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                                                                                                                        Abstract

                                                            This study investigated the impact of comorbidity in 555 patients with chronic lymphocytic leukemia enrolled in two trials of the German Chronic Lymphocytic Leukemia Study Group on first-line treatment with fludarabine plus cyclophosphamide, fludarabine, or chlorambucil. Patients with two or more comorbidities and patients with less than two comorbidities differed in overall survival (71.7 versus 90.2 months; P<0.001) and progression-free survival (21.0 versus 31.5 months; P<0.01). After adjustment for other prognostic factors and treatment, comorbidity maintained its independent prognostic value in a multivariate Cox regression analysis. Chronic lymphocytic leukemia was the major cause of death in patients with two or more comorbidities. Disease control in patients with two or more comorbidities was better with fludarabine plus cyclophosphamide than with fludarabine treatment, but not with fludarabine compared to chlorambucil treatment. These results give insight into interactions between comorbidity and therapy of chronic lymphocytic leukemia and suggest that durable control of the hematologic disease is most critical to improve overall outcome of patients with increased comorbidity. The registration numbers of the trials reported are NCT00276848 and NCT00262795.
                                                            
                                                            Introduction
Combined chemoimmunotherapy with fludarabine, cyclophosphamide and rituximab has become the standard of care in previously untreated patients with chronic lymphocytic leukemia (CLL).1,2 This regimen and comparable treatments have since been explored in different clinical settings in various CLL trials.3–7 Most participants in these studies were relatively young and not affected by additional health problems. However, many CLL patients in routine practice are elderly and suffer from comorbidities.8,9
Recently, comorbidity was identified as an adverse prognostic factor in patients with untreated or treated CLL.9,10 The underlying causes of the shorter survival of these patients have remained unclear so far, resulting in uncertainty whether treatment approaches in patients with CLL and comorbidity should focus on the prevention of therapy-related morbidity and mortality or whether the potential loss of disease control associated with such a strategy will offset its net benefits by increasing disease-related morbidity and mortality.
To better understand the modes of interaction between comorbidity and CLL therapy, we assessed the comorbidity burden in patients enrolled in the CLL4 and CLL5 trials of the German Chronic Lymphocytic Leukemia Study Group (GCLLSG)11,12 and investigated its impact on treatment outcome in detail.
Methods
Study population
From June 1999 until July 2003, a total of 581 patients from Germany and Austria were accrued to the CLL4 and CLL5 trials of the GCLLSG: 375 younger patients (up to 65 years) were enrolled in the CLL4 trial and randomized to receive either fludarabine alone or fludarabine plus cyclophosphamide; 206 elderly patients (65 years or older) were enrolled in the CLL5 trial and were treated with either fludarabine or chlorambucil. In both studies, the diagnosis of CLL was confirmed according to the 1996 guidelines of the National Cancer Institute sponsored Working Group (NCI-WG).13 Only treatment-naïve patients fulfilling the NCI-WG/IWCLL criteria for treatment requirement were included.13,14 Study treatments were administered as previously reported.11,12 Treatment response and status of remission during follow-up were assessed according to the NCI-WG guidelines.13 Treatment toxicity was judged according to the NCI Common Toxicity Criteria (CTC version 2.0).15 For patients who died the cause of death was determined by the treating physician based on the available clinical information and sometimes autopsy reports. Based on this on-site documentation, causes of death were grouped into the following categories: therapy-related, CLL-related, CLL-unrelated, or unknown. Both studies were approved by the Institutional Review Board and Ethics Committee of the University of Munich and performed in accordance with the Declaration of Helsinki.
Comorbidity assessment
For both trials, comorbid conditions present at baseline had to be assessed and documented in the patient’s case report form by the treating physician. Further quantification of the comorbidity burden by use of specific comorbidity scores was not part of the study protocols. Thus, all comorbid conditions reported within the case report form were captured only in a qualitative manner. Health problems resulting from the CLL itself and CLL as the primary disease were not recorded as comorbidity.
To assess the comorbidity burden for each patient individually in the absence of quantitative data derived from scores, the number of comorbidities was calculated as the sum of all conditions abstracted from the patient’s case report form according to the rules described above. Since information on the severity of comorbid conditions was mostly unobtainable, a retrospective scoring of comorbidity by use of a validated comorbidity score was not reliably possible (although an attempt was made to calculate the Charlson comorbidity index from the available data).16 For a general description of the spectrum of comorbidities in the study population, each of the concomitant diseases was assigned to disease categories abstracted from the Cumulative Illness Rating Scale.17
[image: ]

Table 1.Baseline characteristics of patients (all subjects and by trial).
Statistical analysis
The statistical analysis was performed with SPSS 17 software (SPSS Inc., USA) and based on data collected by December 17 2009 for the CLL4 trial and August 1 2007 for the CLL5 trial (parts of this analysis were also performed earlier on a 2005 dataset and previously presented in abstract format). Estimates of overall and progression-free survival were calculated using the Kaplan-Meier method. The log-rank test was used to compare survival times between groups. A Cox regression model was applied for univariate and multivariate analyses to estimate hazard ratios. Parameters others than survival were compared using the χ test and the Fisher exact test.
Further details on the methods of this study are available in the Online Supplementary Appendix.
Results
Baseline characteristics
Of the 581 patients recruited into the CLL4 and CLL5 trials, 555 were eligible for this analysis. Twenty-six patients were excluded because of inaccurate diagnosis (n=5), no need of therapy (n=2), previous therapy (n=3), consent issues (n=6), or other reasons (n=10). The characteristics of the study population are summarized in Table 1. The median time of follow-up for all patients was 58 months. Patients treated within the CLL4 and CLL5 trials were younger and older, respectively (median: 58 versus 70 years).
Comorbidity burden
The patients’ comorbidity burden at baseline is presented in Table 2 and Online Supplementary Table S1. Fifty-three percent of the patients had at least one concurrent disease. The number of comorbidities ranged from zero to seven (median: 1) and increased continuously with advanced age (P<0.001). Of 139 patients presenting with more than one comorbidity, most had two or three co-existing diseases, while there were only 24 patients with more than three health problems.
[image: ]

Table 2.Comorbidity burden of patients (all subjects and by trial).
Impact of comorbidity on overall prognosis
By univariate analysis, patients with ≥2 comorbidities had a significantly shorter median overall survival than patients with <2 comorbid conditions (71.7 versus 90.2 months, P<0.001). Differences in survival between these groups of patients were significant in both younger (CLL4 trial) and older (CLL5 trial) patients. In a multivariate analysis including additional variables with potential impact on overall survival (gender, age, performance status, disease stage, thymidine kinase and β2-microglobulin levels, and treatment regimen), comorbidity maintained its independent prognostic value (Figure 1). The Charlson comorbidity index was also prognostic, but less suitable for further endpoint studies because of the limited number of subjects with higher scores (Online Supplementary Figure S1). Specific comorbidities predicting overall survival could not be identified.
Higher 1-year and 5-year mortality rates in the group of patients with ≥2 comorbidities were attributable to a combined increase of therapy-related, CLL-related, and CLL-unrelated deaths during and after treatment (Table 3). However, deaths considered CLL-related by the treating physicians contributed most to increased mortality in these patients.
Impact of comorbidity on treatment efficacy
Patients with ≥2 comorbidities had an overall response to treatment of 75% compared to 85% in patients with <2 comorbidities (P<0.05) (Table 4). There were, however, no significant differences in overall response rates between these two groups of patients when adjusting for age or treatment (Online Supplementary Table S2), i.e. lower overall response rates in patients with ≥ 2 comorbidities were biased by more frequent use of less intense regimens (fludarabine alone, chlorambucil) in these patients.
By univariate analysis, the median progression-free survival was shorter in patients with ≥2 comorbidities than in patients with <2 comorbidities (21.0 versus 31.5 months; P<0.01). Differences in progression-free survival between the groups of patients were minimal when younger (CLL4 trial) and older (CLL5 trial) patients were analyzed separately, but in a multivariate analysis performed in all subjects and including other parameters with potential impact on progression-free survival (gender, age, performance status, disease stage, thymidine kinase and β2-microglobulin levels, and treatment regimen), comorbidity continued to be an independent determinant of progression-free survival (Figure 2).
The longest progression-free survival in patients with ≥2 comorbidities was seen in those receiving combined purine analog-based chemotherapy. Independently of their comorbidity burden, younger patients treated in the CLL4 trial benefited from the use of this combination treatment while older patients treated in the CLL5 trial had no benefit from the use of a purine analog compared to alkylator-based treatment (Figure 3).
Impact of comorbidity on treatment tolerability
Incidence rates of grade 3–4 adverse events caused by the study treatment were not significantly different in patients with ≥2 versus <2 comorbidities (Table 4). Significant differences in toxicity between these two groups were not found when patients were analyzed separately by age or treatment (Online Supplementary Table S3), i.e. equal toxicity was not solely due to more frequent use of less intense regimens (fludarabine alone, chlorambucil) in patients with ≥2 comorbidities. There was no association between occurrence of toxicity and specific comorbidities.
[image: ]

Figure 1.Overall survival (OS) by number of comorbidities. Kaplan-Meier estimates for (A) all subjects, (B) CLL4 subjects, (C) CLL5 subjects. Hazard ratios (D) of prognostic factors identified by multivariate analysis (boxes represent the hazard ratios, lines the 95% confidence intervals). TK: thymidine kinase; β2M: β2 microglobulin.
Doses of study drugs were more frequently reduced in patients with ≥2 comorbidities than in patients with <2 comorbidities (40% versus 31%; P<0.05) and therapy was discontinued in 45% of patients with ≥ 2 comorbidities compared to 31% of those with < 2 comorbidities (P<0.01).
Discussion
Two retrospective studies recently reported on comorbidity as a prognostic factor in CLL.9,10 The aim of this study of 555 subjects enrolled in the CLL4 and CLL5 trials of the GCLLSG was to explore the underlying causes of the poorer outcome observed in CLL patients with comorbidity.
[image: ]

Table 3.Mortality by number of comorbidities.
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Table 4.Treatment response and toxicity by number of comorbidities.
[image: ]

Figure 2.Progression-free survival (PFS) by number of comorbidities. Kaplan-Meier estimates for (A) all subjects, (B) CLL4 subjects, (C) CLL5 subjects. Hazard ratios (D) of predictive factors identified by multivariate analysis (boxes represent the hazard ratios, lines the 95% confidence intervals). FC: fludarabine+cyclophosphamide; TK: thymidine kinase; β2M: β2 microglobulin.
In subjects with cancers others than CLL, comorbidity is associated with shortened survival,18–23 and commonly has the greatest impact in patients with early-stage tumors while losing its relevance in patients with advanced-stage tumors.24 Our study identifies comorbidity as an independent predictor of poor prognosis specifically in patients with progressive CLL treated with chemotherapy. Rather than becoming less important with more advanced disease, this finding suggests clinically meaningful interactions between comorbidity and CLL when treatment must be given. Understanding the nature of this interaction is crucial to the choice of appropriate treatments for CLL patients with comorbidity, and further dissection of the interaction in our study led to important findings. First, deaths considered CLL-related by the treating physicians were the major contributor to higher mortality in patients with increased comorbidity. Second, disease control was less sufficient in patients with increased comorbidity than in subjects with little or no comorbidity. As shown by multivariate analysis, this finding was not entirely explained by differences in administered treatment regimens and trial allocation. Likely, the observed loss of disease control in patients with increased comorbidity was also due to more dose reductions and treatment discontinuations in these patients. Despite these dose reductions and treatment discontinuations, toxicity rates in such patients were still equivalent to those in subjects with little or no comorbidity. Together, these observations suggest that CLL patients with increased comorbidity are at greater risk of dose attenuations which will limit therapy-related morbidity, but at the expense of higher CLL-related morbidity and, thereby, mortality.
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Figure 3.Hazard ratios (HR) for progression-free survival by number of comorbidities and treatment. (A) Fludarabine+cyclophosphamide (FC) versus fludarabine (F), (B) F versus chlorambucil (CLB).
Treatments able to achieve durable control of CLL rather than only symptom control or undue protection from potential side effects thus appear important for these patients. In our study, disease control in such patients was best obtained through the most intensive therapy (combined chemotherapy). A limitation of this study is, however, that it was restricted to chemotherapy-treated CLL patients prior to the introduction of monoclonal antibodies and other experimental compounds. It does not, therefore, enable a specific therapeutic regimen to be recommended for patients with increased comorbidity. Neither does it allow a definitive conclusion that, over adverse events and intercurrent illness, uncontrolled CLL due to dose attenuations will also be the major threat to these patients in the era of chemoimmunotherapy. Nonetheless, current standard therapy with fludarabine, cyclophosphamide and rituximab in community-based patients was recently associated with limited adherence to the dosing schedule and a significant risk of losing treatment efficacy due to dose attenuations.25 These findings support our conclusion that in CLL patients with comorbidity, the use of therapies that have sufficient antileukemic activity but that can also be administered without significant loss of dose intensity (i.e. therapies carefully balanced for treatment activity and adherence) is critical.
Both trials considered for this study were conducted prior to the use of specific comorbidity scores in CLL trials (mostly the Cumulative Illness Rating Scale which uses severity and number of concurrent conditions as a surrogate for comorbidity burden).17 While it was difficult to abstract severity of comorbidities from recorded data, the number of comorbidities could be assessed easily and reflect, in part at least, what is normally captured by comorbidity scores. The limited means to weigh the severity of comorbidities further could, however, explain why our study was unable to identify single conditions associated with poor outcome. This inability was likely compounded by the lower prevalence of comorbidities (53%) in our study compared to that in the general CLL population (90%).9 Even with this selection bias, dissecting the impact of comorbidity in a clinical trial population has strengths, because it allows for the analysis of endpoints which cannot be well studied in samples of patients derived from other sources. Population-based patients’ registries usually do not record outcome measures of treatment efficacy and tolerability in great detail and information on cause-specific in addition to all-cause mortality is rarely available. It is also difficult to retrieve information on cause-specific deaths from standard patients’ charts. Determining the cause of death in individual CLL patients requires detailed knowledge of the clinical course and it is sometimes difficult even if an autopsy is performed. However, since clinical data are collected with greatest accuracy in interventional trials, it can be expected that the risk of misclassification is lowest in this setting.
In summary, this study identifies comorbidity as an independent predictor of adverse outcome in CLL. Trials in CLL should, therefore, document comorbidity accurately, ideally through the use of comorbidity scores. Dissection of interactions between comorbidity and CLL treatment indicated that proper control of CLL appears most important for improving the overall prognosis of CLL patients with comorbidity. This knowledge must be taken into account when designing randomized trials in this population of patients and when treating such patients in routine clinical practice.
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