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Purpose
The dose intensity of doxorubicin (DID) is important to the survival of diffuse large B cell
lymphoma (DLBCL) patients. However, due to expected toxicities, most elderly patients can-
not receive full doses of anthracyclines. The purpose of this study was to evaluate the effect
of DID on the survival of elderly DLBCL patients (age ! 70 years) in the rituximab era.

Materials and Methods
We analyzed 433 DLBCL patients who were treated with R-CHOP between December 2003
and October 2011 at the Seoul National University Hospital. Of these patients, 19.2% were
aged ! 70 years. We analyzed the survival outcomes according to DID.

Results
Significantly poorer overall survival (OS) was observed for patients aged ! 70 years (2-year
OS rate: 59.9% vs. 84.2%; p < 0.001). DID " 10 mg/m2/wk had a significant effect on the
OS and progression-free survival (PFS) in elderly patients (2-year OS rate: 40.0% in DID 
" 10 mg/m2/wk vs. 62.6% in DID > 10 mg/m2/wk; p=0.031; 2-year PFS: 35.0% vs. 65.7%;
p=0.036). The OS on each 1.7 mg/m2/wk doxorubicin increment above 10 mg/m2/wk in
elderly patients was not significant among the groups (2-year OS rate: 75.0% in DID 10.0-
11.7 mg/m2/wk vs. 66.7% in DID 15.0-16.7 mg/m2/wk; p=0.859). Treatment related mor-
tality was not related to DID.

Conclusion
DID can be reduced up to 10 mg/m2/wk in elderly DLBCL patients in the rituximab era.
Maintenance of DID > 10 mg/m2/wk and judicious selection of elderly patients who are 
tolerant to DID is necessary.
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Introduction

The incidence of diffuse large B cell lymphoma (DLBCL)
increases with age, with approximately 40% of patients aged
over 70 years [1]. Further increased incidence of DLBCL is
projected since life expectancy has grown worldwide. Com-
bination chemotherapy has improved the prognosis of
DLBCL; before the rituximab era the standard treatment 
included cyclophosphamide, doxorubicin, vincristine, and

prednisolone (CHOP) [2]. While CHOP has improved the
treatment outcome, many studies have shown that elderly
patients with DLBCL had a low survival rate because of poor
performance status, comorbidity or reduced dose of doxoru-
bicin [3,4]. Whether DLBCL in elderly patients is associated
with a specific genetic abnormality or histologic characteris-
tic is not yet clear [5]. Elderly patients have a decreased abil-
ity to tolerate treatment and are more vulnerable to the toxic
effects of chemotherapy such as doxorubicin than younger
DLBCL patients. Dose reduction of doxorubicin may lead to

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  

Correspondence: Bhumsuk Keam, MD, PhD
Department of Internal Medicine, 
Seoul National University Hospital, 
101 Daehak-ro, Jongno-gu, Seoul 03080, Korea
Tel: 82-2-2072-7215
Fax: 82-2-2072-7379
E-mail: bhumsuk@snu.ac.kr

Received  December 2, 2014
Accepted  March 11, 2015
Published Online  April 9, 2015

Hyerim Ha, MD1

Bhumsuk Keam, MD, PhD1,2

Tae Min Kim, MD, PhD1,2

Yoon Kyung Jeon, MD, PhD3

Se-Hoon Lee, MD, PhD1,2

Dong-Wan Kim, MD, PhD1,2

Chul Woo Kim, MD, PhD3

Dae Seog Heo, MD, PhD1,2

1Department of Internal Medicine, 
Seoul National University Hospital, Seoul, 
2Cancer Research Institute, 
Seoul National University 
College of Medicine, Seoul, 
3Department of Pathology, 
Seoul National University Hospital, 
Seoul, Korea

http://crossmark.crossref.org/dialog/?doi=10.4143/crt.2014.339&domain=pdf&date_stamp=2016-01-11


Hyerim Ha, Dose Intensities of Doxorubicin in Elderly DLBCL Patients

VOLUME 48  NUMBER 1  JANUARY  2016 305

different survival rates between young and old patients [6,7].
Rituximab, a chimeric monoclonal antibody against the

CD20 protein has demonstrable efficacy in DLBCL patients
[8,9]. Rituximab combination therapy has dramatically 
increased treatment outcomes. Several studies have indi-
cated that the addition of rituximab to CHOP (R-CHOP) 
increased cure rates by 10%-15% in elderly patients, hence
R-CHOP has become the new standard treatment [8,10].
Dose intensity of doxorubicin (DID) was important before
the rituximab era [6,11]; however, few studies on proper DID
are found in the literature. 

To the best of our knowledge, few studies analyzing the
effect of doxorubicin dose on treatment outcomes in elderly
DLBCL patients in the rituximab era have been reported. The
purpose of this study was to analyze the treatment outcomes
of elderly patients who were treated with R-CHOP according
to the DID.

Materials and Methods

1. Patients and treatment

We conducted a single center retrospective analysis of
DLBCL patients treated with R-CHOP at the Seoul National
University Hospital between December 2003 and October
2011. Inclusion criteria were (1) pathologically confirmed
DLBCL patients according to World Health Organization cri-
teria by specialized hematopathologists (Y.K.J. and C.W.K.)
[12]; (2) patients who received first-line therapy with R-
CHOP. Full dose R-CHOP consisted of 375 mg/m2 ritux-
imab, 750 mg/m2 cyclophosphamide, 50 mg/m2 doxorubicin
and 1.4 mg/m2 vincristine on day 1, and 100 mg oral pred-
nisolone on days 1-5 of each cycle. The combination treat-
ment was repeated at 3-week intervals. Patients who

Table 1. Characteristics of DLBCL patients treated with R-CHOP

Characteristic No. of patients (%) Age < 70 yr Age ! 70 yr p-value
Age
No. (%) 433 ( 350 (80.8) 83 (19.2)
Median (range) 58 (16-91) 54 (16-69) 74 (70-90)

B Symptoms
No 327 (75.5) 265 (75.7) 62 (74.7) 0.847
Yes 106 (24.5) 85 (24.4) 21 (25.3)

Ann Arbor stage
I/II 233 (53.8) 192 (54.9) 41 (49.4) 0.370
III/IV 200 (46.2) 158 (45.1) 42 (50.6)

Performance status
ECOG 0-1 357 (82.4) 303 (86.6) 54 (65.1) < 0.001
ECOG 2 or more 76 (17.6) 47 (13.4) 29 (34.9)

LDH level
Normal 179 (41.3) 148 (42.5) 31 (37.3) 0.390
Elevated 252 (58.2) 200 (57.5) 52 (62.7)

No. of extranodal sites
0-1 222 (51.3) 181 (51.7) 41 (49.4) 0.704
2 or more 211 (48.7) 169 (48.3) 42 (50.6)

IPI score
0-1 208 (48.0) 184 (52.6) 24 (28.9) < 0.001
2 105 (24.2) 83 (23.7) 22 (26.5)
3 71 (16.4) 53 (15.1) 18 (21.7)
4-5 49 (11.3) 30 (8.6) 19 (22.9)

Bone marrow involvement
Absence 355 (82.0) 295 (86.0) 60 (76.9) 0.046
Presence 66 (15.2) 48 (14.0) 18 (23.1)

Bulky disease
No 340 (78.5) 274 (78.3) 66 (79.5) 0.806
Yes 93 (21.5) 76 (21.8) 17 (20.5)

DLBCL, diffuse large B cell lymphoma; R-CHOP, rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone;
ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; IPI, International Prognostic Index.
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received radiotherapy, surgery, and chemotherapy other
than R-CHOP were excluded. We analyzed 433 DLBCL 
patients who initially received R-CHOP. Patients aged ! 70
years were regarded as elderly. Response was assessed on
the basis of the modified International Workshop criteria
[13].

2. Measurement of dose intensity

The dose intensity of the agent was calculated by dividing
the total received dose by the number of weeks of treatment
[7,14]. The patients were stratified according to age and DID.
The standard DID was 16.7 mg/m2/wk. All study patients

received over 6.7 mg/m2/wk of doxorubicin (40% dose 
reduction from standard dose).

3. Statistical analysis

The chi-square test was used to compare the percentage
between two groups by age or DID. Survival analysis was
performed using the Kaplan-Meier method and tested using
the log-rank test. Overall survival (OS) was defined as the
time from diagnosis until death or the last follow-up. Pro-
gression-free survival (PFS) was defined as the time from
first day of treatment until disease progression. We used
multivariate Cox regression analysis to evaluate prognostic
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Fig. 1. Age-specific 2-year overall survival rate.

Table 2. Number and survival outcomes of patients from each subgroup according to DID in elderly DLBCL patients (age
! 70 years)

No. of patients in each 2-Year PFS/OS rate (%) 
DID (mg/m2/wk) subgroup (%) according to DID subgroup in aged ! 70 yr

Age < 70 yr Age ! 70 yr 2-Year PFS rate 2-Year OS rate 
(a) 6.7 < DID " 8.3  5 (1.4) 5 (6.0) 30.0 20.0
(b) 8.3 < DID " 10.0 3 (0.9) 5 (6.0) 40.0 60.0
(c) 10.0 < DID " 11.7 6 (1.7) 8 (9.6) 85.7 75.0
(d) 11.7 < DID " 13.4 33 (9.5) 35 (42.2) 61.1 50.4
(e) 13.4 < DID " 15.0 36 (10.3) 9 (10.8) 66.7 88.9
(f) 15.0 < DID " 16.7 266 (76.2) 21 (25.3) 63.8 66.7

p-value for 2-year PFS rate: (a+b) vs. (c+d+e+f)=0.036; (a) vs. (b)=0.271; (c) vs. (d)=0.362; (c) vs. (e)=0.462; (c) vs. (f)=0.392; (d)
vs. (e)=0.782; (d) vs. (f)=0.913; (e) vs. (f)=0.815. p-value for 2-year OS rate: (a+b) vs. (c+d+e+f)=0.031; (a) vs. (b)=0.174; (c) vs.
(d)=0.216; (c) vs. (e)=0.577; (c) vs. (f)=0.859; (d) vs. (e)=0.065; (d) vs. (f)=0.103; (e) vs. (f)=0.637. DID, dose intensity of doxoru-
bicin; DLBCL, diffuse large B cell lymphoma; PFS, progression-free survival; OS, overall survival.
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factors affecting survival. p-value of " 0.05 was considered
as difference. The study protocol was approved by the Insti-
tutional Review Board (IRB) of the Seoul National University
Hospital (IRB No. H1-406-001-583). The study was con-
ducted in accordance with the Declaration of Helsinki.

Results

1. Patient characteristics

Of the 433 patients, 83 (19.2%) were aged ! 70 years and
350 (80.8%) were younger than 70 years. The clinical features
are shown in Table 1. There were no significant differences

Table 3. Treatment outcomes according to the dose intensity

Dose intensity of doxorubicin (mg/m2/wk)
Clinical outcome Age < 70 yr Age ! 70 yr

" 10 > 10 p-value " 10 > 10 p-value
Attainment of CR
No 4 (44.4) 59 (17.3) 0.059 4 (40.0) 26 (35.6) 1.000
Yes 5 (55.6) 282 (82.7) 6 (60.0) 47 (64.4)

Disease progression
No 3 (33.3) 268 (78.6) 0.005 4 (40.0) 48 (65.8) 0.164
Yes 6 (66.7) 73 (21.4) 6 (60.0) 25 (34.2)

Death
No 4 (44.4) 272 (79.8) 0.023 2 (20.0) 35 (47.9) 0.173
Yes 5 (55.6) 69 (20.2) 8 (80.0) 38 (52.1)

2-Year PFS rate (%) 55.6 ( 82.0 ( < 0.001 35.0 ( 65.7 ( 0.036
HR for PFS (95% CI) 4.043 (1.756-9.305) 0.001                                  2.520 (1.021-6.224) 0.045
2-Year OS rate (%) 66.7 ( 84.7 ( 0.004 40.0 ( 62.6 ( 0.031
HR for OS (95% CI)                              3.459 (1.394-8.579) 0.007                                  2.242 (1.036- 4.854) 0.040

Values are presented as number (%) unless otherwise indicated. CR, complete remission; PFS, progression-free survival; HR,
hazard ratio; CI, confidence interval; OS, overall survival.

Pr
og

re
ss

io
n-

fre
e 

su
rv

iva
l

1.0

0.8

0.6

0.4

0.2

0
0 24 48 72 96 120

Time (mo)

Log-rank p < 0.001

A

Age < 70 yr

Age ≥ 70 yr & DID ≥ 10 mg/m2/wk

Age ≥ 70 yr & DID < 10 mg/m2/wk

Age < 70 yr

Age ≥ 70 yr & DID ≥ 10 mg/m2/wk

Age ≥ 70 yr & DID < 10 mg/m2/wk

Ov
er

al
l s

ur
viv

al

1.0

0.8

0.6

0.4

0.2

0
0 24 48 72 96 120

Time (mo)

Log-rank p < 0.001

B

Fig. 2. Kaplan-Meier plots of progression-free survival (A) and overall survival (B) of young patients, elderly patients with
dose intensity of doxorubicin (DID) " 10 mg/m2/wk, and elderly patients with DID > 10 mg/m2/wk.



Cancer Res Treat. 2016;48(1):304-311

308 CANCER  RESEARCH  AND  TREATMENT

between the two groups, except for performance status (East-
ern Cooperative Oncology Group [ECOG] 0-1 vs. ECOG 2 or
more), International Prognostic Index (IPI), and bone mar-
row involvement. 

2. OS by age group

OS of the patients with DLBCL who received R-CHOP was
analyzed according to age group. Age-specific 2-year OS rate
was decreased with age in patients aged ! 70 years, below
70% (Fig. 1).

3. Treatment outcomes by DID

Approximately 53% of elderly patients received doxoru-
bicin at 11.7 mg/m2/wk < DID " 15.0 mg/m2/wk (Table 2).
Twenty-four patients (aged ! 70) used prophylactic granu-
locyte-colony stimulating factors, 87.5% of them received
DID ! 10 mg/m2/wk. We analyzed treatment outcomes 
according to DID in the two age groups as shown in Table 3
and Fig. 2. DID did not have an effect on complete remission
(CR) rate, disease progression and death rate in patients aged
! 70 years, however significant differences were observed in
the younger than 70 year age group. Two-year PFS and OS
showed significant difference according to doxorubicin dose
intensity (DID " 10 mg/m2/wk and DID > 10 mg/m2/wk)
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in the young and elderly patients groups. The difference of
survival was more significant in younger patients (Figs. 3
and 4). Survival outcomes in elderly DLBCL patients 
remained with no significant difference when DID was over
10 mg/m2/wk.

4. Prognostic factors and cause of death in elderly

We utilized univariate and multivariate analyses to deter-
mine the effect of prognostic factors (B symptom, Ann Arbor
stage, performance status, lactate dehydrogenase [LDH]
level, number of extranodal sites, IPI score, bone marrow 
involvement, bulky tumor, and DID) on treatment outcome.
Performance status, B symptom, IPI score, LDH level, and
Ann Arbor stage, DID were identified as significant prognos-
tic factors in univariate analysis. Performance status was the
only prognostic factor associated with poor survival rate in
multivariate analysis (Table 4). 

Causes of death in elderly patients are shown in Table 5.
Disease progression and treatment related mortality such as

sepsis and bleeding were the major causes of death in elderly
DLBCL patients, regardless of DID.

Discussion

Significantly shorter survival was observed for DID " 10
mg/m2/wk than for DID > 10 mg/m2/wk in elderly patients
with DLBCL. When more than 10 mg/m2/wk of doxorubicin
was administered, no significant differences were observed
in treatment outcomes according to DID (2-year OS rate,
75.0%; 10.0 mg/m2/wk < DID " 11.7 mg/m2/wk [60%-70%
of standard DID], 66.7%; 15.0 mg/m2/wk < DID " 16.7
mg/m2/wk [90%-100% of standard DID]; p=0.815). Each
subgroup divided by 1.7 mg/m2/wk of DID showed 
insignificant difference in PFS and OS. CR rate and disease
progression rate were similar regardless of DID; however,
survival outcomes improved with more than 10 mg/m2/wk
of doxorubicin in patients aged ! 70 years. Patients younger
than 70 showed significant difference in CR rate, disease pro-
gression rate, and treatment outcomes by DID.

DID was not associated with treatment related mortality.
The reason for this finding was assumed to be the small num-
ber of expired patients (n=46). The cause of death was 
unknown in 21.3%. Performance status was an independent
prognostic factor in multivariative analysis, and the elderly
patients had a poorer performance status than young 
patients, which was in agreement with past studies [15,16].

A previous study which analyzed treatment outcomes 
according to DID before the rituximab era reported that 
patients with DID ! 10 mg/m2/wk had better treatment out-
comes than DID < 10 mg/m2/wk in elderly patients with

Table 4. Cox regression analysis for overall survival in elderly patients

Variable
Multivariate Univariate

HR 95% CI p-value HR 95% CI p-value
B Symptom (yes vs. no) 0.709 0.311-1.615 0.413 0.403 0.218-0.746 0.004
Ann Arbor stage (I/II vs. III/IV) 0.601 0.204-1.765 0.354 1.423 1.008-1.861 0.010
Performance status (ECOG 0-1 vs. ! 2) 0.454 0.223-0.922 0.029 2.867 1.586-5.182 < 0.001
LDH level (normal vs. elevated) 0.616 0.254-1.492 0.283 2.390 1.212-4.711 0.012
No. of extranodal sites (0-1 vs. ! 2) 0.864 0.426-1.730 0.684 1.825 1.007-3.308 0.047
IPI score (0-2 vs. 3-5) 0.596 0.156-2.227 0.449 3.137 1.715-5.738 < 0.001
Bone marrow involvement (yes vs. no) 1.922 0.848-4.353 0.117 1.236 0.632-2.418 0.536
Bulky tumor (yes vs. no) 1.970 0.763-5.089 0.161 0.782 0.363-1.684 0.529
DID (< 10 mg/m2/wk vs. ! 10 mg/m2/wk) 1.597 0.607-4.202 0.343 0.446 0.206-0.965 0.040

HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; IPI, 
International Prognostic Index; DID, dose intensity of doxorubicin.

Table 5. Cause of death in elderly DLBCL patients (age !
70 years)

Values are presented as number (%). DLBCL, diffuse large
B cell lymphoma; DID, dose intensity of doxorubicin.

Cause DID " 10 DID > 10
mg/m2/wk mg/m2/wk

Treatment related mortality 4 (50.0) 11 (28.9)
Disease progression 3 (37.5) 14 (36.8)
Unknown 1 (12.5) 9 (23.7)
Secondary malignancy 0 (12.5) 4 (10.5)
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DLBCL [7]. A recent study showed that low-dose CHOP
(mini-CHOP) plus rituximab was effective and safe in
DLBCL patients aged ! 80 years [17]. Our study showed that
DID can be reduced; however, maintenance of DID ! 10
mg/m2/wk was necessary in elderly DLBCL patients in the
rituximab era. 

Doxorubicin is essential to CHOP or R-CHOP. However,
elderly patients could not receive full dose doxorubicin due
to myocardial toxicity. A recent study showed that elderly
DLBCL with CHOP or R-CHOP had an increased risk of car-
diovascular disease, such as congestive heart failure, car-
diomyopathy and acute myocardial infarction [18]. Several
studies were conducted with additional alternate anti-cancer
drugs such as bleomycin, and pixantrone, to reduce the 
myocardial damage of doxorubicin-based chemotherapy in
elderly patients. However, they were less effective or no
more beneficial than CHOP [19-22]. It is thus important to
determine the tolerable dose of doxorubicin that achieves
comparable treatment outcomes. 

Our study had some limitations. First, it was a retrospec-
tive, single center study on a small patient population. 
Additional studies are required to differentiate between eld-
erly and young patients. Second, there is no consensus on the
definition of ‘elderly’ among DLBCL patients. According to
the IPI, age ! 60 years was a poor prognostic factor [23]. Sev-
eral studies evaluating the effect of age on prognosis showed
that > 70 years was a significant adverse factor [24]. We ana-
lyzed treatment outcomes according to the 70 year definition.
As life expectancy increases, a consensus on the definition of
‘elderly’ is necessary and follow-up study is needed. How-

ever the strength of our study lay in the comparison of treat-
ment outcomes according to DID in several subgroups.

Conclusion

DID was required at a minimum of 10 mg/m2 per week in
elderly patients with DLBCL in the rituximab era. Despite
improved survival outcomes by the introduction of ritux-
imab, maintenance of DID was still important to the treat-
ment of elderly DLBCL patients.
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