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Abstract

Background Geriatric nutritional risk index (GNRI) on the prognosis of patients with diffuse large B-cell lymphoma
(DLBCL) remains unclear. The purpose of this meta-analysis was to discuss the value of the GNRI in evaluating long-term
outcomes in DLBCL.

Methods We systematically and roundly retrieved PubMed, Cochrane Library, Embase, Scopus and Web of Science elec-
tronic databases from inception of the databases to March 20, 2023. At the same time, we calculated the pool hazard ratios
(HRs) with their 95% confidence interval (CI) for overall survival and progression-free survival to assess the effect of GNRI
on the prognosis of DLBCL patients.

Results In our primary meta-analysis, 7 trials with a total of 2448 patients were enrolled. Results showed that lower level of
GNRI was related to poorer overall survival (HR=1.78, 95% CI 1.27, 2.50, p <0.01) and worse progression-free survival
(HR=2.31,95% CI 1.71, 3.13, p<0.01) in DLBCL patients.

Conclusion The results of our meta-analysis indicate that a lower GNRI significantly associated with poorer prognosis for
DLBCL. It is believed that GNRI was a promisingly predictive indicator of survival outcomes in DLBCL patients. However,
large multicenter prospective studies are necessary to verify the results.
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Introduction

Lymphoma is classified into Hodgkin lymphoma and non-
Hodgkin lymphoma, 90% of cases are non-Hodgkin lym-
phoma [1]. Approximately, 30 to 40% of non-Hodgkin lym-
phomas are diffuse large B-cell lymphomas (DLBCL), which
is the most common non-Hodgkin lymphoma [2]. Accord-
ing to statistics, the number of newly diagnosed cases and
mortalities from DLBCL in men globally was 3.03 million
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and 1.49 million, respectively [3]. At present, chemotherapy
is a main treatment method for DLBCL patients. Although
chemotherapy is effect on DLBCL patients, the survival rate
is less than 40% and the 5-year survival rate is only 20 to
30% [4]. Researchers point out that the low survival rate was
related to the poor nutritional status for DLCBL patients [5].
Thus, the indexes including International Prognostic Index
(IPI), Grupo Espafiol de Linfomas/Trasplante de Médula
Osea International Prognostic Index (GELTAMO-IPI) and
Comprehensive Cancer Network International Prognostic
Index (NCCN-IPI) were used to evaluate the prognosis of
patients with DLBCL. However, these indexes did no deeply
considered deeply patient’s nutritional status [6—8]. There-
fore, there is an urgent need to explore a prognosis marker
for DLCBL patients that reflects their nutritional status.
Malnutrition is a common characteristic for all cancer
patients. The data reported that malnutrition was implicated
in 10-20% of deaths in cancer patients, with an incidence of
about 80% [9, 10]. Previous studies illustrated that malnu-
trition had adverse effects on patients’ prognosis [11, 12].
Thus, medical staff should pay close attention to patients'
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nutritional status and be able to use nutritional risk assess-
ment tools skillfully. Geriatric nutritional risk index (GNRI)
is an effective tool used to assess nutritional status and is
based on serum albumin and Body Mass Index (BMI).
GNRI is calculated according to 14.89 X serum albumin (mg/
dl) +41.7 X (current body weight /ideal body weight) [13].
And GNRI has shown a good prognostic value in tumor
field [14, 15]. Nevertheless, there is not been proven whether
GNRI plays a vital role in the prognosis of DLBCL patients.
Hence, the present study was intended to discuss the effect
of GNRI on prognosis of DLBCL.

Materials and methods
Search strategy

This meta-analysis performed based on previous publica-
tions, so it did not require any approval by ethical commit-
tee. The study was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) guidelines [16] (CRD42023413624). We system-
atically and comprehensively retrieved PubMed, Embase,
Cochrane Library, Scopus and Web of Science databases
from inception of the databases to March 20, 2023. Search
terms were: (“geriatric nutritional risk index” OR “GNRI”)
AND (“Lymphoma” OR “Lymphomas” OR “Lymphade-
noma” OR “adenolymphoma” OR “Lymph-gland tumour”
OR “Lymphoma, Malignant” OR “Lymphomas, Malignant”
OR “Malignant Lymphoma” OR “Malignant Lymphomas”).
Only human studies were considered for inclusion in this
article. Meanwhile, there are no language restrictions on
all studies. Furthermore, we carefully read the references
and manually checked the citations of the original studies in
order to maximize access to relevant reviews.

Inclusion and exclusion criteria

The inclusion criteria were set base on the principle
of PICOS (P: Participants; I: Intervention; C: Con-
trol; O: Outcomes; S: Study design). The special con-
tents were listed below: (1) participants of studies were
DLBCL patients; (2) GNRI formula was as follows:
14.89 x albumin(g/L) 4+ 41.7 X (current body weight/ideal
body weight). And 22 x [height(m)]? was defined as ideal
weight; (3) the patient was classified as exposed groups
according to low GNRI; (4) in the original sources, there
had accurate cut off value of GNRI; (5) the complete data of
hazard ratios (HRs) and 95% confidence interval (CI) were
acquired; (6) overall survival (OS), cancer special survival
(CSS), progression-free survival (PFS) and recurrence-free
survival (RFS) were reported; (7) only cohort studies were
eligible. Publications meeting the following criteria were
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excluded: studies had repeated publications or could not be
extracted the survival outcomes; animal studies, reviews,
conference, letters, case reports and so on.

Data extraction and quality assessment

Two researchers dependently extract and select literatures
in accordance with the eligible criteria. When it comes to
disagreements, they carefully discussed and resolved until
agreement the reach. If disagreements could not be reason-
able solved, consensus was achieved by a third investigator.
Basic information primarily involved the last name of first
author, publishing time, study design, study center, simple
size, age, gender, cancer stage, treatment, follow-up period,
cut-off value and analysis methods. Outcome variables of
this literature review includes OS and PFS. Using HRs and
CI to analyze the relationship between GNRI and OS or PFS.
Quality of the eligible studies was assessed via Newcastle
Ottawa Scale (NOS) [17]. The score of scale aggregate
9,>7 scores were considered high-quality literature. Con-
versely, <7 scores were considered low-quality literature.

Statistical analysis

Statistical analyses was done with Stata (version 17.0). The
perspective value of the GNRI in patients with DLBCL was
estimated by integrating HRs and 95%CI for outcome indica-
tors. Heterogeneity of the included researches was confirmed
using I° statistics and Cochran’s Q test. Pooled effect size
was combined with the random-effects model (REM) or fix-
effects model (FEM) according to heterogeneous outcome.
If >50% and (or) PQ <0.1, we chose the random-effects
model (REM) for significant heterogeneity. Otherwise, we
used fixed-effects model (FEM) to combine effect size. Sub-
group analysis were conducted to evaluate the effect of the
confounding factors in the meta-analysis. We also performed
sensitivity analysis to verify the reliability of results. The
risk of publication bias was evaluated by Egger’s and Begg’s
tests. p < 0.05 was considered statistically significant.

Results
Literature search

Figure 1 shows process of studies screening. In conclusion,
178 publications in total were retrieved from all kinds of
databases based on the search strategy. First, 117 initial
studies remained after filtering out duplicates. Then, after
reading tittles and abstracts of the studies, including no rel-
evant studies with the topic of this study and reviews and
conferences, 102 studies were removed. Finally, by reading
full-text articles, 15 studies were left for the meta-analysis.
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Fig. 1 Flowchart of this meta-analysis

8 articles were excluded from the review due to the follow-
ing reasons: (1) author cannot provide survival outcomes
(n=2); (2) there were not cut-off value (n=2); (3) GNRI not
consider as exposure (n=23); (4) OS data were not reported
(n=1). Finally, this meta-analysis included 7 studies involv-
ing 2448 participants [18-24].

Characteristics of the included studies

Table 1 shows the main information of the seven cohort stud-
ies. Two of them were multi-center studies [23, 24], while
the remaining studies were single-center studies [18-22],
with simple size ranging from 205 to 615. These studies
were published during 2018-2023. And two studies were
from China, three studies were from Japan and remaining
studies were from Korea or Turkey. Treatment of patients
with DLBCL mainly involved two methods, including

immunochemotherapy and chemotherapy, and the cancer
stage varied from I to IV. All the studies were retrospective
cohorts, with using multivariate analysis. In addition, seven
studies reported OS and three studies reported PFS [18-20].
The seven studies had a NOS scores ranged from 7 to 9.

GNRI and OS in patients with DLBCL

Seven cohort studies, which included a total of 2, 448
patients [18-24], reported association between the GNRI
and OS. As displayed in Fig. 2, the forest plot showed that
a low GNRI was significant associated with poor OS in
DLBCL patients (HR 1.78, 95% CI 1.27-2.50, p <0.01).
As subgroup analysis showed that the GNRI was an inde-
pendent prognostic factor influencing the OS of patients
with DLBCL regardless of publishing time, GNRI of cut-
off value and study design (Table 2).
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GNRI and PFS in patients with DLBCL

Three cohort studies involved 639 patients [18—20] described
HRs and 95%ClIs for PFS. The forest plot for combined
results showed that the lower GNRI associate with worse of
PFS (HR: 2.31, 95%CI: 1.71-3.13, p<0.01). As shown in
Fig. 3, the heterogeneity was not significant in three stud-
ies (I’=14.1%, p=0.312). The subgroup analysis indicated
that a low GNRI was correlated with poor PFS regardless of
publishing time, GNRI cut-off value and treatment method
(Table 3).

Sensitivity analysis

In addition, we also conducted a sensitivity analysis to
explore the potential source of heterogeneity by removing
each included study each time. The results demonstrated
that regardless of eliminating any of eligible studies did
not significant alter the effect of the GNRI on the combine
meta-analysis for OS (Fig. 4). In brief, the present findings
were reliable and robust. At the same time, the pooled HRs
showed that the results of PFS also was reliable and robust
(Fig. 5).

Publication bias

Assessment of publication bias was assessed base on Egg-
er’s test. The results of Egger’s test (p =0.206) showed that
no significant publication bias for OS (Fig. 6). Then, we
also conducted a bias test analysis for PFS (Fig. 7). The
results showed that no significant publication bias for PFS
(»=0.955). Due to the small number of literatures included
in this study, Begg’s test was not conducted.

Discussion

In this study, we intended to explore the effect of GNRI on
prognosis of patients with DLBCL. Seven studies involv-
ing 2448 patients in total were included. According to the
research results, GNRI was related to prognosis of DLBCL
patients. Namely, the lower the GNRI, the worse the OS and
PFS of patients (p < 0.01). Meanwhile, publication bias test
suggested that the possibility of publication bias was small.
In addition, in order to control the effect of potential con-
founding factors on the main outcome indicators, sensitivity
analysis also confirmed further that the results of this study
were reliable and stable. But, not every subgroup analysis
had statistically significant results. Reasons as follow: first,
there were few literatures that met the criteria, and the sam-
ple size was relatively insufficient; second, all studies were
published by Asian countries; finally, meta-analysis included
were retrospective studies.
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Fig. 2 the forest plot of the association between GNRI and OS
Table 2 Results of subgroup analysis for between GNRI and OS
Factors Datasets Patients Effects model HR (95%CTI) )4 Heterogeneity I>
number number (%) Ph

Overall 7 2448 REM 1.78 (1.27, 2.50) <0.01 77.2 0.0002
Simple size
<300 906 REM 1.93 (0.97,3.85) 0.06 80 0.002
>300 3 1542 REM 1.60 (1.17,2.19) 0.003 65 0.06
Publishing time
<2020 5 2037 REM 1.69 (1.13,2.53) 0.01 83 <0.01
> 2020 411 FEM 2.07 (1.23,3.47) 0.006 0 0.45
Country
China 472 REM 1.43 (0.40,5.11) 0.58 77 0.04
Japan 1542 REM 1.60 (1.17,2.19) 0.003 65 0.06
Others 434 REM 2.58 (1.45,4.59) 0.001 60 0.11
Treatment method
Immunochemotherapy 5 1792 REM 1.85 (1.23,2.79) 0.003 72 0.006
Chemotherapy 656 REM 1.65 (0.78, 3.45) 0.19 56 0.13
Cut-off value
<95.7 3 884 REM 2.22(1.02, 4.83) 0.05 89 <0.01
>95.7 1564 REM 1.59 (1.10, 2.32) 0.01 55 0.08
Study center
Multicenter 1066 REM 1.46 (1.06,2.01) 0.02 60 0.11
Single center 5 1382 REM 1.96 (1.19, 3.20) 0.008 73 0.006

REM random-effects model, FEM fix-effects model

Malnutrition is well known to increase the risk of postop-
erative complications in cancer patients, extend their stay in
hospital and augment the cost of treatment [25]. However, suf-
ficiently nutritional support can avoid these disadvantages. As
a consequence, it is important to accurately assess the nutri-
tional status in cancer patients for their better prognosis. GNRI

is a nutritional index based on serum albumin and weight,
with the simple, convenient and economic features, which
has been proven to be effective in many diseases [26—-30]. The
effect of serum albumin and weight in cancer may provide a
new perspective on the association between GNRI and prog-
nosis in DLBCL patients. It is well known that serum albumin
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Fig.3 The forest plot of the association between GNRI and PFS
Table 3 Results of subgroup analysis for between GNRI and PFS
Factors Datasets Patients Effects model HR (95%CI) Heterogeneity P
number number (%) Ph
Overall 3 639 FEM 2.31(1.71,3.13) <0.01 14 0.31
Publishing time
<2020 1 228 FEM 2.77 (1.83,4.21) <0.01 - -
>2020 2 411 FEM 1.89 (1.22,2.94) 0.005 0 0.37
Cut-off value
<925 2 433 FEM 2.78 (1.89, 4.09) <0.01 0 0.96
>92.5 1 206 FEM 1.71 (1.05, 2.80) 0.03 - -
Treatment method
Immunochemotherapy 2 434 REM 2.22(1.39, 3.55) <0.01 53 0.14
Chemotherapy 1 205 REM 2.85 (1.05, 7.74) 0.04 - -
REM random-effects model, FEM fixed-effect model
Fig. 4 Sensitivity analysis for Meta-analysis estimates, given named study is omitted
the association between GNRI | Lower CI Limit O Estimate | Upper CI Limit
and overall survival Li 2018 | o
Chuang 2021 | |
Matsukawa 2020 q
Atas 2023 | | q
Go 2020 |
Kanemasa 2018 o
Lee 2020 | © |
1
1.181.27 1.78 2.50 2.85
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Fig.5 Sensitivity analysis for
the association between GNRI
and progression-free survival
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Fig. 7 Plots for publication bias test in meta-analysis for progression-
free survival
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level is an important indicator of nutritional status. There was
a correlation between low albumin levels with high cancer
risk, increased systemic inflammatory response, dyssynthesis
of liver function, and shorter overall survival time [31, 32].
Thus, serum albumin was deemed to play a significant role in
prognosis of cancer patients. In other words, the lower albu-
min level of tumor patients, the more obvious the malnutrition
status and the worse the prognosis. A growing of evidence
reveals that hypoalbuminemia has been recognized as a strong
predictor for survival outcomes of DLBCL patients [33, 34].
At the same time, weight loss is another important indicator
for the nutritional status of cancer patients [25]. The previous
study found that lower BMI was highly associated with poorer
cancer prognosis [35]. In conclusion, a combination of serum
albumin and body weight may have a significant prognostic
value in the DLBCL patients.

It is worth nothing that this is the first meta-analysis to
explore and analyze the prognostic effect of GNRIin DLBCL
patients. Based on the results of published articles, a previous
study found that regardless of the age of patients, GNRI was
an independently predictive factor of OS in patients with non-
small cell lung cancer, low GNRI was associated with a higher
risk of OS [36]. Similarly, Tamuro et al. investigated the pre-
dictive value of preoperative GNRI in patients with colorectal
cancer, and showed that low GNRI was associated with poor
OS and RFS [37]. Besides that, a meta-analysis of GNRI in
predicting for human malignancy yielded similar results in OS,
PFS, disease-free survival, and cancer-specific survival [14].
This is consistent with the results of our meta-analysis. These
findings have demonstrated that assessment of malnutrition
using the lower GNRI may improve OS, PFS, DFS and CSS
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in cancer disease. Our study integrates existing evidence and
found that GNRI is of good value in predicting the outcome
of DLBCL patients.

Nonetheless, there were a few limitations of this study.
Firstly, only seven studies were enrolled in this study, all of
which were retrospective studies, and five of which were sin-
gle-center studies. The results need to be validated by more
large-sample multi-center prospective studies. Secondly, due
to the small number of literatures, Egger’s test was only carried
out. The Begg’s method was not used to test for publication
bias. Thirdly, all included studies were from Asia. The results
were not necessarily applicable to other ethnic groups. Finally,
there was high heterogeneity among studies, which may be
related to the included studies were all retrospective studies.

Conclusions

To summarize, our meta-analysis to explore prognostic signifi-
cance of the GNRI in DLBCL.

Results revealed that GNRI can act as a predictor of
DLBCL. In other words, low GNRI serves as an indicator of
poor survival outcomes in patients with DLBCL. Therefore,
the GNRI could be a potential biomarker for the evaluation
of cancer prognosis in DLBCL. Nevertheless, further large
multi-center prospective cohorts are still needed to validate
our results in the future.
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