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Abstract

Anthracycline-containing regimens (ACRs) are recommended for patients with diffuse large B-
cell lymphoma (DLBCL). However, over 40% of elderly patients do not receive ACRs, possibly
due to expected toxicities. We characterized treatment choices and compared the 3-year overall
survival (OS) rates of 8262 Medicare beneficiaries diagnosed with DLBCL in 2000-2006
identified from the Surveillance, Epidemiology, and End Results (SEER)-Medicare linked
database. Of the cohort, 45% had ACR with rituximab (ACR-R), 13% had ACR without R, 6%
had non-ACR with R (non-ACR-R), 4% had R monotherapy, 3% had non-ACR and 29% had no
systemic therapy. Patients not receiving ACR were older and/or had more comorbidities. The
unadjusted OS was highest in ACR-R (65%), followed by ACR without R (55%) and non-ACR-R
(44%). After adjusting patient covariates, ACR-R showed the best survival (63%). However, OS
was comparable between non-ACR-R (52%) and ACR without R (52%). Non-ACR-R could be
considered for patients who are poor candidates for ACR.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the leading cause of lymphoma deaths among
patients over the age of 65 [1,2]. Prospective studies from research centers have left little
debate that anthracycline-containing regimens with rituximab (ACR-R), specifically the R-
CHOP regimen (rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone), is
the best existing therapy for the disease in fit elderly patients with good performance status
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and uncompromised cardiac function [3,4]. However, population studies demonstrate that
ACR delivery in the elderly is limited to about 60% of patients with DLBCL [5-9].

Little is known of the effectiveness of alternative therapy options for elderly patients who by
choice or provider recommendation do not receive optimal ACR-R treatment. Prospective
clinical trials have evaluated R-CHOP-like regimens with reduced dosing strategies [10-15].
Others have examined using a specific agent as a substitute for anthracyclines among
patients who are poor candidates for ACR. These studies suggest that non-anthracycline-
containing regimens (non-ACR) are tolerable and active [16-18]. However these studies are
small and as a result, the efficacy of non-ACR has not been well-defined for elderly patients
with DLBCL.

Without adequately powered prospective trials that include elderly patients with
unrestrictive selection criteria, the survival benefits of non-ACR among elderly patients are
unclear. Patient registries provide the opportunity to observe treatment patterns and
outcomes for many patients who are seldom included in prospective trials. The treatment
variation within these registries can be used to make inferences on the relationships between
treatment and outcomes for treatments not studied in prospective trials and for patients
excluded from prospective trials. This study used the National Cancer Institute’s
Surveillance, Epidemiology, and End Results (SEER) cancer registry database linked with
Medicare data to analyze the effectiveness of chemotherapy combinations for patients with
DLBCL on 3-year overall survival.

The objectives of this study were to (1) describe the range of chemotherapy treatment
strategies currently being used for elderly patients with DLBCL in real-world settings, and
(2) provide clinicians with the most comprehensive information available regarding
expected outcomes from chemotherapy strategies other than ACR-R when deciding on the
best therapy for their elderly patients with DLBCL.

Materials and methods

Subject selection

The SEER-Medicare linked database was used to establish the study cohort. About 93% of
SEER-region cases of cancer aged 65 and older have been linked with the Medicare claims
database [19,20]. The addition of Medicare claims to the patient-specific clinical and
demographic information collected within the SEER registry enables researchers to examine
the treatments received by patients.

The study population included patients (1) newly diagnosed with malignant non-Hodgkin
lymphoma, (2) aged 66 or older at the time of diagnosis, (3) diagnosed in 2000-2006 and (4)
with pathologically confirmed diffuse large cell lymphoma or DLBCL (International
Classification of Diseases for Oncology, 3rd Edition [ICD-0-3] codes 9679, 9680, 9684).
Patients were excluded if they (1) had an unknown month of diagnosis (n = 41), (2) had an
invalid death date (n = 28) (e.g. had a death date in the SEER registry but not in Medicare
claims, or a death date before diagnosis date), (3) lacked continuous Medicare Fee-For-
Service coverage from 12 months before diagnosis to the earlier of death or 5 months after
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diagnosis (n = 4282), (4) had a central nervous system site diagnosis (n = 324), (5) were
diagnosed at autopsy or death (n = 22), (6) had unavailable census tract data (n = 5) or (7)
had a chemotherapy type that was unknown for all chemotherapy claims (n = 3 68).

For each patient, initial immunochemotherapy was determined by searching for Medicare
claims for chemotherapy and Rituximab (R) within 5 months of diagnosis [6]. Healthcare
Common Procedures Classification System (HCPCS) codes were used to identify specific
chemotherapy agents, including anthracyclines, non-anthracyclines and R (Supplementary
Table | to be found online at http://informahealthcare.com/doi/abs/
10.3109/10428194.2014.903589). Based on these three treatments, patients were grouped
into six mutually exclusive immunochemotherapy combinations: (1) ACR-R, (2) ACR
without R (ACR nR), (3) non-ACR with R (non-ACR-R), (4) non-ACR without R (non-
ACR nR), (5) R monotherapy (R) and (6) no systemic therapy if patients did not receive any
immunochemotherapy.

Covariates in multivariate analyses included demographics (i.e. age at diagnosis, gender and
race), tumor stage, radiation treatment, comorbidities and year of diagnosis. Age was
categorized into five groups. Tumor stage was measured by the SEER extent of disease.
Radiation during an initial immunochemotherapy period [21] was identified from Medicare
claims (Supplementary Table Il to be found online at http://informahealthcare.com/doi/abs/
10.3109/10428194.2014.903589). We adapted the Charlson comorbidity index [22] to create
dummy variables to indicate the presence of non-cancer comorbidities by using Medicare
inpatient/outpatient claims in the year prior to DLBCL diagnosis.

The primary end point was the 3-year overall survival after DLBCL diagnosis. Death was
defined by Medicare death date. Survival time (in months) was censored at the end of the
3rd year after diagnosis.

Statistical analyses

Descriptive analyses were conducted of patient covariates for the six initial
immunochemotherapy combinations. Multivariate logistic regression was used to describe
the use of ACR (i.e. ACR-R or ACR nR), controlling for patient covariates. Kaplan—Meier
analysis was performed to describe the unadjusted survival rates for each treatment. We then
used a multivariate Cox proportional hazards model [23,24] to calculate adjusted survival
rates for each treatment, controlling for patient covariates. Non-ACR-R was the reference
group. To check for robustness, multivariate logistic regression analysis and propensity
score-based matching methods were also conducted to examine 3-year overall survival
(details described in Supplementary Material to be found online at http://
informahealthcare.com/doi/abs/10.3109/10428194.2014.903589).

All statistical analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, NC).
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Characteristics of study population

The analysis cohort contained 8262 Medicare beneficiaries. Of these, 71.3% received at
least one systemic immunochemotherapy within 5 months of diagnosis: 44.9% ACR-R;
13.2% ACR nR; 6.4% non-ACR-R; 3.6% R; 3.2% non-ACR nR. Nearly 29% of patients did
not receive any systemic therapy.

Figure 1 shows the annual percentages of patients using each of the six initial
immunochemotherapy combinations in 2000-2006. With R becoming available in 1998, the
use of ACR-R quickly increased across the period, which mirrored the reduction in the use
of ACR nR. It is also notable that the percentage of patients not receiving any systemic
therapy declined slightly in recent years, while use of non-ACR-R increased from 0.8% in
2000 to 8.5% in 2006. Cyclophosphamide, vincristine and etoposide were the most
commonly used non-ACR agents. Specifically, more than 65% of patients in the non-ACR-
R group were treated by R with cyclophosphamide and/or vincristine.

Table | shows patient characteristics according to the six immunochemotherapy
combinations. Patients not receiving ACR (columns 3-6) were on average older than the
patients receiving ACR (columns 1-2). Specifically, 72% of non-ACR versus 48% of ACR
treated patients were aged 76 or older (p-value < 0.0001). Compared to ACR users, non-
ACR users were less likely to have limited stage (i.e. stage I/I1) lymphoma (46% vs. 51%, p-
value < 0.0001), and more likely to have one or more comorbidities such as chronic heart
failure (CHF) (16% vs. 5%, p-value < 0.0001), chronic obstructive pulmonary disease
(COPD) (14% vs. 9%, p-value < 0.0001) or chronic kidney disease (CKD) (5% vs. 2%, p-
value < 0.0001). Of note, patients receiving non-ACR-R had similar baseline characteristics
to those receiving no systemic therapy with regard to age, tumor stage and the presence of
comorbidity. In addition, the R monotherapy group had the highest likelihood of using
radiation (22%) across treatment groups, and this group was on average much older than the
other treatment groups (39% aged 85+).

Multivariate logistic regression (Supplementary Table 111 to be found online at http://
informahealthcare.com/doi/abs/10.3109/10428194.2014.903589) predicting the use of ACR
yielded estimates consistent with the univariate findings in Table I.

Survival patterns

Unadjusted 3-year overall survival improved slightly over time from 43% among those
diagnosed in 2000 to 49% for those diagnosed in 2006 (p-value < 0.0001). The mean 3-year
overall survival rate was 46.8%, and the median survival time was 27.7 months. Figure 2
shows unadjusted survival curves from Kaplan—Meier analysis. Prior to adjusting for
differences in patient characteristics, the ACR-R group had the highest 3-year overall
survival (65%), followed by ACR nR (55%), non-ACR-R (44%), R (39%), non-ACR nR
(22%) and no systemic therapy (20%). Figure 3 shows adjusted survival curves from the
multivariate Cox proportional hazards model. It shows that the ACR-R group had the
highest adjusted 3-year overall survival (63%), followed by ACR nR (52%), non-ACR-R
(52%), R (48%), non-ACR nR (29%) and no systemic therapy (18%).
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Table Il compares mortality rates across the six immunochemotherapy combinations by
using the multivariate Cox proportional hazards model. As expected, the mortality rate for
patients receiving non-ACR-R was significantly greater than that for patients receiving
ACR-R (hazard ratio = 0.680, 95% confidence interval [CI]: [0.598, 0.773]). However, the
mortality rate for non-ACR-R was not significantly different from patients receiving ACR
nR (hazard ratio = 0.980, 95% ClI: [0.838, 1.145]). We further examined whether non-ACR-
R yielded a survival advantage compared to no systemic therapy. The non-ACR-R or no
systemic therapy groups were very similar in measured characteristics (Table I). However,
patients not receiving any systemic therapy died at about three times the rate of those treated
with non-ACR-R (hazard ratio = 3.055, 95% CI: [2.697, 3.461]). In addition, we noted that
the mortality rate was not significantly different between patients receiving non-ACR-R and
those receiving R (hazard ratio = 1.130, 95% CI: [0.938, 1.361]) after adjusting for patient
characteristics.

Multivariate logistic regression analysis and propensity score methods conducted to verify
the robustness of our multivariate survival analyses yielded similar estimates in magnitude
and statistical significance.

Discussion

This population-based analysis of treatment patterns and outcomes for elderly patients with
DLBCL gives the most comprehensive evaluation to date of how such patients are treated in
the United States, and notably identifies a common (nearly 40%) avoidance of ACRs. As
expected, patients treated with ACR-R have the highest survival rates when all available
clinical features are accounted for. Notably, non-ACR-R had indistinguishable 3-year
survival outcomes compared to ACR nR when accounting for clinical features.

Anthracycline avoidance is consistently described in substantial observational studies among
elderly patients with DLBCL. Grann et al. first reported that only 33% of patients with
advanced stage DLBCL received doxorubicin-based chemotherapy [5]. Two Dutch series
had similar results. Maartense et al. found 26% and van de Schans et al. found 46% of
elderly patients with DLBCL receiving ACRs [7,9]. Keating et al. found that 71% of male
patients with DLBCL over 65 years old in the Veterans Health Administration received
ACRs compared to 59% of a SEER-Medicare cohort [8].

In contrast, minimal evidence is available to guide our understanding of the survival
outcomes following non-ACRs in the upfront treatment of elderly patients with DLBCL
[7,16,18]. Moccia et al. conducted a retrospective study among just 81 patients in whom
etoposide was substituted for doxorubicin, and found it to be well tolerated among patients
with numerous comorbidities, resulting in an unadjusted 5-year overall survival of 49% [18].
A Dutch registry study by van de Schans et al. reported unadjusted 3-year survival rates of
less than 20% for 66 patients treated with non-ACRs [7]. One prospective trial observed a
50% 3-year overall survival when anthracycline was omitted from R-CHOP (i.e. R-CVP)
followed by R maintenance in 14 patients greater than 70 years old considered poor
candidates for a full course of R-CHOP [16]. Our population-based study found that non-
anthracycline treatments were commonly used in elderly patients in current practice.
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Moreover, the 3-year overall survival for over 500 people treated with non-ACR-R was
44%. Similar to findings in the smaller studies, we suggest that non-anthracycline treatments
are not futile.

The 3-year overall survival remained highest for those treated with optimal therapy (ACR-
R) even after adjusting for patient characteristics, and thus ACR-R (e.g. R-CHOP) should be
the treatment of choice whenever feasible in elderly DLBCL. Less expected was the
comparable adjusted survival observed between patients receiving ACR nR and non-ACR-
R. Because ACR nR was the treatment standard for so many years, this finding is
interesting. Patients receiving non-ACR-R were more likely to be older or have
comorbidities (such as CHF, COPD or CKD) compared to those receiving ACR nR. Like
other non-randomized studies that use healthcare claims data to measure treatments and
comorbidities, unmeasured factors (e.g. albumin rate, or International Prognostic Index)
might confound our estimates. However, based on the observed channeling of non-ACR-R
toward older patients and those with comorbidities, we suspect that any residual
confounding would tend to lead to an underestimation of the survival benefits for non-ACR-
R. This implies that the survival benefit of nhon-ACR-R compared to anthracycline agents
might be even greater than our estimation. In addition, both non-ACR-R and no systemic
therapy groups were similar in measured characteristics. Unmeasured confounders such as
frailty might lead physicians to recommend against any therapy. If so, our estimates might
provide the upper bound of survival benefits for patients receiving non-ACR-R compared to
those receiving no systemic therapy.

Our results also showed that the survival outcomes were not different between non-ACR-R
and R monotherapy. Although this is beyond the scope of the present study, future studies
should examine whether administration of a newer non-ACR under development decreases
the rate of relapse or death from disease in this population when added to monoclonal
antibody.

Although our data along with previous studies [5-9] demonstrated that anthracycline
avoidance was common, there is no evidence to support that this degree of avoidance is
optimal. Strategies are emerging that might help clinicians predict who among the elderly
are at the highest risk for severe toxicity, so that non-ACR-R or R therapies might be
discussed. For example, the comprehensive geriatric assessment has been proposed to assess
prognosis and predict toxicity to enhance chemotherapy tolerance [17,25-29]. Specific
strategies for administering ACR in elderly patients with DLBCL have been suggested, and
should be utilized whenever possible [30,31].

Several new non-anthracycline agents are under development for the treatment of lymphoma
[32-35]. Targeting elderly patients who are not candidates for aggressive therapy at time of
DLBCL relapse is a commonly considered developmental strategy for these agents. Our
findings demonstrate that a substantial fraction of elderly patients with newly diagnosed
DLBCL are apparently not considered candidates for ACRs, and represent another unmet
need that could be addressed by studying these new active agents.
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Despite standard comparative effectiveness research techniques, our study has limitations.
We used a first treatment carried forward analysis, and thus our results pertain to the
question only of comparative results of the initial treatment chosen. This is a very relevant
question clinically; however, it must be recognized that some patients will later switch
therapies, for instance from ACR to non-ACR therapy or vice-versa. The misclassification
of treatment received would have dampened any differences that would have been observed
had the original treatment selection been maintained. Similarly, these estimates do not take
into consideration any variation in dose intensity of the therapies because the dose is not
available in the claims data. Also, we were unable to track all oral agents used during this
period as they were not subject to Medicare claims. As a result, some of those categorized as
receiving no systemic therapy may have been taking chlorambucil, oral etoposide or
methotrexate. Finally, although we measured comorbidity, we were unable to distinguish the
severity of the described comorbidities.

Most resources in the study of patients with DLBCL are historically devoted to evaluating
the best therapy for the fittest patients. Few resources are devoted to understanding the
potential value of “suboptimal” therapy for those who are not candidates for “the best”
therapy. This population-based study provides information on how non-ACR with R or R
monotherapy could improve survival outcomes for a substantial number of elderly patients
with DLBCL who are otherwise not receiving systemic therapy. Future research should
examine treatment outcomes in terms of quality of life in this patient population. In addition,
there is a need to explore why one-third of patients did not receive any therapy. Finally,
future studies could investigate how providers choose to use alternative/non-guideline
therapies.

In conclusion, only a slight majority of elderly patients with DLBCL receive optimal
anthracycline-containing immunochemotherapy, and a large proportion receive no systemic
therapy at all. The difference in survival between these extremes is stark, with an adjusted 3-
year survival of 63% and 18%, respectively. In between these extremes lies non-
anthracycline immunochemotherapy, with a 3-year adjusted survival of 52%. With survival
outcomes virtually equivalent to that of anthracycline chemotherapy in the pre-rituximab
era, non-anthracycline immunochemotherapy or rituximab monotherapy should be strongly
considered for patients who are poor candidates for anthracycline-containing regimens,
especially for those not receiving systemic therapy. Knowledge of these treatment patterns
and outcomes will also more effectively inform clinical research agendas for elderly patients
with DLBCL in the future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Trend of initial immunochemotherapy choices among elderly patients with diffuse large B-

cell lymphoma from 2000 to 2006 (n = 8262). ACR, anthracycline-containing regimen; R,
rituximab.
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Figure2.
Kaplan—Meier curve for overall survival among elderly patients with diffuse large B-cell

lymphoma from 2000 to 2006 (n = 8262). Note: all patients were censored at 36 months of
follow-up. ACR, anthracycline-containing regimen; R, rituximab.
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Group Survival Event rate
1. Adjusted ACR-R 0.629 0.371
2. Adjusted ACRnR 0.523 0.477
3. Adjusted non-ACR-R 0.516 0.484
4. Adjusted non-ACR nR 0.287 0.713
5. Adjusted R 0.478 0.522
6. Adjusted no systemic therapy 0.176 0.824
Figure 3.

Cox proportional hazards model for overall survival adjusted by demographics, year of
diagnosis and clinical factors among elderly patients with diffuse large B-cell lymphoma
from 2000 to 2006 (n = 8262). Note: all patients were censored at 36 months of follow-up.

ACR, anthracycline-containing regimen; R, rituximab.
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Multivariate Cox proportional hazards model for 3-year mortality among elderly patients with diff use large

B-cell lymphoma from 2000 to 2006 (n = 8262).

Adjusted hazard

Variable ratio (95% Cl) p-Value
Type of initial chemotherapy (reference = non-ACR-R)
ACR-R 0.680 (0.598-0.773)  <0.0001
ACRNR 0.980 (0.838-1.145) 0.7949
R 1.130 (0.938-1.361) 0.1985
Non-ACR nR 2.052 (1.712-2.458)  <0.0001
No systemic therapy 3.055 (2.697-3.461)  <0.0001
Age (reference = 66-70)
71-75 1.228 (1.102-1.367) 0.0002
76-80 1.593 (1.435-1.768)  <0.0001
81-84 1.777 (1.592-1.982)  <0.0001
85+ 2.393 (2.146-2.668)  <0.0001
Gender (reference = female)
Male 1.054 (0.992-1.120) 0.0885
Race (reference = white)
Black 1.010 (0.867-1.177) 0.8974
Other 0.980 (0.861-1.116) 0.7590
Tumor stage (reference = stage 1)
Stage Il 1.565 (1.423-1.720)  <0.0001
Stage 11 1.930 (1.744-2.135)  <0.0001
Stage IV 2.473 (2.280-2.682)  <0.0001
Unknown 1.422 (1.245-1.625)  <0.0001
Use of radiation in initial treatment (reference = no)
Yes 0.681 (0.622 -0.745)  <0.0001
Comorbidity (reference = no comorbidity)
Myocardial infarction (MI) 1.130 (0.971-1.315) 0.1132
Chronic heart failure (CHF) 1.276 (1.161-1.403)  <0.0001
Peripheral vascular disease (PVD) 1.057 (0.923-1.210) 0.4213
Cerebrovascular disease (CVD) 1.114 (0.983-1.263) 0.0897
Chronic obstructive pulmonary disease (COPD)  1.262 (1.154-1.381)  <0.0001
Dementia 1.608 (1.259-2.054) 0.0001
Paralysis 1.039 (0.716-1.507)  0.8404
Diabetes 1.205 (1.119-1.297)  <0.0001
Chronic kidney disease (CKD) 1.560 (1.350-1.802)  <0.0001
Liver diseases™ 2.655 (1.882-3.746)  <0.0001
Ulcers 1.061 (0.876-1.285) 0.5467
Rheum disease 1.092 (0.933-1.277) 0.2723
Acquired immunodeficiency syndrome (AIDS) 1.089 (0.450-2.637) 0.8493
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Adjusted hazard

Variable ratio (95% ClI) p-Value

Year of diagnosis (reference = 2000)
2001 1.029 (0.917-1.154) 0.6316
2002 0.967 (0.859-1.089) 0.5829
2003 0.954 (0.845-1.076) 0.4428
2004 0.999 (0.885-1.127) 0.9842
2005 0.909 (0.804-1.027) 0.1253
2006 0.965 (0.853-1.091) 0.5653

ACR, anthracycline-containing regimen; R, rituximab; CI, confidence interval.

*
Liver diseases: various cirrhodites or moderate-severe liver disease.
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