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                                                                                                                        Abstract

                                                            We examined the prognostic influence of gender in chronic lymphocytic leukemia. Data from four randomized trials (involving 1821 patients) and three registration studies of stage-A disease (involving 1299 patients) were analyzed. Overall survival at 10 years was better for women than men in all trials (27% versus 15%; P=0.0001) and in the registration series (55% versus 43%; P<0.0001). More women than men in the trials were Binet stage A-progressive (26% versus 15%), but gender was an independent predictor of survival in multivariate analysis of clinical variables (P<0.0001). Women responded better to treatment (overall response 83%) than men (71%; P<0.0001), within each stage and age group, although fewer women than men received the full treatment dose (79% versus 85%; P=0.01). Women were more likely than men to experience toxicity (85% versus 78%, P=0.01), particularly gastro-intestinal toxicity (57% versus 42%, P<0.0001). Laboratory markers in the LRF CLL4 trial showed a significantly lower incidence in women than men of unmutated IGHV genes, raised beta-2 microglobulin, CD38 and Zap-70 positivity and TP53 deletions/mutations and/or 11q deletions. We also highlight the higher male:female ratios in randomized trials versus studies of early chronic lymphocytic leukemia and monoclonal B-cell lymphocytosis. Chronic lymphocytic leukemia in women runs a more benign clinical course than in men. Gender was also an independent predictor of response, suggesting that pharmacokinetic differences between the sexes and a possible effect of estrogens may contribute to the better outcome. Understanding the reasons for the different outcome by gender may improve patients’ management. (LRF CLL4 controlled-trials.com identifier: ISRCTN58585610).
                                                            
                                                            Introduction
The biological basis for the heterogeneity in clinical outcome of patients with chronic lymphocytic leukemia (CLL) has recently become better understood. Immunophenotypic, cytogenetic 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 population-based studies from Sweden3 and the United States4 subsequently confirmed the difference in overall survival between the sexes. Kristinsson et al.3 documented a statistically significant 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 different age groups, including when CLL-specific causes of death were considered separately.4 The GIMEMA CLL group proposed a gender-based score for predicting clinical outcome of patients with early CLL (Binet stage A) based on their observation 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 mutational 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 survival 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 (registration series). Details of the treatments used have been reported else-where.2,9,10 Briefly, chlorambucil was one of the arms in every trial.11 The comparators were the combination of COP (cyclophosphamide, 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 certificates 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 survival 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-responders and progressive disease, date of progression was when no response or progressive disease was recorded. Multivariate analyses 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 STATISTICA 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 significantly higher in the registration series than in the randomized 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.
[image: ]

Figure 1.Analysis of the clinical significance of gender in four randomized trials: CONSORT flow diagram.
Overall survival was significantly longer in women both in the randomized series [hazard ratio (HR): 0.72, 95% confidence interval (CI): 0.64–0.81, P<0.0001; Figure 2A] and in 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 registration 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 survival 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 difference 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 within each Rai Stage and age group (data not shown).
[image: ]

Table 1.Comparison of the two series by sex (3120 patients).
[image: ]

Figure 2.Overall survival by sex. (A) In all four randomized trials. (B) In the registration series.
Women were more likely than men to respond to treatment (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% versus 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 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/vomiting 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).
[image: ]

Table 2.Overall response rate by sex (randomized trials; 1218 males and 438 females evaluable).
[image: ]

Table 3.Toxicity by sex in the CLL3 and LRF CLL4 trials.
The causes of death were analyzed in the randomized series. These did not vary between the sexes. The respective 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 censored, overall survival remained significantly longer for women than for men (HR: 0.73, 95% CI: 0.64–0.84, P<0.0001).
[image: ]

Table 4.Multivariate analysis of prognostic factors found to be independent predictors of response to treatment and longer overall survival (randomized trials; 1656 evaluable patients).*
[image: ]

Table 5.Incidence of laboratory findings by sex [male (M) vs. female (F)] in the LRF CLL4 trial.
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 according 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 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 survival rates of 21% (95% CI: 10–31%) for women and 10% (95% CI: 6–15%) for men (Figure 3). In patients with mutated IGHV genes, overall survival was marginally, but not significantly, 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 addition, 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 current 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 factors; 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 factors, 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 probably a reflection of the longer overall survival of women in the general population. However our finding is now underpinned 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 significantly 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 determining predisposition. An opportunity for further study is possible, 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 predictor 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.
[image: ]

Figure 3.Overall survival by sex and IGHV mutation status in the LRF CLL4 trial.
Gender variation in drug efficacy and toxicity is increasingly 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 system, which is responsible for the metabolism of many drugs. Hepatic CYP2B6, whose substrates include the alkylating 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 consequence some agents will be more effective in females and may, at the same time, show more toxicity.18,19 It is of interest that in our trials women responded significantly better than men (Table 2) although they experienced more toxicity, 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 pharmacokinetic study,21 with female sex. It therefore seems relevant that our reported observations should also be examined in trials with the combination of fludarabine, cyclophosphamide and rituximab in CLL.22,23 In fact a recent 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
[image: ]

Table 6.Male:female (M:F) ratios in CLL trials, early CLL and monoclonal B-cell lymphocytosis.
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 damage 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 clinical 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 studies thus far.
While the implications of gender differences in the pathogenesis 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 differences may bring about some changes in treatment modalities. 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 toxicity 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 predominantly in men and new therapeutic targets should focus on that finding.
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