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ABSTRACT

Background. Decision-making models for elderly patients with
diffuse large B-cell lymphoma (DLBCL) treated with rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisone
(R-CHOP) are in great demand.
Patients and Methods. The Society of Lymphoma Treatment
in Japan (SoLT-J), in collaboration with the West-Japan
Hematology and Oncology Group (West-JHOG), collected
and retrospectively analyzed the clinical records of �65-
year-old patients with DLBCL treated with R-CHOP from 19
sites across Japan to build an algorithm that can stratify
adherence to R-CHOP.
Results. A total of 836 patients with a median age of 74 years
(range, 65–96 years) were analyzed. In the SoLT-J cohort
(n 5 555), age >75 years, serum albumin level <3.7 g/dL, and
Charlson Comorbidity Index score �3 were independent

adverse risk factors and were defined as the Age, Comorbidities,
and Albumin (ACA) index. Based on their ACA index score,
patients were categorized into “excellent” (0 points), “good” (1
point), “moderate” (2 points), and “poor” (3 points) groups.This
grouping effectively discriminated the 3-year overall survival
rates, mean relative total doses (or relative dose intensity) of
anthracycline and cyclophosphamide, unanticipated R-CHOP
discontinuance rates, febrile neutropenia rates, and treatment-
related death rates. Additionally, the ACA index showed compa-
rable results for these clinical parameters when it was applied to
theWest-JHOG cohort (n 5 281).
Conclusion. The ACA index has the ability to stratify the prog-
nosis, tolerability to cytotoxic drugs, and adherence to treat-
ment of elderly patients with DLBCL treated with R-CHOP. The
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Implications for Practice: Currently, little is known regarding how to identify elderly patients with diffuse large B-cell lymphoma
who may tolerate a full dose of chemotherapy or to what extent cytotoxic drugs should be reduced in some specific conditions. The
Society of Lymphoma Treatment in Japan developed a host-dependent prognostic model consisting of higher age (>75 years),
hypoalbuminemia (<3.7 g/dL), and higher Charlson Comorbidity Index score (�3) for such elderly patients. This model can stratify
the prognosis, tolerability to cytotoxic drugs, and adherence to treatment of these patients and thus help clinicians in formulating
personalized treatment strategies for this growing patient population.
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INTRODUCTION

The wide use of rituximab, cyclophosphamide, doxorubicin, vin-
cristine, and prednisone (R-CHOP) has improved the clinical out-
come of diffuse large B-cell lymphoma (DLBCL) compared with
CHOP alone. Nevertheless, although a major subset of patients
can be cured by receiving standard immunochemotherapy with
R-CHOP, patients with unfavorable prognostic factors have a
lower chance of benefitting from such standard treatments. The
International Prognostic Index (IPI), which was established before
the advent of rituximab, has been widely used to predict the out-
come of patients with DLBCL, and their prognoses are also well
stratified by the IPI in the rituximab era [1, 2]. In particular,
advanced age, that is,>60 years, is a crucial risk factor for unfav-
orable prognosis in patients with DLBCL. A recent study revealed
that more advanced age, that is, >75 years, was associated with
even poorer prognosis among patients with DLBCL treated with
standard R-CHOP [3]. Considering the fact that the median age
of DLBCL patients exceeds 65 years in developed countries, the
management of elderly patients is increasingly important [4].

In general, elderly patients have specific characteristics, such as
multiple clinical comorbidities, malnutrition, impaired organ func-
tion, weakened immunocompetence, and/or limitations to activ-
ities of daily living. These conditions seriously affect the metabolism
and toxicities of anticancer drugs [5]. In particular, hypoalbumine-
mia is a well-known adverse risk factor among patients with can-
cers, including DLBCL [6, 7]. Hypoalbuminemia has been
hypothesized to reflect poor nutrition status and inflammatory
reaction to disease. In particular, recent studies reported that condi-
tions associated with low serum protein concentration had adverse
prognostic impact in elderly patients with DLBCL [8, 9].

Regarding the health status of elderly patients, the Charlson
Comorbidity Index (CCI)—a geriatric assessment for clinical
comorbidities in elderly patients with cancer [10]—was found to
be a poor prognostic indicator in 80 elderly DLBCL patients with a
median age of 73 years independent of the IPI [11]. Thus, a
higher prevalence of coexisting disorders in elderly patients is one
of the primary reasons for the failure of treatments for DLBCL.

Insufficient dose intensity of the treatment is another con-
cern in elderly patients with DLBCL. They are more likely to face
severe adverse events when treated with R-CHOP, and thus the
dose intensity of R-CHOP is commonly reduced in clinical prac-
tice. However, an unnecessarily lower dose of key drugs may
result in disease progression in potentially curable patients [12,
13]. Thus, there is an inevitable trade-off between the ideal
dose intensity of R-CHOP and the toxicities confronting elderly
patients with DLBCL in practice.

Based on the results of previous studies referenced above, we
hypothesized that very old age, hypoalbuminemia, and medical
comorbidities would reduce the tolerance to cytotoxic chemother-
apy and thus lead to poor clinical outcomes of elderly DLBCL
patients with such conditions. Therefore, we measured the effects
of these three biomarkers on clinical outcomes and developed a
decision-making model; this may serve as a guide for optimal ther-
apy personalization for elderly DLBCL patients treated with R-CHOP.

MATERIALS AND METHODS

Patient Selection
This multicenter, retrospective study was conducted by the
Society of Lymphoma Treatment in Japan (SoLT-J) in collabora-
tion with the West-Japan Hematology and Oncology Group

(West-JHOG). The inclusion criteria of the study were (a)
patients �65 years of age who had been diagnosed with de
novo DLBCL between January 2001 and December 2012; (b)
patients who had received at least one cycle of R-CHOP; and (c)

Figure 1. CONSORT diagram of the data collection. A total of
836 patients from the SoLT-J (n 5 555) and the West-JHOG
(n 5 281) were evaluated as the training set and validation set,
respectively.
Abbreviations: CHOP, cyclophosphamide, doxorubicin,

vincristine, and prednisone; SoLT-J, Society of Lymphoma
Treatment in Japan; West-JHOG, West-Japan Hematology and
Oncology Group.

Table 1. Baseline characteristics of the patients in the
SoLT-J cohort and the West-JHOG cohort

Characteristics
SoLT-J
(n 5 555), n (%)

West-JHOG
(n 5 281), n (%)

Male sex 286 (52) 161 (57)

Age (y), median [IQR] 74 [69–78] 76 [70–81]

Alb (g/dL), mean6 SD 3.66 0.7 3.66 0.7

Total CCI score �3 69 (12) 46 (16)

ECOG PS �2 160 (29) 116 (41)

Elevated LDH 362 (65) 187 (65)

Ann Arbor Stage III, IV 312 (56) 198 (70)

Extranodal sites �2 141 (25) 63 (22)

IPI score �3 316 (57) 180 (64)

Abbreviations: Alb, Albumin; CCI, Charlson Comorbidity Index; ECOG
PS, Eastern Cooperative Oncology Group performance status; IPI,
International Prognostic Index; IQR, interquartile range; LDH, lactate
dehydrogenase; SD, standard deviation; SoLT-J, Society of Lymphoma
Treatment in Japan; West-JHOG, West-Japan Hematology and Oncol-
ogy Group.
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patients who had not been affected with disease involving cen-
tral nervous system lesions. Other specific sites of the disease,
such as testis, were irrespectively included in the study. DLBCL
was pathologically diagnosed according to the diagnostic proce-
dure at each site. Pathological subtypes of DLBCL, such as
Epstein-Barr virus (EBV)-positive DLBCL of the elderly, were also
included in the study. Patients treated with tetrahydropyranyl-
adriamycin, a less cardiotoxic anthracycline widely used instead
of doxorubicin in Japan for elderly patients with cancer, were
also included [14].

Data Collection
Clinical features and treatment records of patients were elec-
tronically collected at the data center at Nihon University. Clini-
cal data included age, sex, height, weight, serum lactate
dehydrogenase concentration, performance status defined by
Eastern Cooperative Oncology Group, Ann Arbor stage, number
of extranodal sites, serum albumin concentration, and comor-
bidities. Treatment records consisted of the initial treatment
plan (i.e., the number of R-CHOP cycles and administration of
radiation therapy); actual dose of cyclophosphamide, doxorubi-
cin, vincristine, and prednisone per body surface area adminis-
tered in every cycle; date of CHOP administration in every
cycle; actual dose and site of radiation therapy, if any; prophy-
lactic use of granulocyte-colony stimulating factor (G-CSF); any
reasons for unexpected treatment discontinuance; occurrence
or absence of febrile neutropenia; date of the last follow-up;
and any cause of death. This study, including the electronic data
collection system, was approved by the institutional review
board at Nihon University Itabashi Hospital where the data

center was located and at each participating institution in
accordance with its policy.

Clinical Parameters
The IPI score was determined as previously defined [1]. For the
calculation of a total CCI score, medical comorbidities of each
patient were scored 1–6 point(s) according to their impact on
life expectancy, as previously defined by Charlson et al. [10].
Relative total dose (RTD) and relative dose intensity (RDI) of
the average of cyclophosphamide and anthracycline through-
out all cycles was calculated. RTD was defined as the percent-
age of total delivered dose per planned dose. RDI was defined
as the percentage of actual dose administered per protocol-
specified dose per unit time. The RTD and RDI were calculated
based on 6 cycles of a standard dose of CHOP-21. Thus, if a
patient received 750 mg/m2 of cyclophosphamide and 50 mg/
m2 of doxorubicin 6 times with just 14-day intervals, the RTD
and RDI of this patient equaled 100% and 150%, respectively.

Statistical Analysis
First, we performed exploratory analyses to build a prognostic
model that could stratify adherence to R-CHOP by using data
from the SoLT-J cohort (training set). Cutoff values of age,
serum albumin concentration, and CCI score were determined
by the receiver operating characteristic curve using the logistic
regression analysis for death. Prognostic factors that could
affect clinical outcomes were analyzed by using the univariate
and multivariate Cox proportional hazard regression model.
Overall survival (OS) of each group was calculated as previously
described [15]. The OS of each risk category was estimated by
using the Kaplan-Meier method and evaluated by using the

Table 2. Medical comorbidities according to the Charlson Comorbidity Index of the patients in the SoLT-J cohort and the
West-JHOG cohort

Point(s) Comorbidity SoLT-J (n 5 555), n (%) West-JHOG (n 5 281), n (%)

0 None 278 (50) 121 (43)

1 Myocardial infarction 10 (2) 10 (4)

Congestive heart failure 26 (5) 16 (6)

Peripheral vascular disease 9 (2) 6 (2)

Cerebrovascular disease (except hemiplegia) 42 (8) 18 (6)

Dementia 20 (4) 8 (3)

Chronic pulmonary disease 22 (4) 19 (7)

Connective tissue disease 20 (4) 10 (4)

Ulcer disease 35 (6) 12 (4)

Mild liver disease 32 (6) 32 (11)

Diabetes (without complications) 67 (12) 39 (14)

2 Diabetes with end organ damage 7 (1) 10 (4)

Hemiplegia 7 (1) 5 (2)

Moderate or severe renal disease 8 (1) 14 (5)

Second solid tumor (non-metastatic) 83 (15) 37 (13)

Leukemia 1 (0) 0 (0)

Lymphoma, multiple myeloma — —

3 Moderate or severe liver disease 10 (2) 6 (2)

6 Second metastatic solid tumor 9 (2) 7 (2)

Acquired immunodeficiency syndrome 0 (0) 0 (0)

Abbreviations: —, no data; SoLT-J, Society of Lymphoma Treatment in Japan; West-JHOG,West-Japan Hematology and Oncology Group.
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log-rank test. Then, we evaluated the RTD, RDI, and frequencies
of unplanned discontinuation of the treatment according to
risk stratification. Intergroup differences for categorical and
continuous variables were assessed by using the chi-square test
and one-way analysis of variance test, respectively. Finally, we
applied the prognostic model to the data from the West-JHOG
cohort (validation set). A p value <.05 was considered statisti-
cally significant. Statistical analysis was performed with JMP
software version 8.0.1 (SAS Institute Inc., Cary, NC, USA,
https://www.sas.com/en_us/home.html).

RESULTS

Patient Characteristics
Clinical features and treatment records of 1,044 patients were
collected from 19 institutions across Japan that participated or
collaborated with either SoLT-J or West-JHOG. Among these
records, 28 patients who did not meet inclusion criteria and 34
patients who did not have sufficient clinical data to calculate
the clinical parameters were excluded from analysis. To mini-
mize the selection bias against the RTD and RDI, we further
excluded 139 patients for whom abbreviated cycles (<6) of
CHOP with or without radiation therapy were planned before
the treatment. Consequently, a total of 836 patients, 19 of
whom had testis involvement, from the SoLT-J (n 5 555) and
the West-JHOG (n 5 281) cohorts, with a median age of 74
years (range, 65–96 years) who had been diagnosed with de
novo DLBCL, were assessable (Fig. 1). The baseline

characteristics of patients in each cohort are summarized in
Table 1. Among these patients, more than half had at least one
comorbidity (Table 2).

Treatment
Before the treatment, 6–8 cycles of R-CHOP were planned in all
836 assessable patients. Among them, a total of 672 patients
(80%) actually received 6–8 cycles of R-CHOP.Tetrahydropyranyl-
adriamycin was substituted for doxorubicin in 326 patients

Table 3. Cox regression analysis of each risk factor for overall survival of the SoLT-J cohort

Univariate Multivariate

Risk factors HR 95% CI p value HR 95% CI p value

Age >75 years 1.90 1.44–2.52 <.001 2.00 1.50–2.66 <.001

Serum albumin <3.7 g/dL 2.81 2.09–3.80 <.001 1.61 1.16–2.25 .004

CCI �3 2.68 1.90–3.71 <.001 2.31 1.63–3.23 <.001

ECOG PS� 2 3.31 2.49–4.39 <.001 2.13 1.57–2.90 <.001

LDH> normal 3.44 2.39–5.11 <.001 1.99 1.34–3.06 <.001

Stage III or IV 2.37 1.75–3.28 <.001 1.40 0.97–2.03 .074

Extranodal sites �2 1.78 1.32–2.39 <.001 1.01 0.72–1.41 .962

Abbreviations: CCI, Charlson Comorbidity Index; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; HR,
hazard ratio; LDH, lactate dehydrogenase; SoLT-J, Society of Lymphoma Treatment in Japan.

Figure 2. Overall survival according to the risk groups stratified
by the ACA index in the SoLT-J cohort (A) and West-JHOG
cohort (B).

Abbreviations: ACA index, Age, Comorbidities, and Albumin
index; SoLT-J, Society of Lymphoma Treatment in Japan; West-
JHOG,West-Japan Hematology and Oncology Group.

Table 4. The ACA index

ACA index Score

Risk factors

Age >75 years 1

Serum albumin <3.7 g/dL 1

CCI score �3 1

Category

Excellent 0

Good 1

Moderate 2

Poor 3

Abbreviations: ACA, Age, Comorbidities, and Albumin; CCI, Charlson
Comorbidity Index.
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(39%). The initial average dose of cyclophosphamide and anthra-
cyclines was reduced to less than 80% in 428 patients (51%),
according to physicians’ preference and/or institutional policies.
Radiation therapy was applied in combination with R-CHOP in
69 patients (8%). Primary or secondary prophylaxis using G-CSF
was applied in 592 patients (71%). R-CHOP treatment was unex-
pectedly discontinued in a total of 164 patients (20%) owing to
toxicities (n 5 88), disease progression (n 5 38), death (n 5 16),
patient request (n 5 12), development of other malignant dis-
eases (n 5 6), or unknown reasons (n 5 4). Febrile neutropenia
was reported in 267 patients (32%). During the median 37-
month observation period, 194 patients (35%) died, and 34 of
these deaths were treatment related. The 3-year OS rate for all
patients was 68%.

Development of the ACA Index
As the training set, 555 patients from the SoLT-J cohort were
used to measure the effect of advanced age, hypoalbuminemia,
and higher CCI score on survival. The logistic regression analysis
revealed that all of these factors were significantly associated
with death (p< .001), and thus cutoff values of age, serum
albumin, and CCI score were determined to be >75 years,
<3.7 g/dL, and �3, respectively. The univariate and multivari-
ate Cox regression analysis for OS revealed that advanced age
(>75 years), hypoalbuminemia (<3.7 g/dL), and high CCI score
(�3) were significantly associated with poor OS independently
of the other risk factors consisting of the IPI (Table 3). The index,
comprising these three new risk factors, was defined as the

“Age, Comorbidities, and Albumin (ACA) index” and catego-
rized as “excellent,” “good,” “moderate,” or “poor” according
to the scores of 0–3, respectively (Table 4). Consequently, 181,
224, 132, and 18 patients were categorized into the excellent,
good, moderate, and poor groups, respectively. The 3-year OS
rates of these groups were 86%, 72%, 51%, and 0%, respec-
tively (p< .001; Fig. 2A). Regarding the RTD and RDI, a higher
ACA index score was associated with lower mean dose of
chemotherapy (94%, 81%, 63%, and 46%, p< .001; and 88%,
75%, 57%, and 45%, p< .001, respectively; Fig. 3A and 3B). The
probabilities of unanticipated discontinuation of R-CHOP treat-
ment, febrile neutropenia, and treatment-related death among
these groups were also significantly different (7%, 19%, 27%,
and 61%, v25 42, p< .001; 11%, 28%, 39%, and 61%, v25 47,
p< .001; and 0%, 3%, 5%, and 22%, v25 23, p< .001,
respectively).

Validation of the ACA Index
We applied the ACA index to 281 patients in the West-JHOG
cohort as the validation set. Consequently, 74, 107, 83, and 17
patients were categorized into the excellent, good, moderate,
and poor groups, respectively. The 3-year OS rates of these
groups were 86%, 74%, 44%, and 15% (p< .001), respectively
(Fig. 2B). A higher ACA index score was associated with lower
mean RTD and RDI (83%, 68%, 50%, and 44%, p< .001; 74%,
62%, 45%, and 39%, p< .001, respectively; Fig. 3C and 3D). The
probabilities of unanticipated discontinuation of R-CHOP treat-
ment, febrile neutropenia, and treatment-related death among

Figure 3. Mean relative total dose and relative dose intensity of doxorubicin and cyclophosphamide in each risk group of the
ACA index in the Society of Lymphoma Treatment in Japan cohort (A and B) and West-Japan Hematology and Oncology Group
cohort (C and D). Error bars represent standard error. Each p value was calculated by post hoc t test and adjusted by Bonferroni
correction.

Abbreviations: ACA index, Age, Comorbidities, and Albumin index; NS, not significant.

558 ACA Index for Elderly DLBCL

Oc AlphaMed Press 2017



these groups were significantly different (12%, 17%, 31%, and
41%, v25 32, p< .001; 31%, 43%, 48%, and 71%, v25 11,
p 5 .014; and 0%, 3%, 13%, and 18%, v25 20, p< .001,
respectively).

DISCUSSION

The ACA index, a new prognostic model consisting of higher
age (>75 years), hypoalbuminemia (<3.7 g/dL), and higher CCI
score (�3) for elderly DLBCL patients treated with R-CHOP, is
composed of only host factors and is less dependent on the
effect of progression or biology of the disease. As a result, the
index has an excellent ability to stratify prognosis, tolerability
to cytotoxic drugs, and adherence to treatment in elderly
patients with DLBCL treated with R-CHOP.

It is also noteworthy that higher ACA index score was asso-
ciated with lower RTD and RDI of cyclophosphamide and
anthracycline, which serve as key components of R-CHOP.
Reduced initial dose and incompletion of the chemotherapy
might be major reasons for the different RTDs and RDIs among
the groups. Even after the advent of rituximab, the optimal
dose intensity for elderly patients with aggressive B-cell lym-
phomas has been discussed without definitive conclusions [16].
Previous investigations, both prospective and retrospective,
have evaluated reduced intensities of R-CHOP, ranging from
50% to 70% doses of the cytotoxic drugs, for elderly patients
with DLBCL [9, 17]. However, to optimize R-CHOP treatment for
elderly patients with DLBCL, risk-oriented individualized ther-
apy rather than universally attenuated treatment should be
applied, because the backgrounds of elderly patients with
DLBCL are quite heterogeneous [18]. Thus, the results of this
study provide a platform to perform risk-oriented dose adjust-
ment of R-CHOP for each elderly patient with DLBCL.

Although there are a number of scales to quantify the health
status of elderly patients with or without cancer, physicians have
limited tools available to aid in deciding whether full-dose R-
CHOP should be administered to elderly patients with DLBCL
[19]. Several prior investigations performed in Italy evaluated the
role of the Comprehensive Geriatric Assessment (CGA), a multi-
disciplinary, objective tool to assess various functions of elderly
cancer patients [20]. In prospective studies, CGA effectively dis-
criminated elderly patients with DLBCL between “fit” and “frail”
groups, of which the former was treated with R-CHOP much
more favorably [21, 22]. However, the complexity of the CGA
remains a barrier to its integration into daily practice, in contrast
to the ACA index, which could be scoredmuchmore easily.

Although the ACA index showed excellent ability to stratify
the adherence to R-CHOP among elderly patients with DLBCL,
several uncertainties regarding its utilization in clinical practice
remain to be resolved. First, tetrahydropyranyl-adriamycin was
substituted for doxorubicin in 39% of the patients in this study.
Although tetrahydropyranyl-adriamycin has shown similar effi-
cacy to doxorubicin for elderly DLBCL patients with favorable
adherence [14], data from large-scale, randomized trials are still
lacking. Thus, differences between these two drugs probably
had some effect on the results. Second, only 35 of 836 patients
(4%) were categorized into the poor risk group by the ACA
index in this study, resulting in low statistical power. This imbal-
ance might arise from the unlikelihood of R-CHOP application
to such patients in clinical practice. Finally, we did not evaluate
the biology of the disease, which has a crucial impact on the

outcome of DLBCL treatment. Affected extranodal sites of the
disease (e.g., bone marrow, testis, or gastrointestinal tract) are
essential information for planning DLBCL treatment. Addition-
ally, immunohistochemical characteristics (e.g., germinal center
B-cell type or not), EBV association, and genetic alterations
(e.g. myc and bcl-2) of the disease should be considered before
treatment [23].

CONCLUSION
We demonstrated that the ACA index is useful for the treat-
ment of elderly patients with DLBCL to support risk-oriented
personalized therapy.The utility of the index needs further eval-
uation in large-scale, prospective studies. Finally, our results
suggest that this new decision-making model comprising sim-
ple, host-dependent factors has the potential to be applied to
the management of elderly patients with other types of lym-
phomas or chemosensitive solid tumors.
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