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Introduction
Currently, lung cancer has become the leading cause of cancer-re-
lated mortality of global population, and more than 1.7 million 
people died of lung cancer in each year [1, 2]. Pathologically, lung 
cancer could be classified as small cell lung cancer and non-small 
cell lung cancer (NSCLC), and the latter accounts for about 85 % of 
all the patients with lung cancer [3]. Current treatment for patients 
with NSCLC involves multiple anticancer modalities such as surgi-
cal resection, chemotherapy, radiotherapy, targeted therapy, and 
immunotherapy [3]. However, survival of patients with NSCLC re-
mains poor, particularly for patients with advanced NSCLC, which 
highlights the importance of prognostic evaluation for these pa-
tients [4].

Accumulating evidence suggests that pretreatment nutritional 
status is an important determinant of survival in patients with vari
ous malignancies [5]. Indeed, surgeries and chemotherapy are more 
likely to be tolerated in patients with good pretreatment nutrition-
al status [6, 7]. Besides, nutritional and inflammatory status may 
also affect the responses of patients to immunotherapies [8]. Col-
lectively, it has been suggested that malnutrition negatively affects 
several aspects of cancer treatment and outcome, which involve re-
ducing the intensity of treatment, increasing its toxicities, impair-
ing quality of life, and ultimately worsening survival [9]. Geriatric 
nutritional risk index (GNRI) is a newly developed indicator of nutri-
tional status which is calculated by serum albumin concentration 
and ideal body weight [10]. Compared to other scoring systems for 
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Abstr act

Geriatric nutritional risk index (GNRI), a newly developed indi-
cator of nutritional status retrieved by serum albumin concen-
tration and ideal body weight, has been suggested as a prog-
nostic factor for various malignancies. The aim of the study was 
to summarize the prognostic role of GNRI for patients with 
non-small cell lung cancer (NSCLC) in a meta-analysis. Cohort 
studies evaluating the relationship between GNRI at baseline 
and survival OF NSCLC were retrieved by search of PubMed, 
Embase, and Web of Science databases from inception to Janu-
ary 12, 2022. A conservative random-effect model incorporat-
ing the possible influence of between-study heterogeneity was 
used to pool the results. Eleven cohorts including 2865 patients 
with NSCLC were included. Compared to those with higher 
GNRI, NSCLC patients with lower GNRI were associated with 
poorer overall survival [OS, hazard ratio (HR): 2.39, 95 % CI: 
1.97–2.91, p < 0.001; I2 = 29 %), progression-free survival (HR: 
1.94, 95 % CI: 1.52–2.47, p < 0.001; I2 = 29 %), and cancer-spe-
cific survival (HR: 2.59, 95 % CI: 1.55–4.35, p < 0.001; I2 = 0 %). 
Subgroup analyses showed that the significant association be-
tween lower GNRI and worse OS in patients with NSCLC was not 
affected by study characteristics including study location, de-
sign, cancer stage, treatment, or follow-up durations (p for 
subgroup effects all < 0.001). In conclusion, a lower GNRI in 
patients with NSCLC may be a predictor of poor survival. Nutri-
tional status indicated by GNRI may be important for the prog-
nostic prediction of patients with NSCLC.
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nutritional analysis such as the malnutrition inflammation score 
[11], the P-POSSUM score [12], the subjective global assessment 
[13], the Mini Nutritional Assessment (MNA) [14], and the Nutri-
tional Risk Score 2002 (NRS-2002) [15], the GNRI is a simple, objec-
tive, and less time-consuming tool, which could also be readily de-
termined from routinely collected laboratory data. Previous studies 
showed that GNRI may be a prognostic factor of patients with var-
ious malignancies, such as those with esophageal cancer [16] and 
renal cell carcinomas [17]. However, the influences of GNRI on sur-
vival outcomes in patients with NSCLC remain to be determined. 
Moreover, it remains unknown whether differences in anticancer 
treatments may affect the potential association between GNRI and 
survival outcomes of NSCLC patients. Therefore, we performed a 
meta-analysis to systematically evaluate the prognostic role of GNRI 
in patients with NSCLC.

Materials and Methods
The Preferred Reporting Items for Systematic reviews and Me-
ta-Analyses (PRISMA) statement [18, 19] was followed in conceiv-
ing, conducting, and reporting of the study, and the methodology 
of the meta-analysis was in accordance with the recommendations 
of the Cochrane’s Handbook [20] guideline.

Literature retrieving
Studies that evaluated the association between GNRI and survival 
in patients with NSCLC were retrieved by search of the electronic 
database including PubMed, Embase, and Web of Science, from in-
ception of the databases to January 12, 2022. A search strategy 
with combined search terms were used, and listed as (“geriatric nu-
tritional risk index” OR “GNRI”) AND “lung” AND (“neoplasms” OR 
“carcinoma” OR “cancer” OR “tumor” OR “malignancy” OR “ade-
noma”). Only human studies published as full-length articles were 
considered. No restriction was applied regarding the language of 
publication. As a supplementation, we manually checked the cita-
tions of the relevant original and review articles for possible rele-
vant studies.

Study selection
The PICOS criteria were used to determine the inclusion criteria of 
the meta-analysis.
P (patients): Adult patients with NSCLC, regardless of the cancer 
stage or treatments;
I (exposure): patients with malnutrition as evidenced by the lower 
GNRI at baseline;
C (control): patients without malnutrition as evidenced by the high-
er GNRI at baseline. GNRI was as previously defined: GNRI = [1.489  ×  
serum albumin (g/dl)] + [41.7  ×  actual weight/ideal weight] [10]. 
Ideal weight was calculated using body mass index (BMI): ideal 

▶Fig. 1	 Summarized process of literature search and study retrieving.
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▶Table 2	 Details of study quality evaluation via the Newcastle-Ottawa Scale.

Study [Ref] Represent-
ativeness 
of the 
exposed 
cohort

Selection 
of the 
non-ex-
posed 
cohort

Ascer-
tain-
ment of 
expo-
sure

Outcome 
not 
present 
at 
baseline

Control 
for age

Control 
for other 
con-
founding 
factors

Assess-
ment of 
outcome

Enough 
long 
follow-up 
duration

Adequacy 
of 
follow-up 
of cohorts

Total 

Shoji 2017a [27] 0 1 1 1 1 1 1 1 1 8

Shoji 2017b [28] 0 1 1 1 1 1 1 1 1 8

Hino 2020 [29] 0 1 1 1 1 1 1 1 1 8

Asakawa 2021 [30] 0 1 1 1 1 1 1 1 1 8

Karayama 2021 [31] 0 1 1 1 1 1 1 1 1 8

Takahashi 2021 [35] 0 1 1 1 1 1 1 1 1 8

Matsuura 2021 [32] 0 1 1 1 1 1 1 1 1 8

Peng 2021 [33] 1 1 1 1 1 1 1 1 1 9

Tang 2021 [36] 0 1 1 1 1 1 1 1 1 8

Sonehara 2021 [34] 0 1 1 1 1 1 1 1 1 8

Karayama 2022 [37] 1 1 1 1 1 1 1 1 1 9

weight = 22 × [height (m)2] The cutoffs for defining of patients with 
higher versus lower GNRI were in accordance with the values ap-
plied in the original studies.
O (outcomes): the primary outcome was overall survival (OS), and 
the secondary outcomes were progression-free survival (PFS) and 
cancer-specific survival (CSS), compared between NSCLC patients 
with lower versus higher GNRI. Generally, OS was defined as the 
time elapsed from treatment and to the date of death from any 
cause, PFS was defined as the interval between initiation of the 
treatment and the first recurrence or progression event, and CSS 
was defined as the time elapsed from initiation of the treatment to 
the date of lung cancer related-death [21, 22].
S (study design): cohort studies, including prospective and retro-
spective cohorts.

Reviews, preclinical studies, studies including non-NSCLC pa-
tients, studies that did not evaluate GNRI, or studies that did not 
report the survival outcomes were removed.

Data collection and quality assessment
Two independent authors conducted literature search and analy-
sis, data collection, and study quality assessment separately. If dis-
crepancies occurred, the corresponding author joined the discus-
sion for reaching a final consensus. Data regarding study informa-
tion, patient demographic factors, cancer stage and treatment, 
GNRI cutoffs, and outcomes reported were collected. Study quali-
ty assessment was achieved via the Newcastle-Ottawa Scale [23] 
with scoring systems on the basis of participant selection, compa-
rability of the groups, and the validity of the outcomes. The scale 
ranged between 1–9 stars, with more stars presenting higher study 
quality.

Statistical analyses
The main objective of the meta-analysis was to determine the rela-
tive risk for OS, PFS, and CSS between NSCLC patients with higher 
versus lower GNRI at baseline. The relative risks for the outcomes 
were presented as hazard ratios (HRs) and confidence intervals (CIs). 
Using the 95 % CIs or p-values, data of HRs and the standard errors 
(SEs) were calculated, and a subsequent logarithmical transforma-
tion was conducted to keep stabilized variance and normalized dis-
tribution. Between study heterogeneity was estimated using the 
Cochrane’s Q test and the I2 statistic [24]. An I2 > 50 % suggests sig-
nificant heterogeneity. A random-effect model was applied to com-
bine the results by incorporating the influence of heterogeneity 
[20]. Sensitivity analyses which omitted one study at a time was 
performed to evaluate the influence of individual study on the re-
sults of the overall meta-analysis [25]. For primary outcome of OS, 
subgroup analyses were also performed to explore the influences 
of various study characteristics on the outcome. By construction of 
the funnel plots, the publication bias of the meta-analysis was esti-
mated based on the visual judgement of the symmetry of the plots, 
supplemented with the Egger’s regression asymmetry test [26]. The 
RevMan (Version 5.1; Cochrane Collaboration, Oxford, UK) and Stata 
(Version 17.0; Stata Corporation, College Station, TX, USA) software 
packages were applied for the statistical analyses.

Results

Studies obtained
▶Fig. 1 shows the process of literature analysis. In brief, the initial 
search of the databases retrieved 613 articles after removing of the 
duplicated records. Then, additional 590 articles were excluded via 
screening of the titles and abstracts because they were not relevant 
to the meta-analysis. A total of 23 studies underwent the full-text 
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review. After excluding 12 studies through full-text review, 11 co-
hort studies [27–37] were included. Reasons for removing of the 12 
studies are also presented in ▶Fig. 1.

Characteristics of the included studies
As shown in ▶Table 1, 11 cohort studies [27–37] involving 2865 
patients with NSCLC contributed to the meta-analysis. Two of them 
were prospective [33, 37], while the remaining studies were retro-
spective [27–32, 34–36]. These studies were published between 
2017 and 2022, and performed in Japan [27–32, 34, 35, 37] and 
China [33, 36]. The cancer stage of the included patients varied 
from stage I to stage IV, and the treatments included surgical 

resection, chemotherapy, and immunotherapy. The cutoffs for de-
fining of the lower versus higher GNRI were also varied among the 
included studies. All of the 11 cohort studies [27–37] reported the 
outcome of OS, seven [27, 30–32, 34, 35, 37] reported PFS, and two 
studies [27, 29] reported CSS. Multivariate analyses were applied 
to analyze the association between GNRI and survival of NSCLC in 
all of the included studies, and confounding factors including age, 
sex, performance status, cancer histological type, stage, and treat-
ment etc. were adjusted among the original studies. The NOS of 
the included studies were 8 to 9 stars, suggesting generally good 
study quality (▶Table 2).

▶Fig. 2	 Forest plots for the meta-analysis of the association between GNRI and survival in patients with NSCLC. a: forest plots for the association 
between GNRI and OS; b: forest plots for the association between GNRI and PFS; and c: forest plots for the association between GNRI and CSS.
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Meta-analysis results
Pooled results with 11 cohort studies [27–37] showed that com-
pared to those with higher GNRI, NSCLC patients with lower GNRI 
had poorer OS (HR: 2.39, 95 % CI: 1.97 to 2.91, p < 0.001; ▶Fig. 2a) 
with moderate heterogeneity (I2 = 29 %). Subsequent sensitivity 
analysis by excluding one study at a time did not significantly 
change the results (HR: 2.26 to 2.51, p all < 0.05). Subgroup anal-
yses showed that the association between lower GNRI and worse 
OS in patients with NSCLC was not affected by study characteris-
tics including study location, design, cancer stage, treatment, or 
follow-up durations (p for subgroup effects all < 0.001; ▶Table 3). 
Further meta-analyses with seven [27, 30–32, 34, 35, 37] and two 
studies [27, 29] showed that NSCLC patients with lower GNRI also 
had poorer PFS (HR: 1.94, 95 % CI: 1.52 to 2.47, p < 0.001; I2 = 29 %; 
▶ Fig. 2b) and CSS (HR: 2.59, 95 % CI: 1.55 to 4.35, p < 0.001; 
I2 = 0 %; ▶Fig. 2c).

Publication bias
▶Fig. 3a and ▶3b display the funnel plots for the outcomes of OS 
and PFS. Visual inspection showed symmetry of the plots, suggest-
ing low risks of publication biases. The Egger’s regression tests also 
indicated low risk of publication biases (p = 0.28 and 0.19, respec-
tively). Publication bias regarding the meta-analysis for CSS was 
difficult to estimate because only two studies were included.

Discussion
The GNRI was first proposed by Bouillanne et al. in 2005 [10] and 
validated as a reliable prognostic nutritional index for elderly pa-

tients with various clinical conditions, such as those admitted to a 
geriatric rehabilitation care unit [10], with acute ischemic stroke 
[38], heart failure [39], respiratory failure [40], after emergency 
surgeries [41]. Further studies in oncology showed that GNRI may 
also be applied as an effective prognostic index in patients with 
various malignancies, which was also not limited to elderly patients 
[42]. In this meta-analysis, we pooled the results of eleven cohort 
studies including patients with NSCLC, and the results showed that 
a lower GNRI at baseline was associated with poor OS, PFS, and CSS 
in these patients. The association between lower GNRI and poor 
OS in patients with NSCLC was consistent in sensitivity analysis by 
excluding one study at a time, suggesting that the association was 
not primarily driven by either of the included study. Further sub-
group analysis showed that the significant association between 
lower GNRI and worse OS in patients with NSCLC was not affected 
by study characteristics including study location, design, cancer 
stage, treatment, or follow-up durations. Moreover, since multi-
variate model was applied in all of the included studies after adjust-
ment of the demographic factors and characteristics of cancers, 
the findings are likely to indicate that a lower GNRI at baseline is an 
independent risk factor of poor survival in patients with NSCLC.

Although several meta-analyses have evaluated the role of GNRI 
as a prognostic factor for patients with various malignancies [42], 
meta-analysis focusing on patients with NSCLC is rare. This is nec-
essary because the course and the treatment of the malignancy 
could be very different in patients with different cancers, which may 
cause significant heterogeneity. During the preparation of our 
manuscript, two mea-analyses regarding the association between 
GNRI and outcomes of patients with lung cancer were published 

▶Table 3	 Results of subgroup analyses for the association between GNRI and OS.

Study characteristics Datasets 
number

HR (95 % CI) I2 p for subgroup 
effect

p for subgroup 
difference

Country

China 2 2.57 [1.76, 3.76] 7 %  < 0.001

Japan 9 2.36 [1.86, 2.98] 38 %  < 0.001 0.70

Design

PC 2 3.52 [2.23, 5.54] 0 %  < 0.001

RC 9 2.24 [1.82, 2.74] 25 %  < 0.001 0.07

Cancer stage

I–III 5 2.57 [1.76, 3.75] 53 %  < 0.001

III–IV 6 2.26 [1.81, 2.83] 6 %  < 0.001 0.58

Treatment

Surgery 5 2.57 [1.76, 3.75] 53 %  < 0.001

Chemotherapy 3 2.36 [1.74, 3.19] 0 %  < 0.001

Immunotherapy 3 2.24 [1.47, 3.43] 42 %  < 0.001 0.89

Follow-up duration

 ≤ 24 months 4 2.31 [1.75, 3.04] 0 %  < 0.001

 > 24 months 7 2.47 [1.85, 3.30] 48 %  < 0.001 0.73

GNRI: Geriatric nutritional risk index; OS: Overall survival; HR: Hazard ratio; CI: Confidence interval; PC:Prospective cohort; RC: Retrospective cohort.
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[43, 44]. One study included eight retrospective cohort studies in 
NSCLC patients and showed that GNRI may be a prognostic factor 
of NSCLC [43]. However, probably due to the relative number of 
studies included, no subgroup analyses were performed according 
to the therapy of the patients (surgery, chemotherapy, or immu-
notherapy) [43]. The other meta-analysis included patients with 
NSCLC and SCLC [44]. As mentioned previously, the differences in 
the disease course and treatments of the two subtypes of lung can-
cer may affect the association between GNRI and outcomes of the 
patients [44]. In our study, a lower GNRI has been related to a poor 
survival in patients with NSCLC, and subgroup analysis showed con-
sistent association in patients after surgical resection, and in those 
treated with chemotherapy or immunotherapy. Clinically, GNRI 

could be conveniently calculated based on the serum albumin, 
height, and body weight of the patients, which is highly practica-
ble in real-world clinical practice.

Currently, the mechanisms underlying the association between 
GNRI and survival in patients with NSCLC may be explained by the 
roles of the components of the parameters in patients with can-
cers. Both serum albumin [45] and body weight [46] has been re
cognized as possible predictive factors for poor survival in patients 
with cancer. Biologically, albumin plays key roles in maintaining os-
motic pressure [47], delivering bioactive anticancer molecules [48], 
inhibition of overactivated inflammation [49], modulation of im-
mune response [50], and anti-oxidative stress [51], all of which are 
important for the exerting the anticancer efficacies of the body and 

▶Fig. 3	 Funnel plots for the publication bias underlying the meta-analyses. a: funnel plots for the meta-analysis of OS; and b: funnel plots for the 
meta-analysis of PFS.
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various treatments. On the other hand, the obesity paradox, which 
implies that ideal or high body weight may be associated with sur-
vival benefits in patients with cancer, has also been observed in pa-
tients with NSCLC [52]. Although the mechanisms remain to be 
clarified, an ideal or high body weight of a patient with cancer may 
reflect that the cancer is less invasive than those who are under-
weight. In addition, multiple anticancer treatments may be more 
tolerable to cancer patients with ideal or high body weight, which 
may also explain the better survival in these patients [52].

Collectively, results of the meta-analysis support that GNRI is a 
reliable prognostic parameter in patients with NSCLC, which may 
be useful in risk stratification and prognosis evaluation in these pa-
tients. Additionally, the results indicate that nutritional support is 
also essential as a direct consequence of malnutrition assessments. 
If it is determined that patients have a low GNRI, nutritional sup-
port should be provided immediately. In fact, early nutritional sup-
port has been recommended as a complementary treatment to ac-
tive treatment in cancer patients [53, 54]. It has been shown that 
adequate nutritional support can positively influence tolerance to 
therapies, continuity of treatment, quality of life, and survival out-
comes [55].

The limitations of the study include the following. First, all the 
studies were from Japan and China, and results of the meta-analy-
sis should be validated in studies from other countries. In addition, 
the optimal cutoff value for the predictive efficacy of GNRI in pa-
tients with NSCLC remains to be determined, and a dose-response 
relationship between GNRI and NSCLC remains to be established. 
Large prospective cohort studies are needed in this regard. Besides, 
only studies published as full-length articles were included in the 
meta-analysis. Grey literatures, such as conference abstracts and 
unpublished data were not considered because these literatures 
were generally not peer-reviewed, and including these studies may 
impair the reliability of the findings. However, excluding these grey 
literatures may increase the risk of publication bias. Moreover, GNRI 
was only evaluated for once among the included studies. Studies 
may be considered in the future to determine whether repeated 
evaluation via GNRI could improve the prognostic efficacy of the 
parameter in patients with NSCLC. Finally, as a meta-analysis of ob-
servational studies, we could not exclude other factors that may 
affect the association between GNRI and survival outcomes in pa-
tients with NSCLC, such as some dietary or nutritional interventions 
that may affect serum albumin.

Conclusions
To sum up, results of the meta-analysis suggest that a lower GNRI 
at baseline may be an independent predictor of poor survival in pa-
tients with NSCLC. Considering the cost-effectiveness of the pa-
rameter, nutritional status indicated by GNRI may be practical and 
important for the prognostic evaluation for patients with NSCLC.

Conflict of Interest

The authors declare that they have no conflict of interest.

References

[1]	 Xia C, Dong X, Li H et al. Cancer statistics in China and United States, 
2022: profiles, trends, and determinants. Chin Med J (Engl) 2022; 135: 
584–590

[2]	 Siegel RL, Miller KD, Fuchs HE et al. Cancer statistics, 2022. CA Cancer 
J Clin 2022; 72: 7–33

[3]	 Ettinger DS, Wood DE, Aisner DL et al. NCCN guidelines insights: 
non-small cell lung cancer, version 2.2021. J Natl Compr Canc Netw 
2021; 19: 254–266

[4]	 Hanna NH, Robinson AG, Temin S et al. Therapy for stage IV non-small-
cell lung cancer with driver alterations: ASCO and OH (CCO) joint 
guideline update. J Clin Oncol 2021; 39: 1040–1091

[5]	 Mantzorou M, Koutelidakis A, Theocharis S et al. Clinical value of 
nutritional status in cancer: what is its impact and how it affects 
disease progression and prognosis?  Nutr Cancer 2017; 69: 1151–1176

[6]	 Ravasco P.. Nutrition in cancer patients. J Clin Med 2019; 8: 1211

[7]	 Hamaker ME, Oosterlaan F, van Huis LH et al. Nutritional status and 
interventions for patients with cancer – a systematic review. J Geriatr 
Oncol 2021; 12: 6–21

[8]	 Baldessari C, Guaitoli G, Valoriani F et al. Impact of body composition, 
nutritional and inflammatory status on outcome of non-small cell lung 
cancer patients treated with immunotherapy. Clin Nutr ESPEN 2021; 
43: 64–75

[9]	 Bossi P, Delrio P, Mascheroni A et al. The spectrum of malnutrition/
cachexia/sarcopenia in oncology according to different cancer types 
and settings: a narrative review. Nutrients 2021; 13: 1980

[10]	 Bouillanne O, Morineau G, Dupont C et al. Geriatric nutritional risk 
index: a new index for evaluating at-risk elderly medical patients. Am J 
Clin Nutr 2005; 82: 777–783

[11]	 Kalantar-Zadeh K, Kopple JD, Block G et al. A malnutrition-
inflammation score is correlated with morbidity and mortality in 
maintenance hemodialysis patients. Am J Kidney Dis 2001; 38: 
1251–1263

[12]	 Chen W, Fong JW, Lind CR et al. P-POSSUM scoring system for 
mortality prediction in general neurosurgery. J Clin Neurosci 2010; 17: 
567–570

[13]	 Steiber AL, Kalantar-Zadeh K, Secker D et al. Subjective global 
assessment in chronic kidney disease: a review. J Ren Nutr 2004; 14: 
191–200

[14]	 Duran Alert P, Mila Villarroel R, Formiga F et al. Assessing risk 
screening methods of malnutrition in geriatric patients: mini 
nutritional assessment (MNA) versus geriatric nutritional risk index 
(GNRI). Nutr Hosp 2012; 27: 590–598

[15]	 Leandro-Merhi VA, de Aquino JLB, Reis LO. Predictors of nutritional risk 
according to NRS-2002 and calf circumference in hospitalized older 
adults with neoplasms. Nutr Cancer 2017; 69: 1219–1226

[16]	 Fan H, Ma W, Fu Y et al. Association of geriatric nutritional risk index 
with survival outcomes in patients with esophageal squamous cell 
carcinoma: a meta-analysis. Nutr Cancer 2022; 1–7

[17]	 Tang Y, Liang J, Liu Z et al. Clinical significance of prognostic nutritional 
index in renal cell carcinomas. Medicine (Baltimore) 2021; 100: 
e25127

[18]	 Page MJ, Moher D, Bossuyt PM et al. PRISMA 2020 explanation and 
elaboration: updated guidance and exemplars for reporting systematic 
reviews. BMJ 2021; 372: n160

[19]	 Page MJ, McKenzie JE, Bossuyt PM et al. The PRISMA 2020 statement: 
an updated guideline for reporting systematic reviews. BMJ 2021; 372: 
n71

[20]	 Higgins J, Thomas J, Chandler J et al. Cochrane handbook for 
systematic reviews of interventions version 6.2. The Cochrane 
Collaboration 2021  www.training.cochrane.org/handbook

611

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

http:// www.training.cochrane.org/handbook


Yang M et al. Geriatric Nutritional Risk Index …  Horm Metab Res 2022; 54: 604–612 | © 2022. Thieme. All rights reserved.

Original Article: Endocrine Care

[21]	 Miura N, Mori K, Mostafaei H et al. The prognostic impact of 
intraductal carcinoma of the prostate: a systematic review and 
meta-analysis. J Urol 2020; 204: 909–917

[22]	 Templeton AJ, McNamara MG, Seruga B et al. Prognostic role of 
neutrophil-to-lymphocyte ratio in solid tumors: a systematic review 
and meta-analysis. J Natl Cancer Inst 2014; 106: dju124

[23]	 Wells GA, Shea B, O’Connell D et al. The Newcastle-Ottawa Scale 
(NOS) for assessing the quality of nonrandomised studies in 
meta-analyses 2010 http://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp

[24]	 Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med 2002; 21: 1539–1558

[25]	 Patsopoulos NA, Evangelou E, Ioannidis JP. Sensitivity of between-
study heterogeneity in meta-analysis: proposed metrics and empirical 
evaluation. Int J Epidemiol 2008; 37: 1148–1157

[26]	 Egger M, Davey Smith G, Schneider M et al. Bias in meta-analysis 
detected by a simple, graphical test. BMJ 1997; 315: 629–634

[27]	 Shoji F, Matsubara T, Kozuma Y et al. Preoperative geriatric nutritional 
risk index: a predictive and prognostic factor in patients with 
pathological stage I non-small cell lung cancer. Surg Oncol 2017; 26: 
483–488

[28]	 Shoji F, Miura N, Matsubara T et al. Prognostic significance of 
immune-nutritional parameters for surgically resected elderly lung 
cancer patients: a multicentre retrospective study. Interact Cardiovasc 
Thorac Surg 2017; 26: 389–394

[29]	 Hino H, Saito T, Matsui H et al. Utility of geriatric nutritional risk index 
in patients with lung cancer undergoing surgery. Eur J Cardiothorac 
Surg 2020; 58: 775–782

[30]	 Asakawa A, Ishibashi H, Matsuyama Y et al. Preoperative nutritional 
status is associated with the prognosis for lung cancer. Asian 
Cardiovasc Thorac Ann 2021; 29: 763–771

[31]	 Karayama M, Inoue Y, Yasui H et al. Association of the geriatric 
nutritional risk index with the survival of patients with non-small-cell 
lung cancer after platinum-based chemotherapy. BMC Pulm Med 
2021; 21: 409

[32]	 Matsuura S, Morikawa K, Ito Y et al. The geriatric nutritional risk index 
and prognostic nutritional index predict the overall survival of 
advanced non-small cell lung cancer patients. Nutr Cancer 2021; 1–8

[33]	 Peng SM, Yu N, Ren JJ et al. The geriatric nutritional risk index as a 
prognostic factor in patients with advanced non-small-cell lung 
cancer. Nutr Cancer 2021; 73: 2832–2841

[34]	 Sonehara K, Tateishi K, Araki T et al. Prognostic value of the geriatric 
nutritional risk index among patients with previously treated advanced 
non-small cell lung cancer who subsequently underwent 
immunotherapy. Thorac Cancer 2021; 12: 1366–1372

[35]	 Takahashi M, Sowa T, Tokumasu H et al. Comparison of three 
nutritional scoring systems for outcomes after complete resection of 
non-small cell lung cancer. J Thorac Cardiovasc Surg 2021; 162: 
1257–1268 e1253

[36]	 Tang M, Li L, Zhang P et al. The geriatric nutritional risk index predicts 
overall survival in geriatric patients with metastatic lung 
adenocarcinoma. Nutr Cancer 2021; 1–9

[37]	 Karayama M, Inoue Y, Yoshimura K et al. Association of the geriatric 
nutritional risk index with the survival of patients with non-small cell 
lung cancer after nivolumab therapy. J Immunother 2022; 45: 
125–131

[38]	 Akimoto T, Hara M, Morita A et al. Relationship between nutritional 
scales and prognosis in elderly patients after acute ischemic stroke: 
comparison of controlling nutritional status score and geriatric 
nutritional risk index. Ann Nutr Metab 2021; 77: 116–123

[39]	 Li H, Cen K, Sun W et al. Prognostic value of geriatric nutritional risk 
index in elderly patients with heart failure: a meta-analysis. Aging Clin 
Exp Res 2021; 33: 1477–1486

[40]	 Shi X, Shen Y, Yang J et al. The relationship of the geriatric nutritional 
risk index to mortality and length of stay in elderly patients with acute 
respiratory failure: a retrospective cohort study. Heart Lung 2021; 50: 
898–905

[41]	 Jia Z, El Moheb M, Nordestgaard A et al. The geriatric nutritional risk 
index is a powerful predictor of adverse outcome in the elderly 
emergency surgery patient. J Trauma Acute Care Surg 2020; 89: 
397–404

[42]	 Lv GY, An L, Sun DW. Geriatric nutritional risk index predicts adverse 
outcomes in human malignancy: a meta-analysis. Dis Markers 2019; 
4796598:

[43]	 Wang H, Li C, Yang R et al. Prognostic value of the geriatric nutritional 
risk index in non-small cell lung cancer patients: a systematic review 
and meta-analysis. Front Oncol 2021; 11: 794862

[44]	 Wang Y, Luo L, Li J et al. Prognostic value of pretreatment geriatric 
nutrition risk index in lung cancer patients: a meta-analysis. Nutr 
Cancer 2022; 1–8

[45]	 Gupta D, Lis CG. Pretreatment serum albumin as a predictor of cancer 
survival: a systematic review of the epidemiological literature. Nutr J 
2010; 9: 69

[46]	 Gupta A, Majumder K, Arora N et al. Premorbid body mass index and 
mortality in patients with lung cancer: a systematic review and 
meta-analysis. Lung Cancer 2016; 102: 49–59

[47]	 Sun L, Yin H, Liu M et al. Impaired albumin function: a novel potential 
indicator for liver function damage?  Ann Med 2019; 51: 333–344

[48]	 Sleep D. Albumin and its application in drug delivery. Expert Opin 
Drug Deliv 2015; 12: 793–812

[49]	 Don BR, Kaysen G. Serum albumin: relationship to inflammation and 
nutrition. Semin Dial 2004; 17: 432–437

[50]	 Wilde B, Katsounas A. Immune dysfunction and albumin-related 
immunity in liver cirrhosis. Mediators Inflamm 2019; 7537649:

[51]	 Tabata F, Wada Y, Kawakami S et al. Serum albumin redox states: more 
than oxidative stress biomarker. Antioxidants (Basel) 2021; 10: 503

[52]	 Anderson AS, Martin RM, Renehan AG et al. Cancer survivorship, 
excess body fatness and weight-loss intervention-where are we in 
2020?  Br J Cancer 2021; 124: 1057–1065

[53]	 Arends J, Baracos V, Bertz H et al. ESPEN expert group 
recommendations for action against cancer-related malnutrition. Clin 
Nutr 2017; 36: 1187–1196

[54]	 Hebuterne X, Lemarie E, Michallet M et al. Prevalence of malnutrition 
and current use of nutrition support in patients with cancer. JPEN J 
Parenter Enteral Nutr 2014; 38: 196–204

[55]	 Barreira JV. The role of nutrition in cancer patients. Nutr Cancer 2021; 
73: 2849–2850

612

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

