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Abstract:

Objective Although R-CHOP (rituximab, cyclophosphamide, vincristine, doxorubicin, and prednisone) is a
standard therapy for diffuse large B-cell lymphoma (DLBCL), the optimal dose for elderly patients remains
unclear.

Methods and Patients We retrospectively verified our R-CHOP dose-attenuation system implemented from
2005 for DLBCL patients. Among the 115 DLBCL patients treated during 2001-2010, 33 patients treated
during 2001-2005 received R-CHOP doses adjusted according to physicians’ decisions (PHY group). Eighty-
two patients treated after 2005 received adjusted R-CHOP doses according to a unified dose-attenuation sys-
tem (UNI group). Patients aged <60, 60-69, 70-79, and >80 years received the standard R-CHOP, 100% R-
CHO+P (50 mg/m?®), 100% R+75% CHO+P (40 mg/m’), and 100% R+50% CHO+P (30 mg/m’), respectively.
We compared the responses, survival, and treatment cessation between the PHY and UNI groups.

Results The patients’ characteristics between both groups were closely comparable. All PHY patients re-
ceived randomly adjusted R-CHOP doses; 94% of UNI patients received scheduled doses. The complete re-
sponse rates differed significantly between the UNI (77%) and PHY patients (50%) (p=0.011). The two-year
event-free survival rates were 50% and 32% in the UNI and PHY groups, respectively (p=0.0083). The two-
year OS rates were 77% and 72% in the UNI and PHY group (p=0.16). Among the patients aged >70 years
(n=59) overall survival was shorter in the PHY group (62%) than in the UNI group (72%; p=0.02). The UNI
group received higher anti-tumor agent doses than the PHY group. The therapy discontinuation rates were
5% in the UNI group and 24% in the PHY group.

Conclusion Carrying out unified dose reduction may improve the efficacy and prognosis among elderly
DLBCL patients.
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this tendency of DLBCL occurrence in elderly people, the

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most fre-
quent subtype of non-Hodgkin lymphoma (NHL) (1-3).
Population aging in developed nations has led to an in-
creased incidence of DLBCL, and currently the median age
of the patients at diagnosis is >65 years (1, 3). Despite of

therapeutic approaches for DLBCL in this population remain
challenging (4-6). Elderly people often have comorbidities
and impaired organ functions due to several diseases and
Accordingly,
chemokinetics and chemodynamics in the elderly differ from
those in younger patients, and they may lead to the more
frequent development of adverse effects or events related to

various physiological changes. issues of
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anti-tumor drug therapy among older patients (7). Notwith-
standing the fact that the current standard therapies were es-
tablished through clinical trials that yielded promising re-
sults in younger patients without any severe comorbidities, it
remains unknown whether the same drug doses and treat-
ment intervals can be safely applied to the elderly popula-
tion. Accordingly, physicians often tend to administer dose-
attenuated chemotherapy to elderly patients, who generally
present with comorbidities affecting their performance
status (8).

The introduction of the immunotherapeutic drug rituximab
to conventional chemotherapeutic agents led to the develop-
ment of R-CHOP (rituximab (R), cyclophosphamide (CY),
vincristine (VCR), doxorubicin (DOX), prednisone (PSL)).
This combination therapy comprising R and conventional
CHOP yielded better cure rates of DLBCL in both younger
and elderly patients, exemplified by the finding that the
complete response (CR) and overall survival (OS) rates of
elderly patients receiving a curative dose of R-CHOP were
not inferior to those of younger patients (9, 10). However,
potentially curative, anthracycline-containing therapies might
be too toxic for very elderly patients (=80 years), unfit pa-
tients, and those with severe comorbidities, where the risks
surpass the benefits of chemotherapy (11, 12). Although
some trials have reported the safe administration of attenu-
ated chemotherapeutic regimens to very elderly and/or unfit
patients, these studies reported inferior survival outcomes
relative to those observed in younger or fit patients (13, 14).
Furthermore, the methods of attenuation and the outcomes

Table 1. Dose Attenuation by Patients’ Age.

Age CY DOX VCR PSL R
<59 100% 100% 100% 100 mg/body  100%
60-69 100% 100% 100% 50 mg/m? 100%
70-79  75% 75% 75% 40 mg/m? 100%
>80 50% 50% 50% 30 mg/m? 100%

CY: cyclophosphamide, DOX: doxorubicin, PSL: prednisone, R:
rituximab, VCR: vincristine

Table 2. Dose Attenuation by Organ Dysfunctions.

of the reduced therapies have not yet been sufficiently veri-
fied in elderly DLBCL patients. In this retrospective study,
we aimed to verify the efficacy of our unified dose-
attenuation system for R-CHOP. In this system, which was
implemented in 2005, age, performance status (PS), comor-
bidities and laboratory findings were taken into considera-
tion. Through comparisons of the outcomes of patients
treated before and after implementation, we could confirm
the adaptability of this system.

Materials and Methods

We analyzed 115 consecutive patients with DLBCL who
were treated at our institute from September 2001 (when ri-
tuximab was first approved in Japan) to December 2010.
From September 2001 to August 2005, 33 patients received
dose-adjusted R-CHOP according to the physician’s discre-
tion (PHY group). From September 2005, 82 patients re-
ceived R-CHOP according to the unified dose-attenuation
system (UNI group).

In the UNI group, patients aged <60 years received the
standard R-CHOP dose [R, 375 mg/m’; CY, 750 mg/m’
DOX, 50 mg/m* VCR, 14 mg/m® (maximum: 2.0 mg/
body); PSL, 100 mg/body]. In patients aged >60 years, the
doses of CY, DOX, VCR, PSL, and R were attenuated as
shown in Table 1; the doses of CY, DOX, and VCR were
also adjusted according to the laboratory findings (Table 2).
These attenuation criteria were determined at our institute
after a full review and discussion of standard pharmacology
texts, pharmaceutical drug information, and data of pub-
lished related studies and reviews retrieved from PubMed.
The dose of each agent was adjusted during the first cycle
of R-CHOP. After the second cycle, the doses could be ad-
justed at the physician’s discretion to address improvements
in comorbidities, PS, and damage from tumor burdens, or
toxicities from the previous treatment. If the severity of or-
gan damage, grade of PS, and general condition were
judged as inadequate to initiate CY, DOX, or VCR, then a
pre-phase therapeutic regimen comprising high-dose dex-

Cytotoxic Cause of

. 100% 75% 50% 25% 0%
agents reduction
CY Liver T.Bil<3.0 mg/dL and T.Bil 3.1-4.9 mg/dL - - T.Bil =25 mg/dL
damage AST <179 IU/L or AST>179 IU/L
CCR CCR 210 mL/min - CCR<10 mL/min - -
DOX Liver T.Bil<1.2 mg/dL and AST or ALT 2-3X of  T.Bil 1.2-29 mg/dL or  T.Bil 3.0-4.9 T.Bil 25 mg/dL
damage AST and ALT<2XULNR ULNR AST of mg/dL
ALT>3XULNR
CCR CCR 210 mL/min CCR<10 mL/min - -
VCR Liver T.Bil<1.5 mg/dL and - T.Bil 1.5-3.0 mg/dL or  T.Bil3.1-49  T.Bil 25 mg/dL or
damage AST<60 IU/L AST 60-179 TU/L mg/dL AST 2180 IU/L
CCR any - - - -

ALT: alanine aminotransferase, AST: aspartate aminotransferase, CCR: creatinine clearance, CY: cyclophosphamide, LDH: lactate dehydrogenase, DOX: doxo-

rubicin, PHY: physicians’ decision group, PS: performance status, R-IPI: Revised International Prognostic Index, T.Bil: total bilirubin, ULNR: upper limit of

normal range, UNI: unified dose-attenuation group, VCR: vincristine
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Table 3. Patients’ Characteristics.

All (115) PHY (33) UNI (82) p value
Median age (median, range) 70 (38-91) 67 (47 -91) 71.5 (38-88) 0.12
<70y.0./270 y.o. 56/59 20/13 36/46 0.11
Sex (M/F) 56/59 21/12 35/47 0.04
Stage (LII/ IIL,IV) 34/81 8/25 26/56 0.43
PS 0-1/2-4/NA 73/31/11 17/10/6 56/21/5 0.33
Extranodal lesions 0-1/>2/NA 71/43/1 26/6/1 45/37/0 0.01
LDH (IU/L, median, range) 289 (134-3,033) 287 (134-1,267) 291 (144-3,033) 0.94
R-IPI (very good/good/poor/NA) 5/41/68/1 2/10/20/1 3/31/48/0 0.71
Albumin (g/dL, median, range) 3.4(1.5-4.8) 3.5(1.6-4.8) 3.3 (1.5-4.7) 0.048
Creatinine (mg/dL, median, range)  0.73 (0.31-13.22) 0.73 (0.4-3.27) 0.72 (0.31-13.22) 0.29
T.Bil (mg/dL, median, range) 0.7 (0.2-9.5) 0.6 (0.3-6.2) 0.7 (0.2-9.5) 0.034
AST (IU/L, median, range) 25 (9-728) 31 (9-665) 24 (12-728) 0.27
ALT (IU/L, median, range) 17 (5-795) 15 (5-795) 17 (6-554) 0.64
CCI (median, range) 2 (0-7) 2 (0-9) 3(0-9) 0.74
CCI0-2/23 60/55 15/18 45/37 0.41

ALT: alanine aminotransferase, AST: aspartate aminotransferase, CCI: Charlson Comorbidity Index, R-IPI: Revised In-

ternational Prognostic Index, LDH: lactate dehydrogenase, NA: not available, PHY: physicians’ decision group, PS:

performance status, T.Bil: total bilirubin, UNI: unified dose-attenuation group

amethasone (20-40 mg daily, 4 consecutive days) was ad-
ministered, and a systemically attenuated first cycle of R-
CHOP was initiated after improvements in any organ dam-
age, PS and the patients’ general condition.

Acyclovir and trimethoprim-sulfamethoxazole were pre-
scribed as a prophylaxis against infection for elderly patients
(260 year-old). Levofloxacin and fluconazole were pre-
scribed for the patients with low PS and neutropenia. Pa-
tients aged 260 years also received granulocyte-colony
stimulating factor (G-CSF) during neutropenic period. Pa-
tients with diabetes mellitus were hospitalized and received
subcutaneous or intravenous injections of insulin while re-
ceiving steroid therapy.

All patients provided their written informed consent to re-
ceive each regimen, and treatment was administered accord-
ing to the principles of the Declaration of Helsinki and this
study was approved by the institutional ethics committee.

According to a statistical analysis, differences between the
two groups were examined using Fisher’s exact test for cate-
gorical variables and the Mann-Whitney U-test for continu-
ous variables. The overall survival (OS) duration was calcu-
lated from the initiation of therapy to the last confirmation
that the patient remained alive or had died from any cause.
The event-free survival (EFS) interval was calculated from
the initiation of treatment to the onset of a clinically signifi-
cant event: death from any cause, relapse, progression, or
chemotherapy discontinuation. Survival curves were pre-
pared using the Kaplan-Meier method and the significance
of difference of survival curves were analyzed using the log-
rank test. A logistic regression model was used for the mul-
tivariate analysis of the prognostic factors for CR rate. A
Cox proportional hazard regression model were used for the
multivariable analysis of the prognostic factors for survival.
All statistical analyses were performed using the EZR soft-
ware program (Saitama Medical Center, Jichi Medical Uni-

versity, Saitama, Japan), a graphical user interface of R (ver-
sion 3.0.2; The R Foundation for Statistical Computing, Vi-
enna, Austria) (15).

Results

Patients’ characteristics

The patients in this study had a median age of 70 (range,
38-91) years. In this cohort, 70.4% of patients had stage III
or IV DLBCL, 40.4% had an International Prognostic Index
(IPI) score of 0-2, and 70.2% had an Eastern Cooperative
Oncology Group PS of 0 or 1. Additionally, 50.5% of pa-
tients had a low (i.e., below normal range) serum albumin
level, and 48% had a high Charlson Comorbidity Index
(CCI) score of >2. Patients in the PHY and UNI groups had
similar characteristics without the number of extranodal le-
sions (Table 3). PET-CT could not been routinely used for
the evaluation of clinical stage in the PHY group, but PET-
CT evaluation was performed in a large part of patients of
UNI group. That was the reason why extranodal lesions
were detected more frequently in the UNI group than in the
PHY group (Table 3).

Response rates

The complete response (CR) rates were 77% and 50% in
the UNI and PHY groups, respectively (p=0.011). A univari-
ate analysis identified a low IPI score, low lactate dehydro-
genase level, better PS, and UNI group as significant indica-
tors of a better CR prognosis, whereas only low IPI score
retained significance in a multivariate analysis (Table 4).
Among the patients aged >70 years (n=59), those in the
UNI and PHY groups had CR rates of 81% and 13%, re-
spectively (p=0.0004). In the PHY group, patients aged >70
years had a lower CR rate (66% vs. 13%, p=0.03). By con-
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Table 4. Univariate and Multivariate Analyses of CR Rate.

univariate multivariate
Factors Group CR rate
OR (95% CI) p value OR (95% CI) p value
Age <70 70% 1 0.93 ND -
>70 71% 0.96 (0.42-2.23) 0.93 ND -
Albumin <3.5 g/dL 65% 1 0.26 ND -
23.5 g/dL. 75% 0.61 (0.26-1.44) 0.26 ND -
Treatment group PHY 50% 1 0.011 1 0.062
UNI 77% 0.3 (0.12-0.76) 0.011 0.24 (0.09-0.67)  0.062
CCI 0-2 78% 1 0.12 1 0.278
>3 62% 1.97 (0.83-4.7) 0.12 1.69 (0.66-4.35)  0.278
LDH high>ULNR 61% 1 0.022 ND -
normal 82% 0.34 (0.13-0.85)  0.022 ND -
1PI 0-2 84% 1 0.001 1 0.0012
3-5 60% 3.52(1.35-9.19)  0.001 3.76 (1.33-10.6)  0.0012
PS 0-1 80% 1 0.0022 ND -
2-4 46% 4.73 (1.75-12.8)  0.0022 ND -

CCI: Charlson Comorbidity Index, CR: complete remission, IPI: International Prognostic Index, LDH: lactate dehydro-

genase, OR: odds ratio, PHY: physicians’ decision group, PS: performance status, ULNR: upper limit of normal range,

UNI: unified dose-attenuation group
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trast, the patients’ age did not have any effect on the CR
rate (<70 years, 71% vs. 70-79 years, 83% vs. 280 years,
79%; p=0.56).

Survival

During a median follow-up of 26 months, the 2-year EFS
rates were 50% and 32% in the UNI and PHY groups, re-
spectively (p=0.0083, Fig. la). The 2-year OS rates were
77% and 72% in the UNI and PHY group (p=0.16, Fig. 1b).
A multivariate analysis identified the UNI group [hazard ra-
tio (HR)=0.50, p=0.0072] as a positive prognostic factor for
EFS, and a high CCI score (23) and a high IPI score (22) as
negative prognostic factors (HR=1.77, p=0.0039 and HR=
2.75, p=0.0005, respectively). Additionally, a normal albu-

min value (23.5 g/dL) was identified as a better prognostic
factor for OS (HR=0.44, p=0.047), and a high IPI score (>2)
was identified as a poor prognostic factor for OS (HR=3.72,
p=0.010) (Table 5).

Among the patients aged >70 years (n=59), the UNI
group had superior rates in both EFS and OS compared with
the PHY group (50% vs. 0% for 2-year EFS, p=0.0006;
72% vs. 62% for 2-year OS, p=0.02; Fig. 2). In the PHY
group, patients aged =70 years had a lower CR rate (66%
vs. 13%, p=0.03) and tended to have a shorter OS relative
to the younger patients, although the latter difference was
not statistically significant (78% vs. 62%, p=0.084; Fig. 3a).
By contrast, the patients’ age did not have any effect on 2-
year OS in the UNI group (<70 years, 83% vs. 270 years,
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Table 5. Univariate and Multivariate Analyses of EFS and OS.

EFS oS
univariate multivariate univariate multivariate

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value
Age (270) 1.48 (0.91-2.4) 0.12 ND - 1.74 (0.85-3.55) 0.131 ND -
Albumin 0.68 (0.42-1.11) 0.121 ND - 0.2746 (0.13-0.59) 0.001 0.44 (0.19-0.99)  0.047
(3.5 g/dL)
Treatment group  0.52 (0.37-0.86) 0.011 0.50 (0.30-0.83)  0.0072 0.59 (0.28-1.25) 0.167 0.50 (0.24-10.8)  0.079
(UNI)
CCI (23) 2.29 (1.36-3.89)  0.0019 1.77 (1.03-3.03)  0.0039 3.77 (1.62-8.75) 0.002 2.22(0.92-5.35)  0.076
LDH (normal) 0.5 (0.3-0.83) 0.0079 ND - 0.32 (0.14-0.7) 0.0048 ND -
1PI (=3) 2.93 (1.68-5.1)  0.00015 2.75 (1.55-4.86)  0.0005 5.54 (2.13-14.43)  0.00045 3.72(1.38-10.0)  0.010
PS (>2) 3.01 (1.78-5.1)  0.00004 ND - 3.43 (1.62-7.28) 0.0013 ND -

CCI: Charlson Comorbidity Index, CI: confidence interval, EFS: event-free survival, HR: hazard ratio, IPI: International Prognostic Index, LDH: lactate dehy-

drogenase, ND: not done, OS: overall survival, PS: performance status, UNI: unified dose-attenuation group
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72%, p=0.31; Fig. 3b).
Clinical course and dosages of cytotoxic agents

In the UNI group, the attenuation criteria for cytotoxic
agents and prednisone were met in 94% and 79% of cases,
respectively. The actual doses of CY, DOX, and VCR did
not differ from the standard R-CHOP doses given to patients
aged <70 years, but they differed significantly among the
patients aged >70-years (Supplementary material 1). In the
PHY group, 6 patients did not receive any doses of cyto-
toxic agents. One patient was in his eighty, and other 5 pa-
tients in their seventies. Two patients were in PS3, besides
three patients were in PS4. Their IPI scores were full. One
patient with PS 1 in a limited stage of lymphoma in his ton-
sils refused to receive cytotoxic agents. In the UNI group,
16 patients with an extremely poor general condition (i.e.,
severe renal or hepatic damage and/or a poor PS) received
pre-phase dexamethasone therapy, and 15 could proceed to

R-CHOP therapy after achieving improvement of general
condition. Among these 15 patients, seven patients attained
CR, there attained PR, four discontinued R-CHOP, and one
died during R-CHOP therapy.

Disease progression during treatment, therapy discontinu-
ation, and death during treatment were observed in 15.2%
and 9.8%, 24.2% and 4.9%, and 3.0% and 4.9% of the pa-
tients in the PHY and UNI groups, respectively (Supplemen-
tary material 2).

Nineteen patients (23%) in the UNI group died during a
median follow-up of 15 months, and 15 (45%) in the PHY
group died during a median follow-up of 29 months. Twelve
deaths (15%) in the UNI group and 8 (24%) in the PHY
group were attributed to lymphoma. Five second primary
malignancies were observed (one case each of colon cancer
and breast cancer in the PHY group; one case of lung can-
cer and two of myelodysplastic syndrome in the UNI
group), and they were considered to be responsible for four
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deaths (Supplementary material 3).

Discussion

Currently, DLBCL accounts for >40% of all malignant
lymphomas (ML) (3, 11), and it is the most frequent lym-
phoid malignancy in the United States and Japan. The age-
adjusted incidence rates of DLLBCL have been reported to
be 4.46 and 2.50 (per 100,000), respectively. In Europe,
DLBCL ranked as the third most frequent lymphoid malig-
nancy with an age-adjusted incidence of 3.13 (per
100,000) (1-3). Although a nationwide cancer surveillance
program has not yet been established in Japan, a survey of
33% of the national population revealed annual increases in
the incidence of ML by 3% between 1993 and 2008, which
might be predictive of further increases in the future (3).

Among elderly patients, DLBCL accounts for >60% of all
ML, and half of all patients with DLBCL are older than 65
years (1). Despite this frequency in the elderly population,
however, chemotherapy for DLBCL is challenging in this
population, as age-related changes are often observed in
pharmacokinetics and pharmacodynamics, including absorp-
tion, diffusion, and metabolism or degradation of drugs, and
they may be attributable to altered renal and liver func-
tions (7, 16, 17). As a result, increased drug toxicities may
be responsive for insufficient treatment responses. Addition-
ally, elderly individuals have impaired hematopoietic reserve
capacities, which might result in more profound myelotoxic-
ity and febrile neutropenia during chemotherapy (8).

In addition to toxicities, elderly patients also face an in-
creased incidence of comorbidities. In a previous study of
patients with aggressive NHL, 39% of the patients aged <60
years were found to have comorbid conditions, which appar-
ently contrast with 69% of those aged >60 years; further-
more, the severity of comorbidities was a prognosticator of

0OS, independent of the IPI (18). Additionally, the Charlson
Comorbidity Index (CCI), which is used to evaluate the lon-
gitudinal risks of the patients with comorbid conditions (19),
has been shown to correlate with age, such that patients
aged 55-64 years had an average CCI score of 2.9, com-
pared to 4.2 for those aged >75 years (16).

In addition, age-related organ hypofunction, comorbidi-
ties, cognitive impairment, and poor nutrition status, may
also be negative prognostic factors in this population. To
this end, measures, such as the comprehensive geriatric in-
dex (CGI), which includes evaluations of comorbidity, cog-
nition, nutritional status, psychological state, and social sup-
port, can be used to predict morbidity and mortality in eld-
erly cancer patients (20).

In previous studies, the poor survival outcomes of elderly
patients with DLBCL were attributed partly to chemothera-
peutic dose reductions (8, 10), because the outcomes of fit
elderly patients who were able to receive standard curative-
dose chemotherapy (3-week cycle R-CHOP) were found to
be equivalent to those of younger patients (9, 10). When ap-
plicable, this standard regimen was shown to be highly ef-
fective even in the patients aged >80 years (21-23). By con-
trast, however, there was a tendency that attending physi-
cians would withhold standard-dose chemotherapy for unfit
or frail elderly patients, because the best supportive care was
favored in such cases. This attitude might result in the ex-
tremely poor prognoses observed in this population (8). Al-
though two trials of immunochemotherapy dose attenuation
in unfit/frail DLBCL patients reported equivalent CR rates
to those of fit patients, the OS rates were shorter in the for-
mer group (13, 14).

In a review article published in 2012, Fields et al. de-
scribed an algorithm in which unfit patients were indicated
to receive pre-phase therapy before proceeding to non-
intensive chemotherapy or best supportive care depending on
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the likelihood of a transformation from frailty to fitness (4).
Additionally, many previous reports described various meth-
ods used to select elderly patients might become fit to re-
ceive curative chemotherapy. However, if such decisions are
made only based on an assessment of poor conditions at the
time of diagnosis, patients with poor conditions caused by
the ML itself might be excluded from receiving curative
therapy. To address the above-stated concerns, we introduced
the criteria of R-CHOP attenuation for DLBCL patients
based on patients’ age, PS, and damage to their renal and
hepatic functions. These attenuation criteria were determined
at our institute after a full review and discussion of standard
pharmacology texts, pharmaceutical drug information, and
data of published related studies and reviews retrieved from
PubMed.

We analyzed the safety and efficacy of our attenuation
system (UNI group), through comparisons with those of pre-
vious physicians’ preference style (PHY group). Notably, we
found that our system better preserved the administered suf-
ficient doses and achieved high treatment efficacy without
increases in toxicities. Accordingly, our system led to sig-
nificant improvements in the CR and EFS rates, as well as a
significant increase in OS among patients aged >70 years.
Furthermore, patients in the UNI group had a longer treat-
ment continuation interval, compared to those in the PHY
group. We observed few violations of the selected attenu-
ation criteria, as well as good applicability of the system.
For example, 16 patients who could not initially receive R-
CHOP were administered high-dose dexamethasone pre-
phase therapy, and 15 eventually proceeded to R-CHOP. In
short, our dose-attenuation system, when combined with
pre-phase therapy, was found to be applicable to the major-
ity of patients with DLBCL, regardless of age, degree of or-
gan damage, and/or PS.

In the PHY group, 6 patients received zero percent of cy-
totoxic agents. Five of them were in poor PS and poor gen-
eral conditions. The attending physicians did not try to ad-
minister curative chemotherapy. For these patients, palliative
care was chosen by their own eligibility criteria. However, if
pre-phase therapies had been administered, and their general
condition could be improved, then they might have pro-
ceeded to R-CHOP therapy. It is conceivable that if our uni-
fied attenuation system was applicable for these patients,
they could have successfully received effective and safe che-
motherapy.

It was considered meaningful to start treatment without
curative intent and then to subsequently make decisions re-
garding the initiation of R-CHOP after achieving an im-
provement in organ damage, because the discontinuation or
adjournment of chemotherapy might become needed in
cases of newly developed renal or hepatic damage. As a re-
sult, our attenuation system could be applied safely and con-
tinuously to the majority of patients with DLBCL.

However, our study is also associated with some limita-
tions. For example, the criteria for pre-phase therapy were
unclear, and the effects of pre-phase therapy were not evalu-

able in five patients who proceeded to R-CHOP after pre-
phase therapy. Because, one patient died during R-CHOP, 3
patients were forced to discontinue R-CHOP because of tox-
icity, and one patient refused to continue R-CHOP. How-
ever, 10 other patients with severe organ damage and poor
PSs could proceed to R-CHOP therapy after receiving clini-
cal benefits from pre-phase therapy. Although new therapeu-
tic agents considered to be less toxic than R-CHOP have
been reported to be efficacious in basic and clinical trials,
only a few have been made clinically available (24-26), and
it remains unclear whether they are superior to dose-
attenuated R-CHOP.

Relative dose intensity (RDI) was not evaluated in each
patient through all courses. The dosages of cytotoxic agents
were calculated only in the first cycle. However, dosage of
cytotoxic agents were adjusted by unified attenuation system
in every cycles after induction of first cycle. Many patients
could continue to receive the attenuated chemotherapies and
attained both a good response and survival. This outcome
might imply that a sufficient dose was administered safely
throughout all courses.

As noted above, it may be beneficial to use objective
measures such as the CCI or CGI, when selecting fit pa-
tients prior to initiating R-CHOP, rather than making similar
decisions based on the physician’s preference. However, it
remains unclear whether it is better to select fit patients as
candidates for curative therapy or to provide treatment with-
out curative intent. Treatment with curative intent could
place even fit patients at a higher risk of experiencing exces-
sive toxicities. In our dose-attenuation system, the goal of
therapy cannot be clarified at the start of pre-phase or
reduced-dose therapy. The responses to these treatments re-
quired verification, through which subsequent strategies
could be determined. Generally, decisions regarding chemo-
therapy for elderly patients with hematological malignancies
may vary according to the patients’ condition. The present
study, which demonstrated the possible prognostic impacts
of dose-attenuated R-CHOP therapy among elderly patients,
suggests that this population may benefit through the assess-
ment of the frailty or acceptability. The assessment of the
frailty or acceptability includes, patient’s age, degree of or-
gan damage, and PS.

In this study, we retrospectively evaluated the outcomes
of our recently implemented dose-attenuation program re-
garding R-CHOP therapy for DLBCL in a population of
elderly patients and/or those with comorbidities. We found
that our system was applicable to the majority of the pa-
tients, and its use could maintain an individualized and de-
sirable dose, leading to improvements in the CR and EFS
rates of all patients and in the OS rate in elderly patients.
However, further prospective studies with large numbers of
patients with DLBCL are needed to establish the optimal
treatment regimen, system,
stratification for elderly and/or comorbid patients.

dose-attenuation and risk-
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