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Abstract
Background: Older patients with diffuse large B-cell lymphoma (DLBCL) are at risk of severe chemotherapy-related morbidity and mortal-
ity. Our objective was to quantify the risk and identify factors associated with death during the first cycle of immunochemotherapy in this 
population. Patients and Methods: Using Medicare claims linked to the population-based SEER registry (SEER-Medicare), we studied pa-
tients with DLBCL aged 65 years and older who received immunochemotherapy containing rituximab, cyclophosphamide, and vincristine, 
in combination with doxorubicin, mitoxantrone, or etoposide in 2003–2012. Risk factors for death and hospitalization within the first 30 
days of treatment were studied in multivariable logistic regression models. Results: We identified 5,530 patients with a median age of 76 
years, of whom 94% received doxorubicin-containing immunochemotherapy. Granulocyte colony-stimulating factor (G-CSF) was admin-
istered to 66% of patients during the first treatment cycle. Cumulative incidence of death at day 30 was 2.2%. The risk was significantly 
higher in patients aged 75 years and older and those who had B symptoms, chronic kidney disease, poor functional status, use of walking 
aids or wheelchairs, and prior hospitalization or upper endoscopy. The group with 0 to 1 risk factors (56% of patients) had a very low (0.6%) 
risk of early death, whereas the group with 4 or more risk factors (6% of patients) had a risk of 8.3%. Receipt of G-CSF was associated with 
a lower probability of early death in the high-risk group. The incidence of hospitalization within the first 30 days was 23.5%, peaking at 
day 8 of the cycle. Conclusions: Among older patients with DLBCL who receive contemporary immunochemotherapy, 1 in 45 die during the 
first month of treatment, and 1 in 4 are hospitalized. Factors identifiable from administrative/electronic records can stratify this risk and 
could be incorporated into decision support tools. Prophylactic G-CSF is not administered to more than one-third of patients, indicating an 
opportunity for improved preventive interventions. 
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Background
Diffuse large B-cell lymphoma (DLBCL) is a curable 
malignancy for approximately 60% of patients aged 65 
years or older, if treated with contemporary immuno-
chemotherapy.1 However, the risk of severe toxicities 
and death after chemotherapy initiation significantly 
increases with age.2,3 Even among preselected clinical 
trial participants, approximately 5% die of treatment-

related complications.4–7 In order to lower this risk, 
oncologists rely on clinical intuition or institutional 
practice patterns, balancing the intensity of curative 
therapy with potential toxicity. A quarter of Medicare 
beneficiaries diagnosed with DLBCL may not receive 
chemotherapy at all.8 Identifying the risk of severe com-
plications is challenging given the paucity of data and 
heterogeneity in physiologic reserve among patients of 
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the same age.9,10 Validated tools such as the compre-
hensive geriatric assessment (CGA) are too complex 
for many practice settings, and therefore discerning 
risk factors from readily available clinical or admin-
istrative data offers a useful alternative for designing 
preventive interventions.11,12 

Most prior studies concentrated on adverse events 
during the entire course of chemotherapy, or on pa-
tients’ ability to complete the planned number of 
cycles.8,13,14 However, the initial treatment cycle is of 
critical importance because patients’ functional status, 
nutrition, and organ function are impaired by active 
lymphoma. Our objective was to evaluate risk factors 
for death and hospitalization during the first month of 
rituximab-based immunochemotherapy using popula-
tion-based data from Medicare beneficiaries. 

Patients and Methods
Data Source and Cohort Selection
This study used deidentified Medicare claims com-
bined with SEER program data (SEER-Medicare), 
and was approved by the local Institutional Review 
Board. The dataset links cancer registry records from 
18 geographic areas encompassing 28% of the US 
population, with claims for health services rendered 
to Medicare beneficiaries. It has been extensively 
used for health outcomes research on older Ameri-
cans with DLBCL.8,15–18 We selected patients diag-
nosed with DLBCL at age 65 years or older between 
2003 and 2011 who initiated outpatient immuno-
chemotherapy containing, at minimum, rituximab, 
cyclophosphamide, and vincristine in combination 
with doxorubicin, mitoxantrone, or etoposide (Fig-
ure 1). We excluded cases with incomplete Medicare 
records—primarily enrollees in managed care plans, 
whose billing claims are not processed by Medicare 
administration. We also excluded subjects with pri-
mary central nervous system lymphoma, and those 
who did not receive treatment within 3 months from 
diagnosis. HIV status was evident from claims in 
only fewer than 11 cases.

Variables and End Points
We classified race/ethnicity as white non-Hispanic, 
white Hispanic, black, or Asian/other. Dual cover-
age by Medicare and Medicaid, available specifi-
cally to low-income beneficiaries, served as a proxy 
for socioeconomic deprivation. For adjustment of 

baseline health, we used 2 claims-based constructs. 
The NCI modification of the Charlson comorbidity 
index, based on diagnostic codes within 1 year be-
fore diagnosis, counts medical conditions associated 
with baseline mortality and receipt of chemothera-
py.8,15,19,20 Davidoff’s disability indicator, derived from 
use of health services before diagnosis, is a validated 
measure of self-reported poor performance status 
(PS; corresponding to ECOG 3–4 category).21,22 We 
also studied selected comorbidities and health ser-
vices using claims from 1 year preceding the DLBCL 
diagnosis. In particular, chronic kidney disease was 
defined as occurrence of any of the following codes 
from the ICD-9: 582.*, 583.*, 585.*, 586, or 588.*. 
Health services were identified using Berenson-Egg-
ers Type of Service algorithms for Medicare claims 
analysis.23

Chemotherapy regimen was ascertained from 
codes for specific drugs within 7 days from the first 
administration. Doses of agents were not available. 
We classified the regimens as R-CHOP–like (con-
taining rituximab, doxorubicin, cyclophosphamide, 
and vincristine), or with mitoxantrone or etoposide 
substituting for doxorubicin. The use of steroids was 
assumed, because oral prescriptions were not re-

Initial SEER-Medicare query: 
DLBCL, diagnosed in 2003–2011 

(ICD-O-3: 9680, 9684, 9688, 9738)  
N=35,677

Exclude cases:  
 N=8,036

• Diagnosed by autopsy/death certi�cate 
 N=84
 N=1,149

• Diagnosed before age 65 y

• With unknown date of diagnosis
• With primary CNS lymphoma
• With incomplete Medicare claims  N=9,063

Medicare bene�ciaries with DLBCL 
N=17,286

Exclude cases with:  
• No record of chemotherapy    N=4,274
• Chemotherapy >90 days from diagnosis 
• Inpatient �rst cycle of chemotherapy    N=3,081

Regimen containing:

N=5,177
N=256

• Rituximab
• Cyclophosphamide
• Vincristine

+ doxorubicin
+ mitoxantrone
+ etoposide N=97

    N=5,530

Single-agent rituximab N=1,061 Regimens without rituximab N=1,152
Other regimens with rituximab    N=1,197

N=59

N=991

Figure 1. Selection of the analytic cohort from the SEER-Medicare 
data.
Abbreviations: CNS, central nervous system; DLBCL, diffuse large B-cell 
lymphoma.
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corded. We also identified prophylactic granulocyte 
colony-stimulating factor (G-CSF) administration 
during the first cycle.24

The primary outcome of analysis was death 
within 30 days from chemotherapy initiation. The 
secondary outcome was hospitalization. We also 
identified admissions to critical care units or nursing 
homes, and cardiovascular events ascertained from 
inpatient Medicare files within the same time frame. 

Statistical Analysis
Univariate associations were analyzed by chi-square 
test. We then built multivariable logistic models, al-
ways including age, sex, race, DLBCL stage, B symp-
toms, comorbidity score, PS indicator, Medicaid 
coverage, and receipt of anthracycline as covariates, 
regardless of statistical significance. Other predictors 
showing strong association (P<.002—to correct for 
multiple testing) were added stepwise and retained in 
the final model if they remained significant (P<.05). 
Missing data on stage and B symptoms were account-
ed for by multiple imputation using chained equations 
that included all variables from outcome models, 
generating 30 imputed data sets.25 Time-dependent 
hazards were calculated in flexible parametric sur-
vival models.26 Analyses were conducted using SAS 
9.4 (SAS Institute Inc., Cary, NC) or Stata/MP 14.1 
(StataCorp LP, College Station, TX) and report esti-
mates with 95% CIs. 

Results

Patient Characteristics
Among the 5,530 eligible patients (with a median 
age of 76 years) treated with outpatient rituximab-
based immunochemotherapy in 2003–2011 (Table 
1), 94% received anthracycline, and 66% received 
G-CSF during the first cycle. With a median follow-
up of 5.7 years, median overall survival (OS) was 7.0 
years (95% CI, 6.8–7.4), and the estimated 5-year 
survival rate was 60% (CI, 58%–61%). This was bet-
ter for patients who received doxorubicin (61%; CI, 
59%–62%) compared with those who did not (43%; 
CI, 38%–49%). Excluded patients treated with less 
intense regimens also had worse survival rates (38%; 
CI, 36%–39%). The hazard of death peaked at 30 
days from the first chemotherapy (Figure 1A) and 
plateaued  after approximately 30 months.

Table 1. Patient Characteristics  
Variable     N    %

Number of cases 5,530

Age 

65–69 y 1,057 19.1

70–74 y 1,494 27.0

75–79 y 1,466 26.5

≥80 y 1,513 27.4

Sex

Women 2,721 49.2

Men 2,809 50.8

Race/ethnicity

White non-Hispanic 4,837 87.5

White Hispanic 284 5.1

Black 157 2.8

Asian/other 252 4.6

Medicaid coverage

Yes 503 9.1

No 5,027 90.9

Charlson comorbidity index

0 3,029 54.8

1 1,430 25.9

2 614 11.1

3 274 5.0

≥4 183 3.3

Performance status

Not poor 5,261 95.1

Poor 269 4.9

Ann Arbor stage

1 1,702 30.8

2 1,166 21.1

3 960 17.4

4 1,399 25.3

Unrecorded 303 5.5

B symptoms

Absent 3,015 54.5

Present 993 18.0

Unrecorded 1,522 27.5

Primary site

Nodal 3,636 65.8

Extranodal 1,894 34.2

Prophylactic G-CSF given 3,630 65.6

Radiation before chemotherapy 152 2.7
 
Abbreviation: G-CSF, granulocyte colony-stimulating factor.
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Risk of Early Death
The cumulative incidence of death was 2.2% (CI, 
1.8%–2.6%) at 30 days, and 10.9% (CI, 10.1%–
11.8%) at 180 days from chemotherapy initiation 
(Figure 1B). The most common causes of death (from 
death certificates) within the first 30 days were lym-
phoma (72%), heart disease (9%), septicemia (3%), 
and cerebrovascular events (3%). In univariate 
analysis, risk significantly increased with age, pres-
ence of B symptoms, nonreceipt of anthracycline, 
number of comorbidities, worsening PS, and several 
claim-derived predictors (Table 2 and supplemental 
eTable 1, available with this article at JNCCN.org). 
We constructed a simplified prediction score based 
on 7 factors significant in the multivariable model: 
age of 75 years or older, B symptoms, poor PS, chron-
ic kidney disease, use of mobility aids (cane, walker, 
wheelchair), and hospitalization or upper endoscopy 
within 1 year before diagnosis. This score classified 
56% of patients as low risk (0–1 factors) with 0.6% 
(CI, 0.3%–0.9%) chance of early death, and an ad-
ditional 38% of patients as intermediate risk (2–3 
factors, 3.2% risk of early death; CI, 2.5%–4.0%). It 
also discerned a small (6%) high-risk group (≥4 fac-
tors) with a probability of early death of 8.3% (CI, 
5.3%–11.0%; Figure 2C, D). This discrimination 
was similar for patients aged 80 years or older (risk of 
0.9%, 4.4%, and 7.8% for low-, intermediate-, and 
high-risk groups, respectively) and for younger pa-
tients (0.6%, 2.6%, and 8.8%, respectively). Among 
patients aged 80 years or older, 40% were in the low-
risk and 10% were in the high-risk category. 

The score also correlated with the risk of death 
at 180 days (6%, 15%, and 27% for low-, interme-
diate-, and high-risk groups, respectively) and with 
subsequent OS (supplemental eFigure 1). Further-
more, although not calibrated for this group, the 
score was associated with the risk of early death 
among patients treated with low-intensity regimens 
(supplemental eTable 2).

In order to eliminate guarantee-time bias, we 
studied the association between receipt of G-CSF 
and early death in a subgroup of patients (N=5,478) 
who remained alive and as outpatients within 2 days 
after chemotherapy (Table 3).27 Prophylactic G-
CSF was not administered to 36%, 32%, and 33% 
of patients in the low-, intermediate-, and high-risk 
groups, respectively. The risk of early death was simi-
lar with or without G-CSF in low- and intermediate-

risk groups, but was 3 times higher among high-risk 
patients who did not receive G-CSF (15% vs 5%; 
P=.001). 

Risk of Hospitalization
Cumulative incidence of hospitalization within 
30 days of chemotherapy was 23.5% (CI, 22.4%–
24.6%), and the risk peaked on day 8 (Figure 3A). 
In a multivariable model, risk was associated with 
increasing age, male sex, B symptoms, comorbidity 
index, and prior hospitalization or upper endoscopy, 
but not with any specific comorbidity or anthracy-
cline use (supplemental eTable 3). Within the pre-
viously defined risk categories for early death, the 
probability of hospitalization varied from 18% to 
40% (Figure 3B). Furthermore, 8% of patients were 
admitted to a critical care unit and 2% to a nursing 
home; 18% had a cardiovascular event, including 
17% of those who received doxorubicin and 25% of 
those who did not. Among patients surviving more 
than 30 days, hospitalization during the first cycle 
was associated with a higher risk of not receiving 
further chemotherapy (9% vs <1%; P<.0001) and 
a higher risk of second-cycle delay beyond 22 days 
(50% vs 32%; P<.0001). 

Discussion
In this population-based study, we evaluated the risk 
of death or hospitalization during the first month of 
R-CHOP–like immunochemotherapy among Medi-
care beneficiaries with DLBCL. We found that 1 in 
45 of those patients died and 1 in 4 was hospitalized. 
We distinguished groups with risk of death ranging 
from 0.6% to 8.3%, which can help in the design 
of decision support tools and preventive interven-
tions, and allow for evidence-driven counseling at 
the critical moment of therapy initiation. Supple-
mental eFigure 2 shows a simple applicable patient 
counseling tool. Considering the cumulative risk of 
death of 10.9% at 6 months, we can estimate that 
approximately 20% of treatment-related mortality 
occurs during the first month of chemotherapy.

Although advanced age at diagnosis is an im-
portant negative prognostic factor in DLBCL,28,29 
in randomized trials of R-CHOP immunochemo-
therapy focused on older patients, most partici-
pants achieved long-term survival. In the landmark 
Groupe d’Etude des Lymphomes de l’Adulte study, 
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Table 2. �Factors Associated With the Risk of Death Within 30 Days After First 
Immunochemotherapy

Variable 

Univariate (χ2) Multivariate Logistic Model
Early Death  

(%) P Value Odds Ratio 95% CI P Value
Age

65–69 y  1.0 .0001 Reference .0044
70–74 y  1.5 1.42 (0.68–2.96)
75–79 y  2.2 1.89 (0.94–3.81)
≥80 y  3.4 2.86 (1.46–5.60)

Sex
Men  1.9 .44 Reference .38
Women  2.2 0.84 (0.57–1.24)

Race
White non-Hispanic  2.2 .42 Reference .22
White Hispanic  1.1 0.33 (0.10–1.13)
Black  1.9 0.59 (0.17–1.99)
Asian/other  1.2 0.54 (0.16–1.77)

Medicaid coverage
Absent  2.1 .64 Reference .74
Present  2.4 0.89 (0.44–1.80)

Ann Arbor stage
1  1.4 .15 Reference .44
2  2.1 1.33 (0.74–2.39)
3  2.5 1.50 (0.83–2.71)
4  2.6 1.53 (0.89–2.63)

B symptoms
Absent  1.6 .0008 Reference .008
Present  3.6 1.93 (1.19–3.13)

Anthracycline
Given 2.0 .0036 Reference .11
Not given 4.2 1.63 (0.90–2.94)

Comorbidity indexa

0  1.6 <.0001 Reference .38
1  2.3 1.12 (0.70–1.78)
2  2.1 0.60 (0.30–1.21)
3  3.3 0.52 (0.21–1.28)
≥4  7.1 0.75 (0.29–1.89)

Performance statusa

Not poor  1.8 <.0001 Reference .014

Poor  7.1 2.14 (1.16–3.93)

Chronic kidney diseasea

No  1.8 <.0001 Reference <.0001
Yes  7.6 5.38 (2.48–11.65)

Use of walking aids/wheelchaira

No  1.8 <.0001 Reference .0034
Yes  6.2 2.19 (1.30–3.69)

Hospitalizationa

No  1.2 <.0001 Reference .0011
Yes  3.8 2.02 (1.33–3.08)

Upper endoscopya

No  1.6 <.0001 Reference .0008
Yes  3.8 1.97 (1.32–2.93)

aBased on Medicare claims within 1 year before the diagnosis of lymphoma.
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the 5-year event-free survival rate after R-CHOP 
was 47% and the OS rate was 58%.30 Furthermore, 
the 3-year OS rate was 67% in the US Intergroup 
trial and 78% in the German RICOVER-60 trial 
(after 6 cycles of R-CHOP).6,7 These results come 
at a price of significant toxicities. In RICOVER-60, 
grade 3/4 toxicities included infection (28%), red 
blood cell transfusions (47%), and arrhythmias 
(4%). Similarly, Delarue et al4 found an 18% rate of 
febrile neutropenia and a 4% rate of cardiovascular 
severe adverse effects, with 13% of all fatalities as-
cribed to complications of R-CHOP. The balance 
between treatment intensity and tolerability thus 
becomes increasingly difficult to achieve in the geri-
atric population as age advances, functional reserve 
declines, and comorbidities accumulate.2,31 Elderly 
patients constitute a heterogeneous group, and age 
alone poorly correlates with treatment tolerance.10,32 
The cutoff of 75 years better reflects the prevalence 
of geriatric syndromes and functional dependence, 
but trials enroll few subjects beyond that age.32,33 In 
our data, age of 75 years or older strongly correlated 
with early death or hospitalization. Surveys demon-
strate that physicians variably offer or withhold cura-
tive chemotherapy from patients with DLBCL older 
than 80 years, which underscores the need for data-
driven risk stratification.8,18,34,35 Our study fills in the 

gap in knowledge about mortality in the immediate 
period after R-CHOP initiation.

The CGA, a multidimensional assessment of 
medical, functional, nutritional, cognitive, and psy-
chosocial domains, can help guide therapy in geri-
atric oncology, including predicting risk of early 
death.10,36,37 One prospective study evaluated CGA-
modulated chemotherapy in 100 elderly patients 
with DLBCL, stratifying participants into fit, unfit, or 
frail groups, and modifying R-CHOP accordingly.12  
The authors noted relatively low toxicity with a pre-
served 5-year OS rate of 60%. However, application 
of the CGA in a wider clinical practice is hampered 
by its resource- and time-intensive nature. Two sim-
pler tools combine elements of the CGA with stan-
dard oncologic workup. The Cancer and Aging Re-
search Group (CARG) tool predicts a risk of grade 3 
through 5 chemotherapy toxicity ranging from 25% 
to 89%.38 This tool was derived largely from patients 
receiving palliative chemotherapy for solid tumors, 
thus its calibration for outcomes of R-CHOP im-
munochemotherapy is uncertain. The Chemother-
apy Risk Assessment Scale for High-Age Patients 
(CRASH), based on clinical and laboratory param-
eters (including Mini-Mental and Mini-Nutritional 
assessments), can predict risk ranging from 7% to 
100% for hematologic and 33% to 93% for nonhe-
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Figure 2.  Analysis of early mortality in older patients with diffuse large B-cell lymphoma treated with rituximab-based immunochemotherapy. (A) 
Hazard of mortality as a function of time, indicating a peak at 30 days from the first treatment. (B) Cumulative incidence of death within 3 years 
from the first treatment. (C) Proportions of patients classified as low, intermediate, or high risk for early death, according to the number of risk fac-
tors. (D) Risk of death within 30 days from first treatment, stratified by number of risk factors; bars indicate 95% CIs.
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matologic toxicities.14 Both tools require calculation 
of subscores from dedicated clinical assessments, and 
therefore their wider applicability remains to be dem-
onstrated. Our approach differs in that we focused on 
the immediate fatal toxicity during the first cycle of 
immunochemotherapy, and relied on factors identi-
fiable from electronic administrative sources alone, 
thus facilitating design of decision support tools that 
provide immediate feedback to the practitioner. This 
approach does not require complex clinical assess-
ments, which in DLBCL may reflect symptom bur-
den rather than baseline functional reserve.

The identified predictors of early death fall into 
3 domains related to the lymphoma (B symptoms), 
comorbidities (kidney disease, prior hospitalization, 
prior endoscopy), and baseline functional capacity 
(PS, use of mobility aids). Age of 75 years or older af-
fects all those domains, because it correlates with the 
DLBCL cell of origin and is a component of the en-
hanced International Prognostic Index (IPI).29,39 The 
association with endoscopy was somewhat surpris-
ing, because endoscopy may not be causally related 
to the DLBCL. Because this procedure is commonly 
performed in the workup for anemia, gastrointestinal 
bleeding, or weight loss, it may correlate with pa-
tient’s poor nutritional status, abdominal pathology, 
or low hemoglobin. These factors are otherwise not 
discernible in claims data, but may affect tolerance 
of chemotherapy. For example, low mini nutrition-

al assessment scores correlate with the risk of early 
death among older patients receiving chemotherapy 
for cancer.37 In our population of Medicare benefi-
ciaries considered eligible for multi-agent immuno-
chemotherapy, more than half had a reassuringly low 
risk (<1%) of immediate fatal toxicity with curative 
R-CHOP–like regimens. Notably, this included 40% 
of patients aged 80 years or older. Our results suggest 
that withholding anthracycline may not be associ-
ated with additional decrease in risk, as long as ad-
equate cardiac function has been confirmed.

This exploratory study cannot provide direct sup-
port for any specific intervention aimed at decreas-
ing the risk of death among patients with DLBCL, 
but provides direction for further research. Higher-
risk groups may be a good target for interventions 
such as the “prephase treatment” consisting of 7 days 
of steroid alone before R-CHOP, which decreases 
lymphoma-related symptoms, improves functional 
status, and reduces deaths during the first treatment 
cycle.1,40 Alternatively, for the high-risk group, less 
toxic regimens such as R-mini-CHOP,41 rituximab/
bendamustine,42 and others, may be preferred to 
avoid early mortality.31 Relevant suggestions could 
be studied in the context of decision support tools 
based on automated analysis of the electronic medi-
cal record at the time of chemotherapy ordering. We 
note here that our model is applicable to patients 
clinically selected for R-CHOP–like chemotherapy, 

Table 3.  �Association Between Receipt of Prophylactic G-CSF and Risk of Death Within 30 Days From 
First Immunochemotherapy, Stratified by Risk Group

Risk Group for 
Early Death

G-CSF 
Administration

Cases 
(%)

Early Death 
(%)

Odds  
Ratio 95% CI P Value

Low

Yes 63.9 0.6 0.82 (0.32–2.11) .68

No 36.1 0.7

Intermediate

Yes 68.2 3.1 1.20 (0.67–2.17) .54

No 31.8 2.6

High

Yes 67.4 4.5 0.26 (0.11–0.60) .001

No 32.6 15.4

All groups

Yes 65.8 1.8 0.82 (0.55–1.20) .31

No 34.3 2.2

 
Abbreviations: DLBCL, diffuse large B-cell lymphoma; G-CSF, granulocyte colony-stimulating factor.
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and may not be optimal for those requiring less in-
tense regimens. 

Our results also have some immediate implica-
tions for practice. Routine clinical evaluation on 
days 5 through 7 after the initial chemotherapy can 
identify impending complications before the peak 
risk of hospitalization; more than 30% patients did 
not receive prophylactic G-CSF. Recently, ASCO 
tempered the recommendation for G-CSF use in 
older patients with DLBCL, suggesting only “con-
sidering” it and acknowledging uncertain benefit 
over prophylactic antibiotics.24 Our analysis sug-
gests a strong association between omission of 
G-CSF and early fatalities in the high-risk group, 
although it is retrospective and not causal. The 
66% rate of G-CSF use was not sensitive to the 
guarantee-time window or to excluding hospital-
ized patients, so additional research is warranted on 
the effect of prophylactic G-CSF in elderly patients 
undergoing R-CHOP. 

An important limitation of our study is that 
SEER-Medicare does not identify doses of che-
motherapy, and therefore we could not determine 
whether patients had dose reductions. We also could 
not analyze other laboratory or clinical toxicities. 
Lack of data on cardiac function or reasons for sub-
stituting anthracycline limits the interpretation of 
the finding that anthracycline use was not associ-
ated with excess mortality. Additionally, the IPI or 
common laboratory parameters might significantly 
improve the risk stratification. Conversely, some 
claims-based indicators may be highly specific to 
Medicare coding, but Medicare beneficiaries consti-
tute a vast majority of older patients with DLBCL 

in the United States. Our exclusion of managed 
care plan enrollees and patients treated with lower- 
intensity regimens may, however, limit the applica-
ble population, and underscores the need for exter-
nal validation of our results.

Conclusions
We demonstrated that administrative and cancer 
registry data, routinely integrated within modern 
electronic medical records, might be leveraged to 
stratify the risk of early death among older patients 
with DLBCL. Although multidimensional geriatric 
assessments represent a valuable holistic approach to 
such a stratification, we believe that the use of readily 
available resources may facilitate adoption of decision 
support tools into wider practice. Our results provide 
evidence-based support for safety of standard anthra-
cycline-based immunochemotherapy when the calcu-
lated risk is very low, as is the case for more than half 
of older patients. Because attenuated regimens may 
impact disease control in the long run, this simple risk 
stratification might serve as a platform for future inter-
ventional studies evaluating deintensified therapy for 
patients at the highest risk for early toxicity.
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SEER Program tumor registries in the creation of the 
SEER-Medicare database. 
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