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Abstract: Objective: Modified Glasgow prognostic score (mGPS) had been reported to associate with the prognosis
ofgastric cancer (GC), butits significance in gastric cancer patients has not been studied fully. Methods: PubMed;
EMBASE; Web of Science and CNKI data base were searched to identify studies using the mGPS in gastric cancer
patients. Outcome measures that were evaluated included overall survival (OS), lymphatic invasion and venous
invasion inpatients with gastric cancer. Results: A total of seven studies comprising 3206 patients were included
in the meta-analysisof which all used OS as an outcome measure, three studies reported lymphatic invasionand
three evaluated venous invasion. The results show that OS was worse in patients with an mGPS=1 and 2 (odds
ratio [OR]=2.54, 95% [CI]: 1.62-3.98 and OR=12.02, 95% [CI]: 6.79-21.28, respectively) compared with those with
a score of O (both P<0.01). Furthermore, gastric cancer patients with mGPS>1 have higher rates of lymphatic and
venous invasion with ORs of 2.51 (95% Cl: 1.80-3.51) and 2.63 (95% CI: 1.35-5.11) respectively (both P<0.01).
Conclusions: Them GPS could be used as a prognosis predictorfor gastric cancer patients and associated lymphatic
and venous invasion.
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Introduction The modified Glasgow Prognostic Scores
(mGPS) provides an inflammation-based prog-

Gastric cancer (GC) is the fourth most common nostic assessment of various tumor type [11,

cancer andsecond leading cause of cancer- 12]. Despite some studies that have reported

related mortalityin the world [1, 2]. Although the association between mGPS and GC

surgery and chemotherapy have improved patients, due to differences in inclusion criteri-

treatment outcome, the survival rate of patients aof GC patients and limited sample sizes limit-

with GCremains unsatisfactory [3]. As treat- ing its role. Its significance in patients with gas-

ment plans are becoming more individualized tric cancer has not been studied fully. So, it is

for each patient, it is important to assess dis- reasonable to hypothesize that mGPS is a good

ease progression in a timely manner and accu- candidate for predicting the prognosis of GC. In

ratelyevaluate the prognosis [4, 5]. Tumorin order to more clearly evaluate this, a meta-anal-

flammatory markers are useful indicatorsof dis- ysis was conducted to determine whether the

ease development as the inflammatory res- mGPS is a useful prognostic factor in GC

ponse is known to promote tumor growth, inva- patients and to assess the relationship between

sion, angiogenesis and metastasis [6]. Indeed, mGPS and clinico pathologic parameters.

a close relationship between tumor prognosis

and systemic inflammation has been estab- Materials and methods

lished using markers detected in peripheral

blood [7]. Chronic inflammation has also been Data sources and searches

associated with the progression of GC [8-10],

though the exact mechanism for this requires The following databases were searched for rel-

further study. evant articles published up until December
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follow-up period, lymphatic
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v
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patients based on overall sur-
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vivalfigure in the studies.
Statistical analysis

Analysis was conducted using
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Figure 1. Flow diagram for inclusion of studies included in the meta-analysis.

2014: PubMed; EMBASE; Web of Science and
the China National Knowledge Infrastructure.
Search terms included “gastriccancer”, “prog-
nostic”, “mGPS” and “modified Glasgow Prog-
nostic Score”. Two reviewers manually search
ed the reference lists of identified studies for
potential related articles. Only literature pub-

lished in peer-reviewed journals was included.
Inclusion and exclusion criteria

For inclusion in the meta-analysis, relevant
studies were required to include: 1) pathologic
examination for diagnosis of GC; 2) pretreat-
ment C-reactive protein (CRP) and albuminlev-
elsmeasured from peripheral blood samples,
mGPS evaluation criteria are formulated by
their own laboratories; 3) multivariate analysis
for estimation of the hazard ratio (HR). Patients
who had other inflammatory diseases causing
serum elevations of CRP and albumin were
excludedfrom the study. Nonhuman GC stud-
ies, duplicatearticles, abstracts and letters
were excluded from the analysis. Two reviewers
evaluated all candidate literature and resolved
any disagreement by discussion.

Data extraction

The following data were extracted from relevant
identified: author’s first name, year ofpublica-
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RevMan 5.2 analysis softwa-
re (Cochrane Collaboration,
Copenhagen, Denmark). As-
sociations between mMGPS
and clinical or pathologic pa-
rameters were performed us-
ing odds ratios (OR) and 95%
confidence intervals (Cl). If
several estimates were reported with in the
same article, the strongest value was selected.
The estimates of ORs were weighted and
pooled using the Mantel-Haenszelfixe deffects
model. If ’> 50%, the random-effects model
was appliedto calculate the pooled OR and
95% CI. Statistical heterogeneity was assessed
using the Cochran's Q and [? statistics,
Publication bias was assessed by visual inspec-
tion of the funnel plot. All statistical tests were
two-sided, and statistical significance was
defined as P<0.05.

Results
Study selection

A flow chart depicting the search and stu-
dy selectionis showed in Figure 1. The initi-
al search identified 84 studies, of which se-
ven studiescomprising 3206 patients that
were published between 2011 and 2014 we-
re finally included for the meta-analysis
[12-18]. Study characteristics are presented in
Table 1.

0S

There was significant heterogeneity (I?> 50%)
among these studies with regard to mGPS and
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Table 1. Baseline characteristics of the studiesincluded in the meta-analysis

Ref. Ztguigﬁ Sar;r;p;les Treatment Outcome Clinical stage Survival analysis mg:fgfg;i; 2
Tadahiroet al., 2011 Japan 232 Gastrectomy and lymph nodedissection, no neoadjuvant therapy 0s GC Multivariate analysis 140/64/28
Jae-Heonet al., 2012 Korea 104 Palliative chemotherapy 0s Advanced GC Multivariate analysis  58/29/17
Shinsukeet al., 2014 Japan 552 Curative gastrectomy with lymphnode dissection, adjuvant chemotherapy 0s GC Multivariate analysis  494/24/34
Kotaro et al., 2014 Japan 294 Gastrectomy and lymphnode dissection 0s GC Multivariate analysis  174/84/36
Aurelloet al., 2014 Italy 102 Gastrectomy and lymph node dissection 0s GC Multivariate analysis ~ 49/25/28
Jiang et al., 2012 Japan 1710  Curative or palliative gastrectomy 0s GC Multivariate analysis 1565/78/67
Zhang et al., 2014 China 212 Curative or palliative gastrectomy, chemotherapy 0s Stage lll-IV GC Multivariate analysis 136/45/31

GC: gastric cancer; OS: overall survival; DFS: disease-free survival; PFS: progression-free survival.
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A mGPS0 mGPS1 Odds Ratio 0Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
Aurello2014 45 49 14 25 8.2% 8.84 [2.43,3218)] I
Jae-heon2012 35 58 12 29 125% 216 [0.87,5.34)
Jiang2012 1330 1565 54 78 19.3% 2.52[1.52,4.15] T
Kotaro2014 138 174 61 84 17.4% 1.45[0.79, 2.64] T
Shinsuke2014 346 494 12 24 13.7% 2.34[1.03,5.32] —
Tadahiro2011 132 140 45 64 12.7% 6.97 [2.85,17.01] —
Zhang2014 68 136 19 45 16.1% 1.37 [0.69, 2.70] -
Total (95% CI) 2616 349 100.0% 2.54 [1.62, 3.98] ’
Total events 2094 217
Heterogeneity: Tau?= 0.21; Chi*= 14.74, df= 6 (P = 0.02); F= 59% 'lum 0f1 ! 150 100’
Testfor overall effect Z= 4.05 (P « 0.0001) Favours experimental Favours control
B mGPS0 mGPS2 Odds Ratio 0Odds Ratio
Study or Subgroup __ Events Total Events Total Weight M-H. Random. 95% ClI M-H, Random, 95% ClI
Aurello2014 45 43 5 28 101% 51.75[12.67,211.44)]
Jae-heon2012 35 58 1 17 58% 24.35(3.02,196.39]
Jiang2012 1330 1565 24 67 21.3% 10.14 [6.04,17.03) =i
Kotaro2014 138 174 g 36 16.2% 13.42 [5.64, 31.93] -
Shinsuke2014 346 494 8 34 17.0% 7.60([3.36,17.17) -
Tadahiro2011 132 140 11 28 13.9% 25.50(9.00, 72.24] —
Zhang2014 68 136 T 3 15.7% 3.43[1.38,8.49] e
Total (95% CI) 2616 241 100.0%  12.02[6.79, 21.28] <
Total events 2094 64
Heterogeneity: Tau?= 0.33; Chi*= 15.15, df= 6 (P = 0.02); = 60% ?0001 0‘1 H 140 1000:

Test for overall effect: Z= 8.53 (P < 0.00001)

Favours experimental Favours control

Figure 2. Forest plots of studies evaluating overall survival and modified Glasgow Prognostic Score (mGPS). Overall
survival in gastric cancer patients with (A) a mGPS score of 1 and (B) a mGPS score of 2 compared with patients
with a mGPS score of 0. Cl: confidence interval.

mGPS 1,2 mGPS 0 0Odds Ratio Odds Ratio
Study or Subqroup __Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kotaro2014 44 120 31 174 35.0% 2.67 [1.56, 4.57) —
Shinsuke2014 46 58 311 494 285% 2.26[1.16, 4.37) ——
Tadahiro2011 60 92 53 140 355% 2.57[1.49, 4.44) —
Total (95% Cl) 270 808 100.0%  2.51[1.80,3.51] &
Total events 150 40
Heterogeneity. Chi*=0.16,df=2 (P=092); F=0% 001 01 ] 10 100

Test for overall effect: Z=5.43 (P < 0.00001)

Favours experimental Favours control

Figure 3. Forest plots of studies evaluating lymphatic invasion and modified Glasgow Prognostic Score (mGPS).
Lymphatic invasionin gastric cancer patients with an mGPS score =1 compared with patients with a mGPS score of

0. Cl: confidence interval.

0S, and thus a random-effects model was
applied to calculate the pooled OR and 95% CI
(Figure 2). The results show that patients with a
mGPS=1 or 2 have a shorter OS than those
with a score of O (both P=0.02).

mGPS and lymphatic invasion
Three studies compared mGPS and lymphatic

invasion in GC patients. The analysis show
thatpatients with an mGPS>1 havea signifi-
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cantly higher positive lymphatic invasionrate
(P<0.01) (Figure 3).

mGPS and venous invasion

Three studies compared mGPS and venous
invasion in GC patients. Arandom-effects
model was applied to deal with heterogeneity in
this section. The results show that patients
with a mGPS=1 have a significantly higher posi-
tivevenous invasion rate (P<0.01) (Figure 4).
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mGPS 1,2 mGPS 0 0Odds Ratio 0Odds Ratio

Study or Subgroup __Events Total Events Total Weight M-H.Random. 95% CI M-H. Random, 95% ClI
Kataro2014 63 120 72 174 36.3% 1.57 [0.98, 2.50) Bl
Shinsuke2014 42 58 251 494 325% 2.54[1.39, 464) —a—
Tadahiro2011 39 92 18 140 31.2% 499 (2,62, 9.50] —a—
Total (95% Cl) 270 808 100.0% 2.63[1.35,5.11] S
Total events 144 3

. 2 . Chiz= - = R= | + } |
Heterogeneity: Tau®*=0.26; Chi*=8.17, df=2 (P=0.02); F=76% 0.01 01 1 10 100

Test for overall effect Z= 2.86 (P = 0.004)

Favours experimental Favours control

Figure 4. Forest plots of studies evaluating venous invasion and modified Glasgow Prognostic Score (mGPS). Ve-
nous invasionin gastric cancer patients with a mGPS score >1 compared with patients with a mGPS score of O. Cl:

confidence interval.
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Figure 5. Funnel plot for evaluation OS of publication bias. mGPS O and

mGPS1 (A) and mGPS O and mGPS2 (B). OR: odds ratio.

Publication bias

A funnel plot was used to assess the included
studies foroverall publication bias showed sym-
metry for OS rate (Figure 5).
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Discussion

Thehost inflammatory res-
ponse influences the progre-
ssion of cancerand recent
studies indicate that these
responses and cancer im-
mune-editing playimportant
roles inpromoting the res-
ponse and immunity of tu-
mors [19-21]. Inflammatory
cells provide tumors with nu-
tritional factors, as well as
adhesion molecules and ch-
emokines which aid in me-
tastasis [22]. Some infla-
mmatory cytokine increase
svascular permeability and
promotes tumor metastasis
[23].

There are several markers
that can be used to assess
the systemic inflammatory re-
sponse, including serum CRP
levels and hypoal buminemia.
Hypoalbuminemiais thought
tobe aconsequence of the in-
flammatory response associ-
ated with elevated CRP levels
[24] and has been considered
as a prognostic indicator for
gastroin testinal tumors [25,
26] colorectal [27, 28], esoph-

ageal [29], and pancreaticcancers [30]. The
mGPS is basedon evaluation of CRP levels and
hypoal buminemia, andhasrecently been asso-
ciated with the prognosis of patients with diges-
tive tract cancer [31, 32].
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Interleukin 1, interleukin 6, tumor necrosis fac-
tor and other proin flammatory cytokines can
cause serum C-reactive protein elevated in
patients with gastric cancer. These cytokines
can promote gastric cancer cell proliferation,
anti-apoptosis and angiogenesis by activating
the downstream transcription factor, such as
STAT3 and so on, which is significantly associat-
edwith inflammation, immunity, and oncogene-
sis [33, 34] and promotes lymph node metasta-
sis and vascular metastasis [35, 36]. So consti-
tutive activation of STAT3 have a poor prognosi-
sin gastric cancer patients associated with
mGPS [37-39]. Thus, mGPS have a close rela-
tionship with tumor metastasis in gastric can-
cer patients. The results of this meta-analysis
show that the mGPS can also be used as a
prognostic indicator for GC.

In addition to a reduced 0S, GC patients with a
higher mGPS are more likely to show lymphatic
and venous invasion have a worse prognosis.
These findings are consistent with previous
studies showing thathode metastasisand
angiogenicmetastasis which affect the progno-
sis of GC [40, 41].

In summary, the results of this meta-analysis
indicate that GC patients with a mGPS>1 ha-
ve a worse prognosis than patients with a
mGPS=0, thus the preoperative mGPS could
serve as a prognostic factor to evaluate the sur-
vival of these patients. However, the limited
number of eligible studiesand different labora-
tories has different evaluation criteria about
mGPSincluded in the meta-analysis necessi-
tates further verification to confirm these re-
sults.
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