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INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) primarily affects older 
individuals, with approximately 43% of new diagnoses and 
62% of deaths occurring in those aged 65 years or older [1]. 
Although age-related functional decline and comorbidities 
are highly heterogeneous and associated with treatment 
outcomes in DLBCL [2-8], they are usually under-recognized 
in clinical practice. Comprehensive geriatric assessment is 
used in older patients with cancer to evaluate physical func-
tioning, psychological health, level of comorbidities, and 
social well-being and can detect frail individuals who are 
not usually captured in routine assessment [9-11]. However, 
comprehensive geriatric assessment is not widely accepted 
for patients with DLBCL because it is time-consuming and 
has not been validated as a treatment guide. Thus, an ap-
propriate risk stratification model based on optimal geriatric 
assessment tools need to be established. Recently, the Ital-
ian lymphoma group classified older patients (≥ 65 yr) with 
DLBCL into three categories (fit, unfit, and frail) using three 
simplified geriatric assessment tools, Activities of Daily Living 
(ADL), Instrumental Activities of Daily Living (IADL), and the 
Cumulative Illness Rating Scale for Geriatrics, and age and 
validated them in an external cohort [12]. However, since 
that study, no prospective study on patients with DLBCL has 

reported the prognostic impact of these simplified geriatric 
assessment tools on treatment outcomes.

Several retrospective studies have attempted to address 
the impact of dose intensity of rituximab plus cyclophospha-
mide, doxorubicin (in particular), vincristine, and prednisone 
(R-CHOP) in older patients with DLBCL [5,13-17]. Despite 
the heterogeneity in the study population and in the defini-
tion and calculation of dose intensity, there is considerable 
agreement that maintaining a standard dose intensity of 
R-CHOP is of importance even in older patients with DLBCL 
[17]. However, this agreement gradually diminishes with in-
creasing age, particularly in patients aged 80 years or older. 
Most retrospective studies have shown no significant asso-
ciation between dose intensity and survival in very older pa-
tients [5,13-16]. One study [18] even reported that a doxo-
rubicin dose intensity ≥ 85% was associated with worse 
outcomes compared with dose intensity < 85%. This is ex-
plained by increased treatment-related toxicities and early 
mortality associated with higher dose intensities in patients 
with advanced age [18]. Given that pretreatment geriatric 
assessment can predict treatment-related toxicities in old-
er patients with DLBCL [2-5,12,19,20], it would be worth-
while to evaluate the impact of geriatric assessment-defined 
non-fitness on doxorubicin dose intensity and toxicities in 
older patients with DLBCL. To date, no study has prospec-
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tively evaluated the impact of non-fitness on the relative 
doxorubicin dose intensity (RDDI), toxicity, and survival out-
comes. Therefore, this GERIAD study aimed to develop a risk 
model based on a simplified geriatric assessment and other 
geriatric variables to predict event-free survival (EFS) in older 
patients with DLBCL and to evaluate the impact of geriatric 
non-fitness defined by the established risk model on RDDI, 
treatment-related toxicities, and survival outcomes.

METHODS

Study design and patients
This prospective multicenter observational cohort study 
included older patients with newly diagnosed DLBCL who 
underwent curative-intent chemoimmunotherapy at 13 in-
stitutions of the Korean Society of Hematology Lymphoma 
Working Party. Eligible patients had a histologic diagnosis 
of DLBCL, were 65 years or older, and intended to undergo 
treatment with the R-CHOP regimen. Patients with other 
histologies, including high-grade lymphoma, follicular lym-
phoma grade 3b, or primary central nervous system DLB-
CL were excluded. Additionally, patients with a history of 
indolent lymphoma or other malignancies requiring active 
treatment were also excluded. Demographics and baseline 
clinical, pathological, and laboratory data were collected 
using study-specific case record forms. Performance sta-
tus was assessed using the Eastern Cooperative Oncology 
Group performance status, and the age-adjusted Interna-
tional Prognostic Index (aaIPI) was used to determine prog-
nosis using baseline clinical variables.

Patients received the standard R-CHOP regimen (ritux-
imab 375 mg/m2 intravenously [IV], cyclophosphamide 750 
mg/m2 IV, doxorubicin 50 mg/m2 IV, and vincristine 1.4 mg/
m2 [maximum 2.0 mg] IV, all administered on day 1; and 
prednisone 100 mg orally administered on days 1–5) ev-
ery 21 days for 6–8 cycles. However, the actual dose and 
interval of R-CHOP therapy were left to the discretion of 
treating physician and were not based on the results of the 
geriatric assessment. All patients received primary prophy-
laxis with pegylated granulocyte-colony stimulating factor 
and prophylactic trimethoprim-sulfamethoxazole once daily 
throughout treatment.

The study protocol was approved by the Institutional Re-
view Board of each participating center (Chonnam National 
University Hwasun Hospital, CNUHH-2015-154; Jeonbuk 

National University Hospital, CUH-2015-08-007) and con-
ducted in accordance with the Declaration of Helsinki. All 
patients provided written informed consent before enroll-
ment, and the study was registered at www.clinicaltrials.gov 
(#NCT02555267 and #NCT03211702).

Assessment and endpoints
Geriatric assessment was performed by trained study staff 
prior to administering R-CHOP therapy using three tools: the 
modified Korean version of the Katz ADL [21], Lawton IADL 
[21], and Charlson’s Comorbidity Index (CCI) [22] (Supple-
mentary Table 1, 2). The ADL and IADL scales assessed sev-
en items of basic self-care activities and 10 items regard-
ing household work and independence status, respectively 
(Supplementary Table 1), and were determined by the total 
number of items performed independently. The CCI was 
calculated by summing the scores based on comorbidities 
and their severity. Comorbidities, such as leukemia (acute 
or chronic), metastatic solid tumor, and other lymphoma, 
were not considered as they were excluded from this study 
(Supplementary Table 2).

The primary endpoint was EFS, which was calculated 
from the date of inclusion to the date of disease progres-
sion, relapse from complete responders, unplanned chang-
es in therapy during treatment, death from any cause, or 
last follow-up, as appropriate. The secondary endpoints 
were progression-free survival (PFS), calculated from the 
date of inclusion to the date of progression, relapse, death 
from any cause, or last follow-up, and overall survival (OS), 
which was measured from the date of inclusion to the date 
of death from any cause or last follow-up. The dose inten-
sity of doxorubicin was calculated by dividing the total dose 
of doxorubicin administered by the number of weeks of 
treatment. The RDDI was then determined by dividing the 
received dose intensity by the projected dose intensity of 
doxorubicin. 

All patients underwent baseline, mid-treatment (after 
three cycles of R-CHOP), and post-treatment response as-
sessments, using the Lugano criteria [23,24]. Patients were 
followed up every 3 months for the first 2 years after treat-
ment, then every 4 months for the third year, and every 
6 months thereafter. Adverse events (AEs) were evaluated 
using the NCI-CTCAE version 4.03, from study enrollment 
to 4 weeks after the last R-CHOP therapy.
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Statistical analysis
The Kaplan–Meier method was used to estimate EFS, PFS, 
and OS, and comparisons between categorical variables 
were performed using the log-rank test. To develop a geri-
atric risk model based on geriatric variables, we performed 
univariable analysis to evaluate the association between 
EFS and different baseline variables. To define the cate-
gorization of continuous clinical and geriatric assessment 
variables, two different methods, X-tile analysis [25] and re-
ceiver operating characteristic (ROC) analysis, were used to 
determine the best cutoff values of these variables for event 
prediction. Clinical variables with p < 0.05 in the univariable 
analysis were included in the multivariable analysis using the 
Cox proportional hazard regression model. Covariates that 
remained significant after multivariable adjustment were se-
lected to build a geriatric model by summing the products of 
indicator variables (encoded as 0 for reference and 1 if a risk 
factor was present) multiplied by their respective beta coef-
ficients (natural logarithm of the HR) from the multivariable 
Cox regression model. To define categorical risk groups (i.e., 
fit, intermediate-fit, and frail), tertiles were defined within 
the distribution of geriatric scores. The predictive ability of 
the geriatric model was compared to models relying on indi-
vidual geriatric variables or combinations using the concor-
dance index (C-index) [26]. Descriptive statistics were report-
ed as percentages for categorical variables and as medians 
and interquartile ranges (IQRs) for continuous variables. All 

Table 1. Clinical characteristics of the enrolled patients

Characteristic Total (n = 249)

Age, yr 74 (65–88)

65–70 74 (29.7)

70–80 141 (56.6)

> 80 34 (13.7)

Sex

Male 124 (49.8)

Female 125 (50.2)

Ann Arbor stage 

I–II 109 (43.8)

III–IV 140 (56.2)

ECOG PS

0–1 195 (78.3)

2–4 54 (21.7)

Serum LDH level

Normal 103 (41.0)

Elevated 147 (59.0)

B symptoms

Absence 203 (81.5)

Presence 46 (18.5)

Bulky (> 10 cm) mass

No 227 (91.2)

Yes 22 (8.8)

Extranodal disease

≤ 1 179 (71.9)

> 1 70 (28.1)

Age-adjusted IPI

Low 65 (24.9)

Low-intermediate 68 (27.3)

High-intermediate 84 (33.7)

High 35 (14.1)

BM involvement

No 208 (33.5)

Yes 41 (16.5)

Hemoglobin level, g/dL 11.6 (7.0–15.7)

≥ 12 111 (44.6)

< 12 138 (55.4)

Serum albumin level, g/dL 3.7 (1.6–5.0) 

≥ 3.5 170 (68.3)

< 3.5 79 (31.7)

ADLa) 7 (4–7)

≥ 5 179 (71.9)

< 5 70 (28.1)

Characteristic Total (n = 249)

IADLa) 10 (5–10)

≥ 7 165 (66.3)

< 7 84 (33.7)

CCI 0 (0–1)

< 2 204 (81.9)

≥ 2 45 (18.1)

Follow-up duration, mo 41.7 (34.6–49.2)

Values are presented as median (interquartile range) or num-
ber (%).
ECOG PS, Eastern Cooperative Oncology Group performance 
status; LDH, lactate dehydrogenase; IPI, International Prognos-
tic Index; BM, bone marrow; ADL, Activities of Daily Living; 
IADL, Instrumental Activities of Daily Living; CCI, Charlson’s 
Comorbidity Index.
a)Total number of items doing independently.

Table 1. Continued
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statistical analyses were performed using R version 4.0 (the 
R Foundation for Statistical Computing, Vienna, Austria at 
https://www.r-project.org) and X-tile 3.6.1 software (Yale 
University, New Haven, CT, USA) [25].

RESULTS

Patient characteristics and geriatric  
assessment
Between September 2015 and April 2018, a total of 264 pa-
tients were screened, 15 of whom were ineligible for inclu-
sion in the cohort (Supplementary Fig. 1). Therefore, a total 

of 249 patients were enrolled in this study. The median age 
was 74 years (range, 65–88 yr), 34 patients (13.7%) were  
> 80 years old, and 125 (50.2%) were female. The baseline 
demographic information and disease characteristics are 
shown in Table 1.

Geriatric assessment and survival outcomes
Of the 249 patients, 191 (76.7%) completed the planned 
R-CHOP treatment. Treatment was discontinued because of 
toxicities in most patients who did not complete the planned 
treatment (74.1%) (Supplementary Table 3). With a median  
follow-up of 41.7 months (IQR, 34.6–49.2 mo), 116 patients 
died during treatment or follow-up, 72 of whom died be-
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		 0	 10	 20	 30	 40	 50	 60
					   Time (months)
No. at risk
	ADL ≥ 5	 179	 140	 114	 91	 41	 10	 2
	ADL < 5	 70	 30	 17	 12	 0	 0	 0

		  0	 10	 20	 30	 40	 50	 60
					    Time (months)
No. at risk
	 Fit	 162	 130	 107	 86	 39	 10	 2
	Intermediate-fit	 25	 13	 11	 8	 2	 0	 0
	 Frail	 62	 27	 13	 9	 0	 0	 0

		  0	 10	 20	 30	 40	 50	 60
					    Time (months)
No. at risk
	 Fit	 162	 132	 109	 87	 40	 10	 2
	Intermediate-fit	 25	 16	 13	 9	 3	 0	 0
	 Frail	 62	 30	 14	 10	 1	 0	 0

		  0	 10	 20	 30	 40	 50	 60
					    Time (months)
No. at risk
	 Fit	 162	 143	 126	 97	 47	 12	 3
	Intermediate-fit	 25	 19	 15	 11	 3	 0	 0
	 Frail	 62	 35	 22	 12	 2	 0	 0

		 0	 10	 20	 30	 40	 50	 60
					   Time (months)
No. at risk
	CCI < 2	 204	 144	 114	 93	 37	 7	 2
	CCI ≥ 2	 45	 26	 17	 10	 4	 3	 0

		 0	 10	 20	 30	 40	 50	 60
					   Time (months)
No. at risk
	IADL ≥ 7	 163	 130	 107	 86	 39	 10	 2
	IADL < 7	 86	 40	 24	 17	 2	 0	 0

A

D

B

E

C

F

HR 95% CI Log-rank p
ADL ≥ 5 1
ADL < 5 3.38 2.37–4.82 < 0.001

HR 95% CI Log-rank p
Fit 1

Intermediate-fit 2.61 1.52–4.49 < 0.001
Frail 4.61 3.15–6.75 < 0.001

HR 95% CI Log-rank p
Fit 1

Intermediate-fit 2.11 1.19–3.74 0.010
Frail 4.57 3.11–6.72 < 0.001

HR 95% CI Log-rank p
Fit 1

Intermediate-fit 2.16 1.17–3.99 0.014
Frail 5.45 3.64–8.17 < 0.001

HR 95% CI Log-rank p
CCI < 2 1
CCI ≥ 2 1.95 1.32–2.89 0.001

HR 95% CI Log-rank p
IADL ≥ 7 1
IADL < 7 3.84 2.70–5.47 < 0.001

Figure 1. Survival analysis according to each simplified geriatric assessment tool and the established geriatric risk model. Event-free surviv-
al and (A) ADL, (B) IADL, and (C) CCI. (D) Event-free survival, (E) progression-free survival, and (F) overall survival based on the established 
geriatric risk model. ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living; CCI, Charlson’s Comorbidity Index; HR, 
hazard ratio; CI, confidence interval. 
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cause of lymphoma progression, 18 related to therapy toxic-
ities, 9 deemed unrelated to toxicities or to disease progres-
sion, and 17 because of unknown causes. Eleven patients 
experienced disease progression but were still alive at the 
time of analysis. Additionally, nine patients had unplanned 
therapy changes during R-CHOP treatment (six to radiother-
apy, and three to systemic therapy with palliative intent); 
five of these patients had lymphoma progression and died. 
A total of 127 PFS and 131 EFS events were documented. 
The 2-year EFS, PFS, and OS were 53.5% (95% CI, 47.2–
59.8), 55.9% (95% CI, 49.6–62.1), and 63.9% (95% CI, 
57.8–70.0), respectively.

The median ADL and IADL scores were 7 (IQR, 4–7) and 
10 (IQR, 5–10), respectively. Frequently impaired activities 
in ADL were related to independence in bathing (42.9%), 
transferring (31.7%), and dressing (22.0%). Similarly, the 
most frequently impaired activities in IADL were transpor-
tation (45.7%), laundry (39.7%), and housework (38.5%). 
The median CCI score was 0 (IQR, 0–1), and the fre-
quent comorbidities were diabetes without complications 
(18.1%), mild liver disease (7.6%), and cerebrovascular dis-
ease (5.6%).

To identify subgroups of patients with different progno-
sis according to geriatric assessment results, we evaluated 
the prognostic value of each geriatric assessment tool. From 
the identical results of the X-tile software and ROC analysis, 
an ADL score of 5 (sensitivity 43.5%, specificity 89.8%), an 
IADL of 7 (sensitivity 54.2%, specificity 87.3%), and a CCI 
of 2 (sensitivity 36.0%, specificity 90.7%) were determined 
to be the best cutoffs for predicting EFS. Seventy patients 
(28.1%) had an ADL score < 5, 84 (33.7%) an IADL score 
< 7, and 45 (18.1%) a CCI ≥ 2. Patients with ADL score  
< 5, IADL score < 7, and CCI ≥ 2 had worse outcomes with 
2-year EFS of 24.3% (HR 3.38, 95% CI 2.37–4.82; p < 
0.001), 26.7% (HR 3.84, 2.70–5.47; p < 0.001), and 39.6% 
(HR 1.95, 1.32–2.89; p = 0.001) respectively, compared 
to 65.2%, 68.0%, and 56.6% for those with ADL score 
5–7, IADL score 7–10, and CCI 0–1, respectively (Fig. 1A-C). 
Hence, each geriatric assessment tool identified two distinct 
survival outcome subgroups.

Development of geriatric risk model
Based on the identification of subgroups with worse surviv-
al outcomes using each geriatric tool, we next investigat-
ed whether a geriatric risk model integrating geriatric and 
clinical variables could more accurately predict outcomes 

compared to each geriatric tool alone or in combination. In 
univariable analysis, all variables, except sex and bulky dis-
ease status, were significantly associated with EFS, PFS, and 
OS (Supplementary Table 4). In multivariable Cox propor-
tional hazard analysis, which included significant variables 
from the univariable analysis, geriatric variables (age, ADL 
and IADL scales, and CCI) and aaIPI were associated with 
EFS (Supplementary Table 5). To build a stricter geriatric 
risk model, the Cox model was re-fitted with only geriat-
ric variables (i.e., age, ADL and IADL scales, and CCI) and 
showed that all these variables were independent factors 
for EFS (Table 2). Thus, the final geriatric risk model included 
age, ADL and IADL scales, and CCI. The beta coefficients 
for each indicator variable were determined based on the 
final Cox model (Table 2), and the geriatric score was calcu-
lated for each group (Table 3). Finally, patients were strati-
fied into three groups according to their geriatric scores: fit  
(≤ 33rd percentile; n = 162, 65.1%), intermediate-fit (> 33rd 
percentile and ≤ 66th percentile; n = 25, 10.0%), and frail  
(> 66th percentile; n = 62, 24.9%), with 2-year EFS of 67.7% 
(HR 1), 44.0% (HR 2.61, 95% CI, 1.52–4.49; p < 0.001), and 
21.0% (HR 4.61, 95% CI 3.15–6.75; p < 0.001), respective-
ly (Fig. 1D). The established geriatric model demonstrated 

Table 2. Final Cox model for event-free survival

Covariates HR (95% CI) p value
Beta  

coefficienta)

Age, yr 0.014

≤ 70 1 0

70–80 1.55 (0.97–2.49) 0.438

> 80 2.44 (1.34–4.45) 0.891

ADL 0.025

≥ 5 1 0

< 5 1.89 (1.08–3.33) 0.636

IADL 0.003

≥ 7 1 0

< 7 2.36 (1.35–4.12) 0.858

CCI 0.027

< 2 1 0

≥ 2 1.59 (1.05–2.41) 0.463

HR, hazard ratio; CI, confidence interval; ADL, Activities of 
Daily Living; IADL, Instrumental Activities of Daily Living; CCI, 
Charlson’s Comorbidity Index.
a)The beta coefficient was calculated using the natural loga-
rithm of the HR from the final Cox model.
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the highest predictive ability (C-index 0.7060) among the 
geriatric variables alone or in various combinations (Supple-
mentary Table 6) and was also strongly associated with PFS 
and OS (Fig. 1E, F).

RDDI and treatment-related toxicities accord-
ing to established geriatric risk model
To determine whether geriatric intermediate-fit or frail pa-
tients may benefit from standard dose-intensity therapy, we 
compared the RDDI, treatment-related toxicities, and surviv-
al outcomes of fit patients with those of intermediate-fit or 
frail patients. The median RDDI administered to all patients 
was 61.6% (IQR, 55.5–75.4), which was significantly higher 

in fit patients (66.2%; IQR, 56.8–79.7) compared to that 
in intermediate-fit or frail patients (60.0%; IQR, 51.1–70.0;  
p = 0.001). To define the optimal RDDI cutoff for predict-
ing EFS, two different approaches, X-tile and ROC analy-
ses, were performed. In the X-tile analysis, the best cutoff 
of RDDI for EFS was 60.2%, and ROC analysis identified 
a 64.6% RDDI as an optimal cutoff. Therefore, we chose 
a RDDI threshold of 62.4% (sensitivity 39.4%, specificity 
87.5%), corresponding to the mean of the cut-offs iden-
tified from the X-tile (60.2%) and ROC analysis (64.6%). A 
RDDI of 62.4% separated the study cohort into two groups 
of 133 patients with a RDDI < 62.4% (fit, n = 75; inter-
mediate-fit or frail, n = 58) and 116 patients with a RDDI  

Table 3. Risk stratification by geriatric scores in each potential risk group

Indicator variables Geriatric score 
calculated

Risk groups by tertiles
No. of patients 

allocatedAge, yr ADL IADL CCI

≤ 70 ≥ 5 ≥ 7 < 2 0.000 Fit 51

70–80 ≥ 5 ≥ 7 < 2 0.438 66

≤ 70 ≥ 5 ≥ 7 ≥ 2 0.463 6

≤ 70 < 5 ≥ 7 < 2 0.636 0

≤ 70 ≥ 5 < 7 < 2 0.858 2

> 80 ≥ 5 ≥ 7 < 2 0.891 17

70–80 ≥ 5 ≥ 7 ≥ 2 0.901 17

70–80 < 5 ≥ 7 < 2 1.074 3

≤ 70 < 5 ≥ 7 ≥ 2 1.099 Intermediate-fit 0

70–80 ≥ 5 < 7 < 2 1.296 10

≤ 70 ≥ 5 < 7 ≥ 2 1.321 2

> 80 ≥ 5 ≥ 7 ≥ 2 1.354 2

≤ 70 < 5 < 7 < 2 1.494 8

> 80 < 5 ≥ 7 < 2 1.527 1

70–80 < 5 ≥ 7 ≥ 2 1.537 0

> 80 ≥ 5 < 7 < 2 1.749 2

70–80 ≥ 5 < 7 ≥ 2 1.759 Frail 3

70–80 < 5 < 7 < 2 1.932 36

≤ 70 < 5 < 7 ≥ 2 1.957 5

> 80 < 5 ≥ 7 ≥ 2 1.990 0

> 80 ≥ 5 < 7 ≥ 2 2.212 1

> 80 < 5 < 7 < 2 2.385 8

70–80 < 5 < 7 ≥ 2 2.395 6

> 80 < 5 < 7 ≥ 2 2.848 3

ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living; CCI, Charlson’s Comorbidity Index.
A linear predictor was calculated using the weighted sums of the indicator variables and their beta coefficients, and was catego-
rized into tertiles.
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		 0	 10	 20	 30	 40	 50	 60
					    Time (months)
No. at risk
	RDDI < 62.4%	 58	 30	 21	 15	 2	 0	 0
	RDDI ≥ 62.4%	 29	 10	 3	 2	 0	 0	 0

		 0	 10	 20	 30	 40	 50	 60
					    Time (months)
No. at risk
	RDDI < 62.4%	 75	 57	 49	 42	 14	 4	 0
	RDDI ≥ 62.4%	 87	 73	 58	 44	 25	 6	 2A B

HR 95% CI Log-rank p

RDDI < 62.4% 1
RDDI ≥ 62.4% 2.15 1.30–3.35 0.002

HR 95% CI Log-rank p

RDDI < 62.4% 1
RDDI ≥ 62.4% 0.94 0.56–1.56 0.810

Figure 2. Event-free survival according to RDDI administered. (A) Intermediate-fit or frail patients (n = 87) and (B) fit patients (n = 162). 
RDDI, relative doxorubicin dose intensity; HR, hazard ratio; CI, confidence interval.

Table 4. Hematologic and non-hematologic adverse events

Adverse events Fit (n = 162) Intermediate-fit/frail (n = 87) p value

Hematologic adverse events (grade ≥ 3)

Neutropenia 84 (52.2) 51 (58.6) 0.331

Anemia 23 (14.2) 19 (21.8) 0.125

Thrombocytopenia 38 (23.5) 26 (29.9) 0.268

Non-hematologic adverse events (grade ≥ 3)

Laboratory 31 (19.1) 21 (24.1) 0.355

Glucose elevated 28 19

AST, ALT, or gamma-GT elevated 2 3

Lipase elevated 2 1

Symptomatic 45 (27.8) 55 (63.2) < 0.001

Febrile neutropenia 29 25

Fatigue 7 19

Lung infection 2 10

Nausea/vomiting/mucositis 4 10

Autonomic/sensory neuropathy 3 3

Sepsis 2 1

Other viral infection 1 0

Othersa) 2 3

Values are presented as number (%).
AST, aspartate aminotransferase; ALT, alanine aminotransferase; gamma-GT, gamma-glutamyl transferase.
a)Included 2 pulmonary embolism, 1 myocardial infarct, 1 atrial flutter, and 1 pelvic bone fracture.
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≥ 62.4% (fit, n = 87; intermediate-fit or frail, n = 29). In 87 
patients of the intermediate-fit or frail group, patients with 
RDDI ≥ 62.4% had significantly worse EFS (2-year, 10.3% vs. 
36.2%; HR 2.15, 95% CI 1.30–3.53; p = 0.002), PFS (2-year, 
13.8% vs. 41.1%; HR 1.95, 95% CI 1.19–3.20; p = 0.007), 
and OS (2-year, 20.7% vs. 48.0%; HR 2.16, 95% CI 1.30–
3.59; p = 0.002) than those with RRDI < 62.4% (Fig. 2A,  
Supplementary Fig. 2). However, in 162 fit patients, EFS  
(2-year, 66.4% vs. 69.5%; HR 0.94, 95% CI 0.56–1.56;  
p = 0.810), PFS (2-year, 67.5% vs. 70.8%; HR 0.96, 95% CI 
0.57–1.60; p = 0.884), and OS (2-year, 78.0% vs. 77.1%; 
HR 0.88, 95% CI 0.51–1.53; p = 0.661) did not differ sig-
nificantly between those with RDDI ≥ 62.4% and < 62.4%  
(Fig. 2B, Supplementary Fig. 2).

Grade ≥ 3 hematologic and non-hematologic AEs are list-
ed in Table 4. Grade ≥ 3 neutropenia, anemia, and throm-
bocytopenia were reported in 135 (54.2%), 42 (16.9%), 
and 64 (25.7%) patients, respectively. The risk of grade  
≥ 3 hematologic AEs was not significantly higher in interme-
diate-fit or frail patients than in fit ones (Table 4). Similarly, 
laboratory non-hematologic AEs (grade ≥ 3) were docu-
mented in 52 (20.9%) patients, where the most common 
abnormality was transient hyperglycemia during steroid 
therapy, but the risk of these AEs did not differ significantly 
according to geriatric risk groups (Table 4). However, the 
risk of grade ≥ 3 symptomatic non-hematologic AEs, such as 
febrile neutropenia, fatigue, and lung infection significantly 
increased in intermediate-fit or frail patients compared to 
that in fit patients (63.2% vs. 27.8%, p < 0.001; Table 4). 
Consequently, the rates of early treatment discontinuation 
due to therapy-related AEs were significantly higher in in-
termediate-fit or frail patients compared to those in fit pa-
tients (30 [34.5%] vs. 13 [8.0%]; p < 0.001). Notably, the 
risk of treatment discontinuation due to toxicities was 1.9% 
in fit and 14.9% in intermediate-fit or frail patients in the 
first cycle, and 6.2% in fit and 29.9% in intermediate-fit 
or frail patients by the third cycle, which was significantly 
higher in intermediate-fit or frail patients (p < 0.001). Taken 
together, we established a geriatric risk model integrating 
age, ADL and IADL scales, and CCI score which showed bet-
ter predictive power than each geriatric variable alone or in 
combination. Our geriatric risk model identified a vulnerable 
older patient subset at high risk of non-hematologic toxici-
ties, early treatment discontinuation, and mortality follow-
ing R-CHOP therapy.

DISCUSSION

This prospective study demonstrated that a geriatric risk 
model integrating age, functional status, and comorbidi-
ties can predict survival outcomes, therapy-related toxic ef-
fects, and is useful in determining the feasibility of standard 
dose-intensity R-CHOP therapy. Older non-fit patients had 
an increased risk of disease progression, death, symptomatic 
non-hematologic AEs, and early treatment discontinuation, 
regardless of aaIPI, which were consistent with previous re-
ports [2-5,12,19,20]. Notably, a higher RDDI was associat-
ed with adverse outcomes in older, non-fit patients. These 
findings indicated that geriatric fitness itself is a relevant sur-
rogate marker for long-term outcomes in DLBCL, and thus 
novel treatment strategies for non-fit patients need to be 
explored in this highly vulnerable patient subgroup.

Although evidence-based treatment guidance could not 
be offered from this study because the choice of regimen 
and dose intensity was not based on geriatric assessment and 
was left to the discretion of the treating physician, our data 
provides relevant information on geriatric assessment-based 
treatment approaches in older patients with DLBCL. Given 
the acceptable rates of non-hematologic toxicities and early 
treatment discontinuation among fit patients in the pres-
ent study, these patients may be candidates for a standard 
dose-intensity chemoimmunotherapy approach, which is 
consistent with previous data [27,28]. By contrast, the main 
cause of early treatment discontinuation in intermediate-fit 
or frail patients in our study cohort was treatment-related 
toxicities (34.5%). Most toxicities associated with treatment 
discontinuation were grade ≥ 3 non-hematologic toxicities 
such as febrile neutropenia, fatigue, and lung infection, 
which was in line with previous studies [17,20,29]. These 
data indicated that reducing treatment-related toxic effects 
may be a reasonable approach for improving short-term 
outcomes in older, non-fit patients. In this study, intermedi-
ate-fit or frail patients with an attenuated RDDI (< 62.4%) 
had better survival outcomes than those with higher RDDI 
(≥ 62.4%), suggesting the feasibility of dose-attenuated 
chemoimmunotherapy strategy in older non-fit patients. 
This idea was further supported by observations from two 
previous phase 2 trials evaluating the efficacy and safety of 
R-miniCHOP [30] and ofatumumab-miniCHOP [31] in pa-
tients older than 80 years that reported 2-year OS rates of 
59% and 65%, respectively, with acceptable toxicity pro-
files. However, although these results suggest the feasibil-
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ity of a dose-attenuated chemoimmunotherapy strategy in 
older non-fit patients, reducing treatment-related toxicities 
without compromising therapy efficacy remains a challeng-
ing issue. Other data suggest that reducing treatment-re-
lated toxicities using anthracycline-free chemoimmuno-
therapy may compromise therapeutic efficacy and result in 
inferior outcomes in older non-fit patients [12-14,16,19]. 
Furthermore, although non-fit patients with an attenuat-
ed RDDI showed superior survival outcomes to those with 
higher RDDI in our study, it was slightly disappointing that 
the 2-year EFS of patients with attenuated RDDI was only 
36.2%, indicating that there is a still considerable room for 
improvement in this highly selected population. Currently, 
new treatment strategies incorporating novel agents, such 
as bispecific antibodies, are being actively investigated in 
older/unfit patients with DLBCL, and early clinical data have 
shown promising results [32]. Thus, future randomized trials 
incorporating these novel strategies in older non-fit patients 
will offer optimal treatment options for this highly vulner-
able patient subgroup. Our geriatric risk model might be 
beneficial in determining the patients most likely to benefit 
from such a novel approach.

This study has several limitations. First, an independent 
validation cohort was absent because a simplified geriat-
ric assessment using the three tools was not yet routinely 
evaluated in Korea. In addition, the number of patients was 
based on the potential number of patients we were able to 
feasibly enroll rather than on statistical calculations, owing 
to the absence of data regarding simplified geriatric assess-
ment in older patients with DLBCL at the time of the study 
design. Thus, unfortunately, sample size was inadequate 
for internal validation. Second, as the number of patients 
was quite small in the intermediate-fit group (n = 25), these 
patients were not exclusively analyzed but were combined 
with the frail group, which might be another limitation. 
Finally, we only considered baseline functional status and 
did not evaluate dynamic changes in functional fitness over 
time after the initiation of R-CHOP therapy, which may have 
underestimated the actual proportion of non-fit patients.

In conclusion, this multicenter prospective cohort study 
establishes a geriatric risk model integrating age, ADL and 
IADL scales, and the CCI score that appropriately predicts 
the risk for treatment-related toxicity, early treatment dis-
continuation, and death in older patients with newly diag-
nosed DLBCL. Our geriatric model can assist in identifying 
potentially vulnerable older patients who may be candidates 

for new treatment strategies that incorporate novel drugs. 
Our geriatric risk model and the observed findings warrant 
further validation in a prospective study with a larger pop-
ulation.

KEY MESSAGE
1.	 Age-related functional decline and comorbidities 

affect survival in older patients with DLBCL.
2.	A geriatric risk model based on age, ADL and IADL 

scales, and CCI identified vulnerable older patients 
at high risk of chemotherapy-induced toxicities and 
death.
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Supplementary Figure 1. CONSORT flow chart of patients.

15 were excluded
  9 other histologic diagnosis
  3 prior history of indolent lymphoma
  2 another active malignancies requiring active treatment
  1 administration of other treatment regimen

264 patients were screened for eligibility

249 patients were included in this analysis
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Supplementary Figure 2. Progression-free survival and overall survival according to doxorubicin dose intensity administered. Progres-
sion-free survival according to RDDI in (A) intermediate-fit or frail patients (n = 87) and (B) fit patients (n = 162). Overall survival based on 
RDDI in (C) intermediate-fit or frail patients and (D) fit patients. RDDI, relative doxorubicin dose intensity; HR, hazard ratio; CI, confidence 
interval.
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					    Time (months)
No. at risk
	RDDI < 62.4%	 58	 34	 23	 16	 3	 0	 0
	RDDI ≥ 62.4%	 29	 12	 4	 3	 2	 1	 0
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					    Time (months)
No. at risk
	RDDI < 62.4%	 75	 58	 50	 42	 14	 4	 0
	RDDI ≥ 62.4%	 87	 74	 59	 45	 26	 6	 2

		 0	 10	 20	 30	 40	 50	 60
					    Time (months)
No. at risk
	RDDI < 62.4%	 75	 66	 55	 44	 16	 4	 0
	RDDI ≥ 62.4%	 87	 77	 71	 53	 31	 8	 3

A

C

B

D

HR 95% CI Log-rank p

RDDI < 62.4% 1
RDDI ≥ 62.4% 1.95 1.19–3.20 0.007

HR 95% CI Log-rank p

RDDI < 62.4% 1
RDDI ≥ 62.4% 2.16 1.30–3.59 0.002

HR 95% CI Log-rank p

RDDI < 62.4% 1
RDDI ≥ 62.4% 0.96 0.57–1.60 0.884

HR 95% CI Log-rank p

RDDI < 62.4% 1
RDDI ≥ 62.4% 0.88 0.51–1.53 0.661
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Supplementary Table 1. ADL and IADL

Score ADL IADL

0–1 Dressing Grooming

0–1 Washing face and hands Doing housework

0–1 Bathing Preparing meals

0–1 Eating Doing Laundry

0–1 Transferring Taking a short trip

0–1 Toileting Using transportation

0–1 Continence Shopping

0–1 Ability to handle finances

0–1 Using a telephone

0–1 Taking medications

ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living.
The ADL scale consists of 7 items (dressing, washing, bathing, eating, transferring, Toileting, and continence), with a score for each 
item of 0 (unable to do the activity) or 1 (able to do the activity). Total score ranges from 0 (fully dependent) to 7 (fully indepen-
dent). The IADL scale consists of 10 items (grooming, doing housework, preparing meals, doing laundry, taking a short trip, using 
transportation, shopping, ability to handle finances, using a telephone, taking medicines), with a score for each item of 0 (dependent) 
or 1 (independent). Total score ranges from 0 (highly dependent) to 10 (highly independent).
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Supplementary Table 2. Charlson’s Comorbidity Index

Score Conditions

1 Myocardial infarction (history, not just ECG changes only)
Congestive heart failure (history)
Peripheral vascular disease (includes peripheral arterial occlusive disease, aortic aneurysm)
Cerebrovascular disease (transient ischemic attack or CVA with mild/no sequelae)
Dementia
Chronic pulmonary disease 
Connective tissue disease
Peptic ulcer disease
Mild liver disease (includes chronic hepatitis)
Diabetes without complications (excludes diet/exercise-controlled status)

2 Hemiplegia
Moderate to severe renal disease
Diabetes with end-organ damage (retinopathy, neuropathy, nephropathy)
Tumor without metastasis

3 Moderate or severe liver disease

6 AIDS (not just HIV positive)

ECG, electrocardiogram; CVA, cerebrovascular accident; AIDS, acquired immune deficiency syndrome; HIV, human immunodefi-
ciency virus.
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Supplementary Table 3. Causes of early R-CHOP treatment discontinuation in the 58 patients

Causes Value

Treatment-related toxicities 43 (74.1)

Fatigue (grade 3) 19 (44.2)

Infections not related to neutropenia (grade 3–5) 10 (23.3)

Febrile neutropenia (grade 3–5) 10 (23.3)

Bowel perforation/bleeding (grade 4–5) 2 (4.7)

Congestive heart failure (grade 3) 1 (2.3)

Autonomic neuropathy (grade 3) 1 (2.3)

Disease progression 8 (13.8)

Adverse events presumably not related to lymphoma progression or to treatment toxicitiesa) 4 (6.9)

Follow–up loss 3 (5.2)

Values are presented as number (%).
a)Included acute coronary syndrome (n = 1), fatal pulmonary embolism (n = 1), small bowel adhesive ileus and following surgery 
that were not related to underlying lymphoma (n = 1), and femur neck fracture (n = 1).
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Supplementary Table 4. Univariable analysis for event-free survival, progression-free survival, and overall survival in the 

study cohort

Variable
No. of pa-
tients (%)

Event-free survival Progression-free survival Overall survival

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Age, yr 0.002 0.005 < 0.001

≤ 70 74 (29.7) 1 1 1

70–80 141 (56.6) 1.67 (1.09–2.56) 1.68 (1.09–2.59) 1.96 (1.22–3.14)

> 80 34 (13.7) 2.62 (1.51–4.55) 2.48 (1.41–4.35) 3.43 (1.90–6.21)

Sex

Female 125 (52.2) 1 1 1

Male 124 (49.8) 0.95 (0.67–1.34) 0.757 0.96 (0.67–1.35) 0.803 1.03 (0.71–1.49) 0.851

Ann Arbor stage

I–II 109 (43.8) 1 1 1

III–IV 140 (56.2) 2.77 (1.88–4.08) < 0.001 3.04 (2.05–4.52) < 0.001 2.54 (1.69–3.81) < 0.001

ECOG PS

0–1 195 (78.3) 1 1 1

2–4 54 (21.7) 2.80 (1.93–4.06) < 0.001 3.02 (2.07–4.40) < 0.001 2.76 (1.87–4.08) < 0.001

B symptoms

Absence 203 (81.5) 1 1 1

Presence 46 (18.5) 2.79 (1.88–4.12) < 0.001 2.83 (1.90–4.21) < 0.001 2.43 (1.60–3.70) < 0.001

Serum LDH level

Normal 103 (41.0) 1 1 1

Elevated 147 (59.0) 3.44 (2.28–5.19) < 0.001 3.46 (2.27–5.24) < 0.001 3.03 (2.13–5.11) < 0.001

Extranodal disease

≤ 1 179 (71.9) 1 1 1

> 1 70 (28.1) 3.08 (2.16–4.38) < 0.001 3.34 (2.33–4.79) < 0.001 2.91 (2.00–4.22) < 0.001

Bulky disease

No 227 (91.2) 1 1 1

Yes 22 (8.8) 1.36 (0.78–2.37) 0.278 1.49 (0.85–2.60) 0.158 1.52 (0.85–2.72) 0.153

Hemoglobin level, g/dL

≥ 12.0 111 (44.6) 1 1 1

< 12.0 138 (55.4) 1.99 (1.38–2.88) < 0.001 2.04 (1.41–2.95) < 0.001 2.05 (1.39–3.02) < 0.001

Serum albumin level, g/dL

≥ 3.5 170 (68.3) 1 1 1

< 3.5 79 (31.7) 2.64 (1.87–3.74) < 0.001 2.26 (1.59–3.22) < 0.001 2.10 (1.45–3.05) < 0.001

Age-adjusted IPI < 0.001 < 0.001 < 0.001

Low 65 (24.9) 1 1 1

Low-intermediate 68 (27.3) 1.74 (0.90–3.36) 1.46 (0.74–2.87) 1.47 (0.73–2.95)

High-intermediate 84 (33.7) 5.58 (3.12–9.96) 5.93 (3.31–10.63) 5.08 (2.77–9.31)

High 35 (14.1) 7.60 (3.99–14.49) 7.86 (4.10–15.07) 6.22 (3.18–12.15)

ADL

≥ 5 179 (71.9) 1 1 1

< 5 70 (28.1) 3.38 (2.37–4.82) < 0.001 3.65 (2.54–5.24) < 0.001 4.22 (2.88–6.18) < 0.001
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Variable
No. of pa-
tients (%)

Event-free survival Progression-free survival Overall survival

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

IADL

≥ 7 165 (66.3) 1 1 1

< 7 84 (33.7) 3.84 (2.70–5.47) < 0.001 3.64 (2.55–5.20) < 0.001 4.18 (2.86–6.11) < 0.001

CCI

< 2 204 (81.9) 1 1 1

≥ 2 45 (18.1) 1.95 (1.32–2.89) 0.001 1.85 (1.24–2.76) 0.002 2.01 (1.33–3.03) 0.001

HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; LDH, lactate de-
hydrogenase; IPI, International Prognostic Index; ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living; CCI, 
Charlson’s Comorbidity Index.

Supplementary Table 4. Continued
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Supplementary Table 5. Multivariable analysis for event-free survival

Covariates HR (95% CI) p value

Age, yr

≤ 70 1

70–80 1.51 (0.94–2.43) 0.089

> 80 2.21 (1.20–4.07) 0.010

ADL

≥ 5 1

< 5 1.82 (1.02–3.28) 0·044

IADL

≥ 7 1

< 7 1.79 (0.99–3.27) 0.055

CCI

< 2 1

≥ 2 1.47 (0.97–2.23) 0.069

Age-adjusted IPI

Low 1

Low-intermediate 1.31 (0.64–2.67) 0.457

High-intermediate 2.97 (1.55–5.71) 0.001

High 3.29 (1.58–6.83) 0.001

Hemoglobin level, g/dL

≥ 12.0 1

< 12.0 1.04 (0.68–1.61) 0.830

Albumin level, g/dL

≥ 3.5 1

< 3.5 1.42 (0.92–2.19) 0.108

B symptoms

Absent 1

Present 0.97 (0.61–1.55) 0.904

HR, hazard ratio; CI, confidence interval; ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living; CCI, Charlson’s 
Comorbidity Index; IPI, International Prognostic Index.
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Supplementary Table 6. Comparison of predictive ability of the established geriatric risk model with each risk variable 

alone or in combination

Geriatric variables C-index

CCI alone 0.5460

Age alone 0.5760

ADL alone 0.6390

IADL alone 0.6555

CCI and age 0.5971

ADL and age 0.6517

IADL and age 0.6591

ADL and CCI 0.6636

IADL and CCI 0.6692

ADL and IADL 0.6792

ADL, CCI, and age 0.6765

IADL, CCI, and age 0.6805

ADL, IADL, and age 0.6908

ADL, IADL, and CCI 0.6956

Developed geriatric model (including age, ADL, IADL, and CCI) 0.7060

C-index, concordance index; CCI, Charlson’s Comorbidity Index; ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily 
Living.
The C-index provides a measure of discriminative ability of each model. The higher values of C-index denotes the better perfor-
mance of the model.
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