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ABSTRACT

Background. The incidence of diffuse large B-cell lymphoma
(DLBCL) occurs disproportionately in elderly patients. We
evaluated real-world treatment patterns and outcomes in
elderly DLBCL patients in the U.S.
Materials and Methods. A retrospective cohort analysis of
9,333 DLBCL patients from the linked Surveillance, Epidemi-
ology, and End Results (SEER)-Medicare database was con-
ducted.PatientswerediagnosedbetweenJanuary1,2000,and
December 31, 2007; were aged .66 years, and were con-
tinuously enrolled inMedicare Part A and B in the year prior to
diagnosis.Within 3 months of diagnosis, 4,565 (49%) received
rituximab plus chemotherapy (R1chemo), 2,181 (23%) re-
ceived chemotherapy only, and 467 (5%) received rituximab
monotherapy (R-mono). Cox proportional hazards regression
assessed overall survival between R1chemo versus chemo-
therapy only and R-mono versus no treatment.
Results. Overall, 23% of patients received no treatment, and
theproportionwashigheramong thoseaged.80years (33%).

Patients receiving R1chemo were younger and more likely
white compared with those receiving chemotherapy only.
Patients receiving R-mono were older and more likely female
compared with those not treated. In multivariate analysis,
patients receiving chemotherapyonly had a twofold increased
mortality risk versus R1chemo, and this was confirmed in
a subanalysis of patients aged .80 years. A 91% higher
mortality risk was noted with receipt of fewer than six cycles
versus six cycles of chemotherapy or chemoimmunotherapy.
Patients receiving R-mono had a 69% decreasedmortality risk
compared with patients who were not treated.
Conclusion.This real-world analysis of elderly DLBCL patients
confirmed that 23% do not receive treatment. Overall survival
is higher for patients receiving R1chemo and R-mono relative
to chemotherapy only and no treatment, respectively. Sub-
optimal durations of therapy with curative intent (fewer
than six cycles) were associated with poorer outcomes.
The Oncologist 2014;19:1249–1257

Implications for Practice: Diffuse large B-cell lymphoma (DLBCL) is an aggressive lymphoma that is curable with guideline-based
chemoimmunotherapy; however, in real-world practice, very elderly patients are less likely to receive treatment. Evidence from
this analysis suggests that chemoimmunotherapy effectiveness is generally similar between elderly patients in routine oncology
practice and younger patients fromclinical trial settings.This real-world comparative effectiveness study concludes that age alone
shouldnotdiscourage theuseofguideline-recommended therapies forDLBCL, and in theabsenceofother reasons forwithholding
treatment, elderly patients should be given guideline-based treatment as often as nonelderly patients.

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the most common
histologic subtype of non-Hodgkin lymphoma (NHL) and ac-
counts for approximately 25% of all lymphoid neoplasms in the
developed world [1]. It is an aggressive form of NHL for which
survival without treatment is measured in months. Like most
other NHLs, there is a male predominance, with ∼55% of cases
occurring in men [1]. Incidence increases with age, and the me-
dian age at presentation is 64 years [2]. Although outcomes for

elderly patients with lymphoma are worse, very few differences
have been described for morphology and clinical presentation
between young and elderly patients with lymphoma [3, 4].

There is a paucity of data regarding the treatment of the
very elderly with DLBCL, in part because of the lack of par-
ticipation and/or inclusion of this population in clinical trials
[5]. Very elderly patients have diverse attitudes toward can-
cer treatment. Although some desire aggressive treatment
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modalities, a large proportion declines therapies offered by
oncologists [6]. In addition, clinicians areoften concernedwith
the ability of elderly patients to tolerate intensive therapy,
which can be complicated by the presence of comorbidity,
diminished organ function, and altered drug metabolism [7].

R-CHOP (cyclophosphamide, doxorubicin, vincristine, and
prednisone plus rituximab) is the standard treatment regimen
for DLBCL, based on randomized trials that demonstrated
significantly improved overall survival compared with CHOP
alone in elderly patients with DLBCL [8–12]. R-CHOP is
recommended as first-line therapy for most DLBCL patients
across all disease stages [13]. Some reports suggest that
patients aged 80 years or oldermaybenefit from less intensive
chemotherapy plus rituximab [14, 15]. Others have concluded
that the best way to improve the survival of elderly patients
with lymphomawhodonot have significant comorbid illness is
to treat them with an optimal chemotherapy regimen [16].
Given the increase in incidence of DLBCL related to the aging
population, understanding the real-world treatment patterns
and outcomes of guideline-recommended care is crucial to
improving outcomes for this potentially curable disease.

MATERIALS AND METHODS

Data Sources
Data from the Surveillance, Epidemiology, and End Results
(SEER)-Medicare linkeddatabasewereusedfor theseanalyses.
Institutional review board approval waswaived because there
are no personal identifiers in the SEER-Medicare database.
The SEER-Medicare database is a collaborative effort of the
National Cancer Institute (NCI), the SEER registries, and the
Centers for Medicare and Medicaid Services and provides
information on Medicare patients included in SEER, a nation-
ally representativecollectionof18population-based registries
of all incident cancers from diverse geographic areas [17]. The
linked database includes all incident cancer patients reported
to the SEER registries and cross-matched with a master file of
enrollees inMedicare [18],with approximately 97%of persons
aged 65 years or older eligible for Medicare. Inpatient care,
skilled nursing care, home health care, and hospice care are
covered services under Medicare Part A, whereas Part B
reimburses for physician and outpatient care, with about 95%
of beneficiaries subscribing to Part B. The SEER-Medicare
linkage includesallMedicare-eligiblepersons reportedtoSEER
through 2007 and their Medicare claims for Part A (inpatient)
and Part B (outpatient and physician services) through 2009.

Study Population
DLBCL was identified using two World Health Organization
International Classification of Diseases for Oncology, third
edition (ICD-O-3) histology codes in the SEER data set: code
9680 (malignant lymphoma, large B-cell, diffuse, centroblastic,
not otherwise specified [NOS]) and code 9684 (malignant
lymphoma, large B-cell, diffuse, immunoblastic, NOS). Eligibility
criteria for theanalysis includedadiagnosisofuntreatedprimary
DLBCL from January 1, 2000, to December 31, 2007; age of 66
years or older; and continuous enrollment in both Medicare
Parts A andB in the 12months preceding the diagnosis. Patients
were excluded if the cancer site code was for any part of
the central nervous system, if diagnosis was made by death

certificate or autopsy, or if patients were enrolled in a health
maintenance organization at any time during the 12 months
prior to diagnosis (because treatment and outcome data were
not available). Of the 10,515 patients identified, 2,120 (20%) did
not receive treatment with chemotherapy, immunotherapy, or
radiation therapy.There were 686 patients (6.5%) who received
radiation only and were excluded from this comparative ef-
fectiveness analysis. Of the remaining patients, 7,213 initiated
chemotherapy with or without radiation within 3 months of
diagnosis and were included in the final analytic cohort.

Study Variables
Patient age at diagnosis was used as a continuous variable and
was stratified into five groups: 66–70, 71–75, 76–80, 81–85,
and.85 years. Race and ethnicitywere categorized into three
mutually exclusive groups: white, nonwhite, and unknown.
Socioeconomic information was not available for individual
patients but was available as aggregate data at the ZIP code
or census-tract level. We used quartiles of median annual
household income and percentage of the adult population by
education level as proxies for socioeconomic status. Education
was categorized as percentages: without a high school
diploma, with high school only, with some college, and with
at least a college degree. The American Joint Committee on
Cancer classification scheme was used to classify patients
as early (stage I and II) or advanced (stage III and IV).

Data were abstracted from the following five merged
SEER-Medicare files to identify claims for chemotherapy, im-
munotherapy, and/or radiation administration [19]: Medicare
provider analysis and review, carrier claims, outpatient claims,
durable medical equipment, and prescription drug event
files. Each of these files provides calendar-year summaries of
reimbursed services.Type of treatment was characterized and
quantifiedusingthe ICDdiagnosis codes, ICDproceduralcodes,
Current Procedural Terminology codes, Healthcare Common
Procedure Coding System codes, and revenue center codes.
Chemotherapy claims were searched for specific drug codes to
identify the type of chemotherapy administered to patients.
The absence of chemotherapy, immunotherapy, or radiation
claims was interpreted as evidence of no treatment. The first
chemotherapyor immunotherapyclaimwithinthefirst3months
after diagnosis indicated the start of therapy. Patients receiving
chemotherapy (with or without radiation) were classified into
oneofthreetreatmentgroupsbasedonallchemotherapyand/or
immunotherapy drugs administered during the first 60 days
following initiation of treatment. The three groups included
rituximabmonotherapy (R-mono), rituximabandchemotherapy
(R1chemo), and chemotherapy alone (chemotherapyonly).The
number of R1chemo and chemotherapy-only treatment cycles
and the number of R-mono doses were defined as the number
of consecutive claims per regimen, with no gaps .45 days
beginning on the date of first regimen claim.

The NCI comorbidity index [20] was calculated for each
patient using diagnosis and procedure codes in the year
preceding diagnosis to identify the 15 noncancer comorbid-
ities from the Charlson Comorbidity Index [21]. Specific
conditions were required to appear on at least two different
claims that were .30 days apart to ensure that “rule out”
diagnoseswere not counted as comorbid conditions. Aweight
was assigned to each condition based on its potential to
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influence 2-year mortality, and these weights are summed to
obtain an index for each patient. The index accounts for the
number and the severity of the conditions, with higher scores
indicating a greater burden of comorbid disease.

Statistical Analysis
All statistical analyses were performed using SAS software,
version 9.1.3 (SAS Institute Inc., Cary, NC, http://www.sas.com).
Pairwise comparisons were carried out between R1chemo
versus chemotherapy only and R-mono versus no treatment.
Demographic and clinical characteristics were summarized
descriptively and compared using the chi-square test for cat-
egorical variables and analysis of variance or t tests for con-
tinuous variables to determine differences between groups.
A p value,.05 was considered statistically significant.

Two approaches were used for the multivariate survival
analyses comparing R1chemo versus chemotherapy only and
R-mono versus no treatment including Cox proportional
hazards regression and propensity score-weighted analyses.
The Cox regression was used to explore predictors of overall
risk of death, adjusting for potential confounders that were
selected from demographic and clinical characteristics. The
fully adjusted model included all static variables of patient
characteristics selected based on a priori beliefs that these
factors are associated with receipt of treatment. The pro-
pensity score is the conditional probability of each patient
receiving a specific treatment based on baseline character-
istics. Multinomial logistic regression was used to calculate
a propensity score for each patient.The effect of the propensity
score weights was to balance the groups to reduce potential
bias associated with treatment selection and to obtain better
estimates of the treatment effect on survival. A propensity
score-weightedCox proportional hazards regressionmodelwas
fitted to compare overall survival among treatment groups.

In the Cox models, follow-up was calculated beginning on
the date of treatment initiation until the first occurrence of
a censoring event: date of death, development of a second
primary tumor, the last date for which Medicare claims were
available,ortheendofthefollow-upperiod(December31,2009).
The date of deathwas assigned using theMedicare date or SEER
dateofdeath if theMedicaredatewasmissing. All other patients
were assumed to be alive at the end of the follow-up period,
although theymayhave been censoredearlier for other reasons.

RESULTS

Patient Characteristics
Table 1 shows the distribution of patient characteristics by
treatment group. Patients receiving R-mono were the oldest at
diagnosis, with a mean age of 82 years, followed by the group
not treated (mean age: 80 years) and the R1chemo and
chemotherapy-only groups (mean age: 76 years). Patients
receiving R1chemo were slightly younger (#75 years: 50% vs.
46%,p, .05),weremore likelywhite (89%vs. 86%,p, .01) and
married (59% vs. 54%, p , .01), and had a lower comorbidity
burden (NCI score0:57%vs. 54%,p, .01) comparedwith those
receiving chemotherapy only. Patients receiving R-mono were
older (.80years:60%vs.50%,p, .01),weremore likely female
(61% vs. 52%, p, .001), had earlier stage disease (49% vs. 40%,
p, .001), andhad a nonsignificantly lower comorbidity burden
compared with those not treated. Among the treated groups,

R-mono had the highest proportion of patients with prior
radiation therapy (7%) compared with the chemotherapy-only
group (3.2%) and the R1chemo group (2.3%).

In the adjusted logistic regression model (Table 2), in-
creasing age and higher NCI comorbidity score appeared to be
the strongest predictors of receiving no treatment. Nonwhite
race, male sex, unmarried status, and lower income were also
predictive of receiving no treatment.

Treatment Patterns
In this cohort of 9,333Medicare patients, 23% did not receive
any treatment with either chemotherapy and/or radiation
therapy. As age increased, the treatment rate significantly
decreased, especially among patients aged.80 years (Fig. 1).
Among those aged.80 years, 33% were not treated.

Among patients who received treatment within 3 months
after diagnosis, 4,565 (63%) received R1chemo, 2,181 (30%)
receivedchemotherapyonly, and467 (6.5%) receivedR-mono.
Use of R1chemo increased during the study time period,
from11%in2000%to76%in2007,whereasuseofchemotherapy
only declined from 87% in 2000% to 17% in 2007 (supplemental
online Fig. 1). R-monouse remained fairly consistent throughout
the study time period.

The median time to treatment initiation was 36 days from
date of diagnosis. In general, most patients (64%) received
fewer than six cyclesof therapy.Within each treatment cohort,
55% and 82% of patients in the R1chemo and chemotherapy-
only cohorts, respectively, received fewer than six cycles of
therapy. Stratifiedbydisease stage, 59%and83%ofearly stage
patientsand52%and82%ofadvanced-stagepatients received
fewer than six cycles of R1chemo and chemotherapy only,
respectively. More R1chemo cycles than chemotherapy-only
cycles (meancycles:5vs.3,p, .0001)weredelivered(Fig.2).The
median time interval between cycles of R1chemo or chemo-
therapy only was 22.3 days or 22.0 days, respectively, among
early stage patients and 22.6 days or 22.0 days, respectively,
among those with advanced-stage disease. Among those who
received R-mono, 207 (44%) received ,4 doses (Fig. 2). All
patients who received fewer than four doses of R-mono also
receivedradiation therapy. Stratifiedby stage, 38%ofearly stage
patients and 53%of advanced-stage patients received,4doses
of R-mono. The median time interval between each dose of
rituximab was 8.3 days among those with early stage disease
and 9.0 days among those with advanced-stage disease.

Clinical Outcomes
Figure 3 shows the unadjusted median overall survival of 96
months in the R1chemo group versus 13 months in the
chemotherapy-only group (log-rank p , .0001). In the
multivariatemodel (Table3), patients receivingchemotherapy
only had a twofold increased risk of mortality compared with
R1chemo patients, and this was confirmed in the propensity
score-weighted Cox regressionmodel (hazard ratio [HR]: 2.11;
95% confidence interval [CI]: 1.98–2.26) (data not shown). In a
subgroup analysis of patients aged$80 years, almost identical
mortality risk reductionswereobservedwithR1chemo relative
tochemotherapyonlyas in theoverallpopulation.Supplemental
online Figure 2 shows significant survival differences by stage
amongpatients treatedwithR1chemoand chemotherapyonly.
Median overall survival was 77 months in the early stage group
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Table 1. Demographic and clinical characteristics at baseline

Characteristics
Not treated
(n5 2120)

R-mono
(n5 467) p

R1chemo
(n5 4,565)

Chemo only
(n5 2,181) p

Age at diagnosis, n (%)

66–70 years 222 (10.5) 41 (8.8) .0051 1,061 (23.2) 450 (20.6) .0138

71–75 years 362 (17.1) 59 (12.6) 1,234 (27.0) 553 (25.4)

76–80 years 476 (22.5) 89 (19.1) 1,173 (25.7) 590 (27.1)

81–85 years 524 (24.7) 132 (28.3) 769 (16.8) 404 (18.5)

.85 years 536 (25.3) 146 (31.3) 328 (7.2) 184 (8.4)

Sex, n (%)

Male 1,011 (47.7) 182 (39.0) .0006 2,138 (46.8) 1,026 (47.0) .8728

Female 1,109 (52.3) 285 (61.0) 2,427 (53.2) 1,155 (53.0)

Race/ethnicity, n (%)

White 1,816 (85.7) 415 (88.9) .0688 4,061 (89.0) 1,884 (86.4) .0022

Nonwhite 304 (14.3) 52 (11.1) 504 (11.0) 297 (13.6)

Marital status, n (%)

Married 906 (42.7) 211 (45.2) .2194 2,681 (58.7) 1,166 (53.5) .0019

Single 171 (8.1) 25 (5.4) 275 (6.0) 160 (7.3)

Separated/divorced 119 (5.6) 25 (5.4) 257 (5.6) 122 (5.6)

Widowed 807 (38.1) 184 (39.4) 1178 (25.8) 621 (28.5)

Unknown 117 (5.5) 22 (4.7) 174 (3.8) 112 (5.1)

Stage, n (%)

Early 847 (40.0) 230 (49.3) .0005 2,233 (48.9) 1,049 (48.1) .6251

Advanced 1,077 (50.8) 202 (43.3) 2,084 (45.7) 1,005 (46.1)

Unknown 196 (9.2) 35 (7.5) 248 (5.4) 127 (5.8)

Prior radiation

Yes 0 (0.0) 34 (7.3) ,.0001 105 (2.3) 69 (3.2) .0364

No 2,120 (100) 433 (92.7) 4,460 (97.7) 2,112 (96.8)

NCI comorbidity score, n (%)

0 862 (40.7) 199 (42.6) .0788 2,619 (57.4) 1,166 (53.5) .0038

1 542 (25.6) 113 (24.2) 1,174 (25.7) 578 (26.5)

2 305 (14.4) 83 (17.8) 443 (9.7) 238 (10.9)

$3 411 (19.4) 72 (15.4) 329 (7.2) 199 (9.1)

Geographic region, n (%)

Midwest 256 (12.1) 37 (7.9) .0161 488 (10.7) 270 (12.4) .0017

Northeast 144 (6.8) 30 (6.4) 329 (7.2) 134 (6.1)

South 887 (41.8) 186 (39.8) 1,915 (41.9) 984 (45.1)

West 833 (39.3) 214 (45.8) 1,833 (40.2) 793 (36.4)

Median income quartiles, n (%)

1 (low) 544 (25.7) 101 (21.6) .1733 1,096 (24.0) 583 (26.7) ,.0001

2 534 (25.2) 112 (24.0) 1,114 (24.4) 564 (25.9)

3 520 (24.5) 125 (26.8) 1,116 (24.4) 562 (25.8)

4 (high) 515 (24.3) 128 (27.4) 1,218 (26.7) 460 (21.1)

Education, %, mean (95% CI)

Less than high school 20.10 (19.5–20.7) 17.36 (16.3–18.4) ,.0001 17.63 (17.3–18.0) 19.13 (18.6–19.7) ,.0001

High school only 27.08 (26.7–27.5) 25.49 (24.6–26.4) .0010 26.49 (26.2–26.8) 27.41 (27.0–27.8) .0003

Some college 27.54 (27.2–27.8) 28.12 (27.5–28.8) .1142 28.12 (27.9–28.3) 27.44 (27.1–27.7) .0003

At least a college degree 25.28 (24.6–26.0) 29.04 (27.5–30.6) ,.0001 27.77 (27.3–28.3) 26.02 (25.3–26.7) ,.0001

Abbreviations: chemo, chemotherapy; CI, confidence interval; NCI, National Cancer Institute; R1chemo, rituximab plus chemotherapy; R-mono,
rituximab monotherapy.
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and24months intheadvanced-stagegroup(log-rankp, .0001).
We stratified the Cox regressionmodels by stage (supplemental
onlineTables1and2)andfoundsimilarmortalityrisksassociated
with receipt of chemotherapy only versus R1chemo among
patients with early stage disease (HR: 1.94; 95% CI: 1.73–2.17)
and advanced-stage disease (HR: 2.11; 95% CI: 1.90–2.34)
compared with the overall population.

In general, increasing age, increasing comorbidity score,
and advanced stagewere associatedwith significant increases
in mortality risk. Female sex exhibited a protective effect on
mortality compared with male counterparts, and this was
present in the rituximab-containing cohorts only. A 91%
increased mortality risk was noted with receipt of fewer than
six cycles compared with six cycles of chemotherapy and/or
immunotherapy (Table 3). Among patients aged $80 years
receiving,6 cycles of chemotherapy and/or immunotherapy,
there was a 2-fold increased mortality risk compared with 6

cycles of therapy. Stratifying by stage (supplemental online
Tables 1 and 2), patients with advanced disease (HR: 2.20; 95%
CI: 1.92–2.52) had a higher mortality risk with receipt of ,6
cycles compared with 6 cycles of therapy than patients with
early stage disease (HR: 1.55; 95% CI: 1.33–1.80). In patients
aged $80 years and diagnosed with early stage disease,
receiving,6 cycles was associated with an 89% increased risk
ofdeathcomparedwithreceiptof6cyclesoftherapy. Inpatients
aged$80years anddiagnosed as advanced stage, receiving,6
cycles of therapy was associated with a 2-fold increased risk of
mortality compared with receipt of 6 cycles of therapy.

In Figure 3, the unadjusted median overall survival was 18
months in the R-mono group versus 2 months in the not-
treatedgroup (log-rankp, .0001).Table4 showsthe resultsof
the multivariate analysis in which R-mono patients exhibit
a 69% lower risk of death compared with patients not treated.
The propensity-weighted model (data not shown) confirmed
this significant risk reduction (HR: 0.38; 95% CI: 0.33–0.42).
Increasing age and comorbidity score were associated with
significant increases in mortality. A 55% increased mortality
risk was noted among those diagnosed at advanced stage. In
a subgroup analysis of patients aged$80 years, the benefit of
R-mono relative to no treatment was similar to the overall
population.

DISCUSSION

This real-world analysis of elderly DLBCL patients in the SEER
database affords us a unique ability to look at broad practice
patterns and outcomes for older patients in the U.S., acknowl-
edging there are inherent limitations with registry-based data.
This is particularly important, given the increasing incidence of
older adults diagnosed with DLBCL as a consequence of demo-
graphicshifts intheU.S.andworldwide.Randomizedstudieshave
clearly established the addition of rituximab to chemotherapy as
thestandardofcareforolderpatients,althoughmostclinical trials
have few patients in the oldest (aged.80 years) categories [11,
12]. In this analysis, wehave identified that 72%ofolder adults in
thisseries receivedchemotherapy,eitheraloneorwithrituximab.
Outcome analysis confirms a twofold reduction inmortality with
the addition of rituximab in multivariate and propensity score-
weighted Cox regression models. Importantly, this benefit was
conferred across age categories, including those aged$80 years,
with equal magnitude. Other population-based analyses have
similarly confirmed the benefit of immunotherapy’s addition to
chemotherapy [8] but with a smaller emphasis on older adults.
Thisworkalsoconfirmsanadverse impactonmortality forknown
factors suchasage, comorbidity, andstageandaprotectiveeffect
of female sex that has been suggested to potentially have a
biological basis [22].

Although actual chemotherapy relative dose intensity
could not be adequately assessed in this study, we found that
suboptimal cycles of therapy with curative intent (fewer than
six cycles) were frequently used and were associated with
poorer survival outcomes. Decreasing dosage or duration of
therapy can alleviate toxicity but, generally, at the compen-
satory cost of decreased effectiveness. Retrospective studies
have shown that the single most important predictor of
survival was dose intensity of scheduled chemotherapy [23,
24]. Others have suggested that older adults should be treated
initially with the same dosing and schedule as younger adults,

Table 2. Factors associated with the odds of not

receiving treatment

Characteristics n OR 95% CI

Age at diagnosis

66–70 years 1,958 Ref

71–75 years 2,430 1.35 1.12–1.62

76–80 years 2,580 1.73 1.45–2.06

81–85 years 2,087 2.52 2.11–3.00

.85 years 1,460 4.48 3.72–5.39

Sex

Male 4,834 Ref

Female 5,681 0.76 0.68–0.85

Race/ethnicity

White 9,215 Ref

Nonwhite 1,300 1.16 1.00–1.35

Stage at diagnosis

Early stage 5,063 Ref

Late stage 4,767 1.52 1.37–1.69

Unknown 685 1.78 1.47–2.15

Marital status

Married 5,485 Ref

Single 709 1.62 1.33–1.97

Separated/divorced 593 1.34 1.07–1.68

Widowed 3,243 1.35 1.20–1.54

Unknown 485 1.44 1.14–1.81

NCI comorbidity score

0 5,427 Ref

1 2,730 1.24 1.10–1.40

2 1,216 1.64 1.41–1.91

$3 1,142 2.74 2.36–3.17

Median income quartiles

1 (low) 2,618 Ref

2 2,618 0.82 0.71–0.95

3 2,619 0.80 0.69–0.93

4 (high) 2,617 0.70 0.60–0.82

Model also includes geographic region and year of diagnosis.
Abbreviations: CI, confidence interval; NCI, National Cancer Institute;
OR, odds ratio.
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with adjustmentsmade to future cycles according to tolerance
[25–27].We found no survival advantage with receipt of eight
cycles compared with six cycles of chemotherapy and/or im-
munotherapy, and this was supported in a randomized study
that recently reported similar overall survival with receipt of
eight cycles compared with six cycles of R-CHOP [28].

At the other end of the spectrum, this analysis demon-
strated that a full 23% of older DLBCL patients in the SEER
database received no immunotherapy, chemotherapy, or
radiation treatment for their disease. The decision to forgo
therapy in the older adult often involves many factors,
including patient and family preferences; physician concerns

Figure 1. Age by treatment status.

Figure2. Numberof treatmentadministrationsof first-line therapy. (A):R1chemoversus chemotherapyonly. (B):Rituximabmonotherapy.
Abbreviations: chemo, chemotherapy; R1chemo, retuximab plus chemotherapy; R-mono, rituximab monotherapy.

Figure 3. Unadjusted overall survival. (A): R1chemo versus chemotherapy only. (B): Not treated versus R-mono.
Abbreviations: chemo, chemotherapy; R1chemo, retuximab plus chemotherapy; R-mono, rituximab monotherapy.
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for poor tolerance of therapy; prohibitive comorbidity or
frailty; and, at times, ageism. Interestingly, in this analysis,
there was a significant benefit to immunotherapy alone over
no therapy that persisted after adjusting for comorbidity
burden and other factors in the multivariate survival analysis.
Immunotherapy conferred a somewhat surprising survival
benefit, with a 69% reduction in risk of death in multivariate
analysis. Age, stage, and comorbidity remained associated
with increased mortality in the R-mono versus no-treatment
groups, but age .80 years did not change the magnitude of
benefit. It is possible that the R-mono group represented
a more “fit” population, with an increased percentage of

female sex and early stage disease and a trend toward less
comorbiditydespite theoldermedianage.Although rituximab
monotherapy is generally associated with low toxicity, an
analysis of this type cannotdetermine impact onquality of life.

Receipt of treatment varied by sex, race, income, and
marital status, similar to patterns observed in prior oncology
research [29, 30]. In the current study, nonwhite race, male
sex, unmarried status, and lower income were predictive of
not receiving treatment. Reducing the disparity of nonclinical
factors on the receipt of cancer therapy may help improve
outcomes among these patients. Further research is war-
ranted to better quantify the full spectrum of nonclinical

Table 3. Multivariate analysis of overall survival, R1chemo versus chemo only

Characteristics

All >80 years old

n HR 95% CI n HR 95% CI

Treatment

R1chemo 4,565 Ref 1,097 Ref

Chemo only 2,181 2.01 1.86–2.16 588 2.03 1.78–2.31

Age at diagnosis

66–70 years 1,511

71–75 years 1,787 1.30 1.17–1.44

76–80 years 1,763 1.54 1.39–1.71

81–85 years 1,173 1.99 1.78–2.22

.85 years 512 2.70 2.36–3.09

Sex

Male 3,164 Ref 735 Ref

Female 3,582 0.86 0.80–0.92 950 0.91 0.80–1.20

Race/ethnicity

White 5,945 Ref 1,504 Ref

Nonwhite 801 0.99 0.89–1.10 181 0.99 0.81–1.20

Stage at diagnosis

Early stage 3,282 Ref 802 Ref

Late stage 3,089 1.77 1.65–1.90 780 1.51 1.34–1.71

Unknown 375 1.39 1.19–1.61 103 1.16 0.88–1.52

Marital status

Married 3,847 Ref 743 Ref

Single 435 1.15 1.01–1.32 84 1.17 0.90–1.54

Separated/divorced 379 1.03 0.89–1.20 55 0.96 0.67–1.36

Widowed 1,799 1.06 0.98–1.16 731 1.04 0.90–1.20

Unknown 286 0.83 0.69–0.99 72 0.81 0.58–1.13

NCI comorbidity score

0 3,785 Ref 912 Ref

1 1,752 1.25 1.15–1.35 442 1.28 1.12–1.48

2 681 1.49 1.34–1.66 179 1.63 1.34–1.97

$3 528 1.91 1.71–2.14 152 1.68 1.37–2.06

Number of cycles

6 1,413 Ref 275 Ref

,6 4,304 1.91 1.73–2.10 1,213 2.03 1.67–2.45

7 388 1.27 1.00–1.52 72 1.25 0.87–1.80

8 407 1.03 0.86–1.24 68 1.10 0.76–1.61

.8 234 1.17 0.95–1.43 57 1.16 0.80–1.69

Model also includes year of diagnosis and income.
Abbreviations: chemo, chemotherapy; CI, confidence interval; HR, hazard ratio; NCI, National Cancer Institute; R1chemo, rituximabplus chemotherapy.
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factors that contribute to receipt of cancer therapy to ensure
appropriate cancer care for all patients.

Use of the SEER-Medicare data for this type of analysis has
severalstrengths, includingthelargesamplesizefromapopulation-
based registry and the diverse geographic representation ofDLBCL
patients in the U.S. The database includes longitudinal data with
claims for covered services from the time a person is eligible for
Medicare until the date ofdeath, regardless of residenceor service
area. The SEER-Medicare database does not provide information
onperformancestatusorlifestylefactorsthatcouldhaveinfluenced
clinicians’ decisions to treat or the specific regimen to administer.
Poor performance status may limit the administration of
anthracyclines andmay independently and adversely affect
survival. Furthermore, classifying patients into early or advanced
stage may be subject to interpretation because stage II patients
couldbe consideredeitherearlyoradvanced stagedependingon
bulk and systemic symptoms. In such an analysis, we were also
unable to investigate predictive factors such as disease biology
(cell of origin) or clinical risk scores (age-adjusted International

Prognostic Index). Information regarding treatment patterns and
characteristics of patients enrolled in health maintenance
organizations or fee-for-service plans were not available
because these data are not collected by Medicare. Treatment
patterns,prognosis, andcomplicationsmaydifferamongthese
alternative health care plans andMedicare enrollees, and this
would be a productive area for additional evaluation.

CONCLUSION
Overall survival of elderly DLBCL patients who were treated
under real-world conditionswas higher for patients receiving
R1chemo and R-mono relative to chemotherapy only and
no treatment, respectively. Furthermore, receipt of six cycles of
chemotherapy and/or immunotherapy improvedoverall survival
compared with receipt of fewer than six cycles. There was no
demonstrable benefit with eight cycles over six cycles. These
findings imply that age alone should not discourage the use of
guideline-recommended therapies for DLBCL and should offer
support for the use of treatments in elderly patients that are

Table 4. Multivariate analysis of overall survival, not treated versus R-mono

Characteristics

All >80 years old

n HR 95% CI n HR 95% CI

Treatment status

Not treated 2,120 Ref 1,060 Ref

R-mono 467 0.31 0.28–0.35 278 0.30 0.26–0.35

Age at diagnosis

66–70 years 263 Ref

71–75 years 421 1.06 0.89–1.26

76–80 years 565 1.39 1.17–1.64

81–85 years 656 1.42 1.20–1.67

.85 years 682 1.59 1.35–1.88

Sex

Male 1,193 Ref 532 Ref

Female 1,394 1.03 0.94–1.13 806 0.99 0.87–1.12

Race/ethnicity

White 2,231 Ref 1,170 Ref

Nonwhite 356 0.93 0.82–1.05 168 0.96 0.80–1.14

Stage at diagnosis

Early stage 1,077 Ref 580 Ref

Late stage 1,279 1.55 1.42–1.69 626 1.62 1.44–1.83

Unknown 231 1.14 0.97–1.33 132 1.21 0.99–1.48

Marital status

Married 1,117 Ref 479 Ref

Single 196 1.03 0.81–1.24 76 0.88 0.67–1.14

Separated/divorced 144 1.07 0.89–1.29 49 1.05 0.77–1.44

Widowed 991 1.01 0.91–1.12 663 0.98 0.85–1.12

Unknown 139 0.76 0.62–0.93 71 0.79 0.60–1.03

NCI comorbidity score

0 1,061 Ref 542 Ref

1 655 1.35 1.21–1.50 372 1.20 1.04–1.38

2 388 1.47 1.30–1.60 205 1.28 1.08–1.52

$3 483 1.91 1.70–2.15 219 1.42 1.20–1.68

Model also includes year of diagnosis and income.
Abbreviations: CI, confidence interval; HR, hazard ratio; NCI, National Cancer Institute; R-mono, rituximab monotherapy.
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consistent to those administered to younger patients. Further
investigationofappropriate treatmentalgorithms forveryelderly
DLBCL patients and of survival, quality-of-life outcomes, and
attitudes toward treatment by both physicians and patients is
essential for the future.
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