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Abstract 

Background: The nutritional status can potentially affect the efficacy of cancer therapy. The Geriatric Nutritional Risk 
Index (GNRI), a simple index for evaluating nutritional status calculated from body weight and serum albumin levels, 
has been reported to be associated with the prognosis of various diseases. However, the relationships between GNRI 
and the efficacy of platinum-based chemotherapy in patients with non-small-cell lung cancer (NSCLC) are unknown.

Methods: The pretreatment levels of GNRI were retrospectively evaluated in 148 chemo-naïve patients with 
advanced NSCLC who received first-line platinum-based chemotherapy and scored as low or high.

Results: Patients with a high GNRI had a significantly higher overall response rate (ORR; 44.5% [95% confidence 
interval {CI} = 35.6%–53.9%] vs. 15.8% [95% CI = 7.4%–30.4%, p = 0.002), longer median progression-free survival (PFS; 
6.3 months [95% CI = 5.6–7.2 months] vs. 3.8 months [95% CI = 2.5–4.7 months], p < 0.001), and longer median overall 
survival (OS; 22.8 months [95% CI = 16.7–27.2 months] vs. 8.5 months [95% CI = 5.4–16.0 months], p < 0.001) than 
those with low GNRI. High GNRI was independently predictive of better ORR in multivariate logistic regression analysis 
and longer PFS and OS in multivariate Cox proportional hazard analyses. In 71 patients who received second-line non-
platinum chemotherapy, patients with high GNRI exhibited significantly longer PFS and OS than those with low GNRI 
(both p < 0.001).

Conclusions: GNRI was predictive of prolonged survival in patients with NSCLC who received first-line platinum-
based chemotherapy and second-line non-platinum chemotherapy. Assessment of the nutritional status may be 
useful for predicting the efficacy of chemotherapy.
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Introduction
Novel anti-cancer agents, such as oncogene-targeted 
drugs and immune checkpoint inhibitors (ICIs), have 
dramatically changed cancer therapy in recent decades. 
Meanwhile, the nutritional status is universally impor-
tant for improving outcomes in patients with cancer. The 
associations between the nutritional status and progno-
sis are well established in a wide variety of non-cancer 
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diseases, but they are particularly prominent in advanced 
cancer [1–5]. For example, cancer cachexia, character-
ized by the loss of body weight and lean body mass, leads 
to decreased quality of life, reduced chemotherapy toler-
ance, reduced physical function, and shortened survival 
[6–9]. Recently, anamorelin, a novel oral ghrelin receptor 
agonist, was revealed to improve cancer cachexia, and it 
has been approved for clinical use in patients with several 
cancers [10]. The nutritional status has been attracted 
renewed attention in cancer therapy.

The nutritional status does not merely represent a 
vague health status, but it is also associated with the 
mechanisms underlying tumor growth, anti-tumor activ-
ity of cancer therapy, or resistance to cancer therapy. For 
example, fat tissue-associated factors, such as leptin, fatty 
acids, and pro-inflammatory cytokines, contribute to 
cancer immunity [11]. In addition, serum albumin binds 
to chemotherapeutic agents and delivers them to tumor 
tissues [12–14]. The clinical benefits of cancer therapy are 
achieved through both effective anti-cancer therapy and 
preservation of the host status. Thus, the nutritional sta-
tus can potentially predict the efficacy of cancer therapy.

The Geriatric Nutritional Risk Index (GNRI), a simple 
index for evaluating nutritional status calculated from 
body weight and serum albumin levels, has been reported 
to be useful for predicting the prognosis of various dis-
eases, including infectious and chronic diseases [15–19]. 
In cancer therapy, the GNRI is reported to be associated 
with the clinical outcomes of surgery, chemotherapy, or 
chemoradiotherapy in a wide variety of cancers [20–22]. 
Furthermore, although GNRI was originally developed 
for elderly patients, it is also applicable for younger popu-
lations [23–25]. However, little is known about the asso-
ciation of the GNRI with the efficacy of chemotherapy 
in non-small-cell lung cancer (NSCLC). [26–29]. Body 
weight, the other component of the GNRI, is associated 
with cancer immunity in the tumor microenvironment 
via factors associated with fat tissue [11]. Thus, the GNRI 
might be predictive of the efficacy of chemotherapy. Plat-
inum-based chemotherapy has been the standard treat-
ment option for advanced NSCLC. Its efficacy and safety 
have a major impact on the subsequent second-line ther-
apy and the overall survival of patients with NSCLC. The 
current study evaluated the pretreatment GNRI and its 
associations with the efficacy of first-line platinum-based 
chemotherapy and second-line non-platinum chemo-
therapy in patients with NSCLC.

Patients and methods
Study design
This was a retrospective observational study conducted 
in accordance with the ethical standards of the Decla-
ration of Helsinki. Chemotherapy-naïve patients with 

pathologically confirmed advanced NSCLC who received 
first-line platinum-based chemotherapy at Hama-
matsu University Hospital between January 1, 2000 and 
December 31, 2020 were included. Eligible patients were 
required to have stage IIIB without an indication for 
definitive radiotherapy, stage IV disease, or recurrent 
disease. Patients who received platinum-based chemo-
therapy as adjuvant treatment after surgery or in com-
bination with radiotherapy (chemoradiotherapy), those 
who received combination therapy with platinum-based 
therapy and ICIs, those who received non-platinum 
therapy in the first-line setting, those with histories of 
previous chemotherapy including adjuvant chemother-
apy, or those with missing pretreatment serum albumin 
and body weight data were excluded. Patient consent 
was waved because this was a retrospective study. The 
study protocol was approved by the Institutional Review 
Board of Hamamatsu University School of Medicine (No. 
21-151).

Data collection
Clinical data including age, sex, smoking status, height, 
weight, serum albumin levels before the administra-
tion of platinum-based chemotherapy, tumor histology, 
active driver mutations, clinical stage, Eastern Coopera-
tive Oncology Group performance status (ECOG-PS), 
comorbidities, and treatment regimens were retrospec-
tively evaluated via medical record reviews. Comor-
bidities were recorded according to the Charlson 
comorbidity index [30]. Response was assessed using 
Response Evaluation Criteria in Solid Tumors version 1.1. 
Progression-free survival (PFS) and overall survival (OS) 
were evaluated from the time of treatment initiation. The 
data cutoff date was August 31, 2021.

Measurements of the Geriatric Nutritional Risk Index
The GNRI was calculated as follows:

Ideal weight was calculated using body mass index as 
follows:

Originally, the GNRI was divided into four lev-
els: < 82, ≥ 82 to < 92, ≥ 92 to < 98, and ≥ 98 [15]. However, 
in the current study, the GNRI was categorized as low 
(< 92) or high (≥ 92) because the overall response rate 
(ORR), PFS, and OS did not differ among the four GNRI 
categories (Additional file 1: Fig. S1).

GNRI =
[

1.489× serum albumin
(

g/dL
)]

+ [41.7× actual weight/ideal weight] [15].

Ideal weight = 22× [height (m)]2.
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Statistical analyses
Fisher’s exact test and Wilcoxon’s rank sum test were 
used to compare categorical and continuous variables, 
respectively. Pearson’s correlation coefficient was used 
to evaluate the correlations between age and the GNRI. 
The Jonckheere–Terpstra trend test was used to evaluate 
the trend between the GNRI and ECOG-PS. Wilcoxon’s 
signed-rank sum test was used to compare the GNRI 
between first- and second-line therapy. PFS and OS were 
evaluated using the Kaplan–Meier method, and the log-
rank test was used to compare survival curves. Logistic 
regression analysis was used to determine predictive fac-
tors for ORR, and Cox proportional hazard analysis was 
used to determine predictive factors for PFS and OS. The 
variables significant at p < 0.100 in univariate analyses 
were employed for multivariate analyses. p < 0.05 (two-
sided) denoted significance. All values were analyzed 
using JMP v13.2.0 (SAS Institute Japan, Tokyo, Japan), 
excluding the Jonckheere–Terpstra test, which was per-
formed using EZR (Saitama Medical Center, Jichi Medi-
cal University, Saitama, Japan), a graphical user interface 
for R (The R Foundation for Statistical Computing, 
Vienna, Austria).

Results
Patient characteristics
In total, 412 patients were screened, and 264 were 
excluded because they did not receive chemotherapy 
(n = 102), they received non-platinum-based chemo-
therapy (n = 71), they had insufficient available data 
(n = 53), or they received platinum-based chemother-
apy in combination with other treatments (n = 38). 
As the results, 148 patients were included in this study 
(Fig. 1). The characteristics of the patients are presented 
in Table  1. The cohort had a high proportion of men 
(73.6%), smoking history (75.0%), and good ECOG-PS of 
0–1 (89.2%). Sixty-seven (45.2%) patients were ≥ 65 years 
old. Ninety-five (64.1%) patients had normal BMI (≥ 18.5 
to < 25.0 kg/m2), and 26 (17.6%) and 27 patients (18.2%) 
were underweight and overweight, respectively. The 
median GNRI was 100.6 (range 56.6–124.6), and 19 
(12.8%), 19 (12.8%), 22 (14.9%), and 88 (59.5%) patients 
had GNRIs of < 82, ≥ 82 to < 92, ≥ 92 to < 98, and ≥ 98, 
respectively. All patients received at least one cycle of 
platinum-based chemotherapy, and 119 (80.4%) and 
29 patients (19.6%) received carboplatin and cisplatin, 
respectively. Concerning combination regimens featuring 

Fig. 1 Diagram of study patients. NSCLC non-small cell lung cancer
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platinum agents, 61 (41.2%), 58 (39.1%), and 29 patients 
(19.6%) received pemetrexed, taxanes, and other agents, 
respectively. Thirty-one patients (20.9%) received beva-
cizumab in addition to platinum-based chemotherapy. 
The overall ORR was 37.1% (95% confidence interval 
[CI] 29.8%–45.2%), and median PFS and OS were 5.6 
(95% CI 5.1–6.2 months) and 17.0 months (95% CI 14.6–
22.9 months), respectively. The numbers of events for PFS 
and OS were 115 and 94, respectively. The median obser-
vation time was 13.3 months (95% CI 17.2–25.3 months).

Differences in treatments according to the time 
of initiation of chemotherapy
To evaluate the influence of advances in cancer therapy 
during the observation period, the patients were divided 
into two groups according to the date of administration 
of platinum-based chemotherapy: first decade (from 
January 2000 to December 2010, n = 61) and second dec-
ade (from January 2011 to December 2020, n = 87). The 

patients treated in the second decade were significantly 
older (median, 66  years) than those treated in the first 
decade (median, 64 years; p = 0.038). Patients in the sec-
ond decade had a significantly higher rate of pemetrexed-
based regimen treated (62%) and lower rates of treatment 
with taxane-based (25%) and other regimens (13%) than 
those treated in the first decade (11%, 59%, and 30%, 
respectively; p < 0.001). Thirty-one (36%) patients treated 
in the second decade received bevacizumab in addition 
to platinum-based chemotherapy, whereas no patient 
received these treatments in the first decade (p < 0.001). 
The patients treated in the second decade exhibited 
significantly longer PFS (median, 6.0  months) than 
those treated in the first decade (median, 4.9  months; 
p = 0.004). There was no significant difference in 
ORR and OS between the first (ORR = 42.5%, median 
OS = 19.3  months) and second decades (ORR = 29.5%, 
p = 0.122; and median OS = 16.8 months, p = 0.521).

Table 1 Patient characteristics

Data are expressed as the median (range) or number (%). The p values indicate comparisons between high and low GNRI group

ALK anaplastic lymphoma kinase, ECOG-PS Eastern Cooperative Oncology Group performance status, EGFR epidermal growth factor receptor, GNRI geriatric nutritional 
risk index

All, n = 148 High GNRI, n = 110 Low GNRI, n = 38 p-value

Age, years 65 (36–84) 65 (36–84) 67 (40–79) 0.175

Sex, men 109 (73.6) 30 (27.3) 9 (23.7) 0.831

Smoking status, ever-smoker 111 (75.0) 80 (72.7) 31 (81.6) 0.385

ECOG-PS, 0/1/ ≥ 2 90 (60.8)/42 (28.3)/16 (10.8) 77 (70.0)/29 (23.4)/4 (3.6) 13 (34.2)/13 (34.2)/12 (31.6)  < 0.001

Body mass index, kg/m2 21.9 (13.7–30.5) 22.7 (13.7–30.5) 18.5 (14.2–25.0)  < 0.001

Serum albumin (g/dL) 3.7 (2.1–4.9) 3.9 (2.5–4.9) 2.9 (2.1–3.8)  < 0.001

GNRI 100.6 (56.6–124.6) 105.0 (92.5–124.6) 82.0 (55.6–90.5)  < 0.001

Stage, IIIb/IV/recurrence 20 (13.5)/127 (85.8)/1 (0.7) 15 (13.6)/94 (85.5)/1 (0.9) 5 (13.2)/33 (86.8)/0 (0) 1.000

Pathology, squamous/non-squamous 39 (26.4)/109 (73.6) 26 (23.6)/84 (76.4) 13 (34.2)/25 (65.8) 0.208

EGFR mutation, positive/wild-type/unknown 16 (10.8)/101 (68.2)/31 (20.9) 15 (13.6)/71 (64.6)/24 (21.8) 1 (2.6)/30 (79.0)/7 (18.4) 0.120

ALK fusion gene, positive/wild-type/unknown 1 (0.7)/73 (49.3)/74 (50.0) 1 (0.9)/58 (52.7)/51 (46.4) 0 (0)/15 (39.5)/23 (60.5) 0.396

Comorbidities

Diabetes 24 (16.2) 20 (18.2) 4 (10.5) 0.319

Chronic pulmonary diseases 22 (14.9) 14 (12.7) 8 (21.1) 0.289

Myocardial infarction 6 (4.1) 5 (4.6) 1 (2.6) 1.000

Peripheral vascular diseases 3 (2.0) 1 (0.9) 2 (5.3) 0.162

Collagen diseases 4 (2.7) 2 (1.8) 2 (5.3) 0.272

Solid tumors 5 (3.4) 3 (2.7) 2 (5.3) 0.603

Liver diseases 4 (2.7) 1 (0.9) 3 (7.9) 0.052

Charlson comorbidity index 0 (0–3) 0 (0–3) 0 (0–3) 0.300

Chemotherapy regimens 0.273

Carboplatin/(nab-)paclitaxel ± bevacizumab 54 (36.5) 41 (37.3) 13 (34.2)

Carboplatin/pemetrexed ± bevacizumab 45 (30.4) 34 (30.9) 11 (29.0)

Cisplatin/pemetrexed ± bevacizumab 16 (10.8) 14 (12.7) 2 (5.3)

Other cisplatin-based therapy 20 (13.5) 10 (9.1) 3 (7.9)

Other carboplatin-based therapy 13 (8.8) 11 (10.0) 9 (23.7)

Treatment year, 2000–2010/2011–2020 61 (41.2)/87 (58.8) 44 (40.0)/66 (60.0) 17 (44.7)/21 (55.3) 0.703
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Associations of the GNRI with patient demographics
There was a significant stepwise decrease in the GNRI 
according to the deterioration of ECOG-PS. Specifically, 
the median GNRIs (range) in the ECOG-PS 0, 1, and ≥ 2 
groups were 104.6 (65.8–124.6), 98.3 (56.6–121.7), and 
82.0 (69.4–112.9), respectively (p < 0.001). The GNRI was 
not associated with sex, age, smoking status, tumor his-
tology, clinical stage, or the time of the start of platinum-
based chemotherapy. The patients with a high or low 
GNRI had comparable demographics including comor-
bidities excluding the significantly better ECOG-PS, 
higher BMI, and serum albumin level in patients with a 
high GNRI (all p < 0.001; Table 1).

Association of the GNRI with the efficacy 
of platinum-based chemotherapy
Patients with a high GNRI had significantly longer 
median PFS (6.3  months, 95% CI = 5.6–7.2  months) 
than those with a low GNRI (3.8 months; 95% CI = 2.5–
4.7 months, p < 0.001; Fig. 2a). In univariate Cox propor-
tional hazard analyses, an increased GNRI was predictive 
of longer PFS, similarly as age < 65 years, good ECOG-PS, 
receipt of cisplatin, receipt of pemetrexed, and the time 
of the start of platinum-based chemotherapy (Table 2). In 
multivariate Cox proportional hazard analyses, only an 
increased GNRI was an independent predictive factor for 
longer PFS (Table 2).

Likewise, patients with a high GNRI had signifi-
cantly longer median OS (22.8  months, 95% CI = 16.7–
27.2  months) than those with a low GNRI (8.5  months, 
95% CI = 5.4–16.0 months, p < 0.001; Fig. 2b). In univari-
ate Cox proportional hazard analyses, an increased GNRI 
was predictive of longer OS, similarly as age < 65 years, no 

smoking history, and good ECOG-PS (Table 3). In mul-
tivariate Cox proportional hazard analyses, an increased 
GNRI was predictive of longer OS, similarly as no smok-
ing history and good ECOG-PS (Table 3).

Patients with a high GNRI displayed significantly 
higher ORR (44.5%, 95% CI = 35.6%–53.9%) than 
those with a low GNRI (15.8%, 95% CI = 7.4%–30.4%, 
p = 0.002). In univariate logistic regression analyses, an 
increased GNRI, good ECOG-PS, receipt of pemetrexed 
were predictive of higher ORR. In multivariate logistic 
regression analyses, an increased GNRI was predictive of 
the ORR (Table 4).

Association of the GNRI with the treatment delivery 
and adverse events of platinum-based chemotherapy
Patients with a high GNRI completed significantly more 
cycles of platinum-based chemotherapy (median, 4 
cycles) and had a higher rate platinum-based chemo-
therapy completion (75.5%) than those with a low GNRI 
(median, 2.5 cycles, p < 0.001; and 39.5%, p < 0.001, 
respectively; Table  5). Patients with a low GNRI tended 
to have higher rates of grade ≥ 3 adverse events (55.3%) 
and dose reduction (39.5%) than those with a high GNRI 
(38.2%, p = 0.087; and 21.8%, p = 0.053, respectively).

Association of GNRI with the efficacy of second-line 
non-platinum chemotherapy
Among the 148 patients who received first-line plat-
inum-based chemotherapy, 71 (48.0%) received sec-
ond-line non-platinum therapy (2L group). Of those, 
47 patients (63.6%) received docetaxel (monotherapy, 
n = 42; combination with bevacizumab, n = 6; and com-
bination with ramucirumab, n = 1), 12 patients (16.9%) 

Fig. 2 Progression-free and overall survival after first-line platinum-based chemotherapy according to the Geriatric Nutritional Risk Index (GNRI). 
Kaplan–Meier curves of a progression-free survival and b overall survival according to the GNRI. Blue and red lines indicate low and high GNRI, 
respectively
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received S-1 (tegafur/gimeracil/oteracil potassium), 
4 patients received (5.6%) pemetrexed, and 8 patients 
(11.3%) received other non-platinum monothera-
pies. The 2L group had a median GNRI of 101.6 (range 
69.7–129.7) at the beginning of the second-line therapy, 
which was comparable to that at the beginning of first-
line therapy (p = 0.941; Fig.  3). The patients with a high 
GNRI at the beginning of second-line therapy exhib-
ited significantly longer median PFS during second-line 
therapy (3.3 months, 95% CI 2.6–4.2 months) than those 
with a low GNRI (1.2  months, 95% CI 0.6–2.1  months, 
p < 0.001; Fig.  4a). Likewise, the patients with a high 
GNRI at the beginning of second-line therapy displayed 
significantly longer median OS during second-line ther-
apy (18.5 months, 95% CI 11.0–28.7 months) than those 
with a low GNRI (4.4 months, 95% CI 1.4–14.8 months, 
p < 0.001; Fig.  4b). There was no significant association 
between the GNRI and ORR during second-line therapy 
(p = 0.324).

On the contrary, among 77 patients who did not receive 
second-line chemotherapy, 59 evaluable patients had a 
median GNRI of 91.6 (range 59.0–112.6) at the time of 
disease progression after first-line chemotherapy, which 
was significantly lower than that at the beginning the 

first-line chemotherapy (p < 0.001) and significantly lower 
than that at beginning of the second-line therapy in the 
2L group (p < 0.001; Fig. 3).

Discussion
In the current study, we found that an increased pretreat-
ment GNRI was significantly associated with longer PFS 
and OS following first-line platinum-based chemother-
apy in patients with NSCLC independent of ECOG-PS. 
Furthermore, the GNRI did not change in patients who 
received second-line chemotherapy until the start of 
second-line chemotherapy, and the pretreatment GNRI 
was significantly associated with longer PFS and OS fol-
lowing second-line non-platinum chemotherapy. The 
GNRI is a simple modality for assessing the nutritional 
status of patients with cancer. Our data indicated the 
potential utility of the GNRI for predicting the efficacy of 
chemotherapy.

Albumin, a component of the GNRI, has several ben-
eficial functions for chemotherapy. After injection into 
blood, platinum agents bind to albumin and form plati-
num–albumin complexes. Albumin delivers platinum 
agents efficiently to tumor tissue via these complexes. 
Albumin also protects against platinum-associated 

Table 2 Cox proportional hazard analyses of progression-free survival

CI confidence interval, ECOG-PS Eastern Cooperative Oncology Group performance status, GNRI Geriatric Nutritional Risk Index, PD-L1 programmed cell death-ligand 
1, TPS tumor proportion score

*Hazard ratio was calculated for each pair of three categorical units

Univariate Multivariate

Variables Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

Age, ≥ 65 years 1.47 (1.01–2.14) 0.041 1.46 (0.99–2.15) 0.056

Sex, men 1.02 (0.68–1.57) 0.941

Smoking, ever-smoker 1.27 (0.84–1.96) 0.257

ECOG-PS*

 0 vs. 1 0.71 (0.47–1.09) 0.114 0.98 (0.63–1.55) 0.928

 0 vs. ≥ 2 0.34 (0.18–0.71) 0.006 0.69 (0.34–1.53) 0.340

 1 vs. ≥ 2 0.48 (0.24–1.03) 0.059 0.70 (0.35–1.54) 0.358

Charlson comorbidity index*

 0 vs. 1 1.28 (0.83–2.05) 0.271

 0 vs. ≥ 2 0.79 (0.47–1.14) 0.407

 1 vs. ≥ 2 0.62 (0.33–1.18) 0.139

GNRI, ≥ 92 0.28 (0.18–0.46) < 0.001 0.35 (0.21–0.58) < 0.001

Pathology, squamous cell (vs. non-squamous) 1.20 (0.79–1.79) 0.390

Stage, IIIb (vs. IV/ recurrent) 0.85 (0.44–1.47) 0.575

Platinum agents, cisplatin (vs. carboplatin) 0.59 (0.35–0.95) 0.029 0.64 (0.37–1.06) 0.086

Non-platinum agents*

 Pemetrexed vs. taxane 0.62 (0.41–0.95) 0.028 0.85 (0.54–1.37) 0.509

 Pemetrexed vs. others 0.58 (0.35–0.98) 0.042 0.79 (0.45–1.40) 0.408

 Taxane vs. others 0.93 (0.57–1.55) 0.781 0.92 (0.55–1.56) 0.749

Treatment year, 2011–2020 (vs. 2000–2010) 0.56 (0.39–0.84) 0.005 0.65 (0.42–1.01) 0.053
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Table 3 Cox proportional hazard analyses of overall survival

CI confidence interval, ECOG-PS Eastern Cooperative Oncology Group performance status, GNRI Geriatric Nutritional Risk Index

*Hazard ratio was calculated for each pair of three categorical units

Univariate Multivariate

Variables Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

Age, ≥ 65 years 1.70 (1.11–2.59) 0.014 1.46 (0.94–2.27) 0.093

Sex, men 1.01 (0.65–1.61) 0.959

Smoking, ever-smoker 1.92 (1.20–3.22) 0.006 1.71 (1.04–2.91) 0.034

ECOG-PS*

 0 vs. 1 0.67 (0.43–1.07) 0.096 0.76 (0.47–1.23) 0.253

 0 vs. ≥ 2 0.21 (0.11–0.43) < 0.001 0.28 (0.14–0.60) 0.002

 1 vs. ≥ 2 0.31 (0.16–0.65) 0.003 0.37 (0.18–0.81) 0.014

Charlson comorbidity index*

 0 vs. 1 0.93 (0.58–1.54) 0.762

 0 vs. ≥ 2 1.26 (0.66–2.72) 0.506

 1 vs. ≥ 2 1.36 (0.64–3.13) 0.432

GNRI, ≥ 92 0.39 (0.24–0.65) < 0.001 0.51 (0.30–0.89) 0.018

Pathology, squamous cell (vs. non-squamous) 1.18 (0.73–1.84) 0.492

Stage, IIIb (vs. IV/ recurrent) 1.41 (0.76–2.42) 0.265

Platinum agents, cisplatin (vs. carboplatin) 0.71 (0.41–1.18) 0.195

Non-platinum agents*

 Pemetrexed vs. taxane 0.84 (0.54–1.31) 0.437

 Pemetrexed vs. others 1.13 (0.63–2.12) 0.688

 Taxane vs. others 1.35 (0.76–2.53) 0.319

Treatment year, 2011–2020 (vs. 2000–2010) 1.15 (0.76–1.76) 0.519

Table 4 Logistic regression analyses of objective response

CI confidence interval, ECOG-PS Eastern Cooperative Oncology Group performance status, GNRI Geriatric Nutritional Risk Index, N.E. not estimated

*Odds ratio was calculated for each pair of three categorical units

Variables Univariate Multivariate

Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value

Age, ≥ 65 years 0.63 (0.32–1.24) 0.181

Sex, men 0.80 (0.38–1.71) 0.562

Smoking, ever-smoker 0.71 (0.33–1.53) 0.380

ECOG-PS*

 0 vs. 1 1.53 (0.72–3.35) 0.272 1.25 (0.56–2.83) 0.585

 0 vs. ≥ 2 5.35 (1.39–35.37) 0.012 2.09 (0.43–15.28) 0.373

 1 vs. ≥ 2 3.50 (0.82–24.28) 0.094 1.67 (0.33–12.51) 0.548

Charlson comorbidity index*

 0 vs. 1 1.04 (0.48–2.31) 0.927

 0 vs. ≥ 2 1.64 (0.57–5.47) 0.371

 1 vs. ≥ 2 1.58 (0.48–5.80) 0.457

GNRI, ≥ 92 4.28 (1.76–12.11) < 0.001 3.25 (1.22–9.97) 0.018

Pathology, squamous cell (vs. non-squamous) 0.68 (0.30–1.47) 0.331

Stage, IIIb (vs. IV/ recurrent) 1.15 (0.42–2.98) 0.779

Platinum agents, cisplatin (vs. carboplatin) 1.49 (0.65–3.39) 0.345

Non-platinum agents*

 Pemetrexed vs. taxane 1.61 (0.77–3.41) 0.541 1.46 (0.68–3.20) 0.334

 Pemetrexed vs. others 2.67 (1.03–7.59) 0.044 2.17 (0.80–6.41) 0.131

 Taxane vs. others 1.65 (0.62–4.78) 0.319 1.49 (0.53–4.44) 0.455

Treatment year, 2011–2020 (vs. 2000–2010) 1.77 (0.89–3.59) 0.104
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toxicities by reducing the levels of albumin-free plati-
num agents that induce cytotoxicity [12–14]. In addi-
tion, albumin is known to have immunomodulatory 
functions in tumor microenvironments. Albumin inhib-
its tumor progression by reducing excessive inflamma-
tory responses by tumor-associated neutrophils [26–29]. 
Furthermore, albumin reduces oxidative stress in tumor 
microenvironments via its anti-oxidant properties [26, 
27]. Oxidative stress induces immunosuppression in 
tumor microenvironments by altering cytokine signaling, 
increasing immunosuppressive immune cell activity, and 
attenuating cytotoxic lymphocytes, resulting in tumor-
favorable immunity [31, 32]. It is reported that the Prog-
nostic Nutritional Index, which is calculated using serum 
albumin and the peripheral blood lymphocyte count, is 
positively correlated with tumor-infiltrating lymphocyte 
counts in surgically resected esophageal cancer and squa-
mous cell lung cancer specimens [33, 34].

Body weight is an important component of cancer 
cachexia. In addition to the reduction of adipose tissue, 
the loss of muscle mass is also a cause of weight loss in 
patients with cancer, resulting in functional impairments 
and increased mortality [6–9]. In addition, reduced food 
intake, which both a cause and consequence of can-
cer cachexia, leads to the deprivation of essential nutri-
ents, some of which are reported to potentially enhance 
anti-tumor immunity [5, 35–37]. Furthermore, systemic 
inflammation and metabolic changes, the underlying 
mechanisms of cancer cachexia, attenuate anti-tumor 
immunity and promote tumor progression [38, 39]. Body 
weight loss attributable to cancer cachexia reflects the 
attenuation of anti-tumor immunity and decreases the 
therapeutic efficacy of chemotherapy.

Given the multiple roles of the nutritional status in the 
general health condition, transportation of anti-cancer 
drugs, protection of tissue from chemotherapy, and can-
cer immunity, a high GNRI has the potential to increase 
the efficacy of chemotherapy, decrease toxicities, and 

therefore prolong survival. In addition to the higher ORR, 
patients with a high GNRI had less severe adverse events 
and less frequently required dose reduction (although 
not significant), which might explain the higher number 
of chemotherapy cycles and the longer PFS and OS.

The current study had three main limitations. First, 
this was a retrospective study with a limited number of 
patients. It is possible that some potential biases and/
or alpha errors affected the results of the current study. 
Second, the optimal evaluation for nutritional status in 
patients with cancer is unknown. The GNRI was used 
in the current study because it can be calculated using 
two simple values that are readily available in clinical 
practice. However, several other nutritional indexes 
using various combinations of factors in addition to 
(or instead of ) albumin and body weight, such as pre-
albumin, cholesterol, neutrophil, lymphocyte, C-reac-
tive protein, or body mass index, are also available [4]. 
Additionally, the cutoff of 92 in GNRI was provisional, 
and it should be validated in the further studies. Third, 
the current study evaluated cytotoxic chemotherapy. 

Table 5 Treatment delivery and grade ≥ 3 adverse events

Data are expressed as the median (range) or number (%). The p values indicate comparisons between high and low GNRI group

GNRI geriatric nutritional risk index

All, n = 148 High GNRI, n = 110 Low GNRI, n = 38 p-value

Cycles of platinum-based therapy 4 (1–8) 4 (1–8) 2.5 (1–6) < 0.001

Completion of platinum-based chemotherapy 98 (66.2) 83 (75.5) 15 (39.5) < 0.001

Reasons for discontinuation 0.423

 Progressive disease 31 (62.0) 19 (70.4) 12 (52.2)

 Adverse events 5 (14.0) 5 (18.5) 7 (30.4)

 Others 12 (24.0) 3 (11.1) 4 (17.4)

Treatment delay 21 (14.2) 16 (14.6) 5 (13.2) 1.000

Dose reduction 39 (26.4) 24 (21.8) 15 (39.5) 0.053

Grade ≥ 3 adverse events 63 (42.6) 42 (38.2) 21 (55.3) 0.087

Fig. 3 Changes in the Geriatric Nutritional Risk Index between before 
and after first-line platinum-based chemotherapy. Dots and error bars 
indicate the median and interquartile range, respectively. Red and 
blue lines indicate patients who did and did not receive second-line 
chemotherapy, respectively
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ICIs are increasingly used as new standard treatments 
for cancers, including NSCLC [40, 41]. Furthermore, 
several regimens combining chemotherapy with one or 
more ICIs have been developed [42, 43]. It is reported 
that GNRI is associated with the efficacy of ICI mono-
therapy [25]. Thus, GNRI is expected to be predictive of 
the efficacy of novel combinations of chemotherapy and 
ICIs. Further studies are needed to elucidate the pre-
dictive utility of the nutritional status and the optimal 
nutritional index for novel cancer therapies.

Conclusions
In conclusion, increased GNRI was associated with bet-
ter PFS and OS following first-line platinum-based 
chemotherapy and second-line non-platinum therapy in 
patients with NSCLS independent of ECOG-PS. Assess-
ments of nutritional status may be useful for predicting 
the efficacy of chemotherapy.
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