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Abstract

OBJECTIVES—While anthracycline-based treatment can cure diffuse large B-cell lymphoma,
most patients over age 80 do not receive doxorubicin due to toxicity concerns. This study
evaluated this practice, as patients age 80 and older are largely excluded from clinical trials. The
primary outcome of interest was overall survival. Secondary outcomes included treatment-related
mortality and anthracycline dose intensity.

MATERIALS AND METHODS—We assembled a cohort of 530 newly diagnosed diffuse large
B-cell lymphoma patients age 80 or older diagnosed within United States Veterans Health
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Administration. Treatment and survival information were obtained to determine associations
between anthracycline use, dose intensity, treatment-related mortality and overall survival.

RESULTS—Of the 530 patients, 285 received systemic treatment and 193 received an
anthracycline. After controlling for potential confounders, rituximab decreased mortality (hazard
ratio, 0.62; 95% confidence interval [CI]: 0.44 — 0.88), while doxorubicin was not significantly
associated with mortality (hazard ratio, 0.87; 95% CI: 0.64 — 1.17). Completion of treatment with
anthracycline dose intensity =85% of expected was only 14%. Patients treated with anthracycline
dose intensity <85% had better one year survival compared to those treated at >85% (70% vs.
59%, p = 0.029).

CONCLUSION—These results suggest that full dose anthracycline therapy may be less
important in the treatment of diffuse large B-cell lymphoma patients over age 80. The low
frequency of completion of full dose intensity treatment suggests standard doses are an unrealistic
standard of care for patients this age. Alternate treatment strategies and risk stratification should
be considered for these patients.
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INTRODUCTION

Between the years 2000 and 2030, the proportion of the population over 65 years old will
more than double in the United States and the rest of the world.(1, 2) As an age-dependent
malignancy, the incidence of non-Hodgkin lymphoma (NHL) in the United States among
individuals age 65 and older will also increase from 39 000 in 2010 to an estimated 65 000
in 2030.(1, 3) Three large phase 11, randomized, prospective clinical trials shaped the
current standard of care in diffuse large B-cell lymphoma (DLBCL), the most common NHL
diagnosis. These trials enrolled 2,167 patients age 60 and older.(4-6) Two trials restricted
enrollment above age 80 and the other enrolled 16 patients age 80 and older. Consequently,
the optimal management of DLBCL remains unclear in those age 80 years and older, the
fastest growing age subgroup within the elderly population.(7) Treatment is often limited by
comorbidities and concerns about frailty and treatment-related toxicity.(8-11) In addition,
the life expectancy for an 80 year old man in the United States is 7.9 years compared to 20.9
years for a 60 year old man,(12) therefore raising concerns about the risk-benefit ratio of
curative-intent therapy in this population. Without treatment, however, DLBCL is rapidly
fatal.

Anthracycline-based combination chemotherapy has been a cornerstone of treatment for
DLBCL for several decades.(13) With the addition of rituximab in 2002, the R-CHOP
(rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone) regimen became
the standard of care.(4) In practice, however, a majority of patients age 80 and older do not
receive doxorubicin, and many do not receive any treatment.(14, 15) One study at a single
tertiary care center in patients age 75 and over demonstrated improved survival associated
with doxorubicin use, but these results may have been biased by better baseline health status
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in those given doxorubicin.(16) Even if the decision is made to use doxorubicin, there is
little guidance regarding appropriate dosing in this population.(17)

Previous retrospective studies across all ages have shown that in patients treated with
CHOP, maintaining chemotherapy dose intensity >70% - 90% is associated with improved
overall survival.(18, 19) However, in a nationwide study performed in the United States,
only 40% of patients over age 60 were able to achieve dose intensity = 85%.(20) We
examined the associations between treatment selection, anthracycline dose intensity, and
overall survival in the largest described cohort of DLBCL patients age 80 and older at
diagnosis with detailed treatment information. In light of the growing size of this age group,
determining the optimal management of older patients with DLBCL is critical.

MATERIALS AND METHODS
Study Cohort

Patients age 80 and older with newly diagnosed with DLBCL between October 1, 1998 and
December 31, 2008 were identified in the Veteran's Health Administration cancer registry
based on the InterLymph classification system (International Classification of Diseases-O3
codes 9680 or 9684), which allows conversion of tumor registry codes into the diagnoses
recognized by the World Health Organization.(21) Information obtained from the cancer
registry included: date of birth, date of diagnosis, stage, and the presence or absence of B-
symptoms (fevers, night sweats, or unintentional weight loss). The study was approved by
the Veterans Affairs St. Louis Health Care System and Washington University Institutional
Review Boards prior to cohort assembly.

Patient records were linked to anthropomorphic data (height and weight) and International
Classification of Diseases-9 codes for comorbid conditions at the time of diagnosis. The
Compensation and Pension Records Interchange software system was used to determine
baseline performance status and to identify the following: chemotherapy drug, dose, date of
administration, myeloid growth factor use, lactate dehydrogenase (LDH) level and
pathologic diagnosis. Patients were excluded for the following reasons: primary central
nervous system or cutaneous disease, alternate lymphoma histology, lack of electronic
records, diagnosis made after death, or treatment outside the Veterans Affairs Health Care
System using an unspecified regimen (Figure 1).

Study Measurements and Outcomes

The primary outcome of interest was overall survival, which was measured from diagnosis
until death. Patients without death information were assumed to be alive at the time of last
recorded death within the cohort (January 2012), an assumption supported by previous
studies demonstrating that > 97% of veteran death events are captured in Vital Status files.
(22, 23)

Secondary outcomes of interest were treatment-related mortality and doxorubicin dose
intensity. Treatment-related mortality was defined as death within 30 days of last
chemotherapy cycle, since there is no uniform definition of treatment related mortality.(24)
The expected doxorubicin dose was 50 mg/m?2 administered at twenty-one day intervals.
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Doxorubicin dose intensity was calculated based upon date and dose of doxorubicin
administered, divided by expected dose and interval.(25) Patients with stage | or Il disease
who received radiotherapy were expected to receive a minimum of 3 treatment cycles. All
other patients were expected to receive a minimum of 6 treatment cycles.(26) In patients
experiencing treatment-related mortality, treatment dose intensity up to the time of death
was utilized. Consistent with previous literature, doxorubicin dose intensity of > 85% was
considered full dose intensity, while < 85% was considered reduced dose intensity.(20)

Patients receiving at least one dose of doxorubicin or the anthracenedione mitoxantrone
(n=5) were included in the anthracycline treatment group, similar to an intention-to-treat
analysis. Those receiving systemic chemotherapy or immunotherapy without doxorubicin or
mitoxantrone were analyzed in the non-anthracycline treatment group. Rituximab use was
considered as a dichotomous variable. Patients who did not have any recorded systemic
treatment were analyzed in the no systemic treatment group, though palliative radiotherapy
was permitted in these patients.

Body Surface Area (BSA) was calculated according to the DuBois formula,(27) using
weight measured within one month of treatment initiation and consistently recorded height
data. Weight measurements were screened for extreme values using the Rosner outlier
detection algorithm,(28) and none were observed. Age at diagnosis (years) was included as a
continuous variable in all statistical models. Myeloid growth factor use was considered as a
dichotomous variable, regardless of use in primary or secondary prophylaxis. The Romano
adaptation of the Charlson comorbidity index was calculated using diagnostic codes for
comorbid conditions.(29)

Eastern Cooperative Oncology Group (ECOG) performance status(30) at the time of
diagnosis was obtained from physician notes, converted from Karnofsky score,(31) or
estimated based on physician and other notes describing ambulation and performance of
activities of daily living.(32) Performance status was dichotomized as 0-1 or 2-4, consistent
with the age-adjusted International Prognostic Index.(33) Assessments of performance status
were made by two independent and blinded physician reviewers (P.R .and R.L.).
Discrepancies in performance status assessments were adjudicated by a third physician
reviewer (R.R.). The Cohen's kappa statistic for agreement between the primary reviewers
was 0.55.

Statistical Analyses

Fisher's exact, Cochrane-Mantel-Haenszel, and one-way analysis of variance tests were used
for univariate analyses, where appropriate. For non-parametric variables the Kruskal-Wallis
test was used. Survival was estimated using the methods of Kaplan and Meier, with
statistical comparisons using the log-rank test. Cox modeling was used to estimate hazard
ratios for death while controlling for potential confounding variables. The proportional
hazards assumption was tested using Schoenfeld residuals and by insertion of time-
dependent covariates. Interaction terms were tested using the Wald Chi-Square test, and
none were found to be significant. Logistic regression was used to estimate odds-ratios for
treatment-related mortality. Sensitivity analysis was performed using the inverse probability
weighting approach.(34) A two-tailed alpha significance level of 0.05 was considered
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statistically significant. SAS version 9.2 (Cary, NC) was used to perform all statistical
analyses.

RESULTS

We identified 530 patients age 80 or older with newly diagnosed DLBCL. Fifty-four
patients were excluded for the reasons delineated in Figure 1. Patients with primary
cutaneous DLBCL, central nervous system involvement at the time of diagnosis, or
lymphoma diagnosis other than DLBCL were excluded due to the associated differences in
prognosis. In addition, patients who receive treatment outside of the VHA with unknown
agents were excluded as the association between treatment and survival could not be
determined. Baseline characteristics of the remaining 476 patients are presented in Table 1.
Across the entire cohort, median age was 83, mean 83.5, range 80 — 100.

Treatment selection and survival

Anthracycline-based therapy was given to 198 (42%) patients and 87 (18%) patients
received systemic treatment without an anthracycline. Among the 191 (40%) patients who
received no systemic treatment, 31 received palliative radiotherapy. Age, performance
status, comorbidity score, B-symptoms, and myeloid growth factor use were significantly
different across groups (Table 1). In a Kaplan-Meier analysis stratified by treatment, median
overall survival was 1.9 months for no systemic treatment, 13.1 months for treatment
without an anthracycline, and 28.1 months for the anthracycline treatment group.

To understand whether the survival differences observed above were primarily associated
with anthracycline use or differences in baseline patient characteristics and supportive care,
we performed Cox analysis to evaluate the association of anthracycline treatment and
overall survival among those who received systemic therapy. This analysis was controlled
for variables that were significantly associated with overall survival on univariate analyses
(data not shown): age, LDH, comorbidities, B-symptoms, and performance status; given that
these are known risk factors affecting overall survival. While disease stage is a known
prognostic factor in DLBCL, it was not significantly associated with survival during the
univariate analysis, and was thus not included in subsequent analyses. Myeloid growth
factor use was also explored in the model, given its association with a reduction in febrile
neutropenia and infectious complications. Furthermore, rituximab use was included in the
Cox model because of its clear overall survival benefit.(4) In the multivariable analysis,
rituximab was associated with reduced mortality (hazard ratio [HR], 0.65; 95% confidence
interval [C1]: 0.46 - 0.93), while myeloid growth factor use demonstrated a statistically non-
significant trend towards reduced mortality (HR, 0.74; 95% CI: 0.54 — 1.01). Comorbidities
(HR, 1.09; 95% CI: 1.01 — 1.18) and elevated serum LDH at the time of diagnosis (HR,
2.24; 95% CI: 1.67 — 3.01) were associated with increased mortality. Patients with a
performance status of 2-4 were at substantially increased risk of death within 60 days of
diagnosis (HR, 17.0; 95% CI: 2.28- 126.26), which then attenuated after 60 days from
diagnosis (HR, 1.73; 95% ClI: 1.27 -2.35). After controlling for the other variables,
anthracycline use was no longer significantly associated with overall survival (HR, 0.82;
95% CI: 0.59 - 1.13); nor was age (HR, 0.99; 95% ClI: 0.95 — 1.05). B-symptoms were also
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not significantly associated with survival. The inclusion or exclusion of B-symptoms in the
Cox model did not alter the significance or effect size of the other variables; therefore B-
symptoms were not included in the final Cox model.

Sensitivity analysis was performed using inverse probability weighting to adjust for
differences in baseline performance status, co-morbidity score, and the presence of B-
symptoms. Similar to the Cox analysis, there was no significant association between
anthracycline use and overall survival (HR, 0.93; 95% CI: 0.70 - 1.23). Performance status
of 2 — 4 remained strongly associated with death within the first 60 days after diagnosis (HR,
6.81; 95% CI: 2.20 — 21.08), again attenuating after 60 days (HR, 1.81; 95% CI: 1.35 -
2.41). Co-morbidity score was also associated with increased risk of death (HR, 1.09; 95%
Cl: 1.01 - 1.18). Rituximab (HR, 0.63; 95% CI: 0.45 — 0.88) and myeloid growth factor
(HR, 0.70; 95% CI: 0.53 — 0.93) use were also associated with a decreased risk of death.

Treatment-related mortality

Among the 273 patients who received any systemic treatment and who had treatment date
information, 48 (18%) experienced treatment-related mortality. Thirty-two of the 48 deaths
(67%) were associated with the first cycle of therapy. Infectious complications were the
proximate cause of death in 28 (58%), 8 (17%) were cardiac or respiratory in nature and the
remaining 12 (25%) were unknown or other etiology. Although not statistically significant,
there was a trend towards a higher rate of treatment-related mortality in the patients who did
not receive an anthracycline compared to those who did (23% vs. 15%, p = 0.15), on
univariate analysis. Furthermore, baseline performance status 2 -4 was strongly associated
with increased treatment-related mortality compared with performance status 0-1 (TRM =
27% vs. 8%, respectively, p< .001). After analyzing anthracycline use while controlling
performance status and myeloid growth factor use in a logistic regression model,
performance status remained a significant predictor of treatment-related mortality (odds
ratio [OR], 3.87; 95% CI: 1.86 — 8.03), while anthracycline (OR, 0.86; 95% CI: 0.42 — 1.77)
and myeloid growth factor use (OR, 0.67; 95% CI: 0.33 — 1.36) were not significant. This
suggests that the difference in treatment-related mortality noted between the anthracycline
and non-anthracycline groups on univariate analysis was largely due to differences in
baseline performance status.

Doxorubicin dose intensity and completion of therapy

Doxorubicin dose intensity was next evaluated in the doxorubicin treated patients who had
height, weight, and dosing information. As demonstrated in Table 1, anthracycline treated
patients were younger, had better performance status and fewer comorbidities compared to
the remainder of the cohort. Of the 183 patients doxorubicin, only 26 (14%) completed
therapy at full (= 85%) dose intensity without treatment-related mortality; 9 of whom had
early stage disease and were able to stop systemic therapy after three cycles. Thirty-three
patients (18%) either died or discontinued treatment after a single dose of doxurubicin.
Patients treated with a doxorubicin dose = 85% of expected in the first cycle demonstrated a
trend towards higher treatment-related mortality than those who did not (11% vs. 2%, p =
0.07). Largely because of this difference, a Kaplan-Meier analysis stratified by dose
intensity demonstrates poorer near-term survival associated with full doxorubicin dose
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intensity (Figure 2). Median survival was 21.8 months in those receiving full doxorubicin
dose intensity and 28.1 months in those receiving reduced doxorubicin dose intensity. At
one year, 59% of those treated at full dose intensity were alive, while 70% of those treated at
reduced dose intensity were alive (Log-rank p =0.029).

DISCUSSION

In this, the largest reported cohort of newly diagnosed DLBCL age 80 and older with
detailed treatment data: 42% received anthracycline-based treatment, 18% received
treatment without an anthracycline, and 40% received no systemic treatment at all. Even
among those deemed healthy enough to receive an anthracycline, only 26 (14%) were able
to complete treatment at full dose intensity. When the 26 patients completing full dose
therapy are compared to 476 patients in the primary study cohort, only 5% of these patients
completed full dose, standard of care therapy. Treatment-related mortality among patients
receiving an anthracycline was 14%, far exceeding the 3% to 8% mortality seen in clinical
trials of doxorubicin-based regimens in patients with DLBCL over age 60.(4-6) Overall,
these findings suggest that the standard 3 - 6 cycles of full dose R-CHOP chemotherapy is
an unrealistic therapeutic goal for most patients in this age group.

Multivariable analysis further suggested that the survival difference observed between
patients treated with and without an anthracycline is largely explained by better baseline
performance status. At the same time, use of the well-tolerated monoclonal antibody
rituximab was strongly associated with survival. This suggests that patients in this age group
benefit from therapy, but the long-term survival benefits associated with an anthracycline
may not outweigh the toxicity for some. This is understandable given the shorter average life
expectancy of patients age 80 and older due to competing risks of death such as heart
disease and the high risk of treatment-related mortality. Undoubtedly, some patients over
age 80 do benefit from anthracycline treatment. However, these benefits were not
statistically significant when considered across this patient sample. This suggests the
decision to administer anthracyclines in patients over age 80 should be undertaken with
careful consideration of performance status and other variables that may predict how well
this treatment will be tolerated.

Among patients receiving an anthracycline, full dose intensity was associated with
considerable treatment-related mortality and reduced survival at one year, compared to the
decreased dose intensity group. Although the exact reasons for this association cannot be
determined in this analysis, possible hypotheses include age-related physiologic changes
including decreased bone marrow reserve, which could put elderly patients at increased risk
for severe myelosuppression and infectious complications. Additionally, decline in organ
function may lead to alterations in drug metabolism putting patients at risk for further
toxicity.

Although full dose intensity was associated with reduced survival at one year, the proportion
of patients surviving in each group became similar by two years after diagnosis (53%
reduced intensity, 48% full intensity). This may be due to a higher frequency of relapse and
disease-related mortality in those treated at lower doxorubicin dose intensity. The
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improvement in near-term, but not long-term survival associated with reduced dose intensity
doxorubicin could provide meaningful benefit in terms of both quality and quantity of life.

Strengths of this study should be highlighted. First, electronic data systems within the
Veterans Affairs Health Care System allowed ascertainment of patient-level details not
available in administrative databases such as Medicare. Second, the large humber of
untreated patients is consistent with other population-based studies looking at DLBCL
patients of this age,(14, 35) suggesting our findings are generalizable. Finally, the diversity
of Veterans Affairs hospitals resulted in diverse treatment patterns, likely reflecting
community practice patterns across the United States.

Weaknesses of this study should also be noted. First, the patients were nearly all men.
Second, performance status was not assessed systematically at the time of diagnosis in most
patients. However, assessments were made using physician and allied healthcare provider
notes, resulting in reasonable inter-rater agreement between the blinded physician assessors.
Third, some patients may have received treatment outside of the Veterans Health
Administration, potentially biasing results, though the dismal prognosis noted in the no
treatment group suggests that most in this group actually did not receive treatment. Fourth,
consistent with previous reports in the veteran population, co-morbidity scores were higher
than often reported elsewhere, (36) which could enhance the toxicity of anthracycline-based
therapy in this population. However, this represents the real-world experience in patients age
80 and older, who are seldom eligible for enrollment in a clinical trial. Finally, since
treatments were not assigned to the patients randomly, it is possible that residual
confounding has biased the results. We attempted to address this last issue by controlling for
comorbidities, performance status, and other factors, though there may be unmeasured
variables that could not be quantified.

In conclusion, this study of veterans with DLBCL age 80 and older suggests that current
clinical practice guidelines in this population do not represent an achievable standard of
care. The high risk of treatment-related mortality and decreased long-term survival benefit
makes the role of full dose doxorubicin in the treatment of these patients unclear. Through a
reduction in early mortality, either attenuated doses of doxorubicin or alternative treatment
regimens may provide greater overall survival benefit across this patient population. Several
strategies have previously been considered to reduce toxicity in older patients. Pre-phase
treatment with corticosteroids followed by chemotherapy, in order to reduce disease burden
and reduce complications such as tumor lysis syndrome, has been advocated by some.(7)
Treatment with a reduced dose intensity form of R-CHOP (that cuts the doxorubicin dose in
half), has also been shown to offer reasonable outcomes in patients over age 80.(17) Another
potential option that could be considered is treatment regimens without doxorubicin,
specifically cyclophosphamide, etoposide, vincristine, and prednisone (CEOP) or
cyclophosphamide, etoposide, procarbazine, and prednisone (R-CEPP).(38, 39, 40)
Ultimately, widespread application of clinical assessment tools, including the
comprehensive geriatric assessment, may provide the best approach to identification of
elderly patients who are most likely to benefit from curative intent treatment with standard
dose chemotherapy. (9, 41, 42)
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Elderly DLBCL patients: 530

8% Primary CNS

1% Primary Cutaneous
% Alternate histology
% No electronic record

3 > Diagnosed based on autopsy

% Unknown agents outside the VHA

Primary study cohort: 476

L No chemo treatment
L None Anthracycline at VHA

3
———> None Anthracycline outside VHA

Treatment with Anthracycline: 198 (42%)

% Mitoxantrone-based therapy

—1 > No weight info

9% Doxorubicin outside VHA

Dose intensity analysis 183 (38%)

Abbreviations used: DLBCL=Diffuse Large B-Cell Lymphoma, CNS=Central Nervous System,
NHL=non-Hodgkin’s Lymphoma, VHA=Veterans Health Administration,

Figure 1.
CONSORT diagram
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KM curve stratified by treatment group

e RD1<0.85
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Overall survival (%)
o
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Time (Months)

Abbreviations used: KM= Kaplan-Meier; US=United States; DLBCL=Diffuse Large B-Cell Lymphoma; RDI=Relative
Dose Intensity

Figure 2.
KM curves of elderly US veterans diagnosed with DLBCL 1998-2008 doxorubicin dose-

intensity and overall survival
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Age-standardized baseline characteristics of elderly US veterans diagnosed with DLBCL 1998-2008, stratified

by treatment group (N=476)

AT Non-AT NT
Demographic and Clinical Characteristics | n=198 n=87 n=191 | p-value
Age at Diagnosis (mean years) 83.1 83.6 83.8 0 048d
Sex (Male %) 99 95.4 97.9 0 196b
Race (%) 0 322b
White 94.4 89.7 92.2
Black 35 5.8 5.2
Others 2 4.6 2.6
Stage (%0) 0598
Stage I/11 439 379 419
Stage II/IV 56.1 62.1 56
Unknown 0 0 21
LDH (%) 0.23¢
Elevated 50 494 325
Not Elevated 41.9 43.7 18.3
Unknown 8.1 6.9 49.2
ECOG Performance status (%) <001°
0-1 52 379 10
2-4 46.5 60.9 86.4
Unknown 15 1.2 3.7
. a b
Age adjusted IPI (%) 0.145
0 16.2 8.1
1 27.8 31
2 318 26.4
3 14.7 27.6
Unknown 9.6 6.9
Co-morbidity (mean Charlson score) 1.8 2.3 25 <0 001d
B-symptom( %) 0 037b
Yes 424 55.2 50.8
No 55.1 43.7 41.4
Unknown 25 12 7.9
Myeloid growth factor use (%)a 88 452 <.001b
Rituximab use (%)a 803 v 0.501b

J Geriatr Oncol. Author manuscript; available in PMC 2015 October 14.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Carson et al.

AT Non-AT NT

Demographic and Clinical Characteristics | n=198 n=87 n=191 | p-value
Year of diagnosis (Median) 2005 2005 2004 0114¢
Treatment Regimens a

CHOP/R-CHOP 190 -

CNOP/R-CNOP 5 -

CVP/R-CVP - 53

R-EPOCH 1 -

Rituximab - 21

Other 2 13

Footnote:

Page 15

Abbreviations used: DLBCL=Diffuse Large B-cell Lymphoma; N=number; AT= Anthracycline based therapy; non-AT= Non-anthracycline
based therapy; NT= No treatment; LDH= Lactate dehydrogenase; ECOG=Eastern Cooperative Oncology Group; IPI=International Prognostic
Index; CHOP/R-CHOP=Cyclophosphamide, Hydroxydaunorubicin, Oncovin, Prednisone, Rituximab; CNOP/R-CNOP=Cyclophosphamide,
Novantrone, Oncovin, Prednisone, Rituximab; CVP/R-CVP=Cyclophosphamide, Vincristine, Prednisone, Rituximab; R-EPOCH=Rituximab,
Etoposide, Prednisone, Oncovin, Cyclophosphamide, Hydroxydaunorubicin.

a . -, .
Comparison between doxorubicin and non-doxorubicin groups only

bChi-Square or Fisher's exact test
[~

Row mean score test
d

One way ANOVA

eKruskaI—WaIIis Test
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