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Abstract. A systemic analysis was performed to evaluate the 
prognostic utility of the Glasgow prognostic score (GPS) and 
the modified (m)GPS in cancer patients treated with immune 
checkpoint inhibitors (ICI). The PubMed, Cochrane Library, 
EMBASE and Google Scholar databases were searched for 
entries added until May 1st, 2023, to obtain relevant articles for 
this study. The analysis examined several clinical outcomes, 
including overall survival (OS), progression‑free survival 
(PFS), objective response rate and disease control rate (DCR). 
In this analysis, a total of 38 articles with 3,772 patients were 
included. The pooled results indicated that patients with high 
GPS levels had shorter OS [GPS 2 vs. 0, hazard ratio (HR): 
4.35, P<0.001; GPS 1 vs. 0, HR: 2.00, P<0.001; GPS 2 vs. 1/0, 
HR: 2.62, P<0.001; GPS 2/1 vs. 0, HR: 2.60, P<0.001) and 
PFS (GPS 2 vs. 0, HR: 2.11, P=0.001; GPS 1 vs. 0, HR: 1.33, 
P=0.001; GPS 2 vs. 1/0, HR: 2.11, P<0.001; GPS 2/1 vs. 0, HR: 
1.62, P<0.001], as well as a lower DCR [GPS 2 vs. 1/0, odds 
ratio (OR): 0.53, P<0.001, GPS 2/1 vs. 0, OR: 0.51, P<0.001]. It 
was also found that patients with high mGPS levels had poorer 
OS (mGPS 2 vs. 0, HR: 3.15, P<0.001; mGPS 1 vs. 0, HR: 1.70, 
P<0.001; mGPS 2 vs. 1/0, HR: 1.95, P=0.049; mGPS 2/1 vs. 0, 
HR: 3.14, P=0.041; continuous variables, HR: 1.52, P<0.001) 
and PFS (mGPS 2 vs. 0, HR: 2.70, P<0.001; mGPS 1 vs. 0, HR: 
1.74, P=0.016; mGPS 2 vs. 1/0, HR: 1.91, P=0.044; continuous 
variables, HR: 1.29, P<0.001), and lower DCR (mGPS 2 vs. 
1/0, HR: 0.46, P<0.001). In conclusion, the GPS and mGPS 
were reliable predictors of outcomes in cancer patients treated 
with ICIs.

Introduction

The immune evasion phenomenon is a crucial factor in the 
initiation and progression of cancer and is recognized as one 
of its primary characteristics (1). Immune checkpoints, which 
comprise co‑inhibitory and stimulatory signals, regulate the 
immune system as well as shield tumor cells from immune 
attack (1‑3). Immune checkpoint inhibitors (ICIs) have demon‑
strated remarkable and durable antitumor effects by inhibiting 
negative immunomodulatory signals (4). This approach has 
become the standard therapy for cancer patients (5). The Food 
and Drug Administration has approved multiple ICIs, including 
anti‑programmed cell death 1 (PD‑1), anti‑PD‑1 ligand 1 (PD‑L1) 
and anti‑cytotoxic T‑lymphocyte associated protein 4 (CTLA‑4) 
antibodies, for a wide range of cancer indications. In addition, 
several novel immune checkpoint molecules with therapeutic 
potential, such as T‑cell immunoglobulin and ITIM domain, 
T‑cell immunoglobulin and mucin‑domain‑containing‑3, as well 
as lymphocyte activation gene‑3, have been identified. Recently 
developed monoclonal antibodies against these novel targets 
have demonstrated encouraging therapeutic efficacy (4,6).

However, the response rate to ICI treatment varies greatly 
depending on the cancer type, typically ranging from 10 to 
40%, and the majority of patients eventually progress despite 
an initial response  (4,7). Besides, immune‑related adverse 
effects from ICI therapy can be fatal or very severe  (8). 
Early identification of individuals who do not respond to ICI 
treatment has recently become a hot topic in the treatment 
of malignant tumors in order to avoid ineffective treatment, 
reduce the risk of adverse reactions and the economic burden 
of patients (9,10). The higher costs of ICIs compared to tradi‑
tional therapies, such as chemotherapy or radiotherapy, arise 
from expensive drug prices, prolonged treatment regimens, 
frequent monitoring, potential severe side effects and limited 
insurance coverage in certain cases. While ICIs offer substan‑
tial benefits in certain cancers, their financial impact remains 
a significant concern, particularly for patients and healthcare 
systems with limited resources (11).

Several predictive biomarkers have been explored for their 
association with ICI response, including the nutritional risk 
index, intratumoral PD‑L1 expression, tumor mutational burden 
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and T‑cell infiltration metrics (12,13). However, each of these 
markers has notable drawbacks. The nutritional risk index is 
a continuous variable and there is no universally agreed‑upon 
threshold for defining high or low risk, which complicates its 
clinical application. Intratumoral PD‑L1 expression, whilst 
being the only biomarker with regulatory companion diag‑
nostic approval by the FDA, exhibits significant intertumoral 
heterogeneity, and the variability in detection platforms leads 
to inconsistent predictive power (14,15). The tumor mutational 
burden requires complex and expensive sequencing technolo‑
gies, limiting its widespread use in routine clinical practice. 
T‑cell infiltration metrics are difficult to standardize across 
different studies and require invasive biopsy procedures, which 
are not always feasible, particularly in patients who are not 
candidates for repeated sampling. In addition, obtaining tumor 
samples prior to treatment initiation is often challenging due to 
technical and ethical considerations. Given these limitations, 
there is a clear need for alternative biomarkers that are more 
accessible and reliable.

Forrest et al (16) first developed the Glasgow Prognostic 
Score (GPS) as a prognostic tool for metastatic non‑small cell 
lung cancer (NSCLC). A score of 1 is assigned for C‑reactive 
protein (CRP) of >10 mg/l and/or albumin of <3.5 g/dl, and 
this culminates in patients being classified as low (0 points), 
intermediate (1 point) or high (2 points) risk (16). The modified 
(m)GPS has since improved upon the score's prognostic capa‑
bilities. A point is only awarded for low albumin if the CRP 
is elevated, thus more heavily weighting the inflammatory 
component of the score (17).

The GPS and mGPS have been extensively studied to 
predict postoperative outcomes in various cancers (18‑22). 
Recently, Shimoyama et al (23) compared the prognostic effects 
of the prognostic nutritional index, GPS, mGPS, C‑reactive 
protein‑to‑albumin ratio, neutrophil‑to‑lymphocyte ratio, 
platelet‑to‑lymphocyte ratio, lymphocyte‑to‑monocyte ratio, 
derived neutrophil‑to‑lymphocyte ratio, neutrophil‑lympho‑
cyte score, neutrophil‑platelet score, platelet‑lymphocyte 
score, lymphocyte‑monocyte score, prognostic index, systemic 
immune‑inflammation index, systemic inflammation response 
index, lung immune prognostic index and C‑reactive protein 
albumin lymphocyte index for patients with gastric cancer (GC) 
treated with ICIs. The mGPS was found to have the strongest 
prognostic effect. However, this was only a single‑center study, 
and the studies by Diker and Olgun (24), Yamamoto et al (25) 
and Freitas et al (26) confirm that the mGPS does not predict 
the efficacy of ICI treatment. Hence, the present study aimed 
to systematically evaluate the predictive value of the GPS and 
mGPS in ICI‑treated patients with cancer. The findings of the 
current study can aid in developing effective treatment strate‑
gies that facilitate the administration of precise, cost‑effective 
treatments with minimal adverse effects.

Materials and methods

Literature search strategies. On May 1st, 2023, the article 
search was performed using the PubMed (https://pubmed.
ncbi.nlm.nih.gov/), EMBASE (https://www.embase.com/) 
and Cochrane Library (https://www.cochranelibrary.com/) 
databases. Various search terms, including MeSH terms and 
keywords, were used to retrieve relevant studies (limited to 

English literature), such as ‘immune checkpoint inhibitors 
[MeSH]’, ‘PD‑1 inhibitors’, ‘PD‑L1 inhibitors’, ‘CTLA‑4 
inhibitors’, ‘Pembrolizumab’, ‘Nivolumab’, ‘Atezolizumab’, 
‘Ipilimumab’, ‘Avelumab’, ‘Tremelimumab’, ‘Durvalumab’, 
‘Cemiplimab’, ‘Glasgow prognostic score’ and ‘modified 
Glasgow prognostic score’. A detailed description of the search 
strategy is provided in Table SI. In addition, grey literature was 
explored using Google Scholar (https://scholar.google.cz/) and 
the reference lists of eligible studies were screened manually.

Inclusion and exclusion criteria. The present study followed 
strict inclusion criteria, including articles that evaluated 
the prognostic value of the GPS or mGPS in patients with 
cancer who underwent treatment with ICIs. Only articles 
that discussed at least one of the following results were taken 
into account: Overall survival (OS), progression‑free survival 
(PFS), objective response rate (ORR) and disease control rate 
(DCR). Conference abstracts, comments and case reports were 
excluded from the analysis.

To ensure the integrity and originality of the present find‑
ings, it was confirmed that no previous meta‑analyses were 
included in the current meta‑analysis. Instead, only original 
research studies were included, which provided primary data 
on the prognostic utility of the GPS and mGPS in ICI therapy. 
The rationale for this decision was to avoid the duplication of 
data, as meta‑analyses often aggregate results from the same 
individual studies already included in the analysis. Including 
previous meta‑analyses could lead to the repetition of data and 
potentially introduce bias or inflate effect sizes. By focusing 
solely on primary studies, the present meta‑analysis ensures 
an independent and comprehensive evaluation of the available 
evidence.

Data extraction and quality assessment. In this study, diverse 
information was gathered from the selected articles, including 
the names of the authors, study design, duration and location 
of the study, drugs used for treatment, cancer type, sample size, 
patient age and gender, follow‑up time and outcomes. More 
weight was given to data from multivariate analyses of hazard 
ratios (HR) than univariate analyses. The Newcastle‑Ottawa 
Scale (NOS) was utilized to assess the quality of observational 
research and literature with an NOS score of 6 or above was 
regarded as high‑quality (27). All of the above steps were 
performed and cross‑checked independently by two authors 
(HY and MFL).

Statistical methods. Stata 15.0 software (StataCorp LP) was 
utilized for statistical analyses. To assess heterogeneity, the I2 
was applied. The DerSimonian and Laird method was used 
for the random‑effects model. Evaluated outcomes comprised 
hazard ratios (HRs) for OS and PFS, along with the odds 
ratio (OR) for the ORR and DCR. Pooled estimates and their 
corresponding 95% confidence intervals (CIs) were computed. 
HR >1 for OS and PFS indicated that the event of death is 
more likely to occur in the high group compared to the low 
group, implying a worse survival outcome. By contrast, an 
HR <1 would indicate a lower risk of death in the high group, 
suggesting a better survival outcome. OS was defined as the 
time from initiation of ICI treatment to death from any cause 
or the last date of contact. PFS was defined as the time from 
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ICI treatment initiation to objective disease progression. The 
ORR was defined as the proportion of patients achieving a 
complete response (CR) or partial response (PR). The DCR 
was defined as the proportion of patients achieving a CR, PR 
or stable disease.

In the present study, the following comparisons were 
performed: (m)GPS 2 vs. 0, (m)GPS 1 vs. 0, (m)GPS 1/2 vs. 
0 and (m)GPS 2 vs. 1/0. These comparisons were selected 
to evaluate the prognostic value of the GPS across varying 
levels of inflammatory and nutritional risk. Specifically, 
(m)GPS 2 vs. 0 and (m)GPS 1 vs. 0 are standard compari‑
sons that assess the independent effects of moderate and 
severe inflammation on clinical outcomes. In addition, the 
comparison of (m)GPS 1/2 vs. 0 was performed to explore 
the combined impact of moderate and severe inflammation 
on clinical outcomes compared to patients with no signifi‑
cant inflammatory risk. This approach is particularly useful 
in studies with limited sample sizes or in instances where 
combining data provides greater statistical power. Finally, 
(m)GPS 2 vs. 1/0 was included to focus on the distinct impact 
of severe inflammation compared to patients with a lower 
inflammatory risk, providing a more nuanced understanding 

of the prognostic utility of the (m)GPS. These comparisons 
collectively ensure a comprehensive evaluation of the strati‑
fication capabilities of the (m)GPS, contributing to a deeper 
understanding of its prognostic relevance in cancer patients 
treated with ICIs.

Both Egger's and Begg's tests were conducted to estimate 
publication bias (27). If bias was found, the ‘trim and fill’ method 
was applied to assess its impact on the pooled results (28,29). 
In addition, a sensitivity analysis was performed by excluding 
each study independently to evaluate the robustness of the 
findings (28,29).

Results

Characteristics of studies. Initially, 274 documents were 
retrieved. After eliminating duplicates (37 articles) and evalu‑
ating titles and abstracts (190 articles), 47 articles remained 
and were assessed in full‑text. Among these, 38 articles were 
deemed eligible and a total of 3,772 patients were included in 
the final analysis (24‑26,30‑64). The study selection process is 
illustrated in Fig. 1 using a flowchart. The detailed character‑
istics of the eligible studies are presented in Table I. The risk 

Figure 1. Flow diagram for identifying eligible studies.
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of bias in all included studies was assessed using the NOS, 
with scores ranging from 6 to 8, indicating a low risk of bias 
(Tables I and SII). Of the 38 studies, 35 were retrospective and 
three were prospective. The included studies consisted of 13 
on NSCLC, five on GC, five on head and neck squamous cell 
carcinoma and four on renal cell carcinoma. Furthermore, 22 
studies assessed the predictive value of the GPS, 14 studies 
estimated the predictive utility of the mGPS and two studies 
explored the predictive potential of both metrics.

Baseline GPS levels and OS/PFS. Through the analysis of 
data from 22 studies with 2,617 patients, the present study 
aimed to explore the association between GPS levels and OS 
in ICI‑treated patients with solid tumors. The results revealed 
that patients with GPS 2 (I2=65.9%, P=0.003; HR: 4.35, 95% 
CI: 2.84‑6.66, P<0.001; Fig. 2A) or GPS 1 (I2=44.0%, P=0.075; 
HR: 2.00, 95% CI: 1.52‑2.64, P<0.001; Fig. 2B) had a shorter 
OS compared to patients with GPS 0, and patients with GPS 2 
had a higher risk of death than patients with GPS 1.

Funnel, Begg's, and Egger's tests confirmed the publication 
bias of the above results (GPS 2 vs. 0: Begg's P=0.466, Egger's 
P=0.001; GPS 1 vs. 0: Begg's P=0.016, Egger's P=0.003; 
Fig. S1A and B). To account for potentially missing studies 

in the above analysis, the trim and fill method was applied. 
However, the results indicated that the pooled HR did not 
change significantly even after accounting for any potential 
missing studies (Fig. S1C and D). A sensitivity analysis was 
conducted to evaluate the robustness of the present findings 
by iteratively excluding each study and examining its impact 
on the pooled results. It was revealed that the exclusion of any 
individual study did not significantly affect the pooled HR 
(Fig. S2A and B).

In addition, it was also found that patients with GPS 
2 had a worse prognosis compared to those with GPS 1/0 
(I2=0.0%, P=0.724; HR: 2.62, 95% CI: 2.01‑3.43, P<0.001; 
Fig. S3A). Patients with GPS 1/2 also had a higher mortality 
rate compared to patients with GPS 0 (I2=62.4%, P=0.021; 
HR: 2.60, 95% CI: 1.57‑4.29, P<0.001; Fig. S3B). Begg's and 
Egger's tests confirmed the above results without significant 
publication bias (GPS 2 vs. 1/0: Begg's P=0.368, Egger's 
P=0.175; GPS 2/1 vs. 0: Begg's P=0.452, Egger's P=0.083). 
However, the funnel plot revealed publication bias in the GPS 
2/1 vs. 0 group (Fig. S3C and D). A trim and fill method was 
used, and the results showed that the combined HR did not 
change significantly, even after accounting for any potential 
missing studies.

Figure 2. Forest plots for the relationship between GPS and overall survival. (A) GPS 2 vs. 0; (B) GPS 1 vs. 0. HR, hazard ratio; CI, confidence interval; DL, 
DerSimonian and Laird; GPS, Glasgow prognostic score.
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Next, 15 studies with 2,026 patients were analyzed to inves‑
tigate the relationship between GPS levels and PFS in cancer 
patients treated with ICIs. The findings indicated that patients 
with GPS 2 (I2=68.1%, P=0.014; HR: 2.11, 95% CI: 1.38‑3.24, 
P=0.001; Fig. 3A) or GPS 1 (I2=0.0%, P=0.836; HR: 1.33, 95% 
CI: 1.13‑1.56, P=0.001; Fig. 3B) had a significantly poorer PFS 
compared to those with GPS 0, and patients with GPS 2 had a 
higher risk of progression than patients with GPS 1.

Funnel plot, Begg's and Egger's tests demonstrated the publi‑
cation bias of the above analysis (GPS 2 vs. 0: Begg's P=0.086, 
Egger's P=0.023; GPS 1 vs. 0: Begg's P=0.086, Egger's P=0.030; 
Fig. S4A and B). To address the potential issue of missing 
studies, the trim and fill method was employed. However, the 
pooled HR remained unchanged even after accounting for any 
missing studies (Fig. S4C and D). The results of the sensitivity 
analysis showed that excluding any of the studies did not have a 
significant impact on the pooled HR (Fig. S5A and B).

Furthermore, the present analysis revealed that patients 
with a GPS score of 2 had a significantly worse prognosis than 
those with a GPS score of 1 and 0 (I2=0.0%, P=0.509; HR: 2.11, 
95% CI: 1.61‑2.78, P<0.001; Fig. S6A). Furthermore, patients 
with a GPS score of 1 and 2 exhibited a higher progression 
rate compared to patients with a GPS score of 0 (I2=0.0%, 
P=0.414; HR: 1.62, 95% CI: 1.26‑2.09, P<0.001; Fig. S6B). 
Funnel plot, Begg's and Egger's tests indicated no significant 
publication bias in the above results (GPS 2 vs. 1/0: Begg's 
P=0.086, Egger's P=0.171; GPS 2/1 vs. 0: Begg's P=0.308, 
Egger's P=0.059; Fig. S6C and D).

Baseline GPS levels and DCR/ORR. The analysis proceeded to 
examine the link between GPS levels and response to ICI treat‑
ment in cancer patients through 10 studies with 1,433 patients. 
The results demonstrated that patients with GPS 2 had a 
lower DCR compared to those with GPS 1/0 (OR: 0.53, 95% 
CI: 0.40‑0.69, P<0.001; Fig. 4A). Patients with GPS 1/2 also 
had a lower DCR compared to patients with GPS 0 (OR: 0.51, 
95% CI: 0.39‑0.67, P<0.001; Fig. 4B). The above analysis did 
not find a significant publication bias (GPS 2 vs. 1/0: Begg's 
P=0.711, Egger's P=0.111; GPS 2/1 vs. 0: Begg's P=0.462, 
Egger's P=0.167; Fig. 4C and D). The results of the sensitivity 
analysis showed that excluding any of the studies did not have 
a significant impact on the pooled HR (Fig. 4E and F). In 
addition, high GPS scores were also significantly associated 
with a lower ORR in cancer patients (GPS 2 vs. 1/0, I2=52.5%, 
P=0.077, OR: 0.53, 95% CI: 0.28‑1.00, P=0.049; GPS 2/1 vs. 
0, I2=15.3%, P=0.316, OR: 0.31, 95% CI: 0.16‑0.62, P<0.001; 
Fig. S7).

Baseline mGPS levels and OS/PFS. A total of 16 studies 
with 1,474 patients were analyzed to explore the association 
between mGPS levels and OS in patients with solid tumors 
treated with ICIs. The results showed that patients with mGPS 
2 (I2=42.0%, P=0.125; HR: 3.15, 95% CI: 1.95‑5.03, P<0.001; 
Fig. 5A) or mGPS 1 (I2=0.0%, P=0.905; HR: 1.70, 95% CI: 
1.19‑2.43, P=0.004; Fig. 5B) had poorer survival compared to 
patients with mGPS 0 and patients with mGPS 2 had a higher 
risk of death than patients with mGPS 1.

Figure 3. Forest plots for the relationship between GPS and progression‑free survival. (A) GPS 2 vs. 0; (B) GPS 1 vs. 0. HR, hazard ratio; CI, confidence 
interval; DL, DerSimonian and Laird; GPS, Glasgow prognostic score.
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Figure 4. (A and B) Forest plots for the relationship between GPS and disease control rate. (A) GPS 2 vs. 1/0; (B) GPS 2/1 vs. 0. (C and D) Funnel plots. (C) GPS 
2 vs. 1/0; (D) GPS 2/1 vs. 0. (E and F) Sensitivity analysis for the association between GPS and disease control rate. (E) GPS 2 vs. 1/0; (F) GPS 2/1 vs. 0. OR, 
odds ratio; CI, confidence interval; DL, DerSimonian and Laird; GPS, Glasgow prognostic score; Lnhr, the natural logarithm of the hazard ratio; s.e., standard 
error.

Figure 5. (A and B) Forest plots for the relationship between mGPS and overall survival. (A) mGPS 2 vs. 0; (B) mGPS 1 vs. 0. (C and D) Funnel plots. (C) mGPS 
2 vs. 0; (D) mGPS 1 vs. 0. (E and F) Sensitivity analysis for the association between mGPS and overall survival. (E) mGPS 2 vs. 0; (F) mGPS=1 vs. 0. HR, 
hazard ratio; CI, confidence interval; DL, DerSimonian and Laird; mGPS, modified Glasgow prognostic score; Lnhr, the natural logarithm of the hazard ratio; 
s.e., standard error.
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Funnel plot, Begg's and Egger's tests revealed no publica‑
tion bias in the above findings (mGPS 2 vs. 0: Begg's P=1.000, 
Egger's P=0.805; mGPS 1 vs. 0: Begg's P=0.707, Egger's 
P=0.969; Fig. 5C and D). Furthermore, a sensitivity analysis 
was employed to test the robustness of the results by excluding 
each study iteratively and assessing its impact on the pooled 
outcomes. It was found that the exclusion of any single study 
did not substantially affect the pooled HR (Fig. 5E and F).

The present analysis further revealed that patients with 
mGPS 2 had a poorer prognosis than those with mGPS 1/0, 
with an HR of 1.95 (95% CI: 1.00‑3.82, P=0.049; Fig. 6A), 
and patients with mGPS=1/2 also had a higher mortality rate 
compared to patients with mGPS=0, with an HR of 3.14 (95% 
CI: 1.05‑9.39, P=0.041; Fig. 6B). Begg's and Egger's tests 
confirmed no significant publication bias was observed (mGPS 
2 vs. 1/0: Begg's P=1.000, Egger's P=0.378; mGPS 2/1 vs. 0: 

Figure 6. Forest plots for the relationship between mGPS and overall survival. (A) mGPS 2 vs. 1/0; (B) mGPS 2/1 vs. 0; (C and D) Funnel plots. (C) mGPS 2 vs. 
1/0; (D) mGPS 2/1 vs. 0. (E) continuous variables. HR, hazard ratio; CI, confidence interval; DL, DerSimonian and Laird; mGPS, modified Glasgow prognostic 
score; Lnhr, the natural logarithm of the hazard ratio; s.e., standard error.
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Begg's P=0.308, Egger's P=0.388; Fig. 6C and D). Finally, it 
was found that when mGPS is a continuous variable, a larger 
mGPS value is associated with shorter patient OS (HR: 1.52, 
95% CI: 1.30‑1.78, P<0.001; Fig. 6E).

The association between mGPS and PFS in cancer patients 
treated with ICIs was then explored using data from 13 studies 
with 1,216 patients. It was demonstrated that patients with 
mGPS 2 (I2=27.1%, P=0.241; HR: 2.70, 95% CI: 1.75‑4.16, 
P<0.001; Fig. 7A) or mGPS=1 (I2=22.8%, P=0.269; HR: 1.74, 
95% CI: 1.11‑2.72, P=0.016; Fig. 7B) had poorer PFS and 
patients with mGPS 2 had a higher risk of progression than 
patients with mGPS 1.

The results of funnel plot, Begg's and Egger's tests 
indicated that there was no publication bias in the afore‑
mentioned findings (mGPS 2 vs. 0: Begg's P=0.462, Egger's 
P=0.129; mGPS 1 vs. 0: Begg's P=1.000, Egger's P=0.289; 
Fig.  7C  and  D). Furthermore, a sensitivity analysis was 
performed to evaluate the robustness of the results by itera‑
tively excluding each study and examining its influence on 
the pooled outcomes. It was discovered that the exclusion of 
any individual study did not significantly alter the pooled HR 
(Fig. 7E and F).

The present analysis further showed that patients with 
mGPS 2 had a worse PFS compared to those with mGPS=1/0 
(HR: 1.91, 95% CI: 1.02‑3.57, P=0.044; Fig. 8A). The funnel 
plot, Begg's and Egger's tests showed no significant publica‑
tion bias (mGPS 2 vs. 1/0: Begg's P=1.000, Egger's P=0.954, 
Fig. 8B). It was also found that when mGPS is a continuous 
variable, a larger mGPS value was associated with worse 
PFS of patients (HR: 1.29, 95% CI: 1.14‑1.46, P<0.001; 
Fig. 8C).

Baseline mGPS levels and DCR. An analysis was performed 
to investigate the relationship between mGPS levels and 
response to ICI therapy in cancer patients using data from 
three studies with 465 patients. The findings demonstrated that 
cancer patients with mGPS 2 exhibited a lower DCR (I2=0.0%, 
P=0.644; OR: 0.46, 95% CI: 0.31‑0.70, P<0.001; Fig. S8A) of 
ICI therapy than those with mGPS 1/0. Sensitivity analysis 
confirmed that the results were stable and reliable (Fig. S8B).

Discussion

The present investigation aimed to explore the predictive 
value of the GPS and mGPS in cancer patients receiving ICIs. 
Through this analysis of relevant studies, a strong relation‑
ship between elevated GPS and mGPS and worse OS and 
PFS, as well as a lower DCR, was found. As a cost‑effective, 
easy‑to‑use tool, the GPS or mGPS status can be used as a 
predictor to identify patients who are likely to experience 
favorable clinical outcomes.

To provide a comprehensive comparison of the present find‑
ings with previous meta‑analyses, including Zhang et al (65), 
Wu  et al  (66) and Wang  et al  (67), survival outcomes and 
response metrics were analyzed across a broader range of 
studies and cancer types. Compared to Zhang et al (65), who 
reported HRs for OS of 3.89 (GPS 2 vs. 0) and 1.48 (GPS 1 
vs. 0), the present analysis yielded higher pooled HRs for OS 
(4.354 for GPS 2 vs. 0, and 2.004 for GPS 1 vs. 0), indicating a 
potentially stronger prognostic value of the GPS. Similarly, for 
PFS, the HR determined in the present study for GPS 2 vs. 0 
was 2.113, compared to Zhang et al (65)'s 1.48, highlighting a 
more pronounced association in the larger dataset of the present 

Figure 7. (A and B) Forest plots for the relationship between mGPS and progression‑free survival. (A) mGPS 2 vs. 0; (B) mGPS 1 vs. 0. (C and D) Funnel 
plots. (C) mGPS 2 vs. 0; (D) mGPS 1 vs. 0. (E and F) Sensitivity analysis for the association between mGPS and progression‑free survival. (E) mGPS 2 vs. 
0; (F) mGPS 1 vs. 0. HR, hazard ratio; CI, confidence interval; DL, DerSimonian and Laird; mGPS, modified Glasgow prognostic score; Lnhr, the natural 
logarithm of the hazard ratio; s.e., standard error.
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study. In terms of the DCR, a unique aspect of the current study, 
it was found that higher GPS and mGPS were significantly 
associated with lower DCR and ORR, metrics not previously 
explored by Zhang et al (65). This additional analysis provides 
new insights into the predictive value of the GPS/mGPS beyond 
survival outcomes. Furthermore, unlike prior meta‑analyses 
that combined pre‑ and post‑treatment GPS/mGPS data or failed 
to stratify by baseline characteristics, the current study main‑
tains methodological rigor by stratifying analyses, reducing 
heterogeneity and enhancing clinical interpretability (65‑67).

GPS or mGPS values are determined based on CRP 
and albumin, which reflect the level of inflammation and 
nutritional status of the body. Consistent evidence suggests 
that hypoalbuminemia is a significant predictor of poor 
prognosis in cancer patients  (68‑70). Serum albumin has 
been shown to have an immunomodulatory role, as it can 
bind to prostaglandin E2 (PGE2), which is associated with 

the downregulation of tumor necrosis factor‑α derived from 
macrophages and contributes to immunosuppression (71‑74). 
Of note, administering a human albumin solution has been 
found to counteract the effects of PGE2, leading to improved 
immune function (72). According to earlier research on the 
immunological role of serum CRP, elevated CRP levels are 
linked to lymphocytopenia, an elevation of proinflammatory 
cytokines, and decreased T lymphocyte and macrophage 
responses  (75‑77). The maintenance of tumor growth and 
tumor invasiveness are both facilitated by elevated proinflam‑
matory cytokines (78,79). Inflammation mediators have been 
demonstrated to impede the synthesis of albumin, whereas 
oxidative stress may induce the denaturation of albumin, 
thereby fostering a precipitous decline in serum albumin 
concentrations among individuals with an inflammatory 
milieu (80‑82). An additional pivotal aspect in tumorigenesis 
pertains to the tumor microenvironment. By orchestrating 

Figure 8. Forest plots for the relationship between mGPS and progression‑free survival. (A) mGPS 2 vs. 1/0; (B) Funnel plots of mGPS 2 vs. 1/0; (C) continuous 
variables. HR, hazard ratio; CI, confidence interval; DL, DerSimonian and Laird; mGPS, modified Glasgow prognostic score; Lnhr, the natural logarithm of 
the hazard ratio; s.e., standard error.
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the recruitment of T lymphocytes, tumor‑associated macro‑
phages and circulating cytokines, inflammatory mediators 
can profoundly modulate various facets of tumor biology, 
encompassing cell proliferation and angiogenesis, as well as 
tumor invasion or metastasis (2,83,84).

Because of this, GPS and mGPS levels can significantly 
predict the efficacy of ICI therapy in cancer patients. In 
addition, GPS and mGPS serve as objective, highly repro‑
ducible ways to more accurately classify patients based on a 
three‑index‑scoring indicator. As a result, due to its well‑estab‑
lished impact on the host's inflammation and nutritional status 
as well as cancer, the GPS and mGPS could serve as useful 
tools in predicting the therapeutic outcomes of ICIs in cancer 
patients. Individualized and timely nutritional and immuno‑
logical interventions may improve the prognosis of patients 
with high baseline GPS and mGPS.

Notably, most studies included in the present analysis were 
retrospective, which may have limited the statistical robust‑
ness. In addition, the majority of data were derived from 
studies conducted in China and Japan, which may restrict the 
generalizability of the findings. The limited number of studies 
also precluded subgroup analyses for each cancer type and 
for different classes of ICIs. Therefore, further high‑quality 
research with larger sample sizes, particularly multicenter 
prospective studies, is essential to validate and enhance the 
accuracy of the present results.

In conclusion, the current meta‑analysis indicated that the 
GPS and mGPS may be reliable predictors of outcomes in 
cancer patients treated with ICIs.
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