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Introduction
With over 65,000 new cases of non-Hodgkin lym-
phoma (NHL) diagnosed annually in the USA, 
and an aging population, an increase in elderly 
NHL patients seeking medical care is anticipated 
[Jemal et al. 2010]. Diffuse large B-cell lymphoma 
(DLBCL) is the most common NHL subtype in 
adults, and primarily affects elderly patients [The 
Non-Hodgkin’s Lymphoma Classification Project, 
1997]. Modern data show a median age of DLBCL 
diagnosis of 70 years, and note that a quarter of all 
diagnoses occur in patients over 75 years, a rapidly 
growing age group [Smith et al. 2011]. Prior defi-
nitions of ‘elderly’ in DLBCL (particularly in refer-
ence to adults over 60 years of age) render historical 
clinical trial results irrelevant to modern, aging 
populations. In light of the paucity of data on the 
natural history, therapy, and outcomes in elderly 
DLBCL patients in the modern era, we conducted 
a study of ‘very elderly’ DLBCL patients, defined 
as those 75 years and older. In particular, the safety 

and efficacy of R-CHOP, the rate of Epstein-Barr 
virus (EBV) positivity and translocations involving 
Myc, and the utility of standard prognostic factors 
in this age group require further study. We chose to 
analyze overall survival (OS) and cause-specific 
survival (CSS) as primary endpoints to focus on 
lymphoma- and treatment-related deaths. To do 
so, we identified very elderly DLBCL patients 
diagnosed and treated at our institution in the 
chemoimmunotherapy era (2002–2012), and 
assessed baseline features, prognostic factors, and 
outcomes.

Material and methods
The Oregon Health and Science University 
(OHSU) Tumor Registry was queried for all 
DLBCL cases treated since 2002. Those 75 years 
and older were selected for in-depth study under 
Institutional Review Board approval. Primary  
central nervous system lymphoma, unconfirmed 
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diagnoses, and inadequate follow up for treatment 
or survival (no survival or disease status data avail-
able at least 3 months from end of therapy) were 
excluded from the in-depth analysis. Baseline clini-
cal and pathologic features, i.e. immunohistochem-
ical, EBV (EBV-encoded RNA [EBER]) staining, 
and translocations involving Myc and B cell lym-
phoma 2 (BCL2), were recorded. Outcomes 
including relapse/progression, treatment failure, 
and death (with cause of death) were analyzed 
using Kaplan–Meier modeling. OS and CSS were 
analyzed from the date of diagnosis and were the 
primary focus of this analysis. CSS censored deaths 
unrelated to lymphoma or direct complications 
(occurring during or within 3 months) of first-line 
therapy. Cause of death was ascertained from med-
ical charts contained in the OHSU system. Stage, 
lactate dehydrogenase (LDH), performance status, 
disease bulk less than 10 cm, renal failure at diag-
nosis, initial treatment (R-CHOP versus nonanthra-
cycline), and International Prognostic Index (IPI) 
risk factors were assessed for impact on CSS and 
OS using univariate analysis and log-rank testing 
with JMP statistical software (SAS Institute, Cary, 
NC, USA). The revised IPI (R-IPI) was calculated 
and categorized by Sehn and colleagues, with poor-
risk patients having a score of 3 or higher [Sehn 
et al. 2007].

Results
Of 114 patients initially identified, 73 patients fitted 
the above criteria for detailed analysis. Median age 
was 82 years. Patient characteristics are described 
in Table 1. With a median follow up of 31 months, 
3-year CSS was 58% and OS 51% (Figure 1). A 
low proportion of biopsies tested were positive for 
EBV (3/23, by hybridization in situ for EBER). 

Most patients had early stage disease, with a high 
predilection for sinus/ear, nose and throat/orbit 
involvement. IPI factors were infrequently available 
on review, but when it could be calculated (n = 40), 
the R-IPI scores were 1–2 (good risk) in 21 patients, 
and 3–5 (poor risk) in 19 patients.

R-CHOP, or R-EPOCH in one case, was given to 
59% (43/73) of patients. During anthracycline 
chemotherapy, 4 patients died and 14 required a 
change to a different regimen due to toxicity. Three 
of these patients developed symptomatic cardio-
myopathy during anthracycline therapy (3/43, 
7%). Other systemic therapy was administered to 
13 patients, and included R-CVP, R-CEOP, 
R-COPP, and single agent R with or without radio-
therapy, and was selected at the discretion of the 
clinician. Remaining patients (n = 17) received 
only surgical resection, radiotherapy, or no received 
active lymphoma therapy, including six who were 
referred directly to hospice after diagnosis.

Table 1. Patient characteristics (n = 73).

Median age (range) 82 (75–97)
% Female 48% (35/73)
Germinal center B-cell subtype 70% (34/50)
Median Ki67 (range) 80% (< 5–100%)
B-cell lymphoma 6 positive 78% (43/55)
Myc + B-cell lymphoma 2 rearrangement 14% (3/21)
Epstein-Barr virus-encoded RNA positive 14% (3/21)
Stage I–II: 59%

III–IV: 41%
Extranodal involvement; sinus/orbit/ear, nose and throat site 58% (42/73)

26% (20/73)
Elevated lactate dehydrogenase 43% (17/40)
Revised International Prognostic Index Good: 21/40 (52%)

Poor: 19/40 (48%)

Figure 1. Cause-specific survival and OS among all 
patients. OS, overall survival.
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At follow up of 31 months, 39 deaths had occurred, 
28 due to disease progression or relapse, or as a 
direct complication of therapy. Among six patients 
referred for palliative measures, the median survival 
was 4 months (range 0–13 months), and all deaths 
were due to lymphoma. R-IPI predicted CSS (p = 
.004) and OS (p = .01). The presence of more than 
one extranodal disease site also predicted poor CSS 
(p = .003). Ki67 index (> 80% versus less), cell of 
origin, and BCL6+ did not show prognostic impact. 
Similarly, stage, performance status, and LDH 
were not prognostic. Early stage (I–II) patients 
showed a trend toward improved CSS (65% CSS 
at 3 years versus 50% for advanced stage; p = .09). 
Finally, no difference was observed in outcomes 
between groups receiving anthracycline versus other 
systemic therapy; 68% versus 54% CSS at 3 years (p 
= not significant) (Figure 2).

Discussion
In this series of DLBCL patients with a median age 
of 82 years, we observed a 3-year CSS of 58% and 
OS 51% (Figure 1), but poor outcomes in those 
receiving palliative treatment alone. Frequent alter-
ation from R-CHOP to nonanthracycline therapy 
(14/43) was observed, and four deaths occurred in 
the anthracycline group. The observed CSS of 58% 
at 3 years is nonetheless encouraging, given the 
advanced median age of this group. Given that life 
expectancy of an adult at age 82 years (the median 
age in this study) remains at 7.8 years [Centers for 
Disease Control, 2012], our data suggest that ther-
apy with the goal of long-term survival is reasona-
ble for very elderly DLBCL patients.

Pathologic features in this series included a low 
rate of EBV positivity (3/14) and ‘double-hit’ 

lesions (Myc and BCL2 rearrangements) (3/14). 
EBV-positive DLBCL has been linked with 
immunosenescence and advancing age primar-
ily in DLBCL series from Asia [Park et  al. 
2007], but our data concur with those of Gibson 
and Hsi, which found EBV positivity by EBER 
uncommon among elderly DLBCL in the USA 
[Gibson and Hsi, 2009]. In addition, we 
observed only three cases of coincident Myc 
and BCL2 translocations. The interplay 
between age and infectious, environmental, and 
genetic determinants of lymphoma risk clearly 
requires further study.

Anthracyclines (and CHOP in particular) were 
proven to be a necessary component of elderly 
DLBCL therapy by randomized studies in the 
pre-rituximab era, but carry increased toxicity 
[Armitage and Potter, 1984; Sonneveld et al. 1995; 
Bastion et al. 1997]. In this study, anthracycline-
containing therapy was associated with three cases 
of acute cardiomyopathy (occurring during treat-
ment), and though numbers were small, was not 
associated with improved CSS or OS. Since it is 
likely that those not receiving anthracyclines con-
stituted a more adverse group at baseline, the find-
ing of similar outcomes to those receiving 
R-CHOP is somewhat surprising. However, group 
sizes were small and additional imbalances likely; 
further subgroup analysis was not performed. 
Another retrospective study of 476 DLBCL 
patients over 80 years found that R-CHOP also 
showed no OS benefit compared with nonanthra-
cycline chemotherapy [Carson et  al. 2012]. An 
epirubicin-containing regimen, with lower anthra-
cycline dose intensity but inclusion of rituximab, 
produced similar response rates, event-free sur-
vival, and OS in a randomized study of DLBCL 
patients aged 65 years or older [Merli et al. 2012].

Similarly, investigators have recently tested 
reduced R-CHOP doses in elderly DLBCL 
patients, selecting the dose of chemoimmunother-
apy based on age, geriatric assessment, and comor-
bidities [Spina et al. 2012]. In this study of 100 
DLBCL patients aged 70 years or older, a com-
plete remission rate of 81% was achieved, together 
with 5-year disease-free, OS, and CSS rates of 
80%, 60%, and 74%. Only 4 out of 100 patients 
experienced treatment-related mortality. Another 
recent study of dose-reduced ‘mini-R-CHOP’ 
employed initial reductions of doxorubicin (25 
mg/m2), cyclophosphamide (400 mg/m2), and 
vincristine (1 mg), and standard rituximab (375 
mg/m2), in treating 150 DLBCL patients over the 

Figure 2. OS among patients receiving systemic 
therapy, based on inclusion of anthracyclines. OS, 
overall survival.
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age of 80 years [Peyrade et al. 2011]. The observed 
2-year progression-free survival was 47%, and 12 
toxic deaths were observed. Finally, in a study of 
109 patients aged 70 years or older from Japan, 
the R-CHOP dose was reduced according to age 
(70% initial dose for patients in their 70s, 50% for 
those 80 years or older); this approach permitted 
2-year OS rates of more than 60% with only five 
deaths related to therapy toxicity [Aoki et  al. 
2013]. These studies provide useful insight into 
further trial design, incorporating age as well as 
geriatric assessment and comorbidity, and consti-
tute an increasing body of data suggesting that 
anthracycline dose may be attenuated in the 
chemoimmunotherapy era. While nonanthracy-
cline strategies have been studied in a limited 
fashion (including bendamustine and rituximab 
[Weidmann et al. 2011], gemcitabine-oxaliplatin-
rituximab [Fan et  al. 2012]), it is not known 
whether these therapies afford durable responses 
or long-term cures in most patients.

Nonetheless, practice at our institution remains 
variable (mini-R-CHOP and nonanthracycline 
regimens are both employed, but geriatric assess-
ment uncommonly performed). Randomized tri-
als are needed to determine a new standard of 
care, and we suggest several considerations for 
their design. First, it is clear that lymphoma-
related deaths remain a pressing problem in the 
first year after diagnosis even with anthracycline-
containing chemoimmunotherapy, suggesting 
emphasis should remain on improving efficacy by 
incorporating new drugs. Second, biologic fac-
tors such as Ki67 or cell of origin were not useful 
in predicting outcomes or stratification of 
patients. Extranodal involvement and R-IPI, on 
the other hand, were prognostic and may be use-
ful in risk-stratifying patients, potentially in con-
junction with geriatric functional and comorbidity 
scores.

Limitations to our data include the heterogene-
ous therapy received, a relatively short follow-up 
period (median 31 months), and the possibility of 
bias in attribution of cause of death. Our series 
contained a large proportion of early stage 
patients, possibly related to referral patterns for 
institutional radiation oncology services or other 
reasons. A small number of patients receiving 
nonanthracycline therapy limited our ability to 
detect a potential difference in outcomes. Finally, 
R-CHOP dose intensity, growth factor support-
use patterns, or standard response assessments 
were unavailable.

Conclusion
In conclusion, while a preponderance of historical 
data supports CHOP at maximal doses in elderly 
DLBCL patients, a reassessment of dose intensity 
and the role of anthracyclines in the chemoim-
munotherapy era are needed. Poor-risk, very 
elderly patients by the R-IPI define a priority 
group for further study. The use of geriatric scor-
ing systems and comorbidities may prove useful 
in stratifying therapy in clinical trials of elderly 
DLBCL patients. While finding the balance 
between short-term efficacy and safety is a prior-
ity for this group, attention to morbidity and mor-
tality occurring in the years after therapy will also 
be required, given increasing human longevity.
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