to be inde-
pendent predictors of response to treatment and longer overall survival
(randomized trials; 1656 evaluable patients).*
Response to treatment Odds Ratio 95% CI P value

Female sex 0.51 0.39-0.68 <0.0001
Stage A-progressive or B (vs. C) 0.65 0.52-0.82 0.0003
White blood count (<100x109/L) 0.74 0.59-0.93 0.009
LRF CLL4 trial 
(vs. earlier trials CLL1, 2 & 3) 0.60 0.48-0.76 <0.0001

Overall Survival Hazard Ratio 95% CI P value

Female sex 0.69 0.61-0.78 <0.0001
Age <70 years 0.54 0.48-0.60 <0.0001
White blood count (<100x109/L) 0.80 0.72-0.89 <0.0001
LRF CLL4 trial (vs. CLL1, 2 & 3) 0.66 0.59-0.74 <0.0001
Response (vs. non-response) 0.55 0.49-0.62 <0.0001
to treatment

*  In these models age was not an independent predictor of response and disease stage
was not an independent predictor of overall survival. 
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TP53 abnormalities and/or 11q deletion, and CD38 and
Zap-70 negativity. In patients with unmutated IGHV genes,
overall survival was significantly longer in women (HR:
0.72, 95% CI: 0.54–0.97, P=0.03), with 10-year overall sur-
vival rates of 21% (95% CI: 10–31%) for women and 10%
(95% CI: 6–15%) for men (Figure 3). In patients with mutat-
ed IGHV genes, overall survival was marginally, but not sig-
nificantly, better for women, with 10-year overall survival
rates of 48% (95% CI: 35–61%) for women versus 38%
(95% CI: 29–47%) for men.

Discussion

This study demonstrates that CLL runs a more benign
clinical course in women than in men. This is shown by the
consistently better overall survival in our four randomized
trials and in our registration control series of early CLL, as
well as in large population-based studies.3,4 Further support
for this finding is seen in women’s longer progression-free
survival, shown here in our LRF CLL4 trial and also in an
Italian series of patients with Binet stage A CLL.5 In addi-
tion, we report that women had a better overall response to
treatment than men (Table 2) and greater gastro-intestinal
toxicity. These two findings, to our knowledge, have not
been previously reported in CLL. We suggest that it may be
important to examine outcomes by sex in recent and/or cur-
rent randomized trials, including in particular progression-
free survival, which we could only examine in LRF CLL4.
No good hypotheses have been advanced to explain the

observed trend for a better outcome in women.2-5 We have
identified three possible factors which may contribute to
the better treatment response and longer survival in
women. Firstly, the association with good prognostic fac-
tors; secondly, pharmacokinetic differences between the
sexes; and thirdly the effect of estrogens. 
A major contributing factor to the better outcome in

women is the strong association with good prognostic fac-
tors, chiefly mutated IGHV genes, as a consequence of as
yet unidentified mechanisms. Although our initial report
from the Medical Research Council CLL1 trial showed that
the longer overall survival in women was independent of
stage and age,2 this observation was still considered proba-
bly a reflection of the longer overall survival of women in
the general population. However our finding is now under-
pinned by biological features of good prognosis in females,
including a significantly higher incidence of mutated IGHV
genes,6-8 lower expression of CD38 and ZAP-70, lower beta-
2 microglobulin levels and fewer cytogenetic abnormalities
such as TP53 deletion/mutation and/or 11q deletion (Table
5). A recent report of genotypic male:female ratios in 4698
patients found that in patients with 11q del, alone or with
other abnormalities, the male:female ratio (2.5) was signifi-
cantly higher than in patients with trisomy 12, 13q del or
17p del (male:female ratio ~1.5).15 Why there is a different
incidence of prognostic factors between men and women is
not known, but may be related to genetic factors determin-
ing predisposition. An opportunity for further study is pos-
sible, as at least 30 loci of common gene variants have now
been identified as predisposing to CLL.16
In an early report from the LRF CLL4 trial, including the

above biomarkers, male sex was associated with shorter
overall survival in univariate analysis.12 More recently, both
in a second analysis of the LRF CLL4 trial, with a further 4
years of follow-up,13 and also in another study of 1160

patients,17 male sex was found to be an independent predic-
tor of shorter overall survival. Both these analyses included
NOTCH1 and SF3B1 gene mutations. It would, therefore,
appear that the prevalence of good prognostic factors in
women does not wholly account for their better survival
and that there may be other reasons for the better outcomes
in women, beyond the known prognostic factors. Evidence
to support this view is provided by our finding that, even
when women had unmutated IGHV genes, they had longer
overall survival than their male counterparts.  
Gender variation in drug efficacy and toxicity is increas-

ingly being reported, particularly gender differences in phar-
macokinetics.18 Hepatic clearance of drugs is a function of
hepatic enzymes such as the cytochrome (CYP) P450 sys-
tem, which is responsible for the metabolism of many
drugs. Hepatic CYP2B6, whose substrates include the alky-
lating agents cyclophosphamide and ifosfamide, is
expressed differently between the sexes.19 Significantly
higher amounts of CYP2B6 mRNA protein and enzyme
activity were found in females than in males. As a conse-
quence some agents will be more effective in females and
may, at the same time, show more toxicity.18,19 It is of inter-
est that in our trials women responded significantly better
than men (Table 2) although they experienced more toxici-
ty, particularly gastro-intestinal toxicity, and were thus less
likely to have received the full dose of treatment.
Although our trials did not include treatment with mono -

clonal antibodies, recent pharmacokinetic data showed that
the clearance of rituximab is reduced and its elimination
half-life more prolonged in women than in men.20 Higher
rituximab serum concentrations before next therapy and
higher response rates were associated, in another pharma-
cokinetic study,21 with female sex. It therefore seems rele-
vant that our reported observations should also be exam-
ined in trials with the combination of fludarabine,
cyclophosphamide and rituximab in CLL.22,23 In fact a recent
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Figure 3. Overall survival by sex and IGHV mutation status in the LRF
CLL4 trial.
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large retrospective study from registries of patients with
CLL aged 66 years or older, comparing rituximab plus
chemotherapy with chemotherapy alone, highlighted male
gender as an independent factor associated with shorter
overall survival.24
In our study we attempted to examine a possible effect of

estrogens by analyzing differences in survival and response
using a cutoff at 50 years of age, this being the approximate
age of women at menopause. Although we were unable to
find a difference, it is still possible that estrogens may have
an impact on the different outcomes for men and women
with CLL. Firstly, it has been shown that there may be an
inhibitory effect of estrogens on the activity of superoxide
dismutases, essential enzymes that protect cells from dam-
age induced by free radicals in experiments using CLL cells.25
Secondly, it has been suggested that females may have a
more effective immune response than males as a result of
estrogen-mediated inhibition of caspase-12 expression.26 We
suggest that both these mechanisms may be operational,
protecting against infections and also contributing to
women’s better response to treatment through either
improved cytotoxicity or enhanced immune function.
It is of interest that female sex has emerged recently as a

predictor of better outcomes not only in CLL but also, for
example, in cutaneous head and neck melanoma.27 Another
recent report, in chronic myeloid leukemia, included female
sex as one of the two more significant predictors of stable
molecular response after long-term imatinib therapy.28
Another observation in our study is that the proportion of

males is higher in patients requiring treatment than in
patients with earlier stage disease and hence is reflected in
most clinical trials (Table 6). As in our registration series, the
male:female ratios are lower in observational series of Binet
stage A or Rai stage 0. Furthermore, the male:female ratio is
even lower in monoclonal B-cell lymphocytosis, a precursor
condition of CLL (Table 6).  This is a novel observation not
reported before and it is probably the strongest evidence
that the disease course in women is slower and/or more
benign than in men. The disease appears to begin equally in
both sexes from the starting point of monoclonal B-cell
lymphocytosis. Thereafter CLL in men becomes gradually

more represented in observational series and doubles at the
stage of symptomatic progressive disease, as seen in all clin-
ical trials. The higher proportion of IGHV unmutated cases
in men may be a factor, as this characteristic has been
shown to be associated with progressive disease in all stud-
ies thus far. 
While the implications of gender differences in the patho-

genesis of CLL and its treatment require further studies, it
should be recognized that CLL has a more benign clinical
course in women than in men. The observed gender differ-
ences may bring about some changes in treatment modali-
ties. In particular, women may require modifications in the
dosage of the more intensive therapies, as it appears that
the thresholds for both efficacy and gastro-intestinal toxici-
ty may be lower in women. The increase in the
male:female ratio from monoclonal B-cell lymphocytosis,
through early stage CLL, to CLL requiring treatment shows
that the more active, aggressive forms of CLL are seen pre-
dominantly in men and new therapeutic targets should
focus on that finding.
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Table 6. Male:female (M:F) ratios in CLL trials, early CLL and monoclonal B-cell lymphocytosis.
Monoclonal B-cell Lymphocytosis Early CLL (stage A) Treatment Trials

Author N. of cases M:F ratio N. of   cases M:F ratio N. of cases M:F ratio

Rawstron et al., 200829 387 0.9:1 * - - - -
Shanafelt et al., 200930 302 1.4:1 94 (Rai 0)** 1.6:1 - -
Rossi et al., 200931 123 1.0:1 154 (Rai 0) 1.2:1 - -
Scarfò et al., 201232 184 1.1:1 430 (Rai 0) 1.2:1 - -
Molica et al., 20055 - - 1138 (Binet A) 1.2:1 - -
This series - - 1299 (Binet A) 1.5:1 1821 2.7:1

Tam et al., 200822 - - - - 300 2.3:1
Flinn et al., 200733 - - - - 278 2.3:1
Hillmen et al., 200734 - - - - 297 2.5:1
Eichhorst et al., 200635 - - - - 362 2.7:1
Sutton et al., 201136 - - - - 241 3.0:1
Woyach et al., 201137 - - - - 104 3.3:1
Hallek et al., 201023 - - - - 817 2.8:1

*Subjects with a normal white blood count M:F ratio 0.71:1; in those with lymphocyte count ≥ 4x109/L M:F ratio 0.93:1. **lymphocyte count ≤ 10x109/L.
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