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Abstract: Nutritional assessments, including the Geriatric Nutritional Risk Index (GNRI), have
emerged as prediction tools for long-term survival in various cancers. This study aimed to investigate
the therapeutic strategy and explore the prognostic factors in the elderly patients (>65 years) with
diffuse large B cell lymphoma (DLBCL). The cutoff value of the GNRI score (92.5) was obtained
using the receiver operating characteristic curve. Among these patients (1 = 205), 129 (62.9%) did
not receive standard R-CHOP chemotherapy. Old age (>80 years), poor performance status, low
serum albumin level, and comorbidities were the major factors associated with less intensive anti-
lymphoma treatment. Further analysis demonstrated that a lower GNRI score (<92.5) was linked
to more unfavorable clinical features. In the patients who received non-anthracycline-containing
regimens (non-R-CHOP), multivariate analysis showed that a low GNRI can serve as an independent
predictive factor for worse progression-free (HR, 2.85; 95% CI, 1.05-7.72; p = 0.039) and overall
survival (HR, 2.98; 95% CI, 1.02-8.90; p = 0.045). In summary, nutritional evaluation plays a role in
DLBCL treatment and the GNRI score can serve as a feasible predictive tool for clinical outcomes in
frail elderly DLBCL patients treated with non-anthracycline-containing regimens.

Keywords: diffuse large B cell lymphoma; elderly patients; Geriatric Nutritional Risk Index

1. Introduction

Diffuse large B cell lymphoma (DLBCL) is the most common type of non-Hodgkin
lymphoma (NHL), accounting for approximately 35% of newly diagnosed lymphoma cases,
with the average age of diagnosis exceeding 65 years [1]. Due to the aggressive nature
of the disease and physical frailty of elderly patients, poorer progression-free survival
(PFS) and overall survival (OS) have been observed in several studies [2,3]. Since the
introduction of rituximab in combination with conventional chemotherapy, significant
improvement of treatment outcomes has been observed [4,5]. Nevertheless, treatment
strategies are often highly individualized in elderly patients, who are more likely to suffer
from life-threatening chemotherapy-related toxicity due to chronic or weakness-associated
diseases [6]. As a result, nationwide database analyses in many countries showed that
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more than 50% of the elderly patients did not receive anthracycline-containing regimens as
the first-line treatment [7-9].

The international prognostic index (IPI) and the age-adjusted IPI (aalPI) have been
widely used as prognostic tools in DLBCL [10]. These models were developed based on pa-
tients receiving anthracycline-containing regimens, and more than half of the participants
were under 60 years old, limiting their application in elderly patients receiving a less inten-
sive therapy. In the recent years, nutritional status and comorbidity assessment tools have
emerged as critical factors of predicting the long-term prognosis in these subgroups [11-17].
For example, previous studies showed that the Charlson Comorbidity Index (CCI), a stan-
dardized scoring system to predict mortality with respect to the weight of comorbidities,
can predict the clinical outcome in lymphoma patients [14,15]. Parameters of the nutritional
status, including the serum albumin level, body weight, and body mass index (BMI), were
also explored as predictors [11,12,14,16-22]. Previous studies revealed that skeletal muscle
and fat mass wasting identified by computed tomography (CT) are valuable for predicting
the clinical outcomes in DLBCL patients [23,24]. The evidence demonstrates that high BMI
is misleading because it does not account for body composition, and many patients with
cancer may present with a normal or high BMI but have severe muscle depletion [19,20].
On the other hand, the serum albumin level is also reported to be a prognostic factor in
DLBCL patients [12,21,22]. However, the serum albumin level is now recognized as being
significantly influenced by inflammation; it is also a poor measure of the nutritional status
and more likely suggestive of disease severity, not the nutritional status [25,26].

The Geriatric Nutritional Risk Index (GNRI) is a novel nutritional scale consisting
of two major objective nutritional parameters, serum albumin level and body weight, to
predict the mortality risk in elderly patients with different cancer types [27,28]. Several
studies have demonstrated the GNRI to be a better prognostic factor than the serum
albumin level, body weight, or BMI alone in hematologic malignancies [29-31]. Regarding
lymphoma, the GNRI was associated with long-term survival in DLBCL patients [13,16-18].
However, the impact of the GNRI on different treatment strategies has not been elucidated.

Our prior studies have revealed that advanced age, high aalPI score, and bone marrow
(BM) involvement are associated with poorer survival and that the individual performance
status and CCI affect the initial treatment strategies [7,32]. However, their correlation with
the nutritional status was not evaluated. Hence, we investigated whether the nutritional
status influences treatment strategies and prognosis. This study aimed to evaluate the
impact of comorbidities on various therapeutic interventions and explore the prognostic
value of the GNRI in elderly DLBCL patients in a real-world setting.

2. Materials and Methods
2.1. Patient Population

This is a retrospective study conducted at the Kaohsiung Medical University Hospital
in Taiwan. The medical records of elderly patients (>65 years) with newly diagnosed
and pathologically proven DLBCL between 2010 and 2019 were reviewed and collected.
Patients with primary central nervous system and transformed DLBCL, as well as with
human immunodeficiency virus (HIV) infection, were excluded. Anthropometric data
(height, weight, and BMI), age, sex, medical history, Eastern Cooperative Oncology Group
Performance Status (ECOG PS), extranodal involvement, Ann Arbor stage, aalPI, B symp-
toms, complete blood cell count, serum albumin (Alb), serum creatinine (Cr), lactate
dehydrogenase (LDH), and 32-microglubulin (B2M) were collected. BM involvement
was determined in the pathological review of the BM biopsy or visual interpretation of
marrow fluorine-18 fluorodeoxyglucose (FDG) uptake during whole-body staging positron
emission tomography/computed tomography (PET/CT) scanning by nuclear medicine
radiologists. The CCI, which is calculated on the basis of 19 items except for “lymphoma,”
was also used to evaluate the impact of comorbidities on clinical outcomes [33-35].
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The protocol for this study, including data collection, was conducted in accordance
with the principles of the Declaration of Helsinki and approved by the Institutional Review
Board of Kaohsiung Medical University Hospital (KMUH-IRB-E(I)-20200014).

2.2. Treatment of DLBCL

To treat DLBCL, the standard regimen is the combination of rituximab and conven-
tional chemotherapy. The anthracycline-containing (R-CHOP) regimen includes 375 mg/m?
rituximab on day 1, 750 mg/m? cyclophosphamide on day 2, 50 mg/m? doxorubicin on
day 2, 1.4mg/ m? vincristine (up to the maximal dose of 2mg) on day 2, and 40 mg/ m?2
prednisolone for five days. The patients were treated for six—eight planned treatment
courses. Doxorubicin was not prescribed to the patients receiving the R-COP treatment,
but the remaining therapeutic agents and schedule were the same as in R-CHOP. Treatment
choices, including steroid administration, rituximab infusion, and supportive care, were
used if the patients could not tolerate intensive chemotherapy with the curative intent. The
therapeutic intervention for each patient was determined by the physicians after discussion
in a multidisciplinary team meeting and performed after the intervention was thoroughly
explained to the patient and their family.

2.3. Geriatric Nutritional Risk Index

The GNRI was calculated based on body weight (BW) and serum Alb using the
following equation: 14.89 x Alb (g/dL) + 41.7 x (BW/ideal BW). The ideal BW was
defined as 22 x (body height (m))2. BW /ideal BW was defined as 1 when the patient’s BW
exceeded the ideal BW [27].

2.4. Clinical Outcomes and Statistical Analysis

The response to treatment was evaluated based on the International Workshop criteria [36].
PFS was defined as the date of diagnosis to the date of lymphoma progression or death
from any cause. OS was defined as the duration from the date of diagnosis to the date of
death from any cause. All the patients in this study were followed by maintaining close
contact either at home or at the hospital to identify the date and the cause of death.

The PFS and OS curves were plotted using the Kaplan—-Meier method and compared
using the logrank test. Chi-squared tests and Mann-Whitney U tests were applied to
evaluate the differences in the categorical and quantitative data between the groups.
Correlations between two variables were assessed using the Pearson correlation. A receiver
operating characteristic (ROC) curve was used to estimate the discriminative cutoff value of
the GNRI with the maximum Youden index (Youden index = sensitivity + specificity — 1).
We used multivariable logistic regression to examine the association between patient clinical
factors and binary choices of treatment. The hazard ratios (HRs) and 95% confidence
intervals (Cls) were calculated using multivariate Cox regression to investigate the relative
risks. Additionally, we performed Cox regression in univariate and multivariate analyses
to examine the risk factors for early mortality. Variables with a p-value less than 0.05 in the
univariate analyses were included in the multivariate analyses. All the statistical analyses
were based on two-sided hypothesis tests with a significance level of the p-value < 0.05
and performed with SPSS (SPSS Inc., 233 South Wacker Drive, IL, USA) version 25.

3. Results
3.1. Patients” Characteristics and Treatment Strategies

There were 225 elderly patients with DLBCL diagnosed between 2010 and 2019. After
excluding patients with primary central nervous system DLBCL (n = 15), transformed
DLBCL (n = 2), and incomplete data (1 = 3), the clinical data of 205 patients (including
107 men and 98 women) with the median age of 75 years (range, 65-96 years) at the time of
diagnosis were collected for this study. The median PFS and OS of the total population
were 9.3 and 13.5 months, respectively. The median OS of the patients between 65 and 69,
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70 and 79, and >80 was 35.1, 15.9, and 4.3 months, respectively. The median GNRI was 94
(range, 40-115). The detailed demographic data of these patients are listed in Table 1.

Table 1. Baseline characteristics of DLBCL patients according to the treatment group.

All Patients (n = 205) R-CHOP (n = 76) Non-R-CHOP (n = 129) 4
Age
Median, range (years) 75 (65-96) 71 (65-93) 77 (65-96) <0.001
>80, n (%) 64 (31.2) 10 (13.2) 54 (84.4) <0.001
70-79, n (%) 94 (45.9) 34 (44.7) 60 (46.3) 0.495
65-69, n (%) 47 (22.9) 32 (42.1) 15 (11.6) <0.001
Gender, n (%)
Male 107 (52.2) 46 (60.5) 61 (47.3) 0.091
Female 98 (47.8) 30 (39.5) 68 (57.2)
ECOG PS, 1 (%)
<1 135 (65.9) 66 (86.8) 69 (53.5) <0.001
>2 70 (34.1) 10 (13.2) 60 (46.5)
Ann Arbor stage, n (%) *
I/11 73 (36.3) 34 (44.7) 39 (31.2) 0.074
ar/1v 128 (63.7) 42 (55.3) 86 (68.8)
aalPl, n (%) *
<1 93 (47.2) 41 (53.9) 52 (43.0) 0.158
>2 104 (52.8) 35 (46.1) 69 (57.0)
Extranodal, n (%) 157 (76.6) 54 (71.1) 103 (79.8) 0.151
BM involved, 1 (%) 54 (29.3) 17 (22.7) 37 (33.9) 0.137
B symptoms, 1 (%) 102 (50) 33 (43.4) 69 (53.9) 0.148
LDH
median, range (IU/dL) 240 (33-3595) 222 (107-1482) 250 (33-3592) 0.139
>ULN, n (%) 126 (64) 44 (58.7) 82 (67.2) 0.225
Serum Alb,
median, range (g/dL) 3.62 (1.76-4.93) 3.79 (1.88-4.93) 3.5 (1.76-4.80) <0.001
<LLN, n (%) 74 (37.8) 15 (20.5) 59 (48.0) <0.001
Serum Cr,
median, range (mg/dL) 0.91 (0.11-12.9) 0.90 (0.35-2.9) 0.94 (0.11-5.69) 0.22
CCI>1 112 (54.9) 28 (36.8) 84 (65.6) <0.001
CCI>3 31 (15.2) 5 (6.6) 26 (20.3) 0.008
GNRI score, median, range 94 (40-115) 97 (40-115) 92 (42-113) <0.001
Low GNRI (£92.5), 1 (%) 87 (42.6) 20 (26.3) 67 (32.8) <0.001

* Some patients failed to complete full evaluation of staging (1 = 4) and aalPI (n = 8); aalP], age-adjusted International Prognostic Index;
Alb, albumin; BM, bone marrow; Cr, creatinine; CCI, Charlson Comorbidity Index; ECOG PS, Eastern Cooperative Oncology Group
Performance Status; GNRI, Geriatric Nutritional Risk Index; LDH, lactate dehydrogenase; LLN, lower limit of normal; R-CHOP, rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisolone; ULN, upper limit of normal.

Of the 205 patients, 182 patients received systemic chemotherapy, including the R-CHOP
regimen (n = 76), and 23 (11.2%) patients received steroid monotherapy (Table S1). Most
patients (n = 69) who underwent the R-CHOP treatment received dose reduction of
anthracycline during treatment courses, with the mean cumulative dose of anthracycline of
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155.1 mg/m?, the average dose of 27.5 mg/m? per cycle, and the average number of cycles
of 5.6 + 2.1 (range, 1-8). Compared with the patients receiving the R-CHOP treatment, the
non-R—CHOP group was significantly older, with a poorer performance status and lower
serum Alb levels. Additionally, the non-R-CHOP group had significantly high percentages
of at least one comorbidity or multiple comorbidities and a lower median GNRI score
(Table 1).

The initial treatment strategy was also analyzed. In the very old age (>80 years)
patients or those with poorer performance scores (ECOG PS 2—-4), a significantly higher
percentage received a less intensive therapy, including the R-COP regimen or steroid
monotherapy (Table 2). In the multivariable analysis, age >80 years (odds ratio (OR),
3.48; p = 0.004), poorer performance status (ECOG PS > 2) (OR, 3.51; p = 0.006), low
serum albumin level (OR, 2.59; p = 0.020), and at least one comorbidity (CCI > 1) (OR, 3.08;
p = 0.002) were all associated with a higher likelihood of receiving non-R-CHOP treatments
(Table 3).

Table 2. Distribution of initial treatments stratified by age and performance status.

Treatment Choices Age (Years) * ECOG PS #
>80 (n = 64) 70-79 (n = 94) 65-69 (n = 47) 0-1 (n = 135) 2-4 (n=70)
R-CHOP, 1 (%) 10 (15.6) 34 (36.2) 32 (68.1) 66 (48.9) 10 (14.2)
R-COP, 1 (%) 22 (34.4) 41 (43.6) 9(19.1) 51 (37.8) 21 (30.0)
Other regimens *, 1 (%) 14 (21.9) 4(42) 1(2.1) 10 (7.4) 9 (12.9)
Steroid alone, 1 (%) 18 (28.1) 15 (16.0) 5(10.7) 8(5.9) 30 (42.9)

# Analyzed using the chi-squared test, p < 0.001. * Other regimens included the following combinations: rituximab, vincristine, and
prednisolone; rituximab and prednisolone. ECOG PS, Eastern Cooperative Oncology Group Performance Status; R-CHOP, rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisolone; R-COP, rituximab, cyclophosphamide, vincristine, and prednisolone.

Table 3. Factors associated with receiving non-R-CHOP treatments.

Variables Univariate Analysis Multivariate Analysis *
OR (95% CI) y OR (95% CI) 4

Age > 80 4.75(2.24-10.1) <0.001 3.48 (1.49-8.13) 0.004
Male gender 0.79 (0.53-1.24) 0.168

PS2-4 5.74 (2.71-12.2) <0.001 3.51 (1.44-8.57) 0.006
aalPI 2-3 1.52 (0.85-2.71) 0.159
BM involved 1.75 (0.90-3.43) 0.101
Stage III/IV 1.79 (0.99-3.22) 0.054
Extranodal 1.61 (0.84-3.11) 0.153
Abnormal LDH 1.44 (0.80-2.62) 0.226

Abnormal B2M 3.20 (1.74-5.89) <0.001 1.02 (0.47-2.21) 0.969

Abnormal Cr 3.53 (1.48-8.43) 0.005 2.32 (0.78-6.89) 0.130
B symptoms 1.52 (0.86-2.70) 0.148
Low BMI 3.48 (0.75-16.1) 0.111

Low Alb 3.57 (1.83-6.70) <0.001 2.59 (1.16-5.79) 0.020

CCI(>1) 3.27 (1.81-5.92) <0.001 3.08 (1.52-6.23) 0.002

* Factors with a p-value less than 0.05 in the univariate analysis were entered into the multivariate analysis;
aalP], age-adjusted International Prognostic Index; Alb, albumin; B2M, beta-2 microglobulin; BM, bone marrow;
BMI, body mass index; CCI, Charlson Comorbidity Index; Cr, creatinine; LDH, lactate dehydrogenase; OR, odds
ratio; PS, performance status; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone.
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3.2. Assessment of the Nutritional Status

According to the ROC analysis, the GNRI < 92.5 was defined as a nutritional risk
(Figure S1). The number of patients categorized into the nutritional risk groups using
the GNRI < 92.5 was 87 (44.2%) (Table 1). The patients with a poorer nutritional status
(GNRI < 92.5) were significantly older (median age, 76 years vs. 75 years, p = 0.003),
had a poorer performance status (ECOG PS > 2, 50.6% vs. 21.4%, p < 0.001), had more
advanced disease stages (Ann Arbor stage III/IV, 79.8% vs. 51.7%, p < 0.001), had a higher
risk status (aalPI > 2, 72.5% vs. 39.1%, p < 0.001), and had higher serum LDH levels
(median, 274 IU/dL vs. 199 IU/dL, p < 0.001). Fewer patients received R-CHOP as their
first-line treatment in the low GNRI group (23.0% vs. 47.9%, p < 0.001). Between the high
GNRI and low GNRI groups, no significant difference was found in the CCI > 1 category
(55.8% vs. 54.7%, p = 0.875) or a higher CCI score category (CCI > 3, 15.1% vs. 15.4%,
p = 0.958) (Table 4).

Table 4. Baseline characteristics of DLBCL patients according to the GNRI.

High GNRI (n = 117) Low GNRI (n = 87) P
Age
Median, range (years) 75 (63-94) 76 (65-95) 0.03
>80, 1 (%) 30 (25.6) 16 (18.4) 0.058
70-79, n (%) 58 (49.6) 36 (41.4) 0.132
65-69, n (%) 29 (24.8) 35 (40.2) 0.059
Gender, 1 (%)
Male 60 (51.3) 47 (54.0) 0.689
Female 57 (48.7) 40 (46.0)
ECOG PS, 1 (%)
<1 92 (78.6) 43 (49.4) <0.001
>2 25 (21.4) 44 (50.6)
Ann Arbor stage, n (%) *
I/11 56 (47.9) 17 (20.2) <0.001
/v 61 (52.1) 67 (79.8)
aalPl, n (%) *
<1 71 (60.7) 22 (27.2) <0.001
>2 46 (39.3) 58 (72.5)

Extranodal, n (%) 86 (73.5) 70 (80.5) 0.247
BM involved, n (%) 25 (22.5) 29 (39.7) 0.012
B symptoms, 1 (%) 46 (39.7) 55 (63.2) 0.001

LDH
median, range (IU/dL) 199 (33-2435) 274 (82-3595) <0.001
>ULN, n (%) 61 (53.0) 64 (79.0) <0.001
Serum Alb,
median, range (g/dL) 3.89 (3.47-4.93) 3.05 (1.76-3.84) <0.001

<LLN, n (%) 3(2.6) 70 (89.7) <0.001
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Table 4. Cont.

High GNRI (n=117)  Low GNRI (n = 87) P
Serum Cr,
median, range (mg/dL) 0.91 (0.11-8.36) 0.95 (0.53-12.9) 0.207
CCI>1 64 (54.7) 48 (55.8) 0.875
CCI >3 18 (15.4) 13 (15.1) 0.958
R-CHOP, 7 (%) 56 (47.9) 20 (23.0) <0.001

* Some patients failed to complete full evaluation of staging (n = 3) and aalPI (n = 7); aalPI, age-adjusted
International Prognostic Index; Alb, albumin; BM, bone marrow; Cr, creatinine; CCI, Charlson Comorbidity Index;
ECOG PS, Eastern Cooperative Oncology Group Performance Status; GNRI, Geriatric Nutritional Risk Index;
LDH, lactate dehydrogenase; LLN, lower limit of normal; R-CHOP, rituximab, cyclophosphamide, doxorubicin,
vincristine, and prednisolone; ULN, upper limit of normal.

3.3. Outcome Analysis

Overall, the patients with low aalPI scores (aalPI < 2) had significantly better PFS
and OS (Figure 1A,B). When the patients were stratified by the nutritional status, the low
GNRI group had the median PFS and OS of 4.4 and 4.7 months, respectively, which were
significantly shorter than those of the high GNRI group (14.2 months and 32.6 months,
with p-values of 0.001 and < 0.001, respectively) (Figure 1C,D). In addition, the patients
with the CCI > 1 had shorter median PFS and OS than the patients with the CCI = 0
(PFS, 7.4 vs. 10.8 months, p = 0.005; OS, 8.6 vs. 18.8 months, p = 0.004) (Figure 1E,F).
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Figure 1. PFS and OS of the study population stratified by the aalPI (A,B), GNRI (C,D), and CCI (E,F).

Next, the impact of aalPI scores, nutritional status, and comorbidities on clinical

outcomes among the different treatment groups was investigated. The patients with lower
aalPI scores (<2) had more favorable PFS and OS in both the R-CHOP and non-R-CHOP
groups (Figure 2A,B and Figure 3A,B). In the R-CHOP group, no significant difference was
observed when comparing low and high GNRI scores (PFS, 21.1 vs. 66.7 months, p = 0.666;
OS, 21.1 vs. 66.7 months, p = 0.277) (Figure 2C,D). Worse median PFS and OS were found
in the CCI > 1 group than in the CCI = 0 group (PFS, 15.9 months vs. not reached, p = 0.006;
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OS, 18.9 months vs. not reached, p = 0.005) (Figure 2E,F). In the non-R-CHOP treatment
group, the median PFS and OS were significantly shorter in the low GNRI group than in
the high GNRI group (PFS, 3.2 vs. 8.2 months, p = 0.050; OS, 3.3 vs. 13.1 months, p = 0.015)
(Figure 3C,D). No statistically significant difference was observed between the CCI > 1
and CCI = 0 groups (PFS, 5.9 vs. 3.3 months, p = 0.535; OS, 7.2 vs. 3.9 months, p = 0.750)

(Figure 3E,F).
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Figure 2. PFS and OS of the R-CHOP group stratified by the aalPI (A,B), GNRI (C,D), and CCI (E,F).

A total of 143 patients died during follow-up, including 84 patients who died from
lymphoma progression and 24 patients who died from treatment-related toxicity. No sig-
nificant difference in the cause of death was found between the patients with or without
anthracycline regimens (p = 0.989) (Table S2). Importantly, 61 patients (29.8%) died within
120 days of diagnosis. Among these patients, 9, 21, and 31 were aged 65-69, 70-79, and
>80 years, respectively. The majority of the patients (n = 39, 63.9%) died due to rapid
progression or complications of lymphoma, and nine (14.8%) died from treatment-related
toxicity. Multivariate Cox regression analysis revealed that advanced age (>80), a high-risk
status (aalPI > 2), and bone marrow involvement were independent risk factors for early
mortality (Table S3).

3.4. Identification of Prognostic Factors for Survival

The prognostic factors for PFS and OS were evaluated. The results of the multivariate
analysis revealed that a poorer performance status (ECOG PS > 2) and high-risk status
(aalPI > 2) were associated with adverse PFS in the R-CHOP group. CCI > 1 only showed
a significant result in the univariate analyses (p < 0.05), and low GNRI did not show any
significance. In the non-R-CHOP group, a high-risk status (aalPI > 2), BM involvement,
abnormal serum B2M, and low GNRI (GNRI < 92.5) were independent risk factors for
adverse PFS (Table 5).
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Figure 3. PFS and OS of the non-R-CHOP group stratified by the aalIPI (A,B), GNRI (C,D), and CCI (E,F).

Table 5. The prognostic factors for PFS according to univariate and multivariate Cox regression.

™
140

R-CHOP Group

Non-R-CHOP Group

Variables Univariate Analysis Multivariate Analysis * Univariate Analysis Multivariate Analysis *
HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p
Age > 80 1.87(0.86-4.06) 0.114 1.21(0.82-1.76)  0.337
Male gender 1.32 (0.70-2.50)  0.389 1.41 (0.97-2.06)  0.070
PS2-4 20.2(7.78-52.4) <0.001 149 (4.77-464) <0.001 2.76 (1.87-4.07) <0.001 1.65(0.92-2.95)  0.092
aalPI 2-3 2.09(1.12-3.93)  0.021  1.17(1.31-1.88)  0.036  3.18(2.10-4.83) <0.001 2.70(1.18-6.27)  0.029
BM involved 1.43(0.71-2.89)  0.318 2.85(1.83-4.43) <0.001 250(1.47-4.25) 0.001
Stage III/IV 1.78 (0.94-3.36)  0.076 2.70(1.73-4.23)  <0.001  0.99 (0.48-2.04) 0.977
Extranodal 0.84 (0.44-1.60)  0.596 1.03 (0.64-1.63)  0.916
Abnormal LDH  1.86 (0.96-3.62)  0.066 2.24 (1.46-3.43) <0.001 0.92(0.50-1.84) 0.781
Abnormal B2M  1.90 (1.01-3.58)  0.046  1.01 (0.47-2.19) 0.927  2.68 (1.66-4.31) <0.001  2.98 (1.61-5.53)  0.001
B symptoms 1.43(0.78-2.64)  0.251 1.73(1.18-2.53) ~ 0.005  0.96 (0.59-1.57)  0.871
Low Alb 1.39 (0.68-2.86)  0.366 1.75(1.19-2.58)  0.004  1.81(0.66-4.97)  0.252
CCI(>1) 2.30(1.24-4.27)  0.008  1.58(0.80-3.11) 0.185  0.88(0.59-1.32)  0.536
Low GNRI 1.17(0.58-2.33)  0.667 1.47(1.01-2.14)  0.049  2.85(1.05-7.72)  0.039

* Factors with a p-value less than 0.05 in the univariate analysis were entered into the multivariate analysis; aalPI, age-adjusted International
Prognostic Index; Alb, albumin; B2M, beta-2 microglobulin; CCI, Charlson Comorbidity Index; GNRI, Geriatric Nutritional Risk Index;
HR, hazard ratio; LDH, lactate dehydrogenase; PS, performance status; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisolone.

Regarding the analysis of OS, a poorer performance status (ECOG PS > 2) and high-
risk status (aalPI > 2) were linked to adverse OS in the R-CHOP group in the multivariate
analysis. In the non-R-CHOP group, a poorer performance status (ECOG PS > 2), BM
involvement at diagnosis, abnormal serum B2M level, and low GNRI (GNRI < 92.5), but
not CCI > 1, were independent risk factors for worse OS (Table 6).
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Table 6. The prognostic factors for OS according to univariate and multivariate Cox regression.

R-CHOP Group Non-R-CHOP Group

Variables Univariate Analysis Multivariate Analysis * Univariate Analysis Multivariate Analysis *
HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Age > 80 2.08 (0.954.56)  0.066 1.30(0.88-1.92)  0.187
Male gender 1.38 (0.71-2.65)  0.341 1.48 (1.01-2.18)  0.047  1.36(0.84-2.19)  0.212
PS 24 21.7 (8.31-56.6) <0.001 15.2(4.82-47.7) <0.001  3.22(2.154.82) <0.001 1.46(0.78-2.74)  0.243
aalPI 2-3 2.04(1.07-3.89)  0.030  1.39(1.01-1.92)  0.043 397 (2.55-6.18) <0.001 3.08 (1.22-7.77)  0.017
BMinvolved  1.22(0.59-2.52)  0.598 3.15(2.004.98) <0.001 2.69 (1.56-4.65) <0.001
Stage III/IV 1.80 (0.93-3.46)  0.080 3.18(1.97-5.13)  <0.001  0.91 (0.42-1.98)  0.819

Extranodal 0.98 (0.50-1.95)  0.962 1.10 (0.68-1.78)  0.710
Abnormal LDH  1.90 (0.96-3.76)  0.067 2.67 (1.70-4.20) <0.001  0.99 (0.51-1.90)  0.969
Abnormal B2M 223 (1.164.29)  0.016  1.25(0.57-2.74) 0585  2.67 (1.63+4.37) <0.001 299 (1.54-5.80)  0.001
B symptoms 1.40 (0.75-2.63)  0.291 1.78 (1.20-2.64)  0.004 093 (0.55-1.57)  0.790
Low Alb 1.51(0.73-3.12)  0.263 2.00(1.34-2.98)  0.001  1.95(0.66-5.82)  0.229

CCI(>1) 241 (1.28-4.54)  0.007  1.58(0.78-3.19)  0.202  0.94 (0.62-1.42)  0.750
Low GNRI 1.28 (0.63-2.57)  0.495 1.62(1.09-2.41) 0.016 298 (1.02-8.90)  0.045

* Factors with a p-value less than 0.05 in the univariate analysis were entered into the multivariate analysis; aalPI, age-adjusted International
Prognostic Index; Alb, albumin; B2M, beta-2 microglobulin; CCI, Charlson Comorbidity Index; GNRI, Geriatric Nutritional Risk Index; HR,
hazard ratio; LDH, lactate dehydrogenase; PS, performance status; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, and
prednisolone.

Furthermore, we investigated the prognostic factors within the non-R-CHOP group by
stratifying patients into the R-chemotherapy group for those receiving chemotherapeutic
regimens other than R-CHOP and the non-chemotherapy group for those given single-
agent rituximab, steroid monotherapy, or rituximab plus steroid treatment. Notably, a
high-risk status (aalPI > 2) and low GNRI (GNRI < 92.5) were independent risk factors
for PFS and OS in both groups. Abnormal serum B2M level only showed significance in
the R-chemotherapy group but not in the non-chemotherapy group for PFS and OS. BM
involvement at diagnosis was an independent risk factor for PFS in the R-chemotherapy
but not in the non-chemotherapy group and it was not an independent factor for OS in
both groups (Tables S4 and S5).

4. Discussion

In this study, we demonstrated that the nutritional status and comorbidities play
important roles in therapeutic modalities and clinical outcomes in newly diagnosed elderly
DLBCL patients. Our results revealed that the cutoff value calculated using a ROC curve
is predictive of the clinical outcome. This cutoff value is also numerically close to those
shown in the previous studies [13,17]. Both CCI and GNRI status stratified all the patients
into the favorable and unfavorable prognostic groups, but the CCI status failed to show
statistical significance in the multivariate analysis. Notably, our results revealed that the
GNRI status was highly predictive regarding survival in the patients who received non-
R-CHOP regimens, a substantial proportion of elderly DLBCL patients in a real-world
setting [7-9].

This study also explored the related factors that may affect initial therapeutic strategies.
The results suggested that older age, poorer performance status, lower serum albumin
level, and more comorbidities were associated with less intensive treatments (non-R-CHOP
regimens). These findings were concordant with previous studies in which palliative
chemotherapy, steroid monotherapy, and supportive care were chosen as the initial treat-
ments for unfitness and frailty in real-world scenarios [37-39] to avoid anthracycline-related
toxicities [40,41].

Our results suggested that low GNRI and aalPI, rather than the CCI, are independent
risk factors for PFS and OS in the non-R-CHOP group after adjustment for various clinical
parameters. Among the above markers, the CCI has been a commonly used predictor in
elderly DLBCL patients [15]; however, the multivariate analysis in this study failed to show
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statistical significance. Regarding aalPl, our study further confirmed it as an influential
predictor even in patients stratified by treatment strategies. However, some patients may
not complete staging work-ups, resulting in incomplete IPI or aalPI scores. Our study
incorporated the nutritional status into the evaluation, and the results demonstrated that
the GNRI, which can be obtained using regular blood tests and body size measurement
at diagnosis, is also a feasible prognostic factor, especially in elderly patients receiving
non-anthracycline chemotherapy. Collectively, the aalPI and GNRI scores can be accessed
at the time of diagnosis to better predict long-term clinical outcomes in these frail patients.
Some limitations exist in this study. Firstly, because of the retrospective analysis, the
results of this study may come with reporting bias. Secondly, only the baseline nutritional
status was assessed, without further evaluation of longitudinal assessment of the nutritional
status. Thus, the nutritional status during the treatment and its effect on the survival remain
to be clarified. Thirdly, we did not classify histologic results into germinal center B cell-like
(GCB) type or non-GCB type because of the lack of proper immunohistochemical data from
earlier pathologic reports, although a previous study suggested that there was some degree
of correlation between the cell of origin and the GNRI regarding survival impacts [17].
Fourth, factors determining whether a patient was in a “fit” or “unfit” condition for
receiving anthracycline-containing regimens, including, but not limited to, advanced age,
poor performance status, advanced risk status, autoimmune diseases, chronic liver or renal
diseases, cardiopulmonary insufficiency, and concurrent second malignancy, should be
investigated to determine their roles in the nutritional status and the disease survival.

5. Conclusions

In summary, this study investigated the prognostic factors for elderly DLBCL patients.
The results revealed that, in addition to the aalPI, the GNRI score can also serve as an
independent prognostic factor of PFS and OS in frail populations. Based on our findings,
the nutritional status may play a crucial role regarding the initial treatment evaluation and
prognosis. Conclusively, this study provides another feasible prognostic model for unfit
elderly DLBCL patients in the real-world setting.
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peutic intervention, Table S3: Investigation of the risk factors of early mortality using univariate and
multivariate Cox regression analysis, Table S4: Investigation of the prognostic factors for PFS within
non-R-CHOP group by univariate and multivariate Cox regression, Table S5: Investigation of the
prognostic factors for OS within non-R-CHOP group by univariate and multivariate Cox regression.
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