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Abstract
Anthracycline-based chemotherapy (ABC) is the most effective therapy for diffuse large B-cell
lymphoma (DLBCL). The addition of rituximab to ABC in controlled trials has demonstrated
superior survival, yet ABC is inconsistently utilized in elderly patients, and little is known about
the penetrance or impact of rituximab with other treatments. We analyzed the treatment and
survival patterns of 7559 patients with DLBCL over age 66 diagnosed from 1992 to 2002 using a
linked Surveillance, Epidemiology and End Results (SEER)–Medicare database. Rituximab use
was first detected in 1999 and by 2002 was incorporated in 79% of ABC-treated patients and 71%
of patients treated with non-anthracycline chemotherapy, but only 12% of patients not receiving
cytotoxic chemotherapy. ABC rates remained constant across time as did rates of no therapy,
which were highest among the very old. Rituximab-associated survival improvements were seen
among elderly treated with or without anthracyclines. Patients treated with rituximab but not
anthracyclines had comparable survival to those treated with anthracycline but not rituximab.
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Introduction
Diffuse large B-cell lymphoma (DLBCL) represents the most frequent histologic subtype of
lymphoma. With a median age at presentation of 64 years, a substantial portion of newly
diagnosed DLBCL occurs in elderly patients. Anthracycline-based chemotherapy (ABC)
combinations offer the best opportunity for long-term disease-free survival in patients with
DLBCL, and phase III studies demonstrate that the addition of rituximab improves survival
of elderly patients, when added to ABC [1,2]. Nonetheless, results from phase III studies do
not always translate into use or corresponding outcomes in the general population or elderly
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subgroups. As an example, an analysis of the Surveillance, Epidemiology and End Results
(SEER)–Medicare linked database demonstrated that just over half of elderly patients with
DLBCL throughout the 1990s received ABC, and over one-third received no chemotherapy
at all within 6 months of diagnosis [3].

Rituximab (R) is a monoclonal antibody with broad anti-lymphoma activity across the
spectrum of CD20+ B-cell lymphomas, and received Food and Drug Administration (FDA)
approval in late 1997 as monotherapy following the demonstration of efficacy for palliative
management of relapsed low-grade and follicular lymphomas [4]. Early studies
demonstrated a response rate of 37% with rituximab as monotherapy in patients with
DLBCL in 1998 [5]. The first phase II study combining rituximab with ABC
(cyclophosphamide, doxorubicin, vincristine, and prednisone [CHOP]) in patients with
DLBCL described a higher than anticipated complete response rate of 61%, at an
international meeting in May 1998, followed by a published manuscript with 2-year follow-
up in January 2001 [6,7]. The first phase III published report demonstrating a 13%
improvement in overall survival (OS) in elderly (>60 years) patients with DLBCL treated
with R-CHOP compared to CHOP was presented at an international meeting in December
2000 followed by a published report in January 2002 [8,9]. In March 2001, the British
Columbia (BC) Cancer Agency recommended R-CHOP as preferred therapy for all newly
diagnosed patients with advanced-stage DLBCL in the province of BC. A population-based
retrospective analysis of this new treatment strategy demonstrated that among all adult
patients with DLBCL who received ABC, the 2-year OS estimate increased from 52% to
78% in the post-rituximab era [10]. On 10 February 2006, the US FDA granted approval for
rituximab use in the first-line treatment of patients with diffuse large B-cell, CD20-positive,
non-Hodgkin lymphoma in combination with CHOP or other ABC regimens.

Little is known about patterns of rituximab use in elderly patients with DLBCL. We sought
to understand whether rituximab use in these patients is influenced by specific clinical
features, whether use is limited to concurrent ABC, and whether published results of the R-
ABC combination resulted in increased utilization of ABC compared to the 1990s.
Population registries are required to observe the treatment patterns for the oldest old, who
are seldom included in randomized controlled trials. The linkage of the National Cancer
Institute’s SEER cancer registry database to the Medicare database allows for the analysis of
cancer treatment in relation to both demographic and clinical factors and cancer outcomes
[11]. The objective of this study was to utilize a linkage of the SEER and Medicare
databases to describe chemotherapy and rituximab practice patterns in a population-based
study of elderly patients with DLBCL and assess whether survival changes correlate with
these patterns.

Methods
Subject selection

We selected subjects from the SEER–Medicare linked database. The SEER registry data and
Medicare claims have been linked for approximately 93% of persons with cancer aged 65
and older at the time of cancer diagnosis [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, and physician services.

The study population includes 34 963 cases of first primary non-Hodgkin lymphoma (NHL)
diagnosed between 1992 and 2002 with a known month of diagnosis, aged 66 and over at

LINK et al. Page 2

Leuk Lymphoma. Author manuscript; available in PMC 2013 March 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the time of diagnosis. Cases were excluded if: (1) death date was recorded only in SEER and
not Medicare or death date was before diagnosis date (n =71); (2) enrollment in parts A or B
Medicare was not continuous for 12 months before or the earlier of 5 months after diagnosis
or death, or there was health maintenance organization (HMO) enrollment any time during
the 12 months before and 5 months after diagnosis (n =10 540); (3) a histology other than
diffuse large cell or diffuse large B-cell lymphoma (ICD-O-3 [International Classification of
Diseases for Oncology, 3rd edition] codes for DLBCL: 9679, 9680, 9684) (n =15 452); (4)
the cancer site code was any part of the central nervous system (n =300); (5) the case was
not microscopically confirmed (n =408); (6) chemotherapy type was unknown for all
chemotherapy claims(n =497); or (7) census tract data were missing (n =136). After
application of these criteria, a total of 7559 cases of DLBCL were available for study. Date
of death information was complete through 2005 and 3-year survival follow-up was
available for all patients.

Measures
First-course therapy was designated using the observed combinations of chemotherapy and
rituximab received within 5 months of diagnosis. A therapy-related claim was any claim
with one of the following codes [12] attached. The ICD-9 (International Classification of
Diseases, 9th revision) diagnosis codes V58.1, V66.2, and V67.2, the ICD-9 procedure code
99.25, and the diagnosis-related group (DRG) code 410 were used to identify inpatient
therapy administration. For outpatient and physician billing claims, Healthcare Common
Procedures Classification System (HCPCS) codes for chemotherapy administration were
used (Q0083, Q0084, Q0085, J9000–J9999, 964.xx, 965.xx) as well as relevant revenue
center codes (0331, 0332, and 0335). Based on the HCPCS codes associated with treatment,
indicator variables were used to classify patients by the treatments they received during their
first course of treatment: ABC-only, ABC plus rituximab, non-ABC chemotherapy, non-
ABC chemotherapy plus rituximab, rituximab only, and no therapy. Chemotherapy was
categorized as ‘ABC’ if claims were found during this period for either doxorubicin or
mitoxantrone. All other patients with chemotherapy claims were categorized as ‘non-ABC.’
Patients without chemotherapy or chemotherapy administration claim were categorized as
‘no therapy.’ Indicator variables for year of diagnosis were included to capture survival
trends over the period. Other variables included age at diagnosis, race, gender, tumor stage,
census tract, and socioeconomic variables from the Patient Entitlement and Diagnosis
Summary File (PEDSF).

Statistical analysis
Using the two-sample median test and χ2 tests, patient survival was compared in the pre-
rituximab versus rituximab periods for patients receiving ABC, non-ABC chemotherapy,
and no chemotherapy. The pre-rituximab and rituximab eras were defined by the availability
of rituximab (rituximab not available: January 1992–December 1998; rituximab available
January 1999–December 2002). We then estimated two multivariate logistic models with 3-
year survival after diagnosis as the dependent variable. The first model specified diagnosis
year indicator variables (1 if patient was diagnosed in a given year, 0 otherwise) to capture
survival trends along with patient baseline characteristics including age at diagnosis, race,
gender, tumor stage, systemic symptoms, SEER registry, census tract variables, and
comorbidities. Comorbidities were represented by two separate indicator variables
measuring conditions in the year prior to NHL diagnosis. The indicators were based on the
presence of at least one non-cancer Charlson condition [13] identified on inpatient claims
and physician or outpatient claims, respectively, using the methodology developed by
Klabunde et al. [14].
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The second model included all of the variables specified in the first model and added five
treatment indicator variables (ABC without rituximab was the reference group). We then
compared the significance of the estimates for the diagnosis year indicator variables across
model specifications to assess whether changes in treatment patterns were the source of
survival trends.

Univariate and multivariate logistic regression models were run to assess factors related to
rituximab use among those patients with known chemotherapy drugs who were diagnosed
after rituximab approval (diagnosed after December 1998). In addition, we tested survival
curve equality among treatment combinations (ABC only, R-ABC, R-other, other, R-only,
and no treatment) using Wilcoxon and log-rank statistics.

Results
We identified 7559 patients aged 66 or over, diagnosed with diffuse large or diffuse large B-
cell lymphoma (non-central nervous system primary) from 1992 to 2002 with continuous
Medicare Part B coverage and no HMO coverage from 12 months prior to diagnosis and at
least 5 months past diagnosis (or through death). Median age was 77 years with 30% over
age 80. Nearly half had stage III/IV disease. Patients in the pre-rituximab and rituximab eras
were well balanced with respect to baseline variables (Table I).

Patterns of therapy
Sixty-seven percent of patients in the entire cohort received systemic therapy within 5
months of diagnosis and 58% received ABC chemotherapy. Among 1197 patients over age
85, 754 (63%) of these oldest patients received no therapy (Table I). Importantly, the rates
of any chemotherapy use and of ABC chemotherapy use were stable over the observed time
period, and did not increase in the rituximab era [Figure 1(A)]. Rituximab utilization was
first detected in patients diagnosed in 1999, and by 2000 12% of patients were treated with
ABC plus rituximab (R-ABC), representing 19% of patients receiving ABC [Figure 1(B)].
In 2000, rituximab was added among 10% of patients treated with non-ABC chemotherapy
and among 5% of patients receiving no chemotherapy. By 2002, 45% of patients were
treated with R-ABC, representing 79% of ABC-treated patients. Similarly, rituximab
penetrance had increased to 71% of patients treated with non-ABC chemotherapy but only
12% of patients receiving no chemotherapy. Table II describes the factors related to
rituximab use for the 2433 patients who received chemotherapy once rituximab was
available (after December 1998). Multivariate analysis demonstrated that rituximab use
correlated with advancing stage, inversely with increasing age, and marginally with
anthracycline use, but not with comorbidity indices, reported B-symptoms, or gender.

Survival patterns for entire cohort
Survival of patients with DLBCL aged 66 and older in our cohort improved over time. For
survival analyses, the cohort was divided into two eras: era 1 =January 1992–December
1998; era 2 =January 1999–December 2002. Median survival for the two eras was 15 and 21
months, respectively (p <0.0001). Three-year OS for the two eras was 37% and 43%,
respectively (p <0.0001). Among patients treated with ABC, the 3-year OS improved from
48% to 58% (p <0.0001).

Multivariate logistic regression analyses were performed to find plausible explanations for
the observed improvements in survival. In the first model (Table III, columns 2–3),
diagnosis year, specified using a series of indicator variables (reference = 1992–94), was
highly associated with 3-year survival (p <0.0001), with survival increasing over time. In the
second model (columns 4–5), with inclusion of the treatment category variables, the
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diagnosis year variables were less strongly associated, suggesting that the treatment pattern
change over time was a dominant source of the positive survival trend. Adding rituximab to
ABC was associated with increased 3-year survival relative to treatment with ABC-only (p
<0.0001). Interestingly, there was no significant difference in 3-year survival between ABC-
only patients (the reference category) and patients with other (non-ABC) chemotherapy plus
rituximab. Patients with no chemotherapy or non-ABC chemotherapy without rituximab had
lower 3-year survival probabilities (p <0.0001) relative to ABC-only. Patients with
rituximab-only also had lower 3-year survival probability relative to ABC-only.
Interestingly, the observed worse survival among the oldest old was less pronounced after
the addition of the treatment variables (note that the 95% confidence interval for the 85+ age
group effect for the model with treatments does not contain the 85+ estimate from the model
without treatments), suggesting that the treatments received explain in part the strong age
association with survival.

Survival among treatment groups
Kaplan–Meier survival curves among treatment groups are depicted in Figure 2. Survival
improved for all subsets treated with rituximab when compared to their non-rituximab
analog. As expected, individuals receiving R-ABC had the best overall survival. Notably,
individuals treated with R-non-ABC had better overall survival than those treated with non-
ABC without R (p <0.0001) and, consistent with the multivariate analyses, similar to those
treated with ABC without rituximab. Those treated with rituximab alone had better survival
than those who received no treatment (p <0.0001) and similar to those treated with non-ABC
chemotherapy.

Discussion
This population-based study is the first to describe the diffusion of rituximab usage in
Medicare patients with diffuse large cell lymphoma, and confirms the low rate of ABC use
in older subjects with this disease even after high-profile studies of R-ABC in the elderly
were published. The survival of all elderly patients with DLBCL has improved substantially
since 1998, coincident with the diffusion of rituximab into the population. However,
undertreatment of the oldest old is of potential concern. The oldest old were very unlikely to
receive any therapy, and, if they received therapy, were least likely to receive rituximab.
Survival was worse with advancing age, and the age relationship with survival was in part
mediated by receipt of treatment. The improvement in survival associated with rituximab
use would be expected among those treated with ABC, consistent with prospective clinical
trials and the British Columbia Cancer Registry experience. However, the improved survival
associated with rituximab addition to non-ABC regimens—equivalent to patients receiving
ABC only—has not been previously described.

Rituximab appeared to be used largely as an addition to whatever intensity of chemotherapy
a patient might have received, had they been diagnosed in the pre-1999 era. Because
rituximab has a minimal frequency of cardiac toxicities, cytopenias, or fatigue, we had
anticipated that many elderly or frail patients not deemed candidates for any cytotoxic
therapy might have been treated with rituximab alone. However, the rate of ‘no therapy’
remained constant at over 30% after the availability of rituximab. Similarly, we had
anticipated an increase in anthracycline use because of studies demonstrating R-CHOP as
feasible and optimal for selected patients aged over 60 with DLBCL. However, rituximab
introduction did not affect the rate of anthracycline use. Rates of systemic therapy use in
general (67%) and anthracycline use specifically (58%) were stable throughout the study
period. Thus, a large segment of the elderly population with DLBCL do not receive the
generally accepted most effective treatment for DLBCL.
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Individuals over age 60 years constitute over half of all patients diagnosed with DLBCL.
Randomized trials have shown that patients over 60 respond well to ABC, and efforts to
establish chemotherapy regimens for elderly patients that eliminate or utilize less
anthracycline result in poorer outcome [15]. Anthracycline avoidance in this population is
likely due to global concern for toxicity and tolerability in the elderly, with specific concerns
for cardiac toxicity, cytopenias, fatigue, or generalized frailty. Cost–benefit studies utilizing
phase III data have suggested that when combined with ABC, rituximab adds an acceptable
$US20 000 or less per added year of life [16–18]. Given the relatively low penetration of
ABC chemotherapy in the elderly, it remains critical to investigate the impact of new
therapies in patients who are not deemed candidates for standard treatment regimens. This
population-based study demonstrates that survival in the non-ABC group who received
rituximab was comparable to that for the ABC group without rituximab. Based on these
findings, rituximab alone or in combination with non-ABC chemotherapy should be
investigated for such patients.

In 2002, the Groupe d’Etude des Lymphomes de l’Adulte (GELA) reported a randomized
trial comparing R-CHOP to CHOP alone in patients over age 60 with DLBCL. The 2-year
OS for CHOP was 57%, while for R-CHOP it was 70%. In that study, patient selection was
restricted to subjects without serious concomitant disease, resulting in a median age of
enrollment of 69 years, and any application to the general population of elderly patients has
remained speculative. Similarly, the BC Cancer Agency reported that 2-year survival rates
for all adults with DLBCL increased from 52% to 78%. In spite of a relatively advanced
median age (75 years), we observed very similar 2-year OS rates: 59% and 68% in patients
treated with ABC and R-ABC, respectively. Although the present study is observational, it
is strongly suggestive that improved survival was attributable to rituximab.

Analyses of treatment outcomes for cancer patients utilizing SEER–Medicare data are
limited by changes in pathologic classification and staging, uncertainties in the measurement
of disease-free survival, and the time it takes to observe outcomes related to newly
introduced therapies. This study has addressed these weaknesses in three ways. First, we
limited our analysis to DLBCL, a diagnosis that has not substantially changed in
classification during the study period. Second, we limited analysis to overall survival, which
is easily defined, reproducibly measured, and clinically meaningful. Last, we had at least 3
years of survival data for all study subjects, a meaningful endpoint in DLBCL. Due to its
observational design and reliance on registry and administrative claims data, this study was
not able to overcome other weaknesses such as the use of billing data to ascertain treatment,
and limited data on delivered dose intensity, functional status, or quality of life outcomes.
Furthermore, this analysis does not account for treatment selection biases or the role of any
therapy, including rituximab, in the second-line or subsequent management of DBCL in this
cohort.

In conclusion, we describe for the first time the patterns of utilization of rituximab in the
initial therapy of patients with DLBCL over 66 years of age. Utilization started shortly after
the presentation of phase II data at a 1998 American Society of Clinical Oncology meeting,
and increased steadily such that in 2002 rituximab was added to over three-quarters of
anthracycline and non-anthracycline regimens, well before the 2006 FDA approval for this
indication. It does not appear that rituximab changed the utilization of ABC or the frequency
of total therapy avoidance, which remains very high in those aged over 85. Survival of all
US patients with DLBCL over age 66 improved substantially, coincident with the diffusion
of rituximab into treatment regimens, and subset analysis suggests that rituximab-associated
survival improvement occurred with non-anthracycline containing regimens as well as
anthracycline containing regimens. The expectation of greater adverse events should not
preclude the treatment of older patients with optimal regimens; rather, the focus should be
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on finding optimal dosing for older patients, preventing toxicity with available supportive
measures, and prospectively evaluating the comparative effectiveness of non-anthracycline
and anthracycline-based immunochemotherapy regimens in the oldest patients.
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Figure 1.
Distribution of initial management choices among elderly patients with diffuse large or
diffuse large B-cell lymphoma over time from 1992 to 2002: (A) categorized by initial
cytotoxic chemotherapy regimen (ABC, anthracycline-based combination); (B) categorized
by initial (immuno)chemotherapy regimen (R, rituximab).
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Figure 2.
Kaplan–Meier curves of overall survival estimates in 7559 patients aged 66 years or over
diagnosed with diffuse large or diffuse large B-cell lymphoma from 1992 to 2002. All
patients are censored at 36 months’ follow-up.
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Table II

Univariate and multivariate logistic regression analyses of rituximab use among those treated with known
chemotherapy drugs who were diagnosed after rituximab became available (n =2433).

Univariate odds ratio (95% CI) p-Value Adjusted odds ratio (95% CI) p-Value

Age at diagnosis (reference =66–70) 0.0543 0.0163

 71–75 1.024 (0.819–1.281) 0.8326 1.055 (0.796–1.397) 0.7094

 76–80 0.793 (0.631–0.997) 0.0470 0.764 (0.574–1.016) 0.0637

 81–84 0.888 (0.673–1.172) 0.4014 0.698 (0.493–0.987) 0.0422

 85+ 0.726 (0.528–0.999) 0.0492 0.664 (0.444–0.992) 0.0458

Year of diagnosis (reference =2002) <0.0001 <0.0001

 1999 0.014 (0.008–0.024) <0.0001 0.014 (0.008–0.024) <0.0001

 2000 0.061 (0.047–0.079) <0.0001 0.054 (0.041–0.072) <0.0001

 2001 0.327 (0.259–0.413) <0.0001 0.307 (0.241–0.391) <0.0001

Stage (reference =stage 1) 0.0046 0.0139

 Stage 2 1.198 (0.949–1.511) 0.1282 1.220 (0.914–1.628) 0.1766

 Stage 3 1.415 (1.100–1.819) 0.0068 1.504 (1.099–2.060) 0.0109

 Stage 4 1.478 (1.197–1.826) 0.0003 1.559 (1.192–2.038) 0.0012

ABC use (reference =no) 0.0827 0.0523

 Yes 1.269 (0.970–1.660) 0.0827 1.392 (0.997–1.994) 0.0523

Gender (reference = female) 0.1513 0.1360

 Male 1.125 (0.958–1.321) 0.1513 1.165 (0.953–1.423) 0.1360

Physician claims comorbidity (reference =0) 0.4797 0.7925

 ≥1 1.070 (0.887–1.291) 0.4797 1.032 (0.817–1.303) 0.7925

Inpatient claims comorbidity (reference =0) 0.7435 0.6009

 ≥1 1.043 (0.812–1.340) 0.7435 0.920 (0.673–1.258) 0.6009

B-symptoms (reference =no) 0.3936 0.8832

 Yes 0.943 (0.751–1.185) 0.6137 1.065 (0.800–1.419) 0.6657

CI, confidence interval; ABC, anthracycline-based chemotherapy.
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Table III

Multivariate logistic regression models★ of 3-year overall survival.

Model without treatments Model with treatments

Adjusted odds ratio (95% CI) p-Value Adjusted odds ratio (95% CI) p-Value

Age at diagnosis (reference = 66–70) <0.0001 <0.0001

 71–75 0.660 (0.570–0.764) <0.0001 0.682 (0.586–0.793) <0.0001

 76–80 0.534 (0.461–0.619) <0.0001 0.601 (0.515–0.700) <0.0001

 81–84 0.342 (0.287–0.407) <0.0001 0.440 (0.367–0.529) <0.0001

 85+ 0.148 (0.122–0.179) <0.0001 0.246 (0.201–0.300) <0.0001

Year of diagnosis (reference = 1992–1994) <0.0001† 0.0122†

 1995–1996 0.916 (0.767–1.094) 0.3334 0.907 (0.755–1.088) 0.2928

 1997–1998 1.196 (1.008–1.420) 0.0403 1.128 (0.946–1.345) 0.1788

 1999–2000 1.330 (1.133–1.561) 0.0005 1.203 (1.018–1.421) 0.0298

 2001–2002 1.609 (1.377–1.881) <0.0001 1.231 (1.023–1.481) 0.0278

Treatment (reference = ABC) <0.0001‡

 ABC + R 1.730 (1.426–2.098) <0.0001

 Non-ABC chemo 0.563 (0.451–0.702) <0.0001

 Non-ABC chemo + R 1.258 (0.798–1.982) 0.3226

 R only 0.613 (0.395–0.952) 0.0295

 No therapy 0.289 (0.253–0.331) <0.0001

★
The first model specification (columns 2–3) includes patient age (66–70) and diagnosis date (1992–1994) as reference. The second model

specification (columns 4–5) adds treatment with ABC without rituximab (commonly the CHOP regimen) as reference group. In addition, control
variables included race, stage, systemic symptoms, SEER registry, gender, comorbidity indicators, and census tract variables.

‡
Wald χ2 testing the restriction that treatment does not affect survival.

‡
Wald χ2 testing the restriction that treatment does not affect survival. CI, confidence interval; ABC, anthracycline-based chemotherapy; R,

rituximab; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; SEER, Surveillance, Epidemiology and End Results.
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