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Abstract: Objective In this study, a meta-analysis of the expression of G-protein-coupled estrogen receptor
(GPER) in breast cancer (BC) and its role in prognosis was conducted to understand the effect of this
expression on the survival and clinicopathological characteristics of patients with BC. Methods Identical
search strategies were used to search relevant literature in electronic databases updated to November 24, 2022.
Individual hazard ratios (/{Rs) and odds ratios (ORs) with their 95%CI were extracted and pooled to evaluate
the strength of the association between positive GPER expression and survival results, the clinicopathological
features of patients with BC. Begg’s tests, Egger’s tests, and funnel plots were used to evaluate publication
bias. Heterogeneity and sensitivity were also assessed. All works were completed using Review Manager 5.4.1.
Results GPER expression had a favorable effect on OS (HR=0.77; 95%CI: 0.49-1.22; Z=1.10; P=0.27) and
an unfavorable effect on DFS/RFS/DDEFS (HR=1.03; 95%CI: 0.64-1.65; Z=0.13; P=0.90) in patients with BC.
GPER expression was not significantly related to the prognosis of patients with BC, and GPER expression
was not an independent prognostic factor. Furthermore, GPER expression was significantly associated with
TNM staging (OR=0.31, 95%CI: 0.06-0.55, Z=2.43, P=0.02), distant metastasis (OR=6.82, 95%CI: 1.89-24.55,
7=2.94, P=0.003), histological grade (OR=0.009, 95%CI: —0.16-0.01, Z=2.16, P=0.03), ER expression
(OR=1.77, 95%CI: 1.15-2.72, Z=2.59, P=0.009), and PR expression (OR=1.36, 95%CI: 1.00-1.84, Z=1.95,
P=0.05). Conclusion GPER may not be an independent prognostic factor for BC. GPER expression was
significantly related to some clinicopathological features of patients with BC, including TNM staging, distant
metastasis, histological grade, ER expression, and PR expression.
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Figure 1 Literature search and selection of articles for survival outcomes and clinicopathological features
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Table 1 Characteristics of eligible studies for survival outcomes in meta-analysis

Author Ser G Recrqit— Age/Median Median follow- P?SI Event HR Survivgl HR(95%CI) Qsltz?sty
ment time  (range)  up (months) (%) estimate analysis (NOS)
Ignatov A" 2011 Germany 19992005 62(29-97) NR 323 567 OS HR M 1.768(1.156-2.703) 8
Broselid S 2013 Sweden NR  62(26-81) NR 273 78 DDFS HR M 0.67(0.50-0.92) 7
Samartzis EP™' 2014 Switzerland 1999-2005 NR NR 981 193 OS  HR U 0.6(0.4-0.9) 7
Sjostrom M7 2014 Stockholm 1976-1990 NR 204 (NR) 742 16.0 DDFS HR M 1.6(1.1-2.4) 6
Yang F* 2016 China 2009 NR 20 167 50.1 OS HR M 1.77(0.53-5.93) 8
DFS  HR M 0.79(0.33-1.93)
Martin SG'" 2018 Britain 1987-1998  55(24-72) NR 1244 736 OS  HR M  0.731(0.558-0.958) 8
Ye S 2019 China 19992011  47(23-80) NR 249 70.7 OS A U 0.43(0.25-0.74) 9
Maiwald JH*" 2021 Germany NR  66.1(24-93) 2089 (NR) 161 40.1 OS HR M 0.441(0.175-1.111) 9
RFS HR M  0.706(0.312-1.599)
Xu T 2022 China 2007-2014 53.3 NR 360 26.4 RFS HR U 1.604(0.944-2.727) 8
(41.6-64.7) DMFS HR M 1.642(0.923-2.920)

Notes: NR: not reported; POSI: positive; HR: HR reported in text; A: HR available data or Kaplan-Meier curves; U: univariate model; M: multivariate model.
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Table 2 Characteristics of eligible studies for clinicopathological features in meta-analysis

Author Year Country Age/Median (range) N  Positive(%) ' N M S G ER PR NOS
Filardo EJ'" 2006 America 60(NR) 361 59.8 N N N
Liu Q" 2009 China 49(28-71) 74 54.1 NN NN N8
Ignatov A" 2011  Germany 62(29-97) 323 56.7 N NN N8
Luo HJ™ 2011  China 51(24-94) 423 63.8 NN NN N7
Broselid S"”! 2013 Sweden 62(26-81) 273 78.0 NN NN N7
Samartzis EP” 2014  Switzerland NR 981 193 Y NN N T
Sjostrom M7 2014  Stockholm NR 742 16.0 \ S
Martin SG!'* 2018  Britain 55(24-72) 1244 73.6 \ NN N8
Ye P 2019  China 47(23-80) 249 70.7 NN A NN 9
Ignatov T 2019 Germany 61(31-99) 442 79.6 NN NN N8
Ignatov T 2020 America 75(43-99) 165 77.0 NN S 7
Maiwald JH?" 2021 Germany 66.1(24-93) 161 40.1 N oW NN N9
Xu T 2022 China 53.3(41.6-64.7) 360 26.4 NN NNy 8

Notes: NR: not reported. V: data available for calculating OR and 95%ClI.
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Fan Yang 2016 8.9% 1.77[0.53, 5.93] 2016 -1
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Jan-Hendrik Maiwald 2021 12.0% 0.44[0.17,1.11] 2021 -
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Heterogeneity: Tau? = 0.23; Chi* = 23.95, df = 5 (P = 0.0002); F=79%  F o : 5 00
Test for overall effect: Z = 1.10 (P = 0.27) Favours [experimental] Favours [control]
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—Study or Subgroup  Weight IV, Random. 95% CI Year 1V, Random, 95% Cl
Stefan Broselid 2013 25.8% 0.68 [0.50, 0.92] 2013 Bl
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Fan Yang 2016 14.3% 0.80[0.33, 1.93] 2016 T
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Ting Xu 2022 20.2% 1.64 [0.92, 2.92] 2022 ™
Total (95% Cl) 100.0% 1.03 [0.64, 1.65] ?
Heterogeneity: Tau? = 0.20; Chi? = 15.96, df = 4 (P = 0.003); I = 75% ’0 o 0’ ; : 1:0 ] 00‘
Test for overall effect: Z = 0.13 (P = 0.90) Favours [experimental] Favours [control]
E2 GPERFAXTILIREEEOS(A)FDFS/RFS/DDFS(B)F M HI 7R E
Figure 2 Forest plots of the effect of GPER expression on OS(A) and DFS/RFS/DDFS(B) in patients with BC
Mean Difference Mean Difference
—Study or Subgroup  Weight 1V, Fixed, 95% CI Year IV, Fixed, 95% CI
YE S 2019 33.2% 0.44[0.02,0.87] 2019
Ting Xu 2022 66.8% 0.24 [-0.06, 0.54] 2022
Total (95% ClI) 100.0% 0.31 [0.06, 0.55]
ity Chi2 = = = .12 = 09 k t t 1 i
Heterogeneity: Chi? = 0.60, df = 1 (P = 0.44); I? = 0% -100 50 0 50 100
Test for overall effect: Z = 2.43 (P = 0.02) GPER+ GPER-
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Figure 3 Forest plots of the effect of GPER expression on TNM stage with BC
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Table 3 Meta-analysis of the association between GPER overexpression and clinicopathological features of breast cancer

patients
Stratification of breast cancer No. of studies No. of patients Analytical modes OR(95%CI) 7 Heterog;nelty 7 (%)

0
TNM stage 2 609 FEM 0.31(0.06, 0.55) 0.600 0.02 0
Tumor size 13 7489 REM 0.85(0.69, 1.06) 35.82 0.16 67
Lymph node metastasis 11 3494 REM 0.90(0.72, 1.14) 21.25 0.40 53
Distant metastasis 3 819 REM 6.82(1.89, 24.55) 21.65 0.003 91
Grade 13 5556 REM —-0.09(-0.16, -0.01)  50.38 0.03 76
ER 10 4781 REM 1.77(1.15, 2.72) 44.11 0.009 80
PR 10 4461 REM 1.36(1.00, 1.84) 30.19 0.05 70
Notes: REM: random-effects model; FEM: fixed-effects model; OR: odds ratio.

Odds Ratio Odds Ratio

122

88 19.42[9.31, 40.51] 2006

FILARDO E J 2006 76 30 32.8%

YE S 2019 35 73 18 176 33.4% 8.08 [4.14, 15.80] 2019 =

Ting Xu 2022 20 95 30 265 33.8% 2.09[1.12, 3.89] 2022 =

Total (95% Cl) 256 563 100.0% 6.82 [1.89, 24.55] -

Total events 131 78 ) . ) ,
Heterogeneity: Tau? = 1.16; Chi* = 21.65, df = 2 (P < 0.0001); I =91% ! ' y g y
Test for overall effect: Z = 2.94 (P = 0.003) 0.01 0.2§PER+ 1 GPER-10 100

El4 GPERFIAXIFLARFEIL AL H#55 MAY TR
Figure 4 Forest plots of the effect of GPER expression on distant metastasis with BC

GPER+ GPER- Mean Difference Mean Difference
dv o baroup Mea 0 Mea ota eig Random, 95% ea Random, 95%
FILARDO E J 2006 2015 0655 199 209 0656 122 7.7% -0.07 [-0.22, 0.07] 2006
Qun Liu 2009 21 0709 40 1971 0674 34 3.9% 0.13 [-0.19, 0.44] 2009
Atanas Ignatov 2011 2186 0.601 183 2293 064 140 8.0% -0.11 [-0.24, 0.03] 2011
Hao-Jun Luo 2011 1.859 0.669 198 1.905 0426 211 8.8% -0.05 [-0.16, 0.06] 2011
Stefan Broselid 2013 2214 0603 84 2222 0502 180 7.7% -0.01[-0.16, 0.14] 2013
Eleftherios P Samartzis 2014 1.903 0.652 185 2273 0.676 781 89%  -0.37 [-0.48,-0.26] 2014
Martin Sjostrom 2014 1917 0709 109 2.069 0629 563 7.9% -0.15[-0.29,-0.01] 2014
Stewart G Martin 2018 2281 0.772 327 2365 0727 910 9.2% -0.08 [-0.18, 0.01] 2018
Tanja Ignatov 2019 2166 0.646 325 2494 0576 77 7.8%  -0.33[-0.47,-0.18] 2019
YE S 2019 2808 0396 73 2807 0.396 176 8.9% 0.00[-0.11,0.11] 2019
Tanja Ignatov 2020 2102 0575 127 2 0569 38 6.1% 0.10 [-0.10, 0.31] 2020
Jan-Hendrik Maiwald 2021 2254 0575 59 2177 0628 90 6.4% 0.08 [-0.12,0.27] 2021
Ting Xu 2022 2671 0473 85 2729 0445 240 8.7% -0.06 [-0.17, 0.06] 2022
Total (95% ClI) 1994 3562 100.0%  -0.09 [-0.16, -0.01]
it 2= . = = 12 = i + + i
Heterogeneity: Tau? = 0.01; Chi? = 50.38, df = 12 (P < 0.00001); I* = 76% 100 50 0 100

Test for overall effect: Z = 2.16 (P = 0.03) Favours [experimental] Favours [control]

5 GPERFKIAXILBREBALRZE 7R MAIFRIKE
Figure 5 Forest plots of the effect of GPER expression on histological grade
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Figure 6 Forest plots of the effect of GPER expression on ER with BC
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Figure 7 Forest plots of the effect of GPER expression on PR with BC
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