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Abstract

We hypothesized that the length of treatment-free survival following (a) initial diagnosis and (b) 

first-line treatment would be associated with improved subsequent five-year relative survival (RS5) 

in patients with chronic lymphocytic leukemia or small lymphocytic lymphoma (CLL/SLL). 

19,879 patients incident CLL/SLL cases (median age=76 years) were identified from SEER-

Medicare. RS5 improved from 0.73 (95% CI: 0.72, 0.74) at diagnosis to 0.81 (95% CI: 0.80, 0.82) 

at year 1 and 0.89 (95% CI: 0.83, 0.96) at year 10 among those who had not received treatment. In 

our analysis of survival patterns following first-line treatment, RS5 improved from 0.55 (95% CI: 

0.53, 0.57) at initiation of first-line treatment to 0.84 (95% CI: 0.75, 0.92) among patients who had 

not been retreated at year 5 following first-line therapy. Longer periods of treatment-free survival 

following initial diagnosis and first-line treatment were both predictive of meaningfully improved 

prognosis in CLL/SLL patients.

Keywords

Leukemia; lymphocytic; chronic; B-cell; lymphoma; non-Hodgkin; survival; prognosis; 
epidemiology; Medicare

Introduction

Conditional relative survival (RS) rates are used in cancer epidemiology to describe a 

patient’s future RS conditional on having survived a given number of years since diagnosis. 
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Conditional RS is a clinically relevant metric that allows for estimated survival probabilities 

to be updated based on the initial course of disease [1]. For example, colorectal cancer 

patients have a five-year relative survival rate (RS5) of 63% at diagnosis, but for those who 

have survived five years after diagnosis, subsequent RS5 is ~95% [2]. Similar patterns have 

been described for many types of cancer [3].

Chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) is an exception: 

RS5 is ~80% both at diagnosis and at year five following diagnosis [2]. This difference may 

be attributed to the lack of curative treatment for CLL/SLL, as well as variation in the 

natural history of the disease. While some patients present with advanced disease and are 

candidates for treatment at diagnosis, some early-stage CLL/SLL patients may live for years 

without significant disease progression or need for treatment [4-6]. For these reasons, length 

of treatment-free survival since diagnosis may provide more information about a patient’s 

subsequent prognosis than length of overall survival since diagnosis.

Similarly, length of progression-free survival following first-line treatment is recognized as 

an important prognostic marker in patients with CLL/SLL [7] and other forms of non-

Hodgkin lymphoma [8,9]. However, while this relationship has been elucidated in a younger 

cohort of clinical trial participants who received first-line FCR [10], it has not been 

characterized quantitatively among older CLL/SLL patients in real-world settings.

In this study, we explored RS patterns in older CLL/SLL patients identified in the SEER-

Medicare Linked Database. Following patients longitudinally after initial diagnosis, we 

updated patients’ RS5 estimates based on the length of treatment-free survival since (a) 

initial diagnosis and (b) first-line treatment for CLL/SLL. We hypothesized that the length of 

treatment-free survival following (a) and (b) would be positively associated with subsequent 

RS5.

Methods

Data sources

The study data were obtained from the 2014 SEER-Medicare linkage, from which we 

identified SEER cancer cases diagnosed in 1992–2011 and their Medicare records from 

1991 to 2013. Within SEER registry catchment areas, 93% of patients aged 65+ years 

diagnosed with cancer have been linked to their Medicare claims data [11]. Participating 

registries collect data for all cancer patients diagnosed within their defined geographic area. 

Registry data include month and year of diagnosis, age at diagnosis, race, tumor stage, and 

histology. Medicare files from the Centers for Medicare and Medicaid Services (CMS) 

include demographic and enrollment information, date of death, and all bills submitted for 

inpatient hospital care, outpatient hospital care, physician services, and prescription fills. 

Normative mortality rates based on the U.S. general population were obtained from The 

Human Mortality Database [12], which assembles historical U.S. life tables based on data 

published by the U.S. Census Bureau [13] and National Center for Health Statistics [14].
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Institutional Review Board review and research ethics

This research project was approved by SEER-Medicare Program staff and the University of 

Iowa Institutional Review Board (IRB). The University of Iowa IRB granted a waiver of 

informed consent because the project consisted of a secondary analysis of existing data. 

SEER-Medicare Program staff reviewed the manuscript to ensure that it met reporting 

requirements to protect patient confidentiality.

Cohort definitions: CLL/SLL inception cohort and first-line treatment cohort

Two cohorts were analyzed: (a) an inception cohort of newly diagnosed CLL/SLL patients 

followed from their diagnosis date and (b) a sub-cohort of patients who received first-line 

antineoplastic therapy at any time following diagnosis, followed from the end of first-line 

treatment (Figure 1). For the CLL/SLL inception cohort, our study population consisted of 

patients diagnosed with CLL/SLL in 1992–2011, and who were age 66+ years at the time of 

diagnosis. Cases were excluded if they had no specific diagnosis month recorded by SEER, 

had a prior malignancy, had inconsistent birth or death dates recorded by SEER and CMS, 

were diagnosed at death, did not have microscopic or laboratory diagnostic confirmation, 

were not enrolled in traditional fee-for-service Medicare Parts A and B at diagnosis and the 

prior 365 days, or had claims for antineoplastic therapy prior to the diagnosis date recorded 

by SEER (Figure 1). The age and Medicare enrollment restrictions ensured that we could 

use Medicare claims data to characterize patients’ antineoplastic treatments from diagnosis 

onward, as well as comorbidities and proxies for advanced CLL/SLL disease. Patients with a 

prior malignancy were excluded to ensure that we could infer that claims for antineoplastic 

therapies reflected treatment for CLL/SLL.

For the sub-cohort of patients who initiated firstline treatment, patients were excluded if 

prior to firstline treatment any of the following censoring events occurred: the end of the 

study period (31 December 2013), loss of traditional Medicare enrollment, diagnosis with a 

second primary malignancy, or initiation of ibrutinib (a novel Bruton’s tyrosine kinase 

inhibitor initially approved in 2013). Patients were also excluded if their first course of 

antineoplastic therapy was longer than 365 days. For most CLL/SLL chemotherapy 

regimens, the treatment plan would consist of six cycles of treatment at four-week intervals. 

Some patients may discontinue treatment early or take breaks between treatment cycles, and 

treatment with some agents (e.g. chlorambucil or rituximab monotherapy) may continue for 

12 months.

Identification of antineoplastic treatment

Receipt of antineoplastic treatment was assessed using procedure, diagnosis and drug codes 

recorded in Medicare inpatient, outpatient, and prescription claims. See Appendix Tables A1 

and A2 for details on the codes and code ranges that were used. Corticosteroids were not 

included in our study definition of antineoplastic therapy because they are frequently used 

for other indications, and rarely used as monotherapy for CLL/SLL. Drug-specific HCPCS 

and National Drug Codes (NDCs) were used to identify specific antineoplastic agents 

administered. Patients were classified as having received chemo-immunotherapy (CIT), 

chemotherapy alone, or immunotherapy alone. Table 1 describes how patients’ treatment 

regimens were classified. A prior chart validation study performed in lymphoma patients 
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found that Medicare claims data generally provide reliable information on whether and when 

patients receive chemotherapy [15].

Outcome

The study endpoint was all-cause mortality. The SEERMedicare dataset includes each 

patient’s date of death as recorded in the Social Security Administration’s Death Master 

File. In the files used in the present study from the 2014 SEER-Medicare linkage, mortality 

data were available through the end of 2013. Patients who were alive on 31 December 2013, 

were right-censored in our survival analyses.

Covariates

A number of demographic and clinical characteristics were assessed in order to characterize 

our study sample (see Table 1). As a summary measure of comorbidity burden, we report a 

count of the following 12 major comorbidities included in the National Cancer Institute and 

Charlson comorbidity indices [16-18]: cerebrovascular disease, chronic pulmonary disease, 

congestive heart failure, dementia, diabetes, hemiplegia/paraplegia, liver disease, myocardial 

infarction, peptic ulcer disease, renal disease, rheumatic disease, and human 

immunodeficiency virus (HIV) infection. In addition, we provide data on the frequency of 

several health conditions associated with advanced CLL/SLL disease, e.g. anemia and 

infection. Health conditions were assessed based on administrative diagnosis codes recorded 

during the year prior to retreatment. Following the approach of Klabunde et al. [18], a 

condition was considered present if a corresponding inpatient diagnosis code or two 

outpatient diagnosis codes 30+ days apart were observed. A higher standard was required for 

outpatient diagnosis codes, because they can sometimes reflect diagnoses that were ruled out 

or merely considered as part of a differential diagnosis.

Statistical methods

Five-year relative overall survival (RS5) was used to characterize CLL/SLL patients’ 

prognosis. RS5 – the ratio of five-year observed overall survival relative to overall survival 

in the general population after conditioning on age, sex and calendar year – was estimated 

with the Ederer II method [19-21]. RS measures are frequently used in cancer epidemiology 

as indirect estimates of the burden of cancer-specific mortality in defined patient 

populations. The statistical significance of differences and trends in RS across patient 

subgroups was assessed using the additive hazards model endorsed by Dickman et al. for 

analyses of RS data within a generalized linear models framework [20].

Results

We identified an inception cohort of 19,879 patients newly diagnosed with CLL/SLL who 

met inclusion criteria (Figure 1). At diagnosis, the median patient age was 76 years 

(interquartile range [IQR]: 71, 82); 46% were female. The majority of patients (71%) were 

diagnosed after 2000, in the rituximab era of CLL/SLL therapeutics, and the study period 

included eligible follow-up time through 2013, before the era of B-cell receptor or bcl-2 

targeted therapeutics. Additional baseline characteristics are shown in Table 1. During the 
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first year following diagnosis, 22% of patients initiated antineoplastic treatment, 10% died, 

4% were censored, and 64% remained alive and untreated at the end of the year.

Five-year relative survival was 0.73 (95% CI: 0.72, 0.74) at diagnosis. Among patients who 

survived one year without treatment, RS5 increased to 0.81 (95% CI: 0.80, 0.82). As the 

length of treatment-free survival increased, RS5 improved modestly but steadily to 0.89 

(95% CI: 0.83, 0.96) for patients at year 10 following diagnosis (Figure 2; test for trend: p<.

001).

A similar but more pronounced pattern was observed in patients following first-line therapy: 

a longer duration of treatment-free survival following firstline treatment was associated with 

meaningful incremental improvements in RS5. At initiation of first-line treatment, RS5 was 

0.55 (95% CI: 0.53, 0.57). RS5 improved to 0.84 (95% CI: 0.75, 0.92) for patients who 

survived five years without retreatment following firstline therapy (Figure 3; test for trend: 

p<.001). After stratifying patients by the type of first-line antineoplastic treatment they 

received, this relationship was strongest among those who received CIT or immunotherapy 

as first-line treatment (Figure 3). At year five following first-line treatment, patients in these 

groups who had not been retreated were estimated to have survival similar to that of the 

general population.

Discussion

In this population-based study of older adults diagnosed with CLL/SLL in 1992–2011, 

longer intervals of treatment-free survival following initial diagnosis and first-line treatment 

were associated with improved subsequent survival outcomes. Among patients newly 

diagnosed with CLL/SLL, RS5 improved from 0.73 at diagnosis to 0.81 and 0.85 among 

patients who remained untreated at years one and five following diagnosis, respectively. 

Among patients who receiving first-line therapy, prognosis was considerably worse at the 

initiation of first-line therapy (RS5=0.55), but improved considerably among those with 

longer treatment- free intervals following first-line treatment. Subsequent RS5 was 0.78 and 

0.84 among those who had not been retreated at years three and five, respectively, following 

first-line treatment. Among patients who received CIT or immunotherapy as firstline 

treatment, survival for five years without retreatment was associated with normal subsequent 

survival (RS5 ≈ 1).

Prior studies of conditional RS patterns in lymphoma patients have noted that in patients 

with indolent lymphomas such as CLL/SLL, RS5 is more or less unchanged after stratifying 

on time-since-diagnosis [22]. In contrast, the current study demonstrated that duration of 

treatment-free survival since diagnosis was predictive of modest but steady improvements in 

RS5. Differences in degree of disease progression at diagnosis are likely to be the primary 

explanation for the trend observed in our data. While some patients present with advanced 

disease and are candidates for treatment at diagnosis, some early-stage CLL/SLL patients 

may live for years without significant disease progression or need for treatment [4-6]. An 

important limitation of our study is that SEER-Medicare does not include staging 

information for patients with leukemias including CLL. Due to this limitation, our finding 

that subsequent survival improves gradually with longer treatment-free survival would be 

Ammann et al. Page 5

Leuk Lymphoma. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



most relevant for updating prognostic estimates in patients who present with early-stage 

CLL/SLL and go for some time without needing treatment.

Among patients who have received first-line therapy for CLL/SLL, a longer interval of 

treatment-free survival is widely recognized as a favorable prognostic marker. Our data 

allow for a more precise quantification of this relationship in a large, unselected sample of 

older patients identified from SEER-Medicare. Our findings are broadly consistent with 

findings reported for follicular lymphoma, where two-year event-free survival following 

first-line treatment was associated with a normal subsequent life expectancy [8,9]. Among 

older patients with CLL/SLL who received CIT or immunotherapy as first-line treatment, 

five year treatment-free survival was associated with a similarly favorable prognosis. In 

interpreting these results, it is important to recognize that RS in CLL/SLL patients who 

received first-line therapy compared to the general population is a function of the severity 

and natural course of the patient’s disease and its responsiveness to treatment, as well as 

patient selection. Patients who received first-line therapy were deemed fit enough to receive 

chemotherapy and/or immunotherapy. For this reason, it is possible that our RS5 estimates 

may overestimate the degree to which their life expectancy has ‘normalized,’ since general 

population life tables are being used as a substitute for the comparator of true interest: the 

patients’ lifespans in the absence of CLL/SLL.

The favorable outcomes observed for patients who received immunotherapy alone as first-

line treatment (Figure 3) is likely explained by the fact that immunotherapy alone may be 

considered for patients with less severe disease, particularly in community practice settings 

with lower thresholds for starting patients on anti-CD20 monoclonal antibody therapy. 

Consistent with this hypothesis, in an exploratory analysis we found that time to first-line 

treatment was shorter among patients diagnosed after the introduction of rituximab 

compared to earlier in our study period (see Appendix Figure A1).

This study had a number of other limitations. First, we lacked data on clinical prognostic 

markers, including initial staging, chromosomal abnormalities detected by fluorescence in 
situ hybridization (FISH), and functional status. Ideally, these measures would be combined 

with duration of treatment-free survival to develop a more strongly predictive and 

individualized prognostic score. However, after a patient has received first-line treatment, 

initial clinical prognostic markers may be less informative than the patient’s responsiveness 

to first-line treatment. In the follicular lymphoma research referenced earlier, the Follicular 

Lymphoma International Prognostic Index (FLIPI) evaluated at diagnosis did not predict 

subsequent survival outcomes after conditioning on age, sex, and duration of event-free 

survival following first-line treatment [9].

Another limitation was that we relied on administrative claims data records to determine 

whether and when patients received antineoplastic therapy. While chart confirmation of 

treatment would have been ideal and would have provided more accurate and detailed 

information about the type of treatment the patients received, prior research has found that 

Medicare claims data generally provide reliable information regarding chemotherapy in 

patients with lymphoma [15]. Finally, the conditional RS patterns we describe here are based 

on outcomes observed during the rituximab and pre-rituximab eras of CLL/SLL 
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therapeutics, and will need to be reassessed once large-scale epidemiologic data are 

available for patients treated with novel targeted therapies.

Updating prognostic measures based on duration of treatment-free survival provides data 

that is clinically relevant to patients with CLL/SLL and their physicians. Although 

significant effort is devoted to calculation and communication of prognosis at time of initial 

consultation following diagnosis of CLL/SLL, the current study adds to available 

information highlighting the dynamic nature of prognosis over time in CLL/SLL patients. In 

addition, these data may be useful for interpreting the results from clinical trials of first-line 

therapies in patients with CLL/SLL. Since these trials typically have relatively short follow-

up periods (e.g. one to three years), it is important to know the extent to which two- or three-

year survival following first-line therapy is predictive of survival comparable to that 

expected in the general population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram showing identification of CLL/SLL patients eligible for conditional relative 

survival analyses.

* Number also reflects the following preliminary eligibility requirements: specific month of 

diagnosis for CLL/SLL was recorded by SEER, and consistent birth and death dates were 

recorded by SEER and Medicare for the patient.

** Fewer than 11 patients received ibrutinib as first-line treatment. Combined with another 

exclusion category due to SEER-Medicare reporting requirements.
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Figure 2. 
Estimated five-year relative survival (with 95% confidence intervals) conditional on the 

length of treatment-free survival since initial diagnosis with CLL/SLL.
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Figure 3. 
Estimated five-year relative survival (with 95% confidence intervals) conditional on the 

length of treatment-free survival since first-line treatment, stratified by type of first-line 

treatment.
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Table 1

Characteristics of newly diagnosed CLL/SLL patients and subset of patients who initiated first-line 

antineoplastic treatment.

Characteristic
Inception cohort of 19,879 newly diagnosed 

CLL/SLL patients N (%)
6044 patients who initiated first-line 

treatment N (%)

Age at diagnosis in years

 66–74 8045 (40%) 3009 (50%)

 75–79 4677 (24%) 1513 (25%)

 80+ 7157 (36%) 1522 (25%)

Female sex 9225 (46%) 2644 (44%)

Diagnosis year

 1992–2000 5605 (28%) 1046 (17%)

 2001–2005 6831 (34%) 1947 (32%)

 2006–2013 7443 (37%) 3051 (50%)

Indicators of advanced CLL/SLL

 Anemia 3479 (18%) 2485 (41%)

 Thrombocytopenia/coagulation disorder 797 (4%) 871 (14%)

 Immune deficiency 122 (1%) 263 (4%)

Count of major comorbidities

 None 11,903 (60%) 3081 (51%)

 One 4775 (24%) 1695 (28%)

 Two or more 3201 (16%) 1268 (21%)

Hospitalized in prior year 4168 (21%) 2531 (42%)

Type of first-line treatment

 Chemo-immunotherapy – 2423 (40%)

 Chemotherapy alone – 2236 (37%)

 Immunotherapy alone – 1385 (23%)

CLL: chronic lymphocytic leukemia; SLL: small lymphocytic lymphoma.
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