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ABSTRACT

Objective To evaluate the association between
inflammation-related markers, modified Glasgow
Prognostic Score (mGPS) and Glasgow Prognostic

Score (GPS), and survival outcome and recurrence risk

in patients with hepatocellular carcinoma (HCC) after
treatment.

Design Systematic reviews and meta-analysis of cohort
studies.

Date sources Embase, Scopus, Web of Science and
PubMed were searched through 10 March 2021.
Eligibility criteria We included cohort studies that
assessed the effect of pretreatment mGPS/GPS levels on
survival outcomes in patients with HCC.

Data extraction and synthesis Two researchers
independently selected the data and reached a consensus.
In case of disagreement, a third researcher was required
to assist. The HRs and 95% Cls were used as the effect
size indexes. Newcastle-Ottawa Scale was used to assess
risk of bias and quality assessment of the included studies.
Results The meta-analysis included 23 studies, most

of which were retrospective. Participants were grouped
according to the score of mGPS/GPS. When analysed into
two groups (1/2 vs 0), the results showed that patients
with a mGPS/GPS of 1 or 2 had poorer overall survival
(0S) than those with a score of 0 (both p<0.001). When
analysed into three groups (1 vs 0 and 2 vs 0), the results
revealed that an mGPS/GPS of 2 is related to poorer 0S

in patients with HCC (HR=2.46, 95% Cl 2.06 to 2.95, and
HR=3.45, 95% Cl 1.68 to 7.10, respectively). However,

a GPS of 1 (p=0.005) but not an mGPS of 1 (p=0.177)
had a significant association with 0S. No association was
found between mGPS/GPS and disease-free survival or
recurrence-free survival.

Gonclusion GPS was more closely associated the survival
in patients with HCC than mGPS. A higher GPS has an
association with poorer survival. It can be combined with
tumour staging to assess the 0S of HCC more accurately.
PROSPERO registration number CRD42021242049.

INTRODUCTION

Hepatocellular carcinoma (HCC) is a serious
public health problem, especially in Asian
countries with a high incidence of hepatitis B.
It endangers human life and health seriously.
The number of deaths associated with HCC

1,3

Strengths and limitations of this study

» This meta-analysis is the first study to combine
Glasgow Prognostic Score and modified Glasgow
Prognostic Score in patients with liver cancer and to
analyse them in specific groups.

» The source of heterogeneity can be reduced when
studies with the same cut-off values are grouped for
analysis.

» Prospective studies were included in the meta-
analysis that could reduce the risk of selection bias.

» There is no guarantee that the HRs extracted from
each study were analysed by the same set of
covariates.

» The literature included in this study lacked ran-
domised controlled studies.

each year is almost the same as the incidence
of HCC." Liver resection is still the main treat-
ment for liver cancer, and liver transplanta-
tion is feasible in advanced stage. However,
despite the variety of treatments, there are
significant differences in recurrence and
long-term survival.”

The prognostic factors of HCC have been
studied for many years, including tumour,
node, metastasis staging, histological type,
tumour number, depth of invasion, vascular
invasion and distant metastasis. However, in
addition to stage and pathological type, other
prognostic factors are still controversial. To
achieve accurate and individualised treatment,
it is urgent to find appropriate markers to
assess the survival. Serum clinical trial indica-
tors have the advantages of being non-invasive,
simple, economical and reproducible. There-
fore, it is very meaningful to find non-invasive
and readily achievable variables before treat-
ment to assess the survival outcomes of patients
with cancers. As a routine test indicator, C
reactive protein (CRP) and serum albumin are
readily available inflammatory factors. Forrest
et al’ used these two indicators in combination
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as a prognostic score for patients with non-small-cell lung
cancer. Many studies have confirmed its prognostic value
in malignant tumours* and have defined it as the Glasgow
Prognostic Score (GPS). Depending on the scoring system,
the score of GPS is between 0 and 2. However, in malig-
nant tumours, hypoalbuminaemia without increased CRP
is rare. Therefore, mGPS was improved on the basis of
GPS.” None of these anomalies will be assigned a score of
0. GPS and mGPS has been proven to be a predictor of the
survival of some tumours, including those of the digestive
and respiratory systems.”"®

Several studies have indicated a relationship between
modified Glasgow Prognostic Score (mGPS)/GPS and
survival in patients with HCC.”"" However, due to the
difference in study design and the limitation of sample
size, the results lack consistency, and according to their
research, this opinion is still controversial. Moreover, it is
debatable which is more appropriate for the prognosis of
HCC. Since the measured values of each individual study
report may have a certain degree of bias, a meta-analysis
was used to study a specific problem. We performed a
meta-analysis that pooled existing data to find an associa-
tion between the level of mGPS/GPS and the survival of
patients with HCC.

MATERIAL AND METHODS

Search strategy

Systematic searches were conducted in Embase, Scopus,
Web of Science and PubMed. The time limit was from
the establishment of each database to 10 March 2021.
The data reports in this review are consistent with
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses12 statement (online supplemental table
S1). Meta-analysis of Observational Studies in Epidemi-
ology guidelines'” were used for study design and manu-
script preparation (online supplemental table S2). The
protocol was registered in the International Prospective
Register of Systematic Reviews (registration number:
CRD42021242049).

The subject words and free words were used to search
comprehensively. The language of publication was
limited to English. If the full text was not accessible, the
author was contacted. The complete search terms used
in this study are listed in online supplemental table S3.
The following search terms were used: “Liver Neoplasm”,
“primary liver carcinoma”, “liver carcinoma”, “HCC”,
“Hepatic Cancer”, “Cancer of the Liver”, “Liver Cell
Carcinoma”, “Liver Cancer”, “Hepatocellular Carci-
noma”, “Hepatocellular Cancer”, “Hepatic Neoplasm”,
“Hepatoma”, “hepatic carcinoma”, “hepatic cell carci-
noma”, “Cancer of Liver”, “hepatocarcinoma”, “modified
Glasgow prognostic score”, “Glasgow prognostic score”,
“GPS” and “mGPS”. Moreover, references that have been
included in the literature were also traced.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) the diagnosis of
HCC was based on pathological examination or currently

ongoing clinical guidelines; (2) articles investigated the
relationship between GPS/mGPS and the outcome of
HCC; (8) CRP and albumin markers were measured prior
to treatment; (4) full-text papers were published; and (5)
the outcomes included overall survival (OS), recurrence-
free survival (RFS) or disease-free survival (DFS). OS was
defined as the interval between the beginning of treat-
ment and death of any cause or the end of follow-up,
whichever came first. DFS and RFS were defined as the
time between the date of treatment to the date of the first
tumour recurrence or death (DFS) and the discovery of
recurrence at any site (RFS), respectively.

The exclusion criteria were as follows: (1) reviews,
commentaries and case reports; (2) animal experimental
research; (3) duplicated or overlapped datasets (only the
study with the most up-to-date information prevailed);
(4) HRs and 95% CIs were not available; and (5) studies
not written in English.

Data collection

Two researchers (LL and KL) independently selected
the data according to the study design and reached a
consensus. In case of disagreement, a third researcher
was required to assist. The data were recorded in a spread-
sheet. The extracted data included the year of publica-
tion, first author, treatment, cut-off value, tumour stage,
metastasis, follow-up time, sample size, HR and 95% CI.
HRs from multivariate analysis was preferred.

Quality assessment

The Newcastle-Ottawa Scale (NOS) was used to measure
the quality of the included literature and to assess the
risk of bias. A high-quality essay must be scored above 5
points. Two researchers (LL and JZ) conducted quality
assessments.

Statistical analyses

All the data were statistically analysed by Stata V.12.0.
Cochran’s Q test and the Higgins I” statistic'* were used
to assess the heterogeneity of the included studies. When
I* is greater than 75%, heterogeneity is high; when I* is
50%-75%, heterogeneity is medium; and when I* is less
than 50%, heterogeneity is low. If the I* was greater than
50% or p<0.05, indicating significant statistical hetero-
geneity between studies, a random-effect model was
used. Conversely, the fixed-effect model was used. The
relationship between mGPS/GPS and OS in HCC was
assessed by HR and 95% CI. For studies with significant
heterogeneity, subgroup analysis would be conducted to
further explore the source of heterogeneity according to
different covariate groupings. Sensitivity analysis assessed
the stability of the results by combining the results after
the exclusion of one of the studies to determine the
impact of the study on the results. Publication bias was
evaluated by Begg’s funnel plot and Egger’s test. When
the p value was <0.05, publication bias existed, and the
trim-and-fill analysis was used to estimate the lack of
studies due to publication bias. All statistical tests were

2

Lu L, et al. BMJ Open 2021;11:053061. doi:10.1136/bmjopen-2021-053061


https://dx.doi.org/10.1136/bmjopen-2021-053061
https://dx.doi.org/10.1136/bmjopen-2021-053061
https://dx.doi.org/10.1136/bmjopen-2021-053061
https://dx.doi.org/10.1136/bmjopen-2021-053061

Records identified through Additional records identified
database searching through other sources
(n=748) (n=0)

| |

Records after duplicates removed
(n =395)

| ()

l Records excluded, with reasons:

Screening

1. Non-HCC: (n=269)
Records screened 2. No relevant to GPS/mGPS: (n=31)
(n=395) (—> 3. Abstract, letter, review, and system
— review:(n=27)
P— 4. No relevant to OS:(n=18)
5. Animal and basic experiments: (n=20)
z
Z-E Full-text articles assessed Full-text articles excluded, with reasons
= igibili 1. No HRs and 95%Cl or P values for 0S
) for eligibili >
(n =g30) v were provided:(n=4)
2. With overlapping patients:(n=3)
?, Studies included in
g quantitative synthesis
E (meta-analysis)
(n=23)
Figure 1 Flowchart of relevant literature screening. GPS,

Glasgow Prognostic Score; HCC, hepatocellular carcinoma;
mGPS, modified Glasgow Prognostic Score; OS, overall
survival.

conducted on two sides, and a p value of <0.05 was consid-
ered statistically significant.

Patient and public involvement
Patients or the public were not involved in the design,
conduct, reporting or dissemination plans of this research.

RESULTS

Study selection and basic characteristics

A total of 748 studies were initially identified, which were
retrieved from four databases, and no relevant research
was found elsewhere. After deleting duplicate articles,
395 articles were retained. After screening titles and
abstracts, 365 articles that did not meet the criteria were
excluded. By reading 30 full-text articles, 3 articles with
duplicate data and four articles that could not provide
effect size were eliminated. Ultimately, 23 studies”™' '~
were included in the meta-analysis (figure 1). The basic
characteristics of 23 studies are presented in table 1. Most
studies were performed in Asia, and only two studies
were conducted in Europe. The sample size ranges from
81 to 1625. In terms of treatment methods, patients in
12 studies underwent hepatectomy, and patients in 11
studies underwent other treatment methods, including
drug, ablation, radiotherapy and transcatheter arterial
chemoembolisation. Regarding the variables of the study,
except for two studies that only used univariate analysis
for evaluation, the remaining 21 studies directly reported
the HR and 95% CI generated by the multivariate anal-
ysis. However, these 21 original studies did not use the
same set of covariables in their multivariable analyses.
The risk of bias for each study was assessed separately. The
NOS score was equal to or greater than 6 in 19 cohorts,
which meant relatively high quality (figure 2). The NOS

score for each study is listed in online supplemental table
S4, and basic features of the included studies are listed in
online supplemental table S5.

GPS/mGPS and 0S

There are 18 papers thatassessed the relationship between
GPS and OS. As mentioned previously, GPS is between
0 and 2. Fourteen studies divided the patients into two
groups (GPS 1/2vs 0). The other four studies divided the
patients into three groups (GPS=0, 1 and 2), so the results
of GPS 1 vs 0 and 2 vs 0 were obtained. Since the patients
were divided into different categories, this meta-analysis
will also be conducted from different groups. At the same
time, the study by Sprinzl et al'® contained two cohorts,
and the data were summarised from two independent
treatment cohorts and reported separately: Sprinzl (V)
and Sprinzl (E).

As shown in figure 3A, there was moderate heteroge-
neity in the GPS 1/2 vs 0 group (I’=59.4, p=0.002), and a
random-effect model was used. Patients with a GPS of 1
or 2 had poorer OS than those with a GPS of 0 (p<0.001).
When patients were divided into three groups, moderate
heterogeneity was also detected and the random-effect
model was used (GPS 1 vs 0, IQ=72.1%, p=0.006, and GPS
2 vs 0, 1°=71.4%, p=0.007). These results reveal that the
level of GPS has a significant correlation with prognosis.

Moreover, mGPS used the same classification as GPS
for calculation. There was low heterogeneity among these
studies (I°=36.1%, p=0.166, and I1°=0.0%, p=0.464 for
mGPS 1/2vs 0 and mGPS 2 vs 0, respectively), and a fixed-
effect model was used. These results reveal that elevated
mGPS has a significant correlation with poor OS (both
p<0.001). Moderate heterogeneity (I’=60.1%, p=0.057)
was detected among mGPS 1 vs 0, and the results showed
that no significant difference was found between mGPS
and OS.

GPS/mGPS and DFS or RFS

As shown in figure 3B, the results showed that the differ-
ence between GPS and DFS was not statistically significant
(HR=1.69, 95% CI 0.90 to 3.14). In addition, no correla-
tion between mGPS and DFS was found (HR=2.03, 95%
CI 0.94 to 4.38; figure 3B). Moreover, there was no rela-
tionship between GPS and RFS (HR=0.98, 95% CI 0.61
to 1.57; figure 3C). Due to the small number of studies
included, we believe that further experimental and theo-
retical studies are needed to verify this conclusion.

Subgroup analyses

Considering the moderate heterogeneity of the studies,
subgroup analysis was conducted by the main treatment
(surgical vs non-surgical), sample size (=300 vs <300),
variable type (multivariate vs univariate), study design
(retrospective vs prospective) and study region. The
detailed results are summarised in table 2. Among
the groups (GPS 1/2 vs 0), a significant relationship
between increased GPS and inferior OS was detected
in all the aforementioned subgroups. According to the
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Figure 2 Risk of bias assessment for studies included in the review.

results of the subgroup analysis, there were significant ~ subgroup analyses showed that patients with elevated
differences in I” values after grouping, and the source of ~ GPS in China were not associated with decrease in OS
heterogeneity was related to treatment methods, sample (each p>0.05). In addition, treatment-based subgroup
size, study design and region. As shown in table 2, in the = analysis indicated that there was an association between
studies with GPS 1 vs 0 and that of 2 vs 0, region-based ~ GPS and OS.

A

Study HR (95% CI)  Weight
Moritmoto (2012) | % 5.48(256, 11.73)2.60
Horino (2012) i— % 3.80(205,7.03) 3.77
Kinoshita (2013) o 1.77 (1.24,2.54) 7.59
Pan (2014) = 2.00 (1.35,2.94) 6.97 )
Huang (2014) - 1.63 (1.23,2.17) 9.36 Study HR (95% CI)  Weight Study HR (95% Cl) Weight
Zhou (2015) 1.70 (1.32,2.17) 10.44 »
Okamura (2015) 1 1.71(0.92,3.17) 3.76 Shiba (2017) 2.28(1.03,5.04) 17.69 Shiba (2017) ————————————8.01(2.82,22.78)17.87
Aino (2016) 1.30(1.10, 1.54) 12.79 Sprinzl (E) (2019) 1.07 (0.54,2.12) 19.69 Sprinzl (E) (2019) —_— 2.18 (1.08, 4.39) 2252
Pang (2017) . 1.59 (1.01,2.51) 5.76 e . Sprinzi(V) (2019 B
Abe (2017) 1.60 (1.06, 2.41) 6.57 Sprinzl (V) (2019) ———————6.08(247,14.98)15.91 prinzi(V) (2019) 8.29 (3.06, 22.45)18.50
Ren (2018) i 253(1.70,3.77) €.77 Chen (2020) — 2.95(1.93,4.52) 24.37 Chen (2020) —_— 3.67 (1.34, 10.05)18.35
Shen (2019) -~ 1.76 (1.60, 1.92) 14.80
1.54 (0.30, 7.87) 0.67 Lu(2021) 1.33(0.78,2.28) 22.34 Lu (2021) —_— 1.31(0.66, 2.59) 22.77
‘Yamamoto (2019) 1390 gg' 1.95) 8.05 <> <>
U B .99, 1. - Overall (I-squared = 72.1%, = 0.006) 217 (1.27,3.71) 100.00 Overall (I-squared = 71.4%, = .007) 3.45(1.68,7.10) 100.00
820 8% Aarea = 59.4%, p = 0.002) 1.78 (155, 2.04) 100.00
NOTE: Weights are from random effects anplysis: NOTE: Weights are from random gffects analylsis NOTE: Weights are from randonj effects analysis
T T T T
4 1 12 5 16 5 H
GPS 1/2vs 0 GPS1vsO0 GPS2vs0
Study HR (95% CI) Weight
¢ ) Weight HR (95% CI Study HR (95% Cl)  Weight
Pinato (2012) —_— 267 (1.49, 4.78) 14.84 Study ( ) Weight
) SprinzI(E) (2019) _— 245(1.44,4.17) 11.33
Ni (2015) 4+———=————  436(250,7.60) 1624 SprinzI(E) (2019) 166 (0.84,327) 2729
Fu (2016) —_— e 351(1.38,889)583 Sprinz(V) (2019) = 5.48(2.12.14.16) 355
51 (135, 88905 Sprinzi(v) (2019) 357 (1.45,8.78) 21.52 Ghen (2020) 03 (112.822) 321
Wang (2016) ——————————— 3.76(1.68,8.44) 7.72 Chen 2020) 1311053,922) 2150 —_— .03 (1.12, 8. .
en R ),
Pang (2017) 1.67 (1.04, 2.69) 22.16 Wu (2020) —_— 3.18(1.39,7.29) 4.66
Lu (2021 182 (0.45, 1.49) 29
Ren (2018) — = 2.49 (160, 3.68) 3321 1 2021) - 082(045,1.49) 2069 Lu (2021) —— 232(1.89,284) 7725
Overall (-sauared = 361%, p = 0.166) < > 266(242,333) 10000  Overal (hsqared =60 1%,p=0087) <L | > 151(083,274) 10000 Overall (1-squared = 0.0%,p = 0.464) 2.46 (2.06,2.95) 100.00
NOTE: Weights are ffe lysis
91 9 ; 1 9 7 15
mGPS 1/2vs 0 mGPS 1vs 0 mGPS 2 vs 0

(GS)
B Cc

Study HR (85% CI) Weight Study HR (85% CI) Weight Study HR (95% CI) Weight
Pang (2017) - 1.38(0.99, 1.92)71.62 Ni (2015) 4 3.04(1.97.4.70) 48.64 ‘Okamura (2015) —_— 0.92 (0.56, 1.52) 88.29
Yamamoto (2019) T 2.79(1.06,7.3328.38 Pang (2017) 1.39(0.98, 1.98) 51.36 Abe (2017) —f———————— 1.60(0.41,6.30) 11.71

/> 169 (0.90, 3.14)100.00 Overall (I-squared = 86.6%. -couer/ 2,03 (0.94, 4.38) 100.00 Overall (- d = 0.0%, p = 0.457) 0.98 (0.61, 1.57) 100.00
Overall (I-squared = 45.4%, p = 0,77 ———__ 09 (050,31 . rsquared = 86.6%. p=0006m—_______ .03(0.94, 4. 3 verall (-squared = 0.0%. p = 0.457) .98 (0.61, 1.57) 100.
NOTE: Weights are from random effects amlysisi NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analy§is

5 3

1 7
GPS 1/2vs 0

8 1 7 1
GPS 1/2vs 0 mGPS 1/2vs 0

(DFS) (RFS)

Figure 3 Forest plots evaluating GPS/mGPS and outcomes (OS, DFS and RFS). (A) GPS/ mGPS and OS, (B) GPS/mGPS and
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Fixed-effect model Random-effect model Heterogeneity

P value (Z
Analysis n HR (95% CI) Pvalue HR (95% CI) test) 12 Ph

Overall 14 1.697 (1.589 10 1.812 ) <0.001 1.778 (1.551 t0 2.040 ) <0.001 59.4 0.002

Surgical 8 1.893 (1.621 to 2.211 ) <0.001 1.923 (1.592 t0 2.322 ) <0.001 25.5 0.225

Sample size

<300 8 1.800 (1.666 to 1.945 ) <0.001 1.899 (1.629 t0 2.212 ) <0.001 42.2 0.097

Retrospective 11 1.698 (1.580 to 1.823 ) <0.001 1.850 (1.536 t0 2.228 ) <0.001 68.7 0.000

Region

Japan 7 1.545 (1.353 t0 1.765) <0.001 2.024 (1.422t0 2.881) <0.001 74.6 0.001

Multivariate 13 1.678 (1.570t0 1.793 ) <0.001 1.728 (1.506 to 1.981 ) <0.001 57.3 0.005

GPS:1vsO0

Region

Japan 1 2.277 (1.029 t0 5.039 ) 0.042 2.277 (1.029 t0 5.039 ) 0.042

Treatment

Non-surgical 4 2.125 (1.598 to 2.826) <0.001 2.159 (1.114 to 4.183) 0.023 79.0 0.003

Overall 5 2.871 (1.972 t0 4.178) <0.001 3.451 (1.677 to 7.103) 0.001 71.4 0.007

China 2 1.810 (1.029 to 3.184) 0.039 2.045 (0.752 to 5.562) 0.161 63.7 0.097

Germany 2 3.390 (1.912 to0 6.011) <0.001 4.048 (1.097 to 14.934) 0.036 78.4 0.032

Surgical 1 8.012 (2.818 t0 22.781) <0.001 8.012 (2.818 t0 22.781) <0.001

mGPS : 1/2vs 0

mGPS : 1vs0

Region

Germany 2 2.190 (1.275 to 3.765) 0.005 2.294 (1.093 to 4.814) 0.028 43.6 0.183

Continued
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Table 2 Continued

Fixed-effect model Random-effect model Heterogeneity
P value (Z
Analysis HR (95% CI) Pvalue HR (95% CI) test) 12 Ph
Multivariate 1.404 (0.940 to 2.095) 0.097 1.602 (0.720 to 3.561) 0.248 73.3 0.024
Univariate 1.310 (0.532 to 3.224) 0.557 1.310 (0.532 to 3.224) 0.557 -
mGPS: 2 vs 0
Overall 5 2.463 (2.060 to 2.946) <0.001 2.463 (2.060 to 2.946) <0.001 0.0 0.464

‘~> means not available; ‘n’ means the number of studies

GPS, Glasgow Prognostic Score; mGPS, modified Glasgow Prognostic Score.

Sensitivity analysis

The effect on the combined effect size was assessed by
excluding a particular study in isolation. The results
revealed that the combined effect size was robust and no
significant bias was found (figure 4).

Publication bias

Begg’s funnel plot and Egger’s test were used to evaluate
the publication bias of the included studies (figure 5). For
only GPS 2 vs 0 (figure 5A), publication bias was detected
by Egger’s test (p=0.029). Using trim-and-fill analysis, the
results showed that two studies did not evaluate the prog-
nostic role of GPS in the OS of HCC (figure 5B). Analysis
results of other groups indicated that the funnel plot was
symmetric and Begg’s test linear regression test showed
no significant publication bias.

DISCUSSION

Increasing evidence proved that the long-term survival for
patients with tumours is significantly associated with the
level of tumour-associated inflammation.” In addition to
mGPS and GPS, there are many inflammation-based prog-
nostic markers to predict survival and prognosis of HCC,
including prognostic index (PI), prognostic nutritional
index (PNI), neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), systemic immune-
inflammation index (SII) and lymphocyte-monocyte ratio
(LMR).” These inflammatory indicators have a complex
relationship with survival and recurrence of HCC. There-
fore, it is important to identify non-invasive and readily
available pretreatment variables to assess the survival
outcomes in HCC. Several studies have investigated the
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Figure 4 Influence analysis of studies enrolled in the present meta-analysis. (A) GPS 1/2 vs 0, (B) GPS 1 vs 0, (C) GPS 2

vs 0, (D) mGPS 1/2 vs 0, (E) mGPS 1 vs 0 and (F) mGPS 2 vs 0. GPS, Glasgow Prognostic Score; mGPS, modified Glasgow

Prognostic Score.
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association between pretreated GPS/mGPS levels and
survival in patients with HCC, but the results were incon-
sistent. Meanwhile, both mGPS and GPS are scored on
the basis of CRP and albumin, and the scoring criteria are
very similar. There is no consensus on which is more suit-
able for clinical use. Then we reviewed published studies
and performed a meta-analysis to obtain a scientific
theoretical basis for evaluating the association between

pretreatment GPS/mGPS and survival in patients with
HCC.

Most studies have shown that higher GPS was associated
with increased o-fetoprotein, larger tumour diameter,
vascular invasion, extrahepatic metastasis, higher Child-
Pugh grade and higher scores of the Cancer of the Liver
Italian Program.18 2 In addition, GPS and mGPS were
related to postrecurrence survival in patients with early
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recurrent HCC.*® However, multivariate analysis of some
studies®' * showed that GPS is not associated with survival
in patients with HCC. Previous meta-analysis® has found
that GPS was associated with survival outcomes in HCC.
However, HR for one of the included studies was estimated
rather than obtained from text reports, and the studies
did not use the same cut-off values. This aspect needs to
be further explored. Therefore, we expanded the sample
size, eliminated the studies that could not clearly give HRs
and then conducted grouping studies according to cut-
off values. At the same time, we further explored whether
mGPS or GPS is more suitable as a biomarker for the
survival prognosis of HCC. Our meta-analysis combined
the outcomes from 23 individual studies, suggesting that
elevated GPS was strongly associated with poorer OS in
patients with HCC regardless of which subgroup. This
also filled the gap in the previous meta-analysis. Further-
more, no correlation was found between GPS and DFS
or RFS. In addition, mGPS was also associated with the
prognosis of HCC. However, some of the variables did not
show an association with OS, for example, an mGPS of 1
vs 0. Therefore, compared with the mGPS, GPS is more
closely associated with the survival in patients with HCC.

The exact mechanism between tumour and inflam-
mation in those patients with cancer is still undefined.
However, accumulating evidence has indicated that the
Inflammation-related indicators is a reliable predictor of
tumour-specific survival. The level of circulating immune
cells is associated with tumour-associated inflamma-
tion.”* Lymphocytes play an important antitumour role,
and when lymphocytes are damaged, they may lead to
the spread of tumour cells. Elevated CRP also suggests
damage to T lymphocyte. Meanwhile, CRP was an acute-
phase protein produced by liver cells and regulated by
inflammatory cytokines. Inflammatory cytokines promote
angiogenesis and inhibit host immune responses when
tumours develop or invade.” * Hypoalbuminaemia
reflects poor liver function synthesis and may be caused
by chronic inflammation. Albumin also reflects the nutri-
tional status of the patient. As albumin decreases, the
body’s status decreases, increasing mortality.

There are many scores or indexes related to these two
inflammatory indicators, including mGPS, GPS, PI, PNI,
LCR and CAR.""*'* Among these scores, mGPS and GPS
were superior to other inflammation-based scores as prog-
nostic indicators, such as PI and PNI, in the prognosis of
patients with liver cancer after surgical treatment.'” #' %
Ni et al reported that mGPS was better than GPS in using
as an independent prognostic indicator of postoperative
liver cancer,?’ but other studies have come to the oppo-
site conclusion.'® In addition, mGPS has been shown to
be more closely associated with the prognosis of patients
with hepatitis B virus-related HCC.*® GPS was superior
to mGPS as a prognostic factor in evaluating the prog-
nosis of patients with HCC with different disease stages
and liver function states.'® GPS, mGPS and PNI have been
reported as predictors of early recurrence after hepatec-
tomy.” For patients with HCC treated with TACE, LCR

has better prognostic ability than PNI, mGPS and GPS,"
which in turn have better prognostic ability than PNI and
mGPS.* Therefore, nGPS/GPS played an important role
in the prognosis of HCC. However, it is not clear which
indicator is more suitable for clinical application. So, we
explored this issue and found that GPS is more suitable
for assessing the survival prognosis of HCC than mGPS.

There are still a few limitations to this meta-analysis.
First, in the included research results, the cut-off value of
GPS/mGPS was different. Although we have conducted
classification analysis and discussion, the sample size has
been virtually reduced, which will inevitably have a poten-
tial impact. Second, although most of the HRs included
were derived from multivariable analyses, there is no guar-
antee that the same set of covariables was used during the
analyses, which may have influenced the results. Third, a
major limitation of this study was that most of the included
studies were retrospective in design, which may lead to
selection bias. Fourth, the NOS score of four articles with
published data was 5, which was not of very high quality.
Moreover, some baseline characteristics are different,
such as age, Barcelona Clinic liver Cancer (BCLC) stage
and duration of follow-up, which may cause heterogeneity.
In addition, this study was limited to research published
in English and may lead to language-induced selection
bias. Hence, underlying heterogeneity is inevitable. In
our study, random-effect or fixed-effect models were used
according to the heterogeneity. However, heterogeneity
was affected by many aspects, and there was some uncer-
tainty in comparing the results of different effect models.

In conclusion, this study showed that pretreat-
ment mGPS or GPS was associated with OS in patients
with HCC, which could be used as one of the effective
biomarkers. It can be combined with other indicators,
such as tumour stage or pathological stage, to predict
prognosis. Compared with the mGPS, GPS was more
closely associated with the survival in patients with HCC.
However, a large randomised controlled trial is needed to
verify our findings, to explore the complex relationship
between the microenvironment of HCC and the inflam-
matory response, and to clarify the mechanism of these
inflammatory markers in HCC.
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