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Survival outcome for elderly patients with

newly diagnosed diffuse large B-cell lym-

phoma remains suboptimal in the ritux-

imab era. In this systematic review, we

summarize available evidence relevant to

the inclusion of anthracycline in upfront

chemoimmunotherapy for these elderly

patients and highlight the need of pro-

spective clinical trials. With limited pro-

spective data, we find that pretreatment

comprehensive geriatric assessment ac-

curately predicts survival and treatment-

related toxicities, suggesting its potential

role in guiding overall treatment decision-

making. (Blood. 2017;130(20):2180-2185)
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Case presentation
A 76-year-old man with hypertension, type 2 diabetes, coronary
artery disease, chronic obstructive pulmonary disease, and severe
osteoarthritis was diagnosed with stage IV diffuse large B-cell
lymphoma (DLBCL) of activated B-cell–like subtype when he
presented with generalized lymphadenopathy, night sweats, and
weight loss. His International Prognostic Index was 4, and he had a
performance status of 1 before diagnosis, mainly as a result of
dyspnea and arthritis-related pain.Would he benefit from treatment
with rituximab and anthracycline-based chemotherapy with curative
intent? Are there tools available to help guide the decision-making
process? This case illustrates a clinical scenario that is common in our
daily practice.

Introduction

The incidence of aggressive non-Hodgkin lymphoma subtypes such as
DLBCL increases with age, yet outcomes for elderly patients (defined
as age older than 60 or 65 years in prospective clinical trials) are
significantly and disproportionately inferior to those of younger patient
populations.1,2 Although differences in tumor biology may play a
partial role,3 the management of these patients is heavily influenced by
their preexisting comorbidities and a variety of geriatric syndromes
such as polypharmacy, risk of falling, depression, cognitive impair-
ment, sarcopenia, and frailty.4,5 Compounding these challenges is the
lack of randomized data to determine the risk-to-benefit ratio of
different types of therapy and to guide treatment decision-making,
because elderly patients are generally excluded from pivotal drug
trials.6

The current gold standard for treating elderly patients with
DLBCL was established by the Groupe d’Etude des Lymphomes
de l’Adulte (GELA) non-Hodgkin lymphoma trial (GELA LNH-
98-5), which showed that the addition of rituximab to 8 cycles
of cyclophosphamide, doxorubicin, vincristine, and prednisone
(CHOP) chemotherapy improved the long-term survival outcome
for patients 60 to 80 years old.7,8 The subsequent RICOVER-60 trial
confirmed the efficacy of adding rituximab to CHOP (R-CHOP) in
elderly patients with DLBCL.9 Approaches that used dose-reduced
CHOP with rituximab or ofatumumab also demonstrated meaning-
ful rates of complete remission, 2-year progression-free survival,
overall survival (OS), and acceptable toxicity in patients age 80
years or older.10,11 Moreover, treatment with anthracycline-based
chemotherapy may be complicated by comorbidities and alter-
ations in functional status in older adults, as illustrated in a large
epidemiologic study of treatment patterns in elderly DLBCL
patients in theUnited States.12 However, omission of anthracycline
may also lead to inferior survival in these patients.13

Accumulating evidence has suggested that geriatric unfitness
and frailty determined by a comprehensive geriatric assessment (CGA)
are independent predictors of mortality and treatment-related toxicities
in several hematologicmalignancies.14-17 However, even unfit patients
may still benefit substantially from curative intent rather than palliative
chemotherapy as evident from a retrospective analysis of 135 elderly
lymphoma patients.18 The authors found that even in unfit patientswho
are treated with curative intent, anthracycline-containing chemotherapy
had a significantly better 1-year OS compared with patients receiving
palliative measures only.18 Given the retrospective, single-institution
nature of most published studies in the field and their intrinsically

associated selection bias, we conducted a systematic review examin-
ing the impact on the survival and treatment-related toxicities of
anthracycline-containing vs anthracycline-free chemotherapy regimens
for the initial treatment of elderly patientswith newly diagnosedDLBCL.

Methods

Literature search strategy and study selection criteria

We performed a comprehensive electronic literature search usingMEDLINE
andEmbase from1 January 1990 to 30December 2016 (Figure 1). Proceedings
of 2major annual conferences (58thAmericanSociety ofHematology Annual
Meeting and Exposition in 2016 and the 52nd Annual Meeting of the
American Society of Clinical Oncology in 2016) were also searched for
abstracts whose corresponding manuscripts had not yet been published in
peer-reviewed journals. In addition, the Cochrane Database of Systematic
Reviews and the Clinical Trial Registry were searched for relevant sys-
tematic reviews and ongoing trials up to 30 December 2016. Two authors
(R.J.L. and M.B.) independently reviewed all abstracts for eligibility
assessment, and a third author (C.R.F.) mediated discordant results. The
search criteria were based on a defined population, intervention,
comparison, outcomes, and timing question in which the population
was patients age 60 years or older with newly diagnosed DLBCL,
intervention was treatment with a chemotherapy regimen containing
rituximab, comparison was between regimens with or without anthracy-
cline, the primary outcome was OS, the secondary outcomes were overall
response rate (ORR) and treatment-related toxicities, and the time period
for evaluation was defined as after completion of first-line therapy until
relapse, death, or the last follow-up. Each study required.50 patients to be
included. Themedical subject heading (MeSH) search included “Lymphoma,
Large B-cell, Diffuse” and “Aged” and “Anthracyclines” or “Rituximab” or
“Lymphoma, Non-Hodgkin” and “Aged” and “Geriatric Assessment.” The full
article was reviewed if eligibility was clearly met or if there was uncertainty
regarding a priori–defined eligibility criteria based on the title and abstract. Only
prospective studies using CGA were included.

Quality assessment and statistical analysis

Data were abstracted by using a standard approach that was customized for
the study. The data elements included the type of study (single, multicenter,
or population-based cohort), method of data collection (retrospective or
prospective), aim of the study, regimen used, treatment outcomes, and
statistical data when analysis was performed. Quality assessment of the
studies was performed with a checklist adapted from the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) state-
ment.19 However, because this is one of the first systematic reviews on this
topic, no study was excluded on the basis of the quality assessment.We also
examined related previous and subsequent publications to find unreported
protocol details when evaluating the quality of the study. The data extracted
from the eligible studies were quantified and reported as pooled pro-
portions. All statistical analyses were performed using STATA software
(version 10).

Search results

Impacts of anthracycline-containing regimens

Fifteen studies conducted between 2010 and 2016 fulfilled the
inclusion criteria, including 9 retrospective cohort studies20-28 and 2
administrative database–derived epidemiologic studies29,30 comparing
chemotherapy regimens with or without anthracyclines in elderly
patients who had newly diagnosed DLBCL (Table 1). No randomized
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control trials were conducted to specifically address our question. Five
prospective cohort studies, including 1 randomized controlled study,
evaluated the use of CGA to guide treatment decision making in
elderly patients with newly diagnosed DLBCL, are summarized
in Table 2.31-35 In total, 1732 patients were included in 9 retrospec-
tive studies. As shown in Table 1, most studies were small single-
institution studies with missing data, especially data related to the
comparison between anthracycline-containing or anthracycline-free
regimens. The average STROBE checklist score was 15.5 (range,
0-22; higher scores indicate higher quality). After summarizing all
studies with available data, it seemed that treating patients with an
anthracycline-containing regimen by physician and/or patient choice
was associated with a 3-year OS rate of 63% compared with 44% for
anthracycline-free regimens (P , .001). Incomplete data precluded
comparison of ORR and treatment-related toxicities, and no statistical
difference was observed in treatment-related mortality between the
2 treatment groups (Table 1).

For 2 large analyses that used administrative databases, Williams
et al29 used a Surveillance, Epidemiology, and End Results (SEER)–

Medicare data set (2002-2009) to characterize treatment and survival
outcomes of 1156 elderly patients (older than age 80 years) with newly
diagnosed DLBCL. They found that R-CHOP compared with other
anthracycline-free regimens (by physician and/or patient choice) was
associated with improved OS (hazard ratio, 0.45; 95% confidence
interval, 0.33-0.62) and lymphoma-related survival (hazard ratio,
0.58; 95% confidence interval, 0.38-0.88) by using a propensity
score–matched multivariable Cox proportional hazards model. By
using the same SEER-Medicare data set (2000-2006), Tien et al30

analyzed treatment choice and outcomes in 8262 elderly DLBCL
patients. They found that among this cohort, the unadjusted 3-year
OS was highest in anthracycline-containing regimens plus rituximab
(65%), followed by anthracycline-containing regimens without
rituximab (55%), and anthracycline-free regimens with rituximab
(44%). After adjusting for clinical covariates, anthracycline-containing
regimens plus rituximab (by physician and/or patient choice)
demonstrated the best 3-year survival (63%). Treatment toxicity data
were not reported for these 2 studies; thus, no comparison can bemade
between the regimens.

Table 1. Summarized findings of retrospective studies examining the impact of chemotherapy choice on outcomes in elderly patients
with DLBCL

Reference
No. of
patients

Institution/
location

Age
(y)

% of
patients IPI

3-Year OS (%) ORR (%) Toxicities (%)

Anthracycline-
containing
regimen

Anthracycline-
free regimen

Anthracycline-
containing
regimen

Anthracycline-
free regimen

Anthracycline-
containing
regimen

Anthracycline-
free regimen

20 207 MDACC $80 54 $3 63 25 — — 10 TRM 10 TRM

21 141 Mexico $65 61 $3 63 52 73 60 55 40

22 72 Emory University $65 25 $4 59 38 84 63 24 —

23 128 Switzerland $60 49 $3 — — — — — —

24 378 Portugal $60 55 $3 — — — — — —

25 103 Netherlands $75 35 $2* — — — — — —

26 73 OHSU $75 49 $3 68 54 — — 9 TRM —

27 154 MGH $75 — — — — — — —

28 476 VA system $80 49 $2* 28.1 mo (median) 13.1 mo (median) — — 15 TRM 23 TRM

IPI, International Prognostic Index; MDACC, MD Anderson Cancer Center; MGH, Massachusetts General Hospital; OHSU, Oregon Health & Science University; TRM,

treatment-related mortality; VA, Veterans Administration.

*Age-adjusted IPI.

928 duplicate excluded

4 records excluded upon full text review
-    3 no relevant comparison
-    1 sample size < 50

845 reviews and case reports excluded
2197 records excluded based on titles
and abstracts
-   489 pre-clinical studies
-   1708 non-relevant studies

3061 unique records

19 records eligible for inclusion

15 records included for final analysis
-    9 retrospective cohort studies
-    2 SEER database derived studies
-    3 prospective cohort studies (CGA)
-    1 randomized controlled trial

3989 records identified (English)
1060 via MEDLINE
2919 via Embase
10 via conference proceedings

Identification

Screening

Eligibility

Included

Figure 1. PRISMA article flow diagram. Step-by-step

literature search using the Medical Subject Headings

and subsequent record identification based on abstract

or full-text review.
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Impacts of CGA on treatment outcome in elderly

DLBCL patients

As shown in Table 2, 5 prospective studies evaluated the use of CGA
but only 1 was a prospective, randomized controlled trial.31-35 In total,
452 patients were included in the 4 prospective observation studies.
CGAcategorized patients intofit and unfit/frail categories.However, in
all 4 studies, the choice of regimen was left to the discretion of
physicians, and CGA was not used to guide treatment selection.
The summarized ORR and 5-year OS were 87% and 55% for fit
patients and 67% and 29% for unfit/frail patients, respectively (both
P , .001). The summarized rate of grade 3 or higher toxicity was
29% for fit patients and 54% for unfit/frail patients (P5 .0005). The
details of regimens (anthracycline-containing vs anthracycline-
free) were not available from these prospective observational
studies. Merli et al35 conducted the only randomized study, which
prospectively allocated 224 elderly fit (according to CGA) patients
to receive either a standard dose of R-CHOP or the less intensive
rituximab plus cyclophosphamide, epirubicin, vincristine, and
prednisone (mini-R-CEOP) with the dose of epirubicin equivalent
to two-thirds that of doxorubicin. After a median follow-up of 42
months, 5-year event-free survival rates were 46% and 48% for
mini-R-CEOP and R-CHOP, respectively (not significant). The
5-year OS rates were 63% and 62% for mini-R-CEOP and R-CHOP,
respectively (not significant). They conclude that the less intensemini-
R-CEOP may be an acceptable option for fit elderly patients with
DLBCL.

We did not identify any prospective, randomized studies that
specifically addressed the question of an appropriate regimen for
elderly unfit DLBCL patients selected by CGA. In the unfit subgroup
of patients (n 5 28) from the study by Tucci et al,34 curative-intent
treatment with an anthracycline-containing regimen produced a
2-year OS of 75% vs 45% (P 5 .32) for palliative treatment with
anthracycline-free regimens, anthracycline-based regimens with less
than 70% relative dose intensity (RDI), radiation treatment, rituximab
monotherapy, or supportive care alone. The unfit subgroup of pa-
tients (n 5 22) from the study by Olivieri et al32 all received
liposomal doxorubicin. Finally, in a retrospective analysis by Yoshida
et al,18 patients classified as unfit by CGA (n 5 53) who received
curative-intent treatment with anthracycline-containing regimens had a
significantly better 1-year OS when compared with those receiving
palliative measures (66.1% vs 19.0%; P, .001).

Summary and recommendations

Historically, the initial treatment strategy for elderlypatientswith newly
diagnosed DLBCL has been based on the judgment of clinicians.36-38

Treatment-related toxicities of R-CHOP worsen with increasing
comorbidity, functional disability, and advanced age.39,40An important

question facing the treating physician is to identify fit patients who can
tolerate curative-intent anthracycline-containing regimens and frail
patients who cannot. Whether unfit elderly patients still derive benefits
fromanthracycline-based regimens is unclear. Our systematic review is
designed to address these questions. We found that there was a lack of
data from randomized controlled studies to answer the question of
whether anthracycline-based regimenswouldbenefit elderlypatientswith
DLBCL. However, we identified multiple retrospective cohort studies
and 2 SEER database–derived analyses of a total of more than 11 000
patients that support an association between anthracycline-containing
regimens and improved OS and ORR with acceptable toxicities.
Moreover, available subgroup analyses of unfit patients identified
prospectively by CGA also support an association between
anthracycline-containing regimens and improvedoutcomes.Our results
make it imperative to undertake a careful assessment of fitness for
R-CHOP before considering less toxic and potentially less effective
alternatives.

Although the retrospective nature of most of the studies we
identified in this reviewwere associatedwith intrinsic selectionbias (eg,
patient choices or physicians’ conscious or subconscious selection of
patients on the basis of fitness, thus leading to treatment bias), the
improved rates of OS and ORR seen with anthracycline-based therapy
are consistent with historical cohorts of elderly lymphoma patients.7-9

Given the key role of anthracycline-based therapy in maintaining
response rate and cure rate in elderly patientswithDLBCL, dosagemay
be adjusted on the basis of the level of frailty while maintaining a
certain degree of efficacy such as the mini-R-CHOP regimen (50%
dose reduction of cyclophosphamide, doxorubicin, and vincristine)
used successfully in patients older than age 80 years,10 or themini-R-
CEOP regimen used in fit elderly patients.35 Another article not
selected for inclusion in our analysis included 192 elderly DLBCL
patients and compared outcomes between regimens of different
anthracycline and cyclophosphamide RDI; it showed that anthracy-
cline RDI of.60%was associated with improved survival, consistent
with our findings.41

For patients with severe cardiovascular dysfunction, which pre-
cluded the use of anthracyclines, several potential newer alternative
regimens could be considered despite the lack of prospective
randomized controlled studies. For example, substitution of an
anthracycline with another drug such as gemcitabine (R-GCVP) or
etoposide (R-CEOP) has produced reasonable response rates and
OS for patients.42,43 Another alternative regimen, bendamustine and
rituximab, produced a high response rate of 78% in a small phase II trial
with elderly DLBCL patients, albeit with a median OS of only 10.2
months andprogression-free survival of only5.4months; even the study
authors counseled that this regimen should be used with caution.44

Whether these less toxic regimens can substituted for R-CHOP in
elderlyfit patientswarrants evaluation in prospective, randomized trials.

The use of geriatric assessment tools such as CGA may help
physicians identify those patientswho are suitable forR-CHOP.45,46As
shown in our analysis of 4 prospective cohort studies, CGA accurately

Table 2. Summarized findings of prospective studies that examined the impact of CGA on treatment outcomes in elderly patients with
DLBCL

Reference No. of patients Location Age (y)

OS (%) ORR (%) Toxicities (%)

% of patients IPI Fit Unfit/frail Fit Unfit/frail Fit Unfit/frail

31 100 Italy $70 22 $3 76 (5-y) 47 (5-y) 85 76 31 51

32 91 Italy $65 30 $3 34 (5-y) 9 (5-y) 83 73 28 57

33 88 Italy $65 60 $3 Median, NR Median, 8.0 mo 93 52 — —

34 173 Italy $69 43 $3 84 (2-y) 47 (2-y) — — — —

NR, not reached.

BLOOD, 16 NOVEMBER 2017 x VOLUME 130, NUMBER 20 DIFFUSE LARGE B-CELL LYMPHOMA IN THE ELDERLY 2183

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/130/20/2180/1403319/blood736975.pdf by guest on 06 M

ay 2024



predicted rates of OS, ORR, and treatment-related toxicities. In-
terestingly, the only randomized trial identified in our study suggests
that fit elderly patients may achieve similar outcomes with mini-R-
CEOP using epirubicin, another anthracycline that is two-thirds as
potent as doxorubicin; therefore, reduced doses of anthracyclines may
be considered in fit patients without affecting outcomes.35 Whether
CGA can help guide treatment decisionmaking, thus improving survival
and reducing treatment-related toxicity, needs prospective validation. In
addition, somestudieshave suggested that steroidpretreatmentof patients
with a performance status of 3 or 4may render themsuitable for treatment
with standardR-CHOP.47 Primary granulocyte colony-stimulating factor
prophylaxis in patients older than age 65 years with poor performance
status and nutritional status or significant comorbidity reduces the risk
of febrile neutropenia and related morbidity associated with R-CHOP
treatment and is recommended for elderly patients receiving initial
chemoimmunotherapy.48

In summary, our systematic reviewconfirms the lackof prospective,
randomized studies to define the optimal first-line therapy for elderly
DLBCL patients. We acknowledge the intrinsic limitations and
selection bias of retrospective and database-derived studies, but our
analysis highlights the significant association of an anthracycline-
containing regimen in elderly patients who are fit enough to tolerate
this treatment with improved survival. Our analysis also demonstrated
that CGA can stratify treatment outcomes and should be considered as
a useful tool to guide treatment decision making between standard
R-CHOP treatment and alternative regimens. We recommend that the
initial treatment decision for elderly patients with DLBCL should be
based on assessment of fitness or frailty and comorbidities rather than
age alone, ideally in the setting of a prospective clinical trial that uses
CGA.We recommend that patients considered fit for intense treatment
should be treated with standard-dose R-CHOP because it produces the
best survival outcomes, and R-CHOP with or without dosage and/or
individual drug adjustments should be considered for those unfit by
CGA. Finally, for frail patients or patients with significant cardiac
comorbidities, an alternative regimen that substitutes anthracyclines
should be used, alongwith expertmanagement of the patient’s geriatric
comorbidities.
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