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Abstract

Background: The effect of the geriatric nutritional risk index (GNRI) on the prognosis of patients with gastrointestinal
malignancy remains unclear. The aim of our study was to systematically explore the value of the GNRI in evaluating
postoperative complications and long-term outcomes in gastrointestinal malignancy.

Methods: A systematic literature search was conducted using electronic databases to report the impact of the
GNRI on postoperative complications and long-term outcomes of patients with gastrointestinal malignancies as of
August 2020. The hazard ratio (HR) with a 95% confidence interval (Cl) was used to evaluate the impact of the GNRI
on long-term outcomes. The risk ratio (RR) with 95% Cl was used to assess the impact of the GNRI on postoperative
complications.

Result: A total of nine studies with 2,153 patients were enrolled in our meta-analysis. The results suggested that a low
GNRI was correlated with poor overall survival of patients with gastrointestinal malignancy (HR=1.94, 95% Cl 1.65—
2.28,p<0.001). Patients with a low GNRI had a higher risk of complications than patients with a high GNRI (OR=2.19,
95% Cl 1.57-3.05, p<0.001). In addition, patients with a low GNRI had shorter relapse-free survival (HR=2.45,95% Cl
1.50-4.00, p<0.001) and disease-free survival (HR=1.84, 95% Cl 1.23-2.76, p =0.003) than those with a high GNRI.
However, the GNRI was not an independent factor affecting cancer-specific survival (HR=1.60, 95% Cl 0.91-2.82,
p=0.101).

Conclusion: Based on existing evidence, the GNRI was a valuable predictor of complications and long-term out-
comes in patients with gastrointestinal malignancy.
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Background

Gastrointestinal (GI) malignancy is a form of malignancy
that occurs in the gastrointestinal tract and its accessory
organs, accounting for nearly 30% of cancer incidence
and 32% of cancer deaths worldwide [1, 2]. Although
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for GI malignancy. However, these biomarkers are con-
centrated mainly in histochemistry and molecular biol-
ogy techniques. Their application is limited to a certain
extent because of the high price and need for specific
experimental equipment [3, 4]. Therefore, it continues to
be important to find convenient, effective, and inexpen-
sive prognostic markers for patients with GI malignancy.

Cancer patients, especially those with GI malignancy,
are prone to malnutrition. The prevalence of malnutri-
tion in cancer patients ranges from 20 to 70%, while in GI
malignancy patients, the prevalence is as high as 80% [5—
7]. Many studies have shown that malnutrition in cancer
patients may increase postoperative complications and
prolong hospitalization, leading to poor treatment out-
comes and increased mortality [8, 9]. Our previous stud-
ies have also demonstrated that malnutrition is associated
not only with increased postoperative complications but
also with poor long-term outcomes [10, 11]. In recent
years, a comprehensive malnutrition index that inte-
grates height, weight, and serum albumin levels, geriat-
ric nutritional risk index (GNRI), has been reported to be
associated with the prognosis of multiple GI malignan-
cies, including colorectal cancer (CRC) [12], gastric can-
cer (GC) [13], and esophageal squamous cell carcinoma
(ESCC) [14]. A previous meta-analysis proved that the
GNRI could be used as a predictor of mortality [15]. Two
meta-analyses have demonstrated the prognostic role of
the GNRI in cancer patients, but both have certain limi-
tations. Lv et al. [16] focused on the relationship between
the GNRI and long-term prognosis of cancer patients but
did not report the relationship between the GNRI and
postoperative complications. Lidoriki et al. [17] compre-
hensively analyzed the role of the GNRI in the short-term
and long-term outcomes of cancer patients but did not
independently report the association between GNRI and
GI malignancy. In addition, a number of other studies on
the prognostic role of the GNRI in GI malignancy have
been issued in the past year. Considering that there is no
systematic study to determine the relationship between
the GNRI and GI malignancy, the aim of this study was
to systematically evaluate the value of the GNRI in post-
operative complications and long-term outcomes in GI
malignancy based on existing evidence.

Methods

Search strategy

Our meta-analysis was carried out in line with the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement. We systematically
searched PubMed, Web of Science, Cochrane Library,
and Embase databases for literature on the value of the
GNRI in assessing postoperative complications and long-
term outcomes in GI malignancy. The search included
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literature published as of August 2020, and the literature’s
language was confined to English. The search terms and
keywords used were as follows: “geriatric nutritional risk
index’, “GNRI” and “neoplasms’, “carcinoma’, “cancer’,
“tumor”. Furthermore, the reference lists of the searched
literature were also reviewed to identify more potential

studies.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) studies reported
the relationship between the GNRI and postoperative
complications or long-term prognosis of patients with
GI malignancy and (2) the primary outcomes included
postoperative complications, overall survival (OS). The
secondary outcomes included relapse-free survival (RES),
disease-free survival (DFS), and cancer-specific survival
(CSS). (3) Hazard ratio (HR) and 95% confidence interval
(CI) were available or could be calculated based on the
data provided by survival curves. (4) According to the
GNRI, patients in the study were divided into two groups.
The exclusion criteria were as follows: (1) reviews, case
reports, conference abstracts, letters, and meta-analysis.
(2) Insufficient detailed data for statistical analysis. (3)
GNRI in non-GI malignancy. (4) Duplicate publication.
When there were studies with the same center and the
same period, the study with the most detailed data was
selected.

Data extraction and quality assessment

The variables were collected from each enrolled study:
General information included the first author’s last
name, year of publication, country, cancer site, study
design, sample, age, sex ratio, cutoff value, treatment,
and analysis methods. Outcome variables included pri-
mary outcomes (complications and OS) and second-
ary outcomes (PES, DFS, and CSS). If only the survival
curve was provided, Engauge Digitizer v.4.1 software
was used to extract the corresponding HR and 95% CI.
Two independent investigators utilized the Newcastle—
Ottawa Scale (NOS) to assess the quality of the eligible
studies (18). If there were a difference, the disagreement
was resolved through discussion with a third investigator
until consensus was reached. In this study, a NOS score
greater than six was considered high methodological
quality.

Statistical analysis

The extracted data were aggregated for analysis. Com-
bined OR > 1 indicated an increased risk of postoperative
complications in patients with a low GNRI. Combined
HR>1 indicated a poor long-term outcome in patients
with a low GNRL A 95% CI>1 was considered statisti-
cally significant. Statistical heterogeneity of eligible
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studies was calculated by I? statistics and Cochran’s Q
test. If I> was>50% or Py was<0.1, the random-effects
model was used for significant heterogeneity. Otherwise,
the fixed-effect model was adopted. Subgroup analysis
was used to assess the impact of each subgroup on the
combined effect. Sensitivity analysis was used to iden-
tify the stability of results. Potential publication bias
was judged by Begg’s test and Egger’s test. If there was
a potential bias, the trim-and-fill method was used to
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reassess. A P<0.05 was considered significant. All sta-
tistical analyses were performed through Stata (version
12.0; Stata Corp).

Results

Literature search

Figure 1 shows the literature screening process of this
study. A total of 268 studies were retrieved from the data-
bases according to the search strategy. There were 116
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duplicate studies that were removed, leaving 152 studies
for further screening. After carefully reading the titles
and abstracts of the studies, three reviews, 24 conference
abstracts, and 105 studies not about GNRI with GI malig-
nancy were deleted. Then, the full texts of the 20 included
studies were evaluated. Two of these studies were from
the same center and the same period; therefore, the one
with incomplete data was excluded. Three studies were
unable to extract HR due to the GNRI group > 3. Seven
of the studies lacked relevant outcomes. Therefore, our
meta-analysis included nine studies involving 2,153
patients [10, 12, 14, 19-24].

Study characteristics

The baseline information of the nine eligible studies is
listed in Table 1. All the studies were single center retro-
spective studies, published between 2018 and 2020, with
sample sizes ranging from 80 to 348. Seven studies were
from Japan, and two studies were from China. Two stud-
ies reported GC [19, 22], three studies reported ESCC
[14, 20, 21], two studies reported CRC [10, 12], one study
reported colorectal liver metastasis (CRLM) [24], and
one study reported pancreatic ductal adenocarcinoma
(PDAC). In addition, four studies reported postopera-
tive complications, eight studies reported OS, two stud-
ies reported RFS, and two studies reported DFS and CSS,
respectively. The NOS score for these nine studies ranged
from 7-8.

GNRI and overall survival

A total of eight studies, with 1,805 patients, reported a
relationship between the GNRI and OS. The combined
forest plot showed that a low GNRI was associated with
poor OS in patients with GI malignancy (HR =1.94, 95%
CI 1.65-2.28, p<0.001) (Fig. 2). Since there was no sig-
nificant heterogeneity between the studies (I>=0.0%,
P,=0.851), a fixed-effects model was used. We also
conducted a subgroup meta-analysis by correcting for
the influence of publishing time, country, sample, cut-
off value, cancer site, and primary therapy. The results
indicated that the GNRI was an independent prognostic
factor affecting the OS of patients in all subgroups. The
results are presented in Table 2. In addition, we per-
formed a sensitivity analysis by removing each enrolled
study each time. The results showed that ignoring any of
the enrolled studies did not significantly change the effect
of the GNRI on the combined meta-analysis for OS. In
other words, our results were robust and reliable (Fig. 3).
In the meta-analysis for OS, the Begg’s test (p=0.035)
and Egger’s test (p=0.012) determined significant pub-
lication bias (Fig. 4a, b). We further used the trim-and-
fill method to correct for potential publication bias. The
results revealed that three imputed studies were added to
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form a symmetric funnel plot (Fig. 4c), and the corrected
HR was still significant (HR=1.831, 95% CI 1.577-2.126,
p<0.001), indicating that our results were reliable.

GNRI and postoperative complication

A total of four studies involving 1,194 patients reported a
relationship between the GNRI and postoperative com-
plications in patients with GI malignancy. As shown in
Fig. 5, the combined results showed that patients with
a low GNRI had a higher risk of complications than
those with a high GNRI (OR=2.19, 95% CI 1.57-3.05,
p<0.001). Because there was no heterogeneity, a fixed
model (I*=0.0%, P,=0.940) was used. We performed
a further subgroup analysis based on publishing time,
country, sample, cutoff value, and cancer site subgroups.
The results revealed that a low GNRI was an independ-
ent risk factor affecting postoperative complications in
all subgroups (Table 3). We also performed a sensitiv-
ity analysis by deleting one study at a time and recalcu-
lating the combined effect. The results showed that the
combined effect was not significantly changed with the
deletion of any study, indicating that the results of the
meta-analysis for complications were reliable (Fig. 6).
In addition, Begg’s test (p=0.308) and Egger’s test
(p=0.262) both suggested that there was no potential
publication bias in the meta-analysis for complications
(Fig. 7).

GNRI and RFS/DFS/CSS

We also explored the effects of the GNRI on RFS/DFS/
CSS in patients with GI malignancy. Two studies involv-
ing 217 patients reported a relationship between the
GNRI and RFS. The combined results showed that
patients with a low GNRI had shorter RFS (HR=2.45,
95% CI 1.50-4.00, p<0.001) than patients with a high
GNRI, and the heterogeneity between studies was not
significant (I*=0.0%, P,=0.950), as shown in Fig. 8a.
Similarly, a study involving 230 patients confirmed that
a low GNRI was an independent risk factor for DFS in
patients with GI malignancy (HR=1.84, 95% CI 1.23—
2.76, p=0.003) (Fig. 8b). However, a study involving 244
patients showed that the GNRI was not an independ-
ent predictor of CSS for patients with GI malignancy
(HR=1.60, 95% C1 0.91-2.82, p=0.101) (Fig. 8c).

Discussion

In 2005, Bouillanne et al. [25] established the GNRI
based on commonly used clinical parameters as a nutri-
tion-related prognostic assessment tool for inpatients.
Since then, the GNRI has been widely used to evaluate
the prognosis of elderly patients with chronic liver fail-
ure, chronic obstructive pulmonary disease, cardiovas-
cular disease, and other chronic diseases. Over the past
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Research HR (95% Cl) Weight(%)
Migita et al —;-‘— 2.10(1.18,3.72) 8.15
Yamana al —:0— 2.00(1.30,3.13)  13.87
Kubo et al —’—é— 1.69 (1.04, 2.74) 11.32
Hirahara et al —é—‘— 2.09(1.11, 3.96) 6.55
Hu et al —OI— 1.76(1.32,2.34) 3238
Iguchi et al E + 3.72(1.41,9.85)  2.83
Sasaki et al —é—*— 243(1.41,4.23) 890
Tang et al —*:— 1.85(1.23, 2.79) 16.00
Overall (I-squared = 0.0%, p =0.851) @ 1.94 (1.65, 2.28) 100.00
T : I
0.102 1 9.85
Fig. 2 Forest plot for the association between GNRI and overall survival

Table 2 Stratification analysis of the meta-analysis for overall survival in patients with gastrointestinal malignancy

Subgroup No. study No. patients Pooled HR (95% Cl) p p for subgroup Heterogeneity

difference

12(%) Pq

Altogether 8 1805 1.94(1.65-2.28) <0.001 0.0 0.851
Publishing time 0.753
<2019 2 353 2.04(1.44-2.88) <0.001 0.0 0.898
>2019 6 1452 1.91(1.59-2.30) <0.001 0.0 0.665
Country 0.351
China 2 512 1.79(1.41-2.26) <0.001 0.0 0.836
Japan 6 1293 2.09(1.66-2.62) <0.001 0.0 0.787
Sample 0.175
<300 5 1295 1.84(1.53-2.20) <0.001 0.0 0.967
>300 3 510 246(1.68-3.61) <0.001 0.0 0.623
Cutoff value 0.873
<98 3 763 1.90(1.42-2.54) <0.001 0.0 0.831
>98 5 1042 1.96(1.60-2.38) <0.001 0.0 0.567
Cancer site 0.673
ESCC 3 597 1.91(1.44-2.53) <0.001 0.0 0.821
GC 1 303 2.09(1.11-3.96) 0.023 — —
PDAC 1 282 1.76(1.32-2.34) <0.001 — —
CRLM 1 80 3.72(1.41-9.85) 0.008 — —
CRC 2 543 2.04(1.47-2.83) <0.001 0.0 0437
Primary therapy 0.181

With-surgery 1725 1.90(1.61-2.24) <0.001 0.0 0.956
Mixed 1 80 3.72(141-9.85)

~
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5 years with the development of the tumor nutrition
theory, the GNRI, as a simple, inexpensive, and readily
available biomarker, has been gradually applied to evalu-
ate the prognosis of cancer patients. It was not until 2018
that many studies emerged to explore the relationship
between the GNRI and clinical outcome of GI malig-
nancy. As shown in Table 1, most studies included in our
meta-analysis were published between 2018 and 2020. In
other words, the GNRI is still a very novel index in the
field of GI malignancy. Hirahara et al. [22] suggested that
perioperative nutritional support based on a preoperative

GNRI assessment could reduce the incidence of post-
operative complications in patients with gastric cancer,
thus improving their long-term prognosis. A study of
240 patients reported that the GNRI is a more independ-
ent prognostic factor for ESCC patients than body mass
index (BMI) and albumin alone [14]. Sasaki et al. [12]
also proposed that the GNRI is an independent prog-
nostic factor for the short-term and long-term progno-
sis of CRC independent of TNM stage. In our previous
studies, the authors believed that the GNRI could help
identify whether patients were truly malnourished and
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Research HR (95% Cl) Weight(%)
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Fig. 5 Forest plot for the association between GNRI and complications

Table 3 Stratification analysis of the meta-analysis for complications in patients with gastrointestinal malignancy

Subgroup No. study No. patients Pooled HR (95% CI) p p for subgroup Heterogeneity

difference

(%) Po

Altogether 4 6035 2.19(1.57-3.05) <0.001 0.0 094
Publishing time 0.921
<2019 2171 2.22(1.37-3.60) 0.001 0.0 0573
>2019 3864 2.15(1.35-342) 0.001 0.0 0.783
Country 0.875
China 1 5788 2.28(1.22-4.25) 0.009 — —
Japan 3 83 2.15(1.45-3.19) <0.001 0.0 0.828
Sample 0.875
<300 1 1295 2.15(1.45-3.19) 0.009 — —
>300 3 4740 1.81(1.58-2.07) <0.001 0.0 0.828
Cutoff value 0921
<98 3274 2.22(1.37-3.60) 0.001 0.0 0573
>98 2761 2.15(1.35-342) 0.001 0.0 0.783
Cancer site 0.921
GC 888 2.22(1.37-3.60) 0.001 0.0 0.573
CRC 6035 2.15(1.35-342) 0.001 0.0 0.783

that the GNRI was more suitable than other nutrition-
related indicators (prognostic nutritional index, BMI, and
albumin) to assess the prognostic value in elderly CRC
patients. In addition, studies have reported that the GNRI
is a simple and useful predictor of sarcopenia, which is
often regarded as an important adverse prognostic fac-
tor in GI malignancy. The GNRI may be more clinically

useful than sarcopenia because it is easier to measure and
obtain [26].

It is well-known that malnutrition may increase the
incidence of postoperative complications in cancers
and adversely affect long-term survival. Timely nutri-
tional support can reduce postoperative morbidity and
hospitalization rates [27, 28]. It has been reported that
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Fig. 7 Plots for publication bias test in meta-analysis for complications. a Begg's funnel plot; b Egger’s publication bias plot

decreased BMI is associated with an increased risk
of disease progression and death in patients with GI
malignancy [29]. The GNRI integrates weight-related
information, which may more objectively reflect the
weight change in tumor patients due to tumor con-
sumption. Hypoalbuminemia has been proven to be
a poor prognostic factor for a variety of malignancies
[30]. It may be associated with decreased albumin,

which inhibits the body’s ability to cope with stresses
such as malignancy and surgery. This would lead to an
inadequate anti-tumor immune response and reduced
wound healing ability, thereby increasing the risk of
postoperative complications and a poor prognosis
[31]. The GNRI, combined with these factors, is a use-
ful comprehensive indicator of nutritional and immune
status.
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In this study, we included nine studies with a total of
2153 patients with GI malignancy. We found that the
GNRI is an independent factor influencing the long-term
outcome of patients with GI malignancy. The consist-
ent results of sensitivity and subgroup analysis showed
that our results were reliable and robust. Although pub-
lication bias was detected, we utilized the trim-and-
fill method to correct the bias. The results showed that
it did not change the significant correlation between a
low GNRI and poor OS, indicating that our conclusion
was robust. We have further explored the relationship
between GNRI and postoperative complications. The
combined results showed that the GNRI was an inde-
pendent influencing factor for postoperative complica-
tions in patients with GI malignancy. At the same time,
a stratified meta-analysis showed that despite differences
in publication year, country, sample size, cutoff value, and
cancer site among different groups, a low GNRI was still
significantly associated with postoperative complications.
Moreover, the sensitivity analysis suggested that the
results of mate-analysis for complications were reliable,
and there was no publication bias in the mate-analysis
for complications. In addition, we also found a signifi-
cant association between a low GNRI and unfavorable
RES/DES in GI malignancy, while no statistical associa-
tion was found between a low GNRI and adverse CSS.
Based on these results, the GNRI may be considered an
effective and practical clinical indicator for predicting the
short-term and long-term outcomes of patients with GI
malignancy.

To our knowledge, our study is the first meta-analysis
to comprehensively explore the value of the GNRI in
postoperative complications and long-term outcomes of
patients with GI malignancy. We synthesized the exist-
ing evidence to prove that the GNRI has a good value in
predicting the prognosis of patients with GI malignancy.
Our study provides evidence-based support for the clini-
cal application of the GNRI in the prognosis evaluation
of patients with GI malignancy. In addition, the critical
value of the GNRI in most of the included studies was 98,
which may provide some reference value for determining
the critical value of the GNRI in clinical applications. We
believe that our meta-analysis can provide some inspira-
tion for further research on the relationship between the
GNRI and GI malignancy. However, this study still has
some limitations. First, all the recruited studies were sin-
gle center retrospective studies, and the total number of
samples and studies was relatively small. More prospec-
tive randomized controlled trials are required to investi-
gate the value of the GNRI in GI malignancy. Second, due
to the limited number of enrolled studies, the value of the
GNRI in RES/DFS/CSS in GI malignancy still needs to be
explored. Finally, this study only included research on all
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complications. The relationship between the GNRI and
specific complications, such as respiratory complications,
infectious complications, and anastomotic leakage, still
needs to be explored.

Conclusion

Based on existing evidence, this meta-analysis confirmed
that the GNRI was a valuable predictor of complications
and long-term outcomes in patients with GI malignancy.
Of course, large, multicenter prospective queues are still
needed to validate our findings.
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