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Pi-Han Liaoa , Ching-Yuan Kuoa, b, Ming-Chun Maa, Chin-Kai Liaoa, c,  
Sung-Nan Peia, c, Ming-Chung Wanga, d

Abstract

Background: A combination of rituximab, cyclophosphamide, dox-
orubicin, vincristine, and prednisone (R-CHOP) is considered the 
standard treatment for diffuse large B-cell lymphoma (DLBCL). How-
ever, no standard treatment has been established for older patients (age 
≥ 75 years). This study retrospectively analyzed different treatment 
strategies in older patients with DLBCL with different chemotherapy 
regimens and compared the survival rate of patients using oral or in-
travenous form cyclophosphamide and etoposide in a single center.

Methods: We reviewed the records of older patients with DLBCL, 
aged ≥ 75 years, from January 2010 to August 2019. The different treat-
ment combinations, clinical characteristics, response rates, and toxicity 
profiles were analyzed. The median overall survival (OS) and progres-
sion-free survival (PFS) were estimated using the Kaplan-Meier (KM) 
method. Cox regression model was used to identify the risk factors.

Results: Eighty-four patients were included. One-quarter of the pa-
tients received cytoreduction treatment because of their poor medical 
condition at the time of diagnosis. Twenty-six percent of the patients 
were aged ≥ 85 at the time of diagnosis and 46.7% completed the 
treatment course. Patients receiving non-anthracycline-containing 
(non-ACR) treatment had worse Charlson comorbidity index, worse 
PFS, lower body mass index, or were older. The mean anthracycline 
accumulative dose in the anthracycline-containing (ACR) group was 
134 mg/m2. The median OS was 17.2 months and median PFS was 
7.7 months. The PFS of R-CHOP is better than R-mini-CHOP and 

R-CVOP without statistical significance, but OS of R-CHOP is not 
better than the other regimens.

Conclusion: The toxicity, efficacy, and KM curve for OS and PFS in 
the non-ACR group were lower compared to ACR group, without sta-
tistical significance. R-CVOP had similar OS with R-mini-CHOP in 
our study. The result does not mean etoposide could totally substitute 
for anthracycline, but etoposide did have lower early progression rate 
(12.5%), and it may be an option for frail patients with comorbidity. 
Oral form cyclophosphamide and etoposide could be considered as a 
substitute for intravenous administration because of the similar effect 
and toxic profile.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common 
subtype of non-Hodgkin’s lymphoma and accounts for 50% of 
lymphoid malignancies in Taiwan [1]. If left untreated, the me-
dian survival of patients with DLBCL is less than 12 months 
[2, 3]. The median age at diagnosis is 67 years, and approxi-
mately one-third of the patients are diagnosed after the age of 
70 [4]. In an aging society, the population older than 75 years 
is expected to triple by 2030; therefore, older patients with 
DLBCL will quickly account for a substantial proportion of 
oncology patients [2, 4-6]. According to 2014 Medicare-SEER 
data, 33% of patients with DLBCL who are older than 80 do 
not receive treatment for a potentially curable malignancy and 
only account for < 10% of the population in clinical trials [3, 
5]. Although a combination of rituximab, cyclophosphamide, 
doxorubicin, vincristine, and prednisone (R-CHOP) is still the 
standard of care for the majority of DLBCL cases, there are no 
widely accepted guidelines for the care of older patients [7-9]. 
Attenuation of chemotherapy doses or substitution of alterna-
tive drugs for doxorubicin due to concerns about cardiotoxic-
ity occurs very often [10-12].

This study aimed to compare the overall survival (OS) and 
clinical characteristics of older patients with DLBCL under dif-
ferent treatment regimens and compared intravenous (IV) and 
oral formed chemotherapies. Furthermore, the remission rate, 
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toxicity profiles, and progression-free survival (PFS) among 
the different combo regimens were compared. Univariate and 
multivariate Cox regression models were used to investigate 
the relationships between several factors and survival.

Materials and Methods

Patients

The study included patients aged ≥ 75 years with histologically 
confirmed DLBCL from 2010 to 2019 in a single center. Pa-
tients with primary central nervous system DLBCL, primary cu-
taneous DLBCL, or histological transformation from any low-
grade lymphoma were excluded because of their distinct disease 
characteristics. Diagnosis and classification were performed ac-
cording to the 2016 World Health Organization classification of 
tumors of hematopoietic and lymphoid tissues [13].

Data collection

Clinical data, including demographic information, medical 
history, laboratory data, pathology reports, imaging studies, 
age, sex, Ann Arbor stage, Eastern Cooperative Oncology 
Group (ECOG), and body surface area (BSA) were collected 
by reviewing the medical records of all participants. Laborato-
ry data included complete blood cell counts and serum lactate 
dehydrogenase (LDH) levels. Bone or bone marrow involve-
ment was determined by pathological review of bone marrow 
biopsy or positron emission tomography-computed tomogra-
phy (PET-CT) imaging. The age-adjusted international prog-
nostic index (aa-IPI) was calculated for the analysis, and the 
Charlson comorbidity index (CCI) [14] was used to evaluate 
the impact of comorbidities on clinical outcomes.

DLBCL treatment

Patients received a combination of rituximab and conventional 
chemotherapy. The standard R-CHOP regimen included rituxi-
mab 375 mg/m2, cyclophosphamide 750 mg/m2, doxorubicin 
50 mg/m2, vincristine 1.4 mg/m2 (up to a maximal dose of 2 
mg), and prednisolone 40 mg/m2 for 5 days. If anthracycline 
was not prescribed, etoposide was used as the alternative. Oral 
cyclophosphamide or etoposide could be substituted depend-
ing on the clinician’s choice. Patients were treated every 3 - 4 
weeks for six to eight planned treatment courses. To compare 
the dose intensity between different groups, we utilized the 
percentile to the regular reference dose (cyclophosphamide 
750 mg/m2, doxorubicin 50 mg/m2, epirubicin 75 mg/m2, IV 
etoposide 100 mg/m2, oral etoposide 300 mg) of chemotherapy 
in each cycle and then divided it by the number of completed 
cycles to obtain the mean value. The different regimens, doses, 
and patient numbers were calculated. Prophylactic intrathe-
cal chemotherapy was performed if the spinal cord or adrenal 
glands were involved. Radiotherapy was performed if residual 
disease was observed after chemotherapy. Considering the ad-

vanced age of the patients, autologous peripheral blood stem 
cell transplantation was not performed. The therapeutic inter-
vention and choice of regimen for each patient was determined 
by their physicians and performed after giving full explana-
tion to the patients and their families. Prophylactic strategies 
for tumor lysis syndrome, such as steroids for cytoreduction, 
were used in patients with a high tumor burden. If febrile neu-
tropenia (FN) or neutropenia occurred, granulocyte colony-
stimulating factor (G-CSF) was immediately prescribed and 
prophylactically administered in subsequent courses.

Clinical outcome and toxicity evaluation

Treatment response was categorized as complete remission 
(CR), partial response (PR), stable disease (SD), or progres-
sive disease (PD) using the international workshop criteria. 
The overall response rate (ORR) was defined as the proportion 
of patients whose best response was either CR or PR. PFS was 
defined as the duration from the date of diagnosis to the date 
of tumor progression confirmed by imaging studies, clinical 
assessments, or death from any cause. OS was defined as the 
time from the date of diagnosis to the date of death from any 
cause. Adverse effects (AEs), such as FN, infection, polyneu-
ropathy (PN), and all grade AEs were recorded using the Com-
mon Terminology Criteria for Adverse Events 4.0 (CTCAE 
4.0). Hospitalization was defined as admission to the hospital 
within 30 days after the end of any chemotherapy cycle. Treat-
ment-related mortality (TRM) was defined as death within 14 
days from treatment-related grade 3-4 infection, or death from 
treatment-related cardiovascular events.

Statistical analysis

Comparisons of clinical characteristics, AEs, and response 
rates among different treatment strategies were analyzed using 
the Chi-square or Fisher’s exact test for categorical variables 
and one-way analysis of variance (ANOVA) or the Kruskal-
Wallis test for continuous variables. The median OS and PFS 
were estimated using the Kaplan-Meier (KM) method. Prog-
nostic factors associated with survival were evaluated using 
univariate and multivariate Cox regression models and select-
ed using the forward selection (conditional) method. Receiver 
operating characteristic (ROC) curve and Youden’s index were 
used to study the association between the response and cut-off 
values of laboratory data, such as BSA, LDH, and chemother-
apy dose percentile. The hazard ratios (HRs) and 95% confi-
dence intervals (CIs) were calculated. A two-sided P value of 
< 0.05 was considered statistically significant. All statistical 
analyses were performed using the SPSS software (version 
26.0; SPSS Inc., Chicago, IL, USA).

Ethical approval

This study was conducted following the principles of the Dec-
laration of Helsinki. The institutional review board of Chang 
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Gung Memorial Hospital reviewed and approved the process of 
acquiring data from the participants (IRB No. 202000333B0).

Results

A total of 124 patients (≥ 75 years) were diagnosed with 
DLBCL, of whom 33 (26.6%) only received cytoreduction 
treatment with steroids or rituximab alone due to poor medi-
cal conditions at the time of diagnosis, and data for Ann Arbor 
stage and aa-IPI score were missing. Another seven patients 
received both rituximab and steroid for several cycles. All of 
them were excluded (n = 40).

Patients (n = 84) that received chemotherapy were clas-
sified into two regimen combo groups: ACR group and non-
ACR group. Patients in ACR group were treated with rituxi-
mab, cyclophosphamide, anthracycline (doxorubicin and 
epirubicin), vincristine, and prednisolone. Those in the non-
ACR group were treated with rituximab, cyclophosphamide 
in oral or intravenous form, vincristine (oncovin), and pred-
nisolone (R-COP) as the backbone, in addition to etoposide 
in its oral or IV form (R-CVOP) or not. Patient characteristics 
are presented in Table 1. There was a statistically significant 
difference in patient age, CCI, ECOG, and BSA, which might 
be reflected in the physician’s treatment strategies. There were 
no differences in sex, aa-IPI, Ann Arbor stage, germinal center 
B cell (GCB), or non-GCB type according to Han’s criteria, 
LDH, extra-nodal site involvement, and subsequent lines of 
treatment among groups. There was no significant difference 
between the comorbidities (diabetes, hypertension, history of 
arrhythmia, coronary artery disease, congestive heart failure, 
chronic kidney disease, and cerebrovascular events) among the 
groups.
Thirty-eight of the 84 patients (45.2%) completed the treat-
ment course (58.6% and 38.1% in the ACR and non-ACR 
group, respectively; P = 0.059) (Table 2). The ORR was 77.3% 
and CR rate was 35.7% (Table 3). The median OS and PFS 
were 14.6 months (95% CI, 7.0 - 30.0 months) and 7.7 months 
(95% CI, 5.3 - 10.2 months), respectively (Fig. 1). The mean 
follow-up time was 33.3 months. The cumulative anthracy-
cline dose in the ACR group was 134 mg/m2 (range, 12 - 279 
mg/m2). As shown in Table 4, the mean percentile of the refer-
ence chemotherapy dose of cyclophosphamide and vincristine 
in each cycle showed no significant difference. There was no 
significant difference in survival improvement between ACR 
group and non-ACR group (40.4 vs. 13.4 months; P = 0.132) 
but both ACR and non-ACR groups had better PFS than no-
chemotherapy group (n = 40) (1.24 months; P < 0.001). ACR 
group had higher CR rate than non-ACR group (44.8% vs. 
30.9%, P = 0.206). ACR group had more FN episodes (24.1%) 
than those in the non-ACR group (16.3%) (P = 0.388).
In sub-group analysis, cyclophosphamide and vincristine dos-
es in these groups were not significantly different from oth-
ers. Ten patients received reduced doses of both anthracycline 
and cyclophosphamide (≥ 50% reduction) (which is known to 
be called “R-mini-CHOP”). The sub-analysis showed eight 
patients receiving etoposide (R-CVOP) had lower BSA and 
higher CCI than ACR group. Six patients receiving R-CVOP 

aged > 80 years used etoposide and cyclophosphamide orally, 
and only two patients aged < 80 years used IV chemotherapy. 
However, the dose of cyclophosphamide was different (mean ± 
SE: 76±2% vs. 58±2%; P = 0.003) between R-COPIV (n = 26) 
and R-COPoral (n = 20). In the ROC analysis, the area under the 
curve (AUC) of cyclophosphamide for overall response (CR, 
PR) was only 0.419, indicating that the intensity of cyclophos-
phamide dose seemed to have less positive association with the 
overall response. No significant differences in characteristics 
were found between R-COPIV (n = 26) and R-COPoral (n = 
20) (ORR: 80% versus 60%, P = 0.314). Patients with extra-
nodal site involvement and women treated with R-COP had 
shorter PFS (P = 0.20; P = 0.018). Therefore, R-COP should be 
avoided when treating these patients.

Overall, the 3-year OS in R-CHOP, R-mini-CHOP, R-
CVOP, and R-COP respectively is 47.0%, 50%, 50%, and 
23%; 3-year PFS is 42%, 40%, 38%, and 15% (P = 0.453 and 
0.292; 3-year OS and 3-year PFS) (Fig. 1). The 3-year OS for 
R-COPIV and R-COPoral is 23% and 20%.

Using Cox regression method, we found age and sex were 
not prognostic factors for either OS or PFS. Women had shorter 
PFS although the differences were not statistically significant. 
A higher LDH level was correlated with a poor response rate 
(AUC = 0.733), PFS (P = 0.018), and OS (P = 0.015). The cut-
off level was 300 when we used the ROC curve for negative 
prediction of the overall response in our study. White blood 
cell (WBC) ≥ 10,000/µL was a prognostic factor for both OS 
and PFS, but only six patients had WBC levels above 10,000 
µL. Furthermore, we used the multiplication of both LDH and 
WBC counts (LDH × WBC × 10-6) for OS and PFS in the Cox 
regression analysis. LDH × WBC level was strongly correlated 
with treatment response and the multivariate Cox regression 
risk factors for OS and PFS. Kidney or adrenal gland involve-
ment is a powerful and independent factor for both OS and 
PFS prediction. Lung or pleural involvement also harms OS. 
Other involved sites, such as the bone or bone marrow, kid-
ney or adrenal gland, and spleen are also risk factors for dis-
ease progression (Fig. 2). In conclusion, stage, aa-IPI, LDH × 
WBC level and involved bone or bone marrow, lung or pleura, 
spleen, and kidney or adrenal glands strongly correlated with 
worse OS and PFS. Higher BSA had positive effect on PFS, 
which may indicate more intensive dose could be applied and 
reflect on the better response. Higher ECOG, CCI, and sal-
vaged GCSF use are also the independent factors for OS.

Discussion

R-CHOP is the standard treatment for DLBCL and reduced-
dose R-CHOP has been proposed in several studies [15-17]. 
However, in our study, more than a quarter of patients had 
no chance to receive chemotherapy and died soon (n = 33), 
with a median OS of 0.89 months. This indicated that these 
patients were not eligible to receive intensive chemotherapy 
due to poor comorbidity or aggressive behavior of DLBCL. 
Our study showed better survival benefit in patients receiv-
ing ACR regimen without statistical significance. However, 
majority of patients in our hospital received minor chemo-
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Table 1.  Demographic and Clinical Characteristics of Total Patients

Characteristics Total, N (%) ACR, N (%) Non-ACR, N (%) P value
Total 84 29 (34.5) 55 (65.6)
Age (years) 0.012
  < 85 65 (77.4) 27 (93.1) 38 (69.1)
  ≥ 85 19 (22.7) 2 (6.9) 17 (30.9)
CCI 0.005
  Low (< 8) 63 (75.0) 27 (93.1) 36 (65.5)
  High (≥ 8) 21 (25.0) 2 (6.9) 19 (34.5)
BSA (m2) 0.009
  < 1.5 27 (32.1) 4 (13.8) 23 (41.8)
  ≥ 1.5 57 (67.9) 25 (86.2) 32 (58.2)
ECOG 0.012
  0 - 2 65 (77.4) 27 (93.1) 38 (69.1)
  3 - 4 19 (22.6) 2 (6.9) 17 (30.9)
Gender 0.406
  Female 40 (47.6) 12 (41.4) 28 (50.9)
  Male 44 (52.3) 17 (58.6) 27 (49.1)
Ann Arbor stage 0.854
  Low 33 (39.3) 11 (37.9) 22 (40.0)
  High 51 (60.7) 18 (62.1) 33 (60.0)
aa-IPI 0.136
  0 - 1 37 (44.0) 16 (55.2) 21 (38.2)
  2 - 3 47 (56.0) 13 (44.8) 34 (61.8)
Han’s criteria 0.255
  GCB 16 (19.1) 6 (20.7) 10 (18.2)
  Non-GCB 41 (48.8) 16 (55.2) 25 (45.4)
  Not applicable 27 (32.1) 7 (24.1) 20 (36.4)
MYC expression 0.018
  No 9 (10.7) 5 (17.2) 4 (7.3)
  Yes 13 (15.5) 8 (27.6) 5 (9.1)
  Not applicable 62 (73.8) 16 (55.2) 46 (83.6)
B symptoms 0.717
  No 60 (71.4) 20 (69.0) 40 (72.7)
  Yes 24 (28.6) 9 (31.0) 15 (27.3)
LDH 0.633
  Normal 29 (34.5) 11 (37.9) 18 (32.7)
  Abnormal 55 (65.5) 18 (62.1) 37 (67.3)
Extra-nodal sites 0.289
  No 23 (27.4) 10 (34.5) 13 (23.6)
  Yes 61 (72.6) 19 (65.5) 42 (76.4)
Bulky disease (≥ 7 cm) 0.388
  No 68 (81.0) 22 (75.9) 46 (83.6)
  Yes 16 (19.0) 7 (24.1) 9 (16.4)
G-CSF use 0.054
  No 55 (65.5) 15 (51.7) 40 (72.7)
  Yes 29 (34.5) 14 (48.3) 15 (27.3)
Line of chemotherapy 0.633
  1 55 (65.5) 18 (62.1) 37 (67.3)
  ≥ 2 29 (34.5) 11 (37.9) 18 (32.7)

The cell of origin was measured with immunohistochemistry. aa-IPI: age-adjusted international prognostic index; ACR: anthracycline-containing; 
BSA: body surface area; CCI: Charlson comorbidity index; ECOG: Eastern Cooperative Oncology Group; GCB: germinal center B cell; G-CSF: 
granulocyte colony-stimulating factor; LDH: lactate dehydrogenase.
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therapy, such as R-mini-CHOP, R-COP or R-CVOP, with oral 
form or IV form cyclophosphamide. We found there Is no dif-
ference in survival rate and response rate in the oral form or 
IV form chemotherapy. And higher anthracycline dose does 
not correlate with higher response rate; nevertheless, the PFS 
of R-CHOP is better than R-mini-CHOP and R-CVOP with-
out statistical significance, but OS of R-CHOP is not better 
than the other regimens, and the result is different from the 
other studies. In a retrospective trial, patients aged > 80 who 
received ACR regimen (n = 157) had significantly longer 

failure-free survival (FFS) than those who received non-ACR 
regimen (n = 20), with 3-year FFS rates of 63-74% and 23% 
[18]. In another study, etoposide was administered at a dose of 
50 mg/m2 IV on day 1 and 100 mg/m2 PO on days 2 and 3 in 
each cycle. The 5-year thrombotic thrombocytopenic purpura 
(TTP) was similar in patients treated with R-CVOP compared 
to that in patients in the R-CHOP control group (57% vs. 62%, 
respectively, P = 0.21). The 5-year OS was lower in patients 
receiving R-CVOP than in those in the R-CHOP control group 
(49% vs. 64%, P = 0.02), which may reflect the underlying co-
morbidities and frailty in this population [19]. In our study, pa-
tients with younger age, lower CCI, better PS, and higher BSA 
were classified into the ACR group (n = 29). Interestingly, we 
found higher dose of anthracycline was not associated with 
better treatment response, which is similar to previous study 
[20], but the OS in ACR group is better than the non-ACR 
group without statistical difference. In patients who could not 
tolerate R-CHOP, R-mini-CHOP, R-CVOP or R-COP would 
be another choice for patients considering anthracycline car-
diotoxicity and chemotherapy-related myelosuppression. In a 
retrospective study, it was reported that R-COP had 31.9% in 
2-year survival rate, and median OS was 12.6 months [21]. In 
our study, R-COPIV and R-COPoral showed similar ORR and 
OS. Although the mechanism of orally administered cyclo-
phosphamide is different from that of IV cyclophosphamide, 

Table 2.  Chemotherapy-Related AEs

ACR Non-ACR P value
Total 29 55
All grade AE 15 (51.7) 33 (60.0) 0.155
Grade ≥ 3 AE 13 (44.8) 29 (52.7) 0.647
Febrile neutropenia 7 (24.1) 9 (16.4) 0.388
Grade ≥ 3 infection 7 (24.1) 15 (27.3) 0.756
Grade ≥ 3 hematological complication 8 (27.6) 14 (25.5) 0.833
Grade ≥ 3 polyneuropathy 2 (6.9) 1 (1.8) 0.274
Event of hospitalization 9 (31.0) 22 (40.0) 0.481
Treatment related mortality 3 (10.3) 7 (12.7) 1.000
Mortality causea 0.246
  Survived 11 (37.9) 11 (20.0)
  Progressionb 10 (34.5) 30 (54.5)
  Side effect 3 (10.3) 5 (9.0)
  Otherc 5 (17.2) 9 (16.4)
Cycle completed (≥ 6) 0.059
  Yes 17 (58.6) 21 (38.2)
  No, progression 1 (3.4) 13 (23.6)
  No, complication 8 (27.6) 17 (30.9)
  No, other reason 3 (10.3) 4 (7.3)

aOne patient had event of OHCA, which occurred on day 16 after completion of the sixth cycle of R-CHOP, and suspected cardiovascular disease-
related. Another two patients under R-COP treatment had event of acute myocardial infarction and proceeded to cardiac catheterization immedi-
ately. bEarly mortality (within 90 days from diagnosis): one SDH(R-CVOP), six rapid disease progression (three R-COPIV, two R-COPoral, and one 
R-CVOP), and three treatment complication (two R-CHOP and one R-COPIV). cTwo patients in R-CVOP and R-CHOP group developed secondary 
myeloid neoplasm during follow-up. AE: adverse event; ACR: anthracycline-containing.

Table 3.  Distribution of Response and Adverse Events Be-
tween ACR and Non-ACR Groups

ACR Non-ACR P value
CR (n, %) 13 (44.8) 17 (30.9) 0.206
PR (n, %) 13 (44.8) 22 (40.0) 0.670
SD (n, %) 0 2 (3.6) 0.542
PD (n, %) 3 (10.3) 11 (20.0) 0.361
Unknown 0 3 (5.5) 0.548
ORR (n, %) 26 (89.6) 39 (70.9) 0.051

ACR: anthracycline-containing; CR: complete remission; PR: partial 
response; SD: stable disease; PD: progressive disease; ORR: overall 
response rate.
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the efficacy and toxicity results seem to be similar in our study.
The choice of regimen and timing of chemotherapy ini-

tiation is crucial and difficult, and further trials are needed to 
identify patients at high or low risk. Recently, the importance 
of pretreatment strategies before standard chemotherapy has 
been emphasized in several studies. Five treated patients had 
delayed initiation of rituximab or chemotherapy (more than 60 
days from the day of diagnosis), but each had a good response to 
steroids and had prolonged survival. In addition, seven patients 
receiving both rituximab and steroid for several cycles had strik-
ingly longer OS but shorter PFS (63 and 5.4 months), who were 
significantly older than other patients receiving chemotherapy 
(71.4% above 85%; P = 0.002), poorer ECOG (P = 0.003) but 
favorable ORR (85.7%; P = 0.322). However, we could not find 
any difference between these patients and chemotherapy group 
toward stage, CCI, involved site, or tumor size, for the limited 
number of the cases. The result implied these patients using only 
steroid and rituximab may be fragile or have more comorbidity 
to receive intensive or myelosuppressive treatment. They tend to 
receive more subsequent lines of therapy (57.1% received more 
than one anti-cancer therapy) afterward, which may intimate 
that better response rate and lower toxicity may translate into 

better OS in older patients with DLBCL.
Within an elderly cohort in which comorbidity is likely to 

be high, the CCI will have reduced utility if it cannot distinguish 
between a score of 2, representing mild to moderate comorbid-
ity, and a score of 8, representing severe comorbidity. Hence, we 
recommend using the CCI score as a continuous variable [22]. 
In our study, CCI ≥ 8 and salvaged G-CSF use were strong prog-
nostic factors for OS in the multivariate Cox regression model. 
BSA ≥ 1.5 m2 had a protective effect on PFS (not shown). A 
retrospective analysis of 100 patients treated with reduced-dose 
R-CHOP (50-80%) showed that the relative dose intensity did 
not affect survival, but a CCI score (summation of comorbidities 
that categorizes patients into low-intermediate risk for scores 0 
- 3 and high-risk for scores higher than 4) higher than 3 was as-
sociated with poorer outcomes [23].

There is no standard protocol for choosing the regimen and 
routine cardiac echo or brain natriuretic peptide (BNP) meas-
urement, neither before nor after anthracycline-based treat-
ment. A prospective trial found that patients with NT-proBNP 
≥ 600 pg/mL had a 3.97 times higher risk of cardiotoxicity than 
those with lower values (P = 0.001). Patients with a FRESCO 
risk score [24] of 4.5% or higher (body mass index (BMI), age, 

Figure 1. The median overall survival (OS) and progression-free survival (PFS) were 14.6 months (95% confidence interval (CI), 
7.0 - 30.0 months) and 7.7 months (95% CI, 5.3 - 10.2 months), respectively. The mean follow-up time was 33.3 months. Overall, 
the 3-year OS in R-CHOP, R-mini-CHOP, R-CVOP, and R-COP is 47.0%, 50%, 50%, and 23%; 3-year PFS is 42%, 40%, 38%, 
and 15% (P = 0.453 and 0.292; 3-year OS and 3-year PFS).
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Figure 2. We used multivariate analysis on overall survival. The stage, age-adjusted international prognostic index (aa-IPI), lac-
tate dehydrogenase (LDH) × white blood cell (WBC) level and involved bone or bone marrow, lung or pleura, spleen, and kidney 
or adrenal glands strongly correlated with worse overall survival (OS) and progression-free survival (PFS). High body surface 
area (BSA) had positive effect on PFS. Higher Eastern Cooperative Oncology Group (ECOG), Charlson comorbidity index (CCI), 
and salvaged granulocyte colony-stimulating factor (G-CSF) use are also the independent factors for OS.

Table 4.  Regimen Combo and Percentile to Regular Reference Dose

Regimen/
mean dose C O A or V

ACRa (n = 29) 66.0% 
(range: 
39-97%)

78.6% 
(range: 
42-100%)

51.9% 
(range: 
12-
93%)

R-CHOP (n = 16): R 375 
mg/m2, C 750 mg/m2, H 
50 mg/m2, O 1.4 mg/m2 
(max: 2 mg), prednisone 
40 mg/m2 orally 5 days

R-CEOP (n = 3): R 375 
mg/m2, C 750 mg/m2, E 
75 mg/m2, O 1.4 mg/m2 
(max: 2 mg), prednisone 
40 mg/m2 orally 5 days

R-mini-CHOP (n = 10): R 
375 mg/m2, C ≤ 400 mg/m2, 
H ≤ 25 mg/m2, O 1.4 mg/
m2 (max: 1 mg), prednisone 
40 mg/m2 orally 5 days

Non-ACR 
R-CVOPa 
(n = 8)

57.1% 
(range: 
37-89%)

76.6% 
(range: 
50-100%)

71.4% 
(range: 
33-
100%)

R-CVOPoral (n = 5): R 375 
mg/m2, C 50 - 150 mg for 
5 days orally, O 1.4 mg/
m2 (max: 2 mg), V 100 mg 
orally for 3 days, prednisone 
40 mg/m2 orally 5 days

R-CVOPIV (n = 2): R 375 
mg/m2, C 750 mg/m2, V 
100 mg/m2, O 1.4 mg/m2 
(max: 2 mg), prednisone 
40 mg/m2 orally 5 days

R-CVPoral (n = 1): R 375 
mg/m2, C 50 - 150 mg for 
5 days orally, V 100 mg 
orally for 3 days, prednisone 
40 mg/m2 orally 5 days

Non-ACR 
R-COP (n 
= 47)

68.7% 
(range: 
31-100%)

67.3% 
(range: 
0-100%)

- R-COPIV (n = 26): R 
375 mg/m2, C 750 mg/
m2, O 1.4 mg/m2 (max: 
2 mg), prednisone 40 
mg/m2 orally 5 days

bR-COPoral (n = 9): R 375 
mg/m2, C 50 - 150 mg for 
5 days orally, O 1.4 mg/m2 
(max: 2 mg), prednisone 
40 mg/m2 orally 5 days

bR-CPoral (n = 11): R 375 
mg/m2, C 50 - 150 mg for 
5 days orally, prednisone 
40 mg/m2 orally 5 days

aIn R-CHOP group, R-mini-CHOP must fulfill both anthracycline ≤ 25 mg/m2 and cyclophosphamide ≤ 400 mg/m2. bWhen calculating the mean per-
centage of dose in each patient, we used cyclophosphamide 750 mg/m2 per cycle as the baseline reference; the daily dose of cyclophosphamide 
would be summed up and divided by patient’s BSA; we used vincristine 1.4 mg/m2 (maximum dose: 2 mg) and anthracycline 50 mg/m2 as the base-
line reference. A: anthracycline; C: cyclophosphamide; E: epirubicin; H: doxorubicin; O: vincristine; R: rituximab; V: etoposide; IV: by intravenously 
given; Oral: by orally given.
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sex, and smoking) also had a significantly increased risk of 
cardiotoxicity (HR: 2.54; P = 0.048) [25]. Although we did not 
adopt these risk scores in our study, it may be a better tool for 
choosing the initial regimen for older patients with DLBCL.

Limitation

Due to the limitation of incomplete data, we were unable 
to analyze the characteristics between seven patients using 
rituximab and steroid only and 33 untreated ones. The patient 
numbers in R-CVOP (n = 8) are much less than R-CHOP (n 
= 29) and R-COP (n = 46), thus we classified them into ACR 
and non-ACR groups. But there is different response rate and 
survival between R-CVOP and R-COP. The classification of 
GCB or non-GCB is not completed, and the biopsy tissue is 
reviewed by different pathologists. There are no standard pro-
tocols for choosing the regimen in these very elderly patients, 
and routinely cardiac echo or BNP before or after anthracy-
cline-based treatment is not performed.

Conclusion

Although R-CHOP is still the standard treatment for patients 
with DLBCL, older patients may not be able to tolerate the regi-
men well. Patient’s age, CCI, ECOG, and BSA, which might be 
reflected in the physician’s treatment strategies and may turn 
into the result of survival. In our study, the toxicity, efficacy, 
and KM curve for OS and PFS in the non-ACR group were 
lower than those in the ACR group, without statistical signifi-
cance. R-CVOP (n = 8) had similar OS with R-mini-CHOP (n 
= 10) in our study. The result does not mean etoposide could to-
tally substitute for anthracycline, but etoposide did have lower 
early progression rate (12.5%), and it may be an option for frail 
patients with comorbidity. Oral form cyclophosphamide and 
etoposide could be considered as a substitute for IV administra-
tion because of the similar effect and toxic profile.
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