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/ABSTRACT

Background. The management of severe adverse events
(AEs) is important in safely and effectively providing chemo-
therapy to older adults with diffuse large B-cell lymphoma
(DLBCL). However, reports on simple and DLBCL-specific pre-
dictive models for treatment-related toxicity in elderly indi-
viduals are scarce. The aim of this study was to examine the
usefulness of Geriatric 8 (G8) in predicting treatment-related
severe AEs, nonhematological toxicity, and febrile neutrope-
nia in older adults with DLBCL in real-world practice.
Materials and Methods. We conducted a multicenter, ret-
rospective study on 398 consecutive patients with DLBCL
(aged 265 years) who received standard therapy at three
centers in Japan (University of Fukui Hospital, the Fukui Pre-
fectural Hospital, and the Japanese Red Cross Fukui Hospi-
tal), between 2007 and 2017.

Result. Multivariate logistic analysis demonstrated that
the G8 score was an independent predictive factor for
severe AEs. Moreover, a logistic regression model with
restricted cubic spline showed a nonlinear association
between the incidence of severe AEs and the G8 score.
According to receiver operating characteristic analysis,
the most discriminative cutoff value of the G8 for the
incidence of severe AEs was 11, with an area under the
curve value of 0.670. AEs occurred most often in the first
course of chemotherapy and decreased as the course
progressed.

Conclusion. The G8 score, an easy-to-use geriatric assess-
ment tool, can be a useful prediction model of treatment-
related severe AEs during standard therapy in older adults
with DLBCL. The Oncologist 2021;26:215-223

Implications for Practice: In older patients with diffuse large B-cell lymphoma (DLBCL), to accurately predict the risk of
severe adverse events (AEs) in advance is essential for safe and effective treatment. This study demonstrated that the Geri-
atric 8 score, a simple and established geriatric assessment tool, indicated a high predictive ability for occurrence of

therapy-related severe AEs in elderly patients with DLBCL who were treated with standard treatment.

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the most common
type of non-Hodgkin lymphoma, accounting for approximately
25% of all cases of non-Hodgkin lymphoma [1]. Because the
elderly population has been increasing worldwide, the use of
chemotherapy treatment has been growing as well [2]. With a
sufficient relative dose intensity (RDI) of multidrug chemother-
apy, DLBCL has been curable even in the elderly population
[3]. In order to achieve a high RDI to cure DLBCL, an accurate

prediction model for adverse events (AEs) is essential [4].
Moreover, in real-world practice, it is important for meticulous
management of DLBCL to predict AEs not only during the
entire treatment period but also during each course of chemo-
therapy. Because of the paucity of detailed evidence of AEs
focused on each course of chemotherapy, the development of
a therapy-related toxicity prediction model in DLBCL applicable
to every course is necessary [5-7].
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DLBCL during 2007-2017

- Aged 65 years and older

- Newly diagnosed

- Histologically proven DLBCL

n =499 patients were diagnosed as having

H n =39 patients were excluded because of CNS involvement

transformed DLBCL

n =5 patients were excluded because of diagnosis of

H n = 4 patients were excluded because of MTX-LPD

n =53 patients were excluded because of treatment other than
CHOP/THP-COP therapy

n =398 patients were enrolled

Figure 1. Flow chart of patient selection.

Abbreviations: CHOP, cyclophosphamide, adriamycin, vincristine and prednisolone; CNS, central nervous system; DLBCL, diffuse large
B-cell lymphoma; MTX-LPD, methotrexate-associated lymphoproliferative disorders; THP-COP, cyclophosphamide, tetrahydropyranyl

adriamycin, vincristine, and prednisolone.

DLBCL is a unique disease with clinical features different
from those of common solid cancer. Thus, the toxicity pre-
diction models mainly used in solid cancers, such as the
Chemotherapy Risk Assessment Scale for High-Age Patients
(CRASH) score and the Cancer and Aging Research Group
(CARG) toxicity score, cannot be completely applicable to
DLBCL [8-10]. Moreover, the fact that the majority of eligi-
ble patients in the studies for both the CRASH and the
CARG toxicity scores were those with solid cancers (not
lymphoma) is also a reason for the unsuitability of these
prediction models for DLBCL [8-10]. Comprehensive geriat-
ric assessment (CGA) might potentially predict severe AEs in
older adults with DLBCL [4]; however, CGA is time consum-
ing [11, 12]. The Geriatric 8 (G8) score is a simple geriatric
screening tool that can be used to assess patient frailty and
only takes a few minutes; thus, it may be useful in a busy
clinical practice [13]. An abnormal G8 is associated not only
with poor prognosis in patients with malignancies, including
hematological malignancy [14-17], but also with a higher
incidence of severe chemotherapy toxicity in older patients
with solid cancers [18]. However, little has been reported
on the utility of G8 for the prediction of severe AEs in stan-
dard therapy of older adults with DLBCL [4, 19-21].

The aims of this study were to examine whether the G8
score could be a predictor of severe AEs, nonhematological
toxicity, and febrile neutropenia (FN) in patients with DLBCL
aged 65 years and older. We also assessed the detailed AEs
and the utility of the G8 score for toxicity prediction for each
treatment course as well as for the entire treatment period.

MATERIALS AND METHODS

Patient Selection
This retrospective and multicenter cohort study was con-
ducted at three tertiary institutions in Japan: the University
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of Fukui Hospital, the Fukui Prefectural Hospital, and the
Japanese Red Cross Fukui Hospital. Clinical features and
treatment records of patients aged >65 years who were
newly diagnosed with DLBCL between 2007 and 2017 were
electronically collected. Histological diagnoses were per-
formed according to the World Health Organization classifi-
cation [22, 23]. Patients treated with the standard regimen
as first-line therapy were enrolled in this study. The stan-
dard regimen was defined as (R-) CHOP regimen (rituximab
375 mg/m?, cyclophosphamide [CPA] 750 mg/m? intrave-
nously on day 1, adriamycin [ADR] 50 mg/m? intravenously
on day 1, vincristine [VCR] 1.4 mg/m? [maximum 2 mg/body]
intravenously on day 1, and prednisolone 100 mg/body
orally or intravenously on days 1-5; every three weeks), (R-)
THP-COP regimen (the same as CHOP including the doses,
except tetrahydropyranyl adriamycin [THP] 50 mg/m? intra-
venously on day 1 replaced ADR) [24, 25], and radiation
therapy after three courses of standard therapy for limited
stage DLBCL. The exclusion criteria were transformed DLBCL,
methotrexate-associated lymphoproliferative disorders, cen-
tral nervous system involvement, or undergoing treatment
besides CHOP/THP-COP therapy. Patients with human immu-
nodeficiency virus infection were also excluded. The present
study was conducted in accordance with the principles of the
Declaration of Helsinki, and the protocols were approved by
the respective institutional review boards. The requirement
for written informed consent was waived because this study
used retrospective data obtained from hospital records.

Clinical Information

In addition to patient characteristics and baseline parame-
ters, the intensity of treatment and the occurrence of severe
AEs were also assessed. Specifically, the Eastern Cooperative
Oncology Group (ECOG) performance status (PS), the number
of extranodal sites, Ann Arbor stage, elevated lactate dehy-
drogenase, serum albumin (Alb) [26, 27], International
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Table 1. Patient characteristics at diagnosis
All patients With severe AEs Without severe AEs

Characteristic (n =398), n (%) (n =241), n (%) (n = 157), n (%) p value
Age, median (range), years 77 (65-96) 77 (65-96) 76 (65-93) .548
Male sex 194 (48.7) 119 (49.4) 75 (47.8) .759
ECOG PS 22 133 (33.4) 105 (43.6) 28 (17.8) <.001
Extranodal sites >2 142 (35.7) 104 (43.2) 38 (24.2) <.001
Ann Arbor stage Ill/IV 272 (68.3) 180 (74.7) 92 (58.6) <.001
Elevated LDH (>ULN) 265 (66.6) 167 (69.3) 98 (62.4) .159
Serum albumin, median (range), g/dL 3.4 (0.6-5.1) 3.3 (0.6-5.1) 3.7 (1.8-4.7) <.001
IPI

Low (0, 1) 69 (17.3) 31(12.9) 38 (24.2)

Low intermediate (2) 70 (17.6) 34 (14.1) 36 (23.0) <.001

High intermediate (3) 88 (21.1) 49 (20.3) 39 (24.8)

High (4, 5) 171 (43.0) 127 (52.7) 44 (28.0)
Bulky mass 82 (20.6) 63 (26.1) 19 (12.1) <.001
B symptoms 141 (35.4) 103 (42.7) 38(24.2) <.001
ccl

0 137 (34.4) 75 (31.1) 62 (39.5)

1,2 171 (43.0) 100 (41.5) 71 (45.2) .034

3,4 68 (17.1) 49 (20.3) 19 (12.1)

>5 22 (5.5) 17 (7.1) 5(3.2)
G8 score, median (range) 11 (2-17) 10 (2-17) 12 (3-17) <.001
Total ARDI, median (range), % 81.9 (6.6-140.1) 80.8 (6.6-140.1) 82.3 (11.4-135.2) .568
Prephase prednisolone 93 (23.4) 67 (27.8) 26 (16.5) .015
Prophylactic oral antibiotics 56 (14.1) 39 (16.2) 17 (10.8) .184
Prophylactic G-CSF 340 (85.4) 221 (91.7) 119 (75.8) <.001

Abbreviations: AE, adverse event; ARDI, average relative dose intensity; CCI, Charlson Comorbidity Index; ECOG PS, Eastern Cooperative Oncol-
ogy Group performance status; G8, Geriatric 8; G-CSF, granulocyte colony-stimulating factor; IPI, International Prognostic Index; LDH, lactate

dehydrogenase; ULN, upper limit of normal.

Prognostic Index (IPI), bulky mass (>7.5 cm), B symptoms,
and comorbidities at diagnosis were extracted from the med-
ical records. Frailty and comorbidities before treatment were
evaluated by the G8 score [13-16] and the Charlson Comor-
bidity Index (CCl) [28, 29], respectively. The G8 scores were
obtained on the basis of information from the patients’ med-
ical records including nursing records, pharmacists’ records,
and records of nutritionists and physical therapists [30-33].
AEs were assessed using the National Cancer Institute (NCI)
Common Terminology Criteria for Adverse Events (CTCAE)
version 4.0. In this study, the total NCI CTCAE score was
dichotomized into categories: “low” (0-2) and “severe” (3-5)
toxicity [9]. The severe AEs in the present cohort were
defined as FN or nonhematological toxicity (grade >3).

Calculation of RDI
The RDI is the ratio of actual dose intensity (DI) and
planned DI and expressed as a percentage.

actual DI
RDI (%) = ———— x 100
planned DI

The DI is the index of a planned dose per specific
period.
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- planned dose per course (mg/m?)
~ planned period per course (weeks)

The average relative dose intensity (ARDI) was defined as
the average delivered RDI of each chemotherapeutic agent
(ADR or THP, CPA, and VCR) in each cycle. The total average
relative dose intensity (tARDI) was also defined as the average
delivered ARDI of each cycle in the total treatment duration.
The maximum value of tARDI 100% refers to six cycles of stan-
dard regimens without any reduction or delay. If treatment is
interrupted due to disease progression, AEs, or death within
six courses, it is calculated as 100% up to that course.

Outcome Measures

The primary outcome was whether the pretreatment G8 score
could predict the occurrence of severe AEs associated with
chemotherapy. When evaluating the AEs through the whole
treatment period, events were defined as severe AEs at least
once during this time, which is equal to the number of
patients who experienced severe AEs in the entire treatment
period. We also counted severe AEs in each course. When a
patient experienced more than one severe AE in same treat-
ment course, the first event was counted. When a patient
experienced severe AEs over multiple treatment courses, the
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events in those courses were counted separately. As for irre-
versible AEs, such as peripheral neuropathy, they were coun-
ted as an event only in the first course that they appeared.

Statistical Analysis

Continuous variables were expressed as median values and
range; these were compared using the Mann-Whitney
U test. Categorical variables were expressed as numbers and
percentages; these were compared using the chi-square test
or Fisher’s exact test, as appropriate. A multivariate logistic
regression analysis was performed to identify factors related
to severe AEs. Factors examined included sex, IPI score, serum
albumin, bulky mass, total ARDI, G8 score and CCl score,
based on previous knowledge [3, 26, 29, 34]. The model con-
struction and variable selections were based on the published
DLBCL risk algorithm (e.g., the IPI), substantive knowledge
about DLBCL prognosis to guide variable selection. Covariates
determined a priori after our review of the literature and
organized focus group meetings with our research staff
included sex, the IPI, serum Alb, bulky mass, total ARDI, the
G8, and the CCl in order to avoid consequences of overfitting
[35]. Nonlinear regression with restricted cubic spline (RCS) of
four knots was used to assess the presence of a nonlinear
relationship between the G8 score and the frequency of
severe AEs. The performance of the G8 screening tool to pre-
dict AEs was evaluated using receiver operating characteristic
(ROC) analysis, and the cutoff value was determined using the
Youden’s index. To assess the impact of the patient’s self-
perception of health item on the G8 score, we conducted a
sensitivity analysis using the modified G8 score, which
excludes the patient’s self-perception of health items from
the G8 score, and E-value, which is an indicator related to the
robustness of associations to potential unmeasured or resid-
ual confounding factors [36, 37]. Two-sided values of p < .05
were considered significant. Statistical analyses were per-
formed with R (version 3.4.1, The R Foundation for Statistical
Computing, Vienna, Austria) or EZR (Saitama Medical Center,
Jichi Medical University, Saitama, Japan, version 1.37), which
is a graphical user interface for R [38].

RESULTS

Patient Characteristics

In three participating institutions, 499 patients aged
265 years were initially diagnosed with DLBCL from 2007
to 2017. A total of 101 patients were excluded owing to
the exclusion criteria, and the remaining 398 patients
were enrolled in the present cohort study (Fig. 1). A total
of 298 patients (74.9%) received (R-) CHOP, 96 patients
(24.1%) received (R-) THP-COP, and 4 patients (1.0%)
received CHOP and switched to THP-COP midway through
treatment. Nine patients (2.3%) received three courses of
standard regimens followed by involved field radiotherapy
for limited stage disease.

Table 1 shows the baseline characteristics at the diagno-
sis of DLBCL. A total of 241 patients (54.8%) had severe AEs.
Patients who experienced severe AEs during the whole treat-
ment period had significantly worse IPI, CCl, and G8 scores
than patients who did not experience severe AEs. There was

© 2020 AlphaMed Press

Table 2. Occurrence of severe nonhematological toxicity (grade >3) and febrile neutropenia

Course 8

Course 7
(n

Course 6
(n

Course 5
(n

Course 4
(n

Course 3
(n

Course 2
(n

Course 1

All duration

(n

120), n (%)

(n=
4(3.3)

129), n (%)

268), n (%)

284), n (%)

303), n (%)

360), n (%)

= 384), n (%)

398), n (%)

(n=
76 (19.1)

398), n (%)

Adverse event

29 (8.1) 16 (5.3) 15 (5.3) 7 (2.6) 4(3.1)

28 (7.3)

Any nonhematological

toxicity

1(0.4)

3(1.0)
2(0.7)
3(1.0)

3(0.8)
6(1.7)
3(0.8)

4(1.0)
6 (1.6)
2(0.5)

28 (7.0) 17 (4.3)

26 (6.5)
24 (6.0)

Anorexia

2(1.7)

1(0.8)
1(0.8)

6(2.1)
2(0.7)

6 (1.5)
12 (3.0)

Lung infection

1(0.4)

Sepsis

9(2.3)
4(1.0)
4(1.0)
2(0.5)
4 (1.0)
2(0.5)
1(0.3)
108 (27.1)

9(2.3)
8 (2.0)
6 (1.5)
6 (1.5)
6 (1.5)
6 (1.5)
6 (1.5)
183 (46.0)
5(1.3)

Tumor lysis syndrome

1(0.3)

3(0.8)

Heart failure

1(0.4)
1(0.4)
1(0.4)
1(0.4)

1(0.3)
1(0.3)
1(0.3)

Skin infection

1(0.8)

1(0.3)

Urinary tract infection

Hyperglycemia

1(0.3) 1(0.3) 1(0.4)

2 (0.6)
36 (10.0)
4(1.1)

Delirium

42 (14.8) 30 (11.2) 15 (11.6) 20 (16.7)
1(0.4)

43 (14.2)

3(0.8)
48 (12.5)

Febrile neutropenia

Malaise
mortality

Treatment-related
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Table 3. Multivariate logistic regression analysis for clinical factors associated with the occurrence of severe adverse events

IPI IPI factors

Factor OR (95% CI) p value OR (95% Cl) p value
Male sex 1.260 (0.807—1.950) 314 1.190 (0.756—1.870) 455
IPI score 1.170 (0.951-1.450) .136

Age 0.975 (0.937-1.010) .198
ECOG PS 22 1.840 (0.999-3.390) .050
LDH >ULN 0.669 (0.391-1.140) .142
Stage 23 1.010 (0.573-1.770) .983
Extranodal sites >2 1.860 (1.090-3.170) .023
Serum albumin (g/dL) 0.737 (0.511-1.060) .101 0.736 (0.507-1.070) .106
Bulky mass 2.010 (1.100-3.680) .023 1.950 (1.050-3.620) .035
Total ARDI 1.000 (0.995-1.010) 474 1.000 (0.995-1.010) .514
G8 score (/point) 0.900 (0.827-0.979) .015 0.887 (0.808-0.975) .013
CCl score (/point) 1.140 (0.979-1.320) .091 1.120 (0.961-1.300) 147

Abbreviations: ARDI, average relative dose intensity; CCl, Charlson Comorbidity Index; Cl, confidence interval; ECOG PS, Eastern Cooperative
Oncology Group performance status; G8, Geriatric 8; IPI, International Prognostic Index; LDH, lactate dehydrogenase; OR, odds ratio; ULN, upper

limit of normal.

Log odds

T T T
5 10 15

G8 score
Figure 2. Associations between the incidence of severe adverse
events and G8 score (n =398) using a model with restricted
cubic spline with four knots. The solid line represents the log
hazard ratio, and the shaded area is the 95% confidence inter-
val.
Abbreviation: G8, Geriatric 8.

no significant difference in tARDI between the two groups
separated by the presence or absence of severe AEs. The
number of patients who received prophylaxis with granulo-
cyte colony-stimulating factor (G-CSF), prophylactic oral anti-
biotics, and both prophylactic G-CSF and oral antibiotics
were 340 (85.4%), 56 (14.1%), and 342 (85.9%), respectively.
The median percentage of patients hospitalized among all
treatment periods was 60.4% (range 0%—100%).

The details of severe AEs that occurred in each course
were investigated and are shown in Table 2. The most fre-
quent severe AE during all courses was FN. In fact, about

www.TheOncologist.com

Cut-off value (sensitivity, specificity)
=11.000 (0.624, 0.664)

08

14
o
1

Sensitivity

o
'S
|

AUC =0.670, 95% CI1 0.616-0.724

T T T T T T
1.0 0.8 0.6 0.4 0.2 0.0
Specificity

Figure 3. Receiver operating characteristic curve showing the
performance of the Geriatric 8 score for predicting the inci-
dence of severe adverse events in 398 patients.
Abbreviations: AE, adverse event; AUC, area under the curve;
Cl, confidence interval.

half of the patients developed FN in the first course of the
standard regimen. As far as nonhematological toxicity was
concerned, anorexia and infection were common, but those
percentages decreased in later courses.

Analyses of Predictors of Severe AEs Using Logistic
Model and ROC Curve

A multivariate logistic regression analysis for clinical factors
associated with the occurrence of severe AEs was performed
(Table 3). Independent predictive factors of severe AEs were
the G8 score (p = .015) and bulky mass (p = .023). Moreover,
supplemental online Tables 1 and 2 showed that the G8 score

© 2020 AlphaMed Press
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Figure 4. Bar graph showing the rate of new occurrences of severe AEs in each course according to the G8 score. The blue bar rep-
resents the rate of new occurrence of severe AEs in the G8 < 11 group, and the red bar represents the rate of new occurrence of

severe AEs in the G8 > 11 group.
Abbreviations: AE, adverse event; G8, Geriatric 8.

also had significant predictive impact on the occurrence of FN
and nonhematological toxicities, respectively (p for FN = .008,
p for nonhematological toxicities = .041).

The association between the frequency of severe AEs
and the G8 score was also examined in the logistic regression
model with RCS. As shown in Figure 2, the association
between the risk of incidence of severe AEs and the G8 score
was not linear, but an almost inverted S-shaped relationship.
In those with a G8 score < 8, the log odds of the risk of
severe AEs are obviously higher than 0 but plateau. Between
G8 scores 8 and 11, the curve of the risk of severe AEs drops
rapidly as the G8 score increases. For G8 scores 211, the y-
axis that indicates the log odds of the risk for severe AEs
gradually falls below 0, and the curve of the risk of severe
AEs approaches a plateau as the G8 score increases. More-
over, according to the ROC curve as shown in Figure 3, the
most discriminative cutoff value of the G8 for the incidence
of severe AEs was 11 (sensitivity 62.4%, specificity 66.4%),
with an area under the curve (AUC) value of 0.670 (95% con-
fidence interval, 0.616-0.724).

2020 AlphaMed Press

Evaluation of Severe AEs in Each Course Depending
on the G8 Score

Based on the cutoff value of the G8 score from the ROC
analysis, the frequency of severe AEs in each chemotherapy
course was evaluated and is shown as a bar graph in
Figure 4. The frequency of severe AEs was highest in the
first course of chemotherapy in both groups divided by the
G8 score, and its incidence was more than 50% in patients
with a G8 score <11. The frequency of severe AEs
decreased in later courses. Moreover, the frequency of
severe AEs was apparently higher in the G8 score <11
group than in the G8 score > 11 group in all courses.

Sensitivity Analyses for the Predictive Accuracy of
the G8 Score for Severe AEs

The sensitivity analyses using modified G8 score, which was
the G8 screening without item of the patient’s self-
perception of health, showed the consistency of the predic-
tive ability of the G8 score for severe AEs (supplemental
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online Fig. 1 and supplemental online Table 3). The E-value
of modified G8 score was 1.28.

DiscussioN

The present study showed that the G8 score was a signifi-
cant predictor of severe AEs, nonhematological toxicities,
and FN in older adults with DLBCL. A logistic regression
model with RCS confirmed apparent nonlinear association
between the G8 score and the risk of severe AEs. The fre-
quency of severe AEs was the highest in the first chemo-
therapy course through the entire treatment period and
decreased gradually as the course of chemotherapy prog-
ressed. The patients with low G8 scores (especially <11)
had a higher incidence of severe AEs during the entire
treatment period. In addition, the frequency of severe AEs
in patients who had low G8 scores were apparently higher
in each course.

Firstly, we found that the G8 score can predict the risk
of severe AEs in older adults undergoing standard therapy
for DLBCL. Currently, using the several measures such as
the G8 score for the routine measurement of frailty in
hematological practice has been recommended [21]. The
G8 score has the highest sensitivity in prognostic prediction
among simple geriatric assessment tools indicating frailty
and relates to survival in various malignancies [15, 39]. A
major advantage of the G8 score is that it is an easier-to-
use and less time-consuming geriatric assessment tool than
CGA, the validated DLBCL-specific prediction model for AEs
[4]. We previously reported that keeping the highest possi-
ble RDI in standard regimens of DLBCL can provide a better
prognosis, even in the very elderly population [3]. Of note,
RDI did not increase the risk of severe AEs in our previous
cohort [3]. Besides, a previous study also showed that the
risk for treatment-related mortality is associated with poor
PS in older adults with DLBCL treated using multidrug che-
motherapy [40].

The CRASH score and the CARG toxicity score are,
indeed, reasonable predictive models for chemotherapy-
related toxicity mainly in older adults with solid cancer, but
we cannot adopt these models directly for DLBCL [8-10].
Only 78 patients with lymphoma (15.1% of the entire study
population) were included in a previously reported study
population focusing the CRASH score [8]. Owing to its sig-
nificantly higher chemosensitivity, lymphoma (especially
DLBCL) has clinical features that are very different from
those of solid cancer. It is not possible to directly compare
DLBCL with common solid cancers because the former is
curable by chemotherapy with a high RDI. The overall sensi-
tivity and specificity for prediction of severe AEs were rela-
tively moderate of the G8 score with AUC of 0.670 in the
present cohort. This result is probably due to a small per-
centage of the items related to motor function in the G8
score. Recently, the association between the grip strength
and gait speed (measured, e.g., by the 4-meter walk test)
and survival outcome in hematological malignancies has
been reported [41]. The moderate prediction accuracy in
ROC curve in the present study might be improved by
adding the G8 score to another prediction model using
assessment of motor function.
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In the present cohort, we showed not only the utility of
the G8 score in predicting severe AEs in older adults with
DLBCL but also the visual relationship between the G8 score
and the risk of AEs by a logistic regression model with RCS.
In this study, the relationship between the G8 score and the
risk of severe AEs was apparently not linear in a logistic
regression model with RCS, and the value range of the G8
score close to the log odds of severe AEs <0 was 11-12. This
G8 value range obtained from an RCS analysis, 11-12, was
nearly the same as the cutoff value, 11, obtained from the
ROC curve. Both results of the logistic regression models
with RCS and ROC are comparable, and this fact showed
the robustness of our findings. These results suggested that
the cutoff value predicting the incidence of severe AEs in
older adults with DLBCL may be lower than 14, which was
the previously reported cutoff value for survival in older
patients with solid cancer or hematological malignan-
cies [13-16].

The number of new severe AEs was highest during the
first course of treatment and gradually decreased as the
chemotherapy course progressed. Therapy-related deaths,
in particular, are most frequent in the first course, and the
frequency decreased with each course according to a previ-
ous report [7]. However, little has been reported about AEs
other than mortality depending on the number of chemo-
therapy courses [7]. In Japan, older adults are usually
treated as inpatients in the first few courses. The findings in
our cohort indicated that the physicians’ judgement of hos-
pitalization was appropriate. In our cohort, mortality during
treatment was considerably low at 1.3%, similar to what is
documented in previous reports [7, 42]. This fact suggested
adequate management of older adults in participating insti-
tutions. In Japan, all expensive medical care including hospi-
talization is supported by the Japanese universal insurance
system. Most patients who undergo the standard regimens
for DLBCL are usually treated as inpatients and are provided
generous supportive care at least during the initial courses
for the sake of safety. Because of the risk of severe AE espe-
cially during earlier courses, there may be consideration for
more careful monitoring or inpatient treatment during the
initial cycle.

The patient with low G8 score needs more intensive
supportive care during chemotherapy, such as G-CSF or pro-
phylactic oral antibiotics, than those with high G8 score.
Because the risk of severe AEs is declined in later courses, it
might be better to treat this vulnerable population as inpa-
tient during the earlier courses, at least during the first
course of chemotherapy. How the G8 score affects the
treatment selection, including determination of RDI, was
unclear in the present cohort. Reduction of RDI regimen
such as R-miniCHOP might be suitable for the patients with
low G8 [43]. But reduction of RDI <50% apparently worsens
prognosis even in very older adults with DLBCL; thus, we
should pay attention to the risk of undertreatment [3]. Fur-
ther studies are required to understand how the G8 may be
incorporated into treatment decision-making for optimal
treatment doses and duration.

Several limitations of this study should be acknowl-
edged. First, this was a retrospective study. There was a
treatment bias in supportive care including the prevention
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of AEs owing to physicians’ descriptions and assessments of
patient conditions. Physicians may reduce and/or delay che-
motherapy without consensus criteria to avoid AEs because
of a retrospective cohort study. Second, there was a survival
bias because only patients who can tolerate the treatment
persist; thus, the incidence of severe AEs may decrease with
each course. Moreover, (R-) CHOP or THP-COP regimens
usually take six or eight courses, and patients with limited
stage DLBCL receive three courses of standard regimens
before radiation therapy. Patients who received seven or
more courses of standard regimens were limited in number.
Third, the impact of the G8 score on survival was not evalu-
ated in the present study [31, 44]. Fourth, E-value was com-
parable to PS and bulky mass, and it is unlikely that the
conclusions of this study would be overturned by the
absence of information on the questionnaire assessing
one’s health status in consideration of the weighting of this
questionnaire in the previous meta-analysis [45]. Finally,
Japan is the most advanced superaged society. In addition
to the normal life expectancy, Japan has also the highest
healthy life expectancy in the world, at 65 years [46]. Older
adults in Japan might be healthier than those in other coun-
tries. Thus, we cannot simply apply the results of our cohort
to the patient population of other countries.

CoNcLusION

In summary, the G8 score before initial treatment can predict
the incidence of severe AEs, FN, or nonhematological toxicity,
not only during the entire treatment period but also in each
course of standard therapy in older adults with DLBCL. The
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