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Purpose: Accumulative studies suggest the Glasgow prognostic score (GPS) and

modified Glasgow prognostic score (mGPS) to be potential biomarkers; however, their

prognostic value remains debatable. Our meta-analysis focused on assessing the

accurate prognostic value of GPS and mGPS in patients with renal cell carcinoma (RCC)

in addition to their effectiveness.

Methods: To investigate the relationship between mGPS/GPS and prognostic value

in patients with RCC, we performed a comprehensive retrieval of relevant articles from

databases such as PubMed, Embase, Web of Science, and Medline up to February 1,

2020. STATA 15.0 software was used to obtain pooled hazard ratios (HRs) and their 95%

confidence intervals for survival outcome, including overall survival (OS), recurrence-free

survival (RFS), progression-free survival (PFS), and cancer-specific survival (CSS). A

formal meta-analysis of these outcomes was performed.

Results: In total, 2,691 patients with RCC were enrolled from 15 cohort studies.

Higher GPS/mGPS (GPS/mGPS of 2) indicated poorer OS, CSS, PFS, and RFS in

patients with RCC. Similarly, mediumGPS/mGPS (GPS/mGPS of 1) also had a significant

association with poorer OS, CSS, PFS, and RFS but superior than higher GPS/mGPS in

these patients.

Conclusion: GPS and mGPS are effective biomarkers for predicting prognosis in

patients with RCC, and higher GPS and mGPS are closely related to inferior survival

outcomes. More randomized controlled trials are needed to investigate the promising

value of GPS/mGPS in the future.

Keywords: renal cell carcinoma, Glasgow prognostic score, modified Glasgow prognostic score, biomarkers,

meta-analysis
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INTRODUCTION

There are more than 1.8 million new cancer cases in
the USA alone in 2020, and around 4% of which are
estimated to be kidney or renal pelvis tumors (1). Renal
cell carcinoma (RCC) is the most common solid tumor of
the adult kidney, accounting for 87% of all renal malignant
tumors (2). Curative intervention via surgical resection (either
partial or radical nephrectomy) has been the primary standard
treatment for individuals with clinically localized RCC (3).
Although most patients with RCC have localized tumors that
can be cured with surgery, immunotherapy, and targeted
therapies, the long-term patient prognosis is still disappointing.
Many patients have suffered disease relapse caused by local
recurrence or distant metastases; however, the absence of
consensus on the optimal surveillance strategy and prognostic
biomarkers is adverse to disease management (4–6). Thus,
finding reliable and precise prognostic biomarkers is becoming
increasingly important.

The C-reactive protein (CRP)/albumin (Alb) ratio was

calculated by dividing the serum CRP level by the serum
albumin level. A CRP concentration of >10 mg/l was considered
to indicate the presence of systemic inflammatory response.
Consequently, elevated preoperative CRP is associated with

poor outcomes relating with metastasis and mortality. Professor

Forrest first reported the significance of the prognostic value
of the combination of elevated CRP levels (>10 mg/l) and
hypoalbuminemia (Alb<35 g/l) (7). This prognostic score, which
was based on systemic inflammation, was subsequently termed
the Glasgow prognostic score (GPS) (8). The resultant GPS (0,
1, or 2) was defined to be calculated as follows: patients with
neither of these abnormalities were allocated a score of 0, patients
with only one of these biochemical abnormalities were allocated
a score of 1, and patients with both an elevated CRP level (>10
mg/l) and hypoalbuminemia (Alb <35 g/l) were allocated a score
of 2. Later, this prognostic score was modified and was termed
as modified Glasgow prognostic score (mGPS), which was equal
to a score of 1 only for an elevated CRP level (9). Consequently,
mGPS reflected infrequent cases of hypoalbuminemia without an
elevated CRP level and revealed that hypoalbuminemiamight not
be related to poor survival (9). Compared to the conventional
combination of stage and performance status CRP and albumin
levels (7), the combination of organismic inflammatory response
and albumin levels was found to have a comparable prognostic
value. In addition, GPS and mGPS were useful for the prognosis
of various solid tumors, including gastrointestinal cancer (10),
non-small cell lung cancer (11), colorectal neoplasms (12),
urothelial carcinoma (13), as well as RCC (14).

At present, the number of studies revealing the correlation
between GPS/mGPS and the survival outcome of RCC is
increasing, and the results indicate the prognostic value of
GPS/mGPS (15–20). Controversially, several recent systematic
reviews and meta-analyses have provided increasing evidence,
but the results remain inconclusive. This field is moving rapidly,
and under the current circumstance, our aim was to conduct
an updated meta-analysis and subgroup analysis, gathering all
levels of available evidence. We aimed to provide accurate

prognostic information of potential biomarkers for clinical
doctors and patients.

METHODS

Search Strategy
To investigate the relationship between GPS/mGPS and the
survival outcome in patients with RCC, we performed a
comprehensive search for relevant studies from public online
databases, including PubMed, Embase, Web of Science, and
Medline, up to April 1, 2020. The following keywords and
medical subject headings were used as search terms: renal cell
carcinoma or kidney neoplasms and Glasgow prognostic score
or modified Glasgow prognostic score or “GPS” and “mGPS.”

Inclusion and Exclusion Criteria
All the relevant included studies met the following criteria:
(1) patients were diagnosed with RCC by histopathological
analysis; (2) routine laboratory measurements, including C-
reactive protein and albumin, were performed preoperatively in
addition to GPS/mGPS, which was graded and recorded before
surgery or treatment; (3) endpoints, such as overall survival (OS),
cancer-specific survival (CSS), recurrence-free survival (RFS),
and progression-free survival (PFS), were explored in cohort
studies (OS was defined as the date from treatment to death
for any reason; CSS was defined as the date from treatment to
death due to cancer or to the last follow-up; RFS was defined
as the time between curative treatment and the confirmation of
local recurrence and distant metastasis; and PFS was defined as
the date from treatment to tumor progression or death); and
(4) corresponding data were present in the form of HRs with
95% confidence intervals (CIs) in the articles or relevant survival
data were shown in the Kaplan–Meier curves. Duplicate studies,
books/chapters, reviews, case series, letters, editorials, abstracts of
conferences, animal experiments, and incomplete or erroneous
data were excluded.

Data Extraction
Two investigators (Tongyu Tong and Yupeng Guan)
independently analyzed the following data and consulted
with a third investigator (Jun Pang) if any controversy existed:
(1) study characteristics, including the first authors, published
year and study region, sample size, study duration, details of
GPS/mGPS, and its respective ratios; (2) patient characteristics,
including age, gender, follow-up period, and interventions; (3)
information about RCC, including tumor entities, stage, tumor
type, and distant metastasis; (4) GPS/mGPS; and (5) outcomes,
including OS, CSS, RFS, and PFS. Engauge Digitizer software 4.1
(http://digitizer.sourceforge.net/) was used to digitize and extract
the relevant survival data from the Kaplan–Meier curves. In the
case of divergences and discrepancies, the subject was referred to
a third-party ruling.

Quality Evaluation
The methodological quality of the observational studies was
independently evaluated by two investigators (Haiyun Xiong
and Tongyu Tong) according to the Newcastle–Ottawa scale
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FIGURE 1 | Flow diagram of literature search and selection process.

(NOS) quality assessment tool. Each included cohort study was
assessed on the basis of the following categories: selection,
comparability, and ascertainment of outcome. We considered
studies with scores above 6 as high-quality studies and enrolled
them. Divergences and discrepancies were resolved through
discussion or consultation with a third party.

Statistical Analysis
STATA 15.0 software (Stata Corporation, College Station, TX,
USA) was used to conduct the present meta-analysis. HRs with
95% CIs from all eligible studies were pooled via a meta-
analysis to access the survival endpoints. Heterogeneity among
the outcomes of the studies included in this meta-analysis was
evaluated using Cochran’s Q- and I2-tests. An α value equal to

0.1 and a P < 0.05 indicated a statistical significance. An I2

> 50% was considered to have some degrees of heterogeneity
existing, which led to the use of the random effects model;
otherwise, the fixed effects model was used. Sensitivity analysis
was performed by removing single study in sequence at a time to
evaluate the robustness of the pooled results. We also explored
publication bias through Egger’s tests; a P > 0.05 indicated
negligible potential publication bias.

RESULTS

Study Characteristics
In total, 254 studies were identified by the initial screening,
including 241 studies from database searches and 13 studies
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TABLE 1 | Baseline characteristics of eligible studies.

References Nation/regionStudy type/date Tumor

entities

Stage Treatment No. of

patients

Male/female Mean age

(range)/y

GPS/mGPS Score Outcome Follow-up

(range)/mo

Ramsey et al. (21) UK/Europe Prospectively cohort

study/2001–2005

mRCC RCC# α-

interferon

119 85/35 60 GPS 0: 33 (27.7%) 1: 72

(60.5%) 2: 14 (11.8%)

CSS 10

Ramsey et al. (22) UK/Europe Prospectively cohort

study/May 2005–Feb.

2006

mRCC RCC# α-

interferon

23 18/5 60 GPS 0: 8 (34.8%) 1: 9

(39.1%) 2: 6 (26.1%)

CSS 23

Qayyum et al. (24) UK/Europe Prospectively cohort

study/NA

ccRCC ccRCC RN 79 47/32 60 (39–82) mGPS 0: 57 (72.2%) 1: 19

(24.0%) 2: 3 (3.8%)

CSS 93 (0.1–152)

Lamb et al. (23) UK/Europe Prospectively cohort

study/Mar. 1997–Jul.

2007

ccRCC ccRCC RN 169 107/62 60 mGPS 0: 117 (69.2%) 1: 46

(27.2%) 2: 6 (3.6%)

OS, CSS 98

Tai et al. (25) USA/North

America

Prospectively cohort

study/Nov. 2006–Jan.

2008

ccRCC ccRCC RN 129 83/46 62.0

(54.0–70.0)

mGPS 0: 80 (84.3%) 1: 27

(9.8%) 2: 22 (5.9%)

RFS 25.5

(12.0–32.4)

Lucca et al. (28) Austria/Europe Retrospective cohort

study/2002–2014

ccRCC ccRCC RN/PN 430 257/173 65.5 (57–73) GPS 0: 330 (76.8%) 1: 87

(20.2%) 2: 13 (3.0%)

RFS 40 (17–73)

Chen et al. (27) China/Asia Retrospective cohort

study/2003–2012

ccRCC ccRCC RN/PN 406 253/153 58 (24–80) mGPS/GPS NA OS 63 (1–151)

Baum et al. (26) USA/North

America

Prospectively cohort

study/2005–2013

ccRCC ccRCC Nephrectomy 352 NA 58.8 mGPS 0: 267 (75.9%) 1: 38

(10.8%) 2: 47 (13.3%)

OS 31.6

(0.03–84)

Cho et al. (29) South

Korea/Asia

Prospectively cohort

study/Jun. 1994–Jul.

2012

ccRCC ccRCC RN/PN 388 263/125 56.0 (18–81) mGPS 0: 327 (84.3%) 1: 38

(9.8%) 2: 23 (5.9%)

RFS; CSS 53.7 (4–215)

Ishihara et al. (30) Japan/Asia Retrospective cohort

study/2007–2014

mRCC Mixed sunitinib 71 50/21 64.0 (31–79) mGPS 0: 53 (74.6%) 1: 10

(14.1%) 2: 8 (11.3%)

OS; PFS 17.0

(2.24–65.6)

Ohmura et al. (33) Japan/Asia Retrospective cohort

study/Sept.

2009–Aug.2015

RCC

(Mixed)

Mixed Molecular-

targeted

agents

32 20/12 66 (33–82) mGPS 0: 21 (65.6%) 1: 3

(9.4%) 2: 8 (25.0%)

OS; PFS NA

Lorentz et al. (32) USA/North

America

Retrospective cohort

study/2006–2016

ccRCC ccRCC RN 117 NA NA mGPS 0: 38 (32.3%) 1: 17

(14.4%) 2: 62 (53.3%)

OS 12.6

(4.8–32.4)

Harris et al. (31) Japan/Asia Retrospective cohort

study/Jul. 2005–Jan.

2015

mRCC Mixed Molecular-

targeted

agents

181 144/37 63 (26–89) mGPS 0: 92 (50.8%) 1: 36

(19.9%) 2: 53 (29.3%)

OS NA

Owari et al. (35) Japan/Asia Retrospective cohort

study/Jan. 2007–Dec.

2016

mRCC RCC# RT/Surgery 43 36/7 65.6 ± 12.1 GPS 0: 25 (58%) 1: 9 (21%)

2: 9 (21%)

CSS 108

Fukuda et al. (34) Japan/Asia Retrospective cohort

study/Mar. 1986–Aug.

2015

mRCC Mixed CN 152 109/43 64.0

(61.5–64.8)

GPS 0: 47 (31%) 1: 59

(39%) 2: 46 (30%)

OS 100

NA, not available; HR, hazard ratio; CI, confidence interval; OS, overall survival; RFS, recurrence-free survival; PFS, progression-free survival; CSS, cancer-specific survival; RCC, renal cell cancer; ccRCC, clear cell renal cell carcinoma;

GPS, Glasgow prognostic score; mGPS, modified Glasgow prognostic score; RN, radical nephrectomy; PN, partial nephrectomy; CN, cytoreductive nephrectomy; RT, radiotherapy.

# represents specific tumor entity was not available.
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TABLE 2 | Newcastle–Ottawa scale (NOS) for quality assessment of cohort studies.

References Selection Comparability Outcomes Scores

Representativeness

of the exposed

cohort

Selection of the

non-exposed

cohort

Ascertainment

of exposure

Outcome of

interest was not

present at the

start

of study

Comparability

of cohorts on

the basis

Design analysis Assessment

of outcome

Follow-up

long enough

for outcomes

Adequacy

of follow-up

Ramsey et al. (21) ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ – ⋆ ⋆ 8

Ramsey et al. (22) ⋆ ⋆ – – ⋆ ⋆ – ⋆ ⋆ 6

Qayyum et al. (24) – – ⋆ ⋆ ⋆ ⋆ – ⋆ ⋆ 6

Lamb et al. (23) ⋆ – ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ 8

Tai et al. (25) ⋆ ⋆ ⋆ ⋆ – ⋆ – ⋆ ⋆ 7

Lucca et al. (28) ⋆ – ⋆ ⋆ ⋆ ⋆ ⋆ – ⋆ 7

Chen et al. (27) ⋆ – ⋆ – ⋆ ⋆ – ⋆ ⋆ 6

Baum et al. (26) ⋆ ⋆ ⋆ ⋆ ⋆ – ⋆ – 6

Cho et al. (29) – – ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ 7

Ishihara et al. (30) ⋆ ⋆ ⋆ – ⋆ ⋆ ⋆ – ⋆ 7

Ohmura et al. (33) ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ – – 7

Lorentz et al. (32) ⋆ ⋆ ⋆ – – ⋆ – ⋆ ⋆ 6

Harris et al. (31) – – ⋆ ⋆ ⋆ ⋆ – ⋆ ⋆ 6

Owari et al. (35) ⋆ ⋆ ⋆ – ⋆ ⋆ – – ⋆ 6

Fukuda et al. (34) – – ⋆ ⋆ ⋆ ⋆ ⋆ – ⋆ 6

A maximum of one star for each item within the selection and outcome categories.

A maximum of two stars could be given for the comparability category.

Up to nine stars could be awarded.

Each star (⋆) represents one score.
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FIGURE 2 | Forest plots of pooled GPS/mGPS for OS in RCC. (A) GPS/mGPS of 1, (B) GPS/mGPS of 2. HR, hazard ratio; CI, confidence interval; GPS, Glasgow

prognostic score; mGPS, modified Glasgow prognostic score; OS, overall survival; RCC, renal cell carcinoma; WC institute, Winship Cancer Institute; AVAM cancer,

Atlanta Veterans Administration Medical Center.

through other sources. After removing the duplicates, the
remaining 132 records were excluded by scanning the title
and the abstract. Forty-seven potential articles were screened
carefully. Fifteen of these were ruled out for being reviews, case
reports, and comments; five for having overlapping subjects; two
for being in the non-English language; four for being abstracts
of conferences; and six for lacking essential survival data. After
scrupulous selection, 15 studies (21–35) were eventually enrolled
in this meta-analysis. The selection process is shown in Figure 1.
In total, 2,691 patients with RCC were included in this meta-
analysis. The mean age of the patients ranged from 56 to 66
years old, the sample size ranged from 23 to 430 patients, the
publication year ranged from 2007 to 2018, and the median
follow-up time ranged from 10 to 108 months. Five studies were
from Europe, three were from America, and seven were from
Asia. Baseline characteristics of the eligible studies are shown
in Table 1. NOS scores of all the included studies were above 6
(details are provided in Table 2). Eight studies were found on OS,
six on CSS, two on PFS, and three on RFS.

Prognostic Value of GPS/mGPS for OS in
RCC
Pooled results were showed in the forest plots (Figures 2A,B).
Eleven studies showed that higher GPS/mGPS (GPS/mGPS of
2) had a significant association with poorer OS in patients with
RCC [HR 4.18, 95% CI (2.63, 6.62), P < 0.001] with significant
heterogeneity (I2 = 64.4%, Pheterogeneity = 0.004). The fixed
effects model was used to analyze the relationship between them.
In addition, seven studies showed that GPS/mGPS of 1 had a
significant association with inferior OS in patients with RCC [HR
2.46, 95% CI (1.74, 3.48), P < 0.001] with slight heterogeneity
(I2 = 0%, Pheterogeneity = 0.761).

Subgroup analyses were performed for OS based on stage,
their inherent difference, and regions. For patients with RCC, the
pooled results revealed that GPS/mGPS of 2 predicted inferior
OS in patients with metastatic tumors [HR 5.74, 95% CI (3.91,
8.42), P < 0.001], mGPS [HR 3.75, 95% CI (2.77, 5.09), P <

0.001], and patients in European and American countries [HR
3.78, 95% CI (2.63, 5.43), P < 0.001]. Similarly, the results
revealed that GPS/mGPS of 1 predicted inferior OS in patients
with non-metastatic tumors [HR 3.30, 95% CI (1.96, 5.54), P
< 0.001], mGPS [HR 2.64, 95% CI (1.43, 4.86), P < 0.001],
and patients in Asian countries [HR 2.53, 95% CI (1.77, 3.61),
P < 0.001]. The pooled results were shown in Table 3 and
Supplementary Figure 1.

Prognostic Value of GPS/mGPS for CSS in
RCC
Pooled results were showed in the forest plots (Figures 3A,B).
Five studies showed that GPS/mGPS of 2 had a significant
association with inferior CSS in patients with RCC [HR 4.11,
95% CI (2.87, 5.88), P < 0.001] with slight heterogeneity (I2 =

0%, Pheterogeneity = 0.228). In addition, four studies showed that
GPS/mGPS of 1 had a significant association with inferior CSS in
patients with RCC [HR 1.90, 95% CI (1.22, 2.97), P= 0.005] with
slight heterogeneity (I2 = 0%, Pheterogeneity = 0.904). The fixed
effects model was used to analyze both of these relationships.

Prognostic Value of GPS/mGPS for RFS in
RCC
Pooled results were showed in the forest plots (Figures 4A,B).
Three studies showed that GPS/mGPS of 2 had a significant
association with inferior RFS in patients with RCC [HR 9.79,
95% CI (4.78, 20.03), P < 0.001] with slight heterogeneity (I2 =
7.30%, Pheterogeneity = 0.34). The fixed effects model was used to
analyze both these relationships. Similarly, three studies showed
that GPS/mGPS of 1 had a significant association with inferior
RFS in patients with RCC [HR 5.73, 95% CI (3.47, 9.47), P <

0.001] with slight heterogeneity (I2 = 0%, Pheterogeneity = 0.70).

Prognostic Value of GPS/mGPS for PFS in
RCC
Pooled results were showed in the forest plots (Figure 5). Only
two studies illustrated that GPS/mGPS of 2 had an association
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with inferior PFS in patients with RCC [HR 3.17, 95% CI (1.09,
9.16), P = 0.03] with heterogeneity (I2 = 77.6%, Pheterogeneity
= 0.04). The randomized effects model was used to analyze
this relationship.

Sensitivity Analysis and Publication Bias
A sensitivity analysis was performed by excluding any single
study in sequence at a time to assess how this affected the pooled
results. The results indicated that the pooled HRs for OS, CSS,
and RFS did not change significantly, suggesting the stability
of the results. Publication bias was evaluated by Egger’s test. A
study was considered to have a significant publication bias when
P < 0.05. The results of Egger’s test indicated that there was no
evidence of publication bias in OS (P = 0.967), CSS (P = 0.967),
and RFS (P = 0.967) with GPS/mGPS of 1, whereas OS (P =

0.144), CSS (P = 0.848), RFS (P = 0.228) with GPS/mGPS of 2
(details are provided in Supplementary Figures 2–4).

DISCUSSION

The results of the present study showed that higher GPS/mGPS
was significantly associated with poorer OS, CSS, RFS, and PFS,
especially when GPS/mGPS was equal to 2. GPS andmGPS could
be recognized as significant prognostic biomarkers for predicting
survival outcomes in patients with RCC. However, there was a
significant heterogeneity among patients with GPS/mGPS of 2.
In addition, subgroup analyses were performed based on stage,
regions, and their inherent difference. According to subgroup
analyses, patients with metastatic RCC had inferior OS than
those with non-metastatic RCC when GPS/mGPS was 2, whereas
pooled HR showed contrary results when GPS/mGPS was 1
because only a single cohort was analyzed and there was a
lack of representativeness. mGPS showed an inferior prognosis
than GPS, which indicated that mGPS appeared to be a better
specific factor. Moreover, it was more specific for predicting
an inferior prognosis in European and American patients with
a higher grade of GPS/mGPSthan in Asian patients, whereas
the contrary was observed when GPS/mGPS was equal to 1.
Subgroup analysis revealed a low impact on RFS and PFS because
of inadequate studies; therefore, further evaluations are needed.
Caution is necessary when generalizing these results, given the
between-cohort heterogeneity.

Changes in the quantity and levels of white blood cells,
platelets, lymphocytes, neutrophils, CRP, and albumin have
been found to play a dominant role in the inflammatory
response, triggered by harmful stimulation and conditions, such
as infection, tissue injury, and tissue malfunction (36). CRP is
a typical acute protein produced by hepatocytes and induced
by cytokines, especially IL-6 (37), whereas albumin is produced
only in the liver and can reflect the nutritional status of patients.
Furthermore, undernutrition is associated with a poor prognosis
(38). Since the initial studies used the systemic inflammatory
response, an independent prognostic value has been reported for
operable colorectal cancer (39), as well as gastrointestinal cancer
(9), non-small cell lung cancer (10), colorectal neoplasms (11),
urothelial carcinoma (12), and RCC (13). An early study (40)
reported that albumin levels decreased as circulating CRP levels
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FIGURE 3 | Forest plots of pooled GPS/mGPS for CSS in RCC. (A) GPS/mGPS of 1, (B) GPS/mGPS of 2. HR, hazard ratio; CI, confidence interval; GPS, Glasgow

prognostic score; mGPS, modified Glasgow prognostic score; CSS, cancer specific survival; RCC, renal cell carcinoma.

FIGURE 4 | Forest plots of pooled GPS/mGPS for RFS in RCC. (A) GPS/mGPS of 1, (B) GPS/mGPS of 2. HR, hazard ratio; CI, confidence interval; GPS, Glasgow

prognostic score; mGPS, modified Glasgow prognostic score; RFS, recurrence-free survival; RCC, renal cell carcinoma.

increased, and this relationship was observed in multiple types of
tumors. In particular, interestingly, CRP levels elevated to more
than 10 mg/l, and albumin levels reduced to <32 g/l showed the
highest HRs on OS (41).

GPS/mGPS, which assesses the grade of systemic
inflammatory response, is completely based on objective
criteria and is convenient to measure, is routinely available, and
is well-normalized worldwide. Considering the characteristic
of ordinal categorical variables, which had been ignored in
previous systematic reviews and meta-analyses, we considered
that GPS/mGPS should be hierarchic. Thus, GPS/mGPS of 0 was
regarded as low risk, GPS/mGPS of 1 was regarded as medium
risk, and GPS/mGPS of 2 was regarded as high risk. In addition,
we calculated HRs separately when GPS/mGPS was equal to 1
and 2, referring to GPS/mGPS of 0 for distinguishing between
the different grades, which made our study more convincing.
This is extremely important, especially in patients with advanced
cancer. It has been confirmed that systemic inflammation is
associated with progressive nutritional and functional decline

and the subsequent poor outcomes as well as quality of life
parameters in patients with advanced cancer (42, 43). The
systemic inflammatory response in these patients has been
recognized as a chronic inflammatory cascade, resulting in
profound alterations at the genomic, intracellular, cellular, and
systemic levels (44, 45). In a previous study, genomic changes
contributed to the chronic activation of the JAK/STAT pathway
in tumor cells, and under this condition, IL-6 production was
out of control, leading to unregulated inflammatory cascade at
cellular and systemic levels via increased CRP (46). Recently,
accumulative evidences have proved that immune checkpoint
inhibitor conducts durable and effective response to block
programmed cell death 1 receptor (PD-1) and PD ligand 1
(PD-L1) by reducing tumor volume and develops the survival
outcome of patients with several cancers such as renal cell
carcinoma. The application of inhibitors of PD-1 and its ligand
PD-L1 was considered as the landscape of the therapy in
advanced RCC (47). Cancer cell can highly express PD-L1 to
avoid immune monitoring and escape immune system that leads
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FIGURE 5 | Forest plots of pooled GPS/mGPS of 2 for PFS in RCC. HR, hazard ratio; CI, confidence interval; GPS, Glasgow prognostic score; mGPS, modified

Glasgow prognostic score; PFS, progression-free survival; RCC, renal cell carcinoma; RCC, renal cell carcinoma.

to poor prognosis. Therefore, PD-L1 expression in RCC may
also serve as a biomarker as well as GPS/mGPS. However, both
of these biomarkers do not have a direct evidence to prove that
PD-1/PD-L1 and GPS/mGPS have a great correlation.

This study has several limitations. First, studies that
investigated the correlation between PFS/RFS and GPS/mGPS
were scarce; therefore, we could not obtain robust conclusions
via these endpoint analyses. Second, there was a lack of
research from South America, Africa, and Oceania, leading to
inadequate included studies. Third, retrieving eligible studies
published only in English may have neglected studies published
in other languages. Fourth, a part of survival information was
unavailable; therefore, we used Engauge Digitizer to digitize and
extract Kaplan–Meier curve-related survival information, which
generated inevitable bias. Fifth, relevant studies were insufficient
in some subgroup analyses, which resulted in an uncontrollable
bias, such as the subgroup on stage and region. Sixth, the CRP
and albumin levels were obtained from peripheral blood before
the operation or treatment and were thus easily susceptible
by patients’ elementary conditions such as age, tumor burden,
histological features, disease stage, infection, inflammatory
disease, chronic disease, and specific medications and individual
factors such as smoking and drinking. Seventh, this study was not
able to conduct a subgroup analysis with regard to the different
individual tumor entities of the renal cell carcinoma because the
data were insufficient and scattered. Eighth, only cohort studies

were included in this study; therefore, the results of the present
meta-analysis should be cautiously interpreted.

CONCLUSION

In summary, this meta-analysis demonstrated that GPS and
mGPS are effective biomarkers for predicting prognosis in
patients with RCC, and higher GPS and mGPS are closely related
to inferior survival outcomes. More randomized controlled trials
are necessary to investigate the promising value of hematological
parameters in the future.
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