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Abstract
Background Members of the melanoma-associated antigen-A (MAGE-A) subfamily are overexpressed in many cancers and 
can drive cancer progression, metastasis, and therapeutic recurrence.
Objective This study is the first comprehensive meta-analysis evaluating the prognostic utility of MAGE-A members in 
different cancers.
Methods A systematic literature search was conducted in PubMed, Google Scholar, Science Direct, and Web of Science. 
The pooled hazard ratios with 95% confidence intervals were estimated to evaluate the prognostic significance of MAGE-A 
expression in various cancers.
Results In total, 44 eligible studies consisting of 7428 patients from 11 countries were analysed. Univariate and multivariate 
analysis for overall survival, progression-free survival, and disease-free survival showed a significant association between 
high MAGE-A expression and various cancers (P < 0.00001). Additionally, subgroup analysis demonstrated that high MAGE-
A expression was significantly associated with poor prognosis for lung, gastrointestinal, breast, and ovarian cancer in both 
univariate and multivariate analysis for overall survival.
Conclusion Overexpression of MAGE-A subfamily members is linked to poor prognosis in multiple cancers. Therefore, it 
could serve as a potential prognostic marker of poor prognosis in cancers.
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Key Points 

Members of the melanoma-associated antigen-A 
(MAGE-A) subfamily are silent in normal tissues and 
overexpressed in many cancers and can drive cancer 
progression, metastasis, and therapeutic recurrence.

MAGE-A expression profiling can be used as a prognos-
tic indicator in cancer.

This is the first meta-analysis to describe the utility of 
MAGE-A expression as a prognostic indicator in cancer.

High MAGE-A expression is significantly associated 
with poor survival outcomes in lung, gastrointestinal, 
breast, and ovarian cancer.

1 Introduction

Although the mortality of cancer has declined over time, 
it remains a significant public health problem globally. 
According to GLOBOCAN, cancer accounted for 18.1 mil-
lion cases and 9.6 million deaths globally in 2018 [1]. 
Despite advances and improvements in the diagnosis and 
prognosis of cancer, there has been no significant improve-
ment in patient survival. Lack of sensitive, specific, and 
reliable markers for early diagnosis, prognosis, and therapy 
selection have been attributed to the reduced survival rate 
in cancer [2]. Thus, developing a molecular marker for early 

diagnosis and prognosis of cancer is necessary to improve 
the clinical management of cancer. Molecular abnormalities 
(genetic and epigenetic dysregulation) plays a very impor-
tant role in malignant transformation and can provide vital 
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clinical information about cancer progression. Therefore, 
screening for these molecular abnormalities may be clini-
cally useful as diagnostic and prognostic markers for cancer.

Cancer-testis antigens represent a large family of tumor 
antigen proteins showing restricted expression in germ 
cells. The abnormal expression of these antigen proteins is 
commonly observed in a variety of malignancies [3]. Mela-
noma-associated antigen-A (MAGE-A) was the subfamily of 
tumor-associated antigen first identified by Van der Bruggen 
et al. [4] in 1991 while investigating tumor antigens in mela-
noma cells. These antigens are recognized by the cytotoxic 
T lymphocytes to induce a robust immune response (T-cell 
reactivity) against developing cancer cells [4]. Based on 
chromosomal location and expression, human MAGE family 
members are broadly divided into type I and type II. Cur-
rently, over 60 MAGE family members have been identified. 
MAGE family members consisting of a highly conserved 
MAGE homology domain (MHD) comprising ~ 170 amino 
acids. Type 1 MAGE family (MAGE-A, B, and C subfamily) 
are highly expressed in numerous cancers with little or no 
expression in normal adult tissue. MAGE-D, E, F, G, H, L, 
and Necdin genes belong to the type II MAGE family and are 
expressed in a variety of tissue types. Type II MAGE loss is 
reported to affect neurodevelopmental functions, resulting in 
defective cognition, behavior, and development. The MHD 
of the MAGE-A family contribute to the bulk of the protein 
and show 60–80% conservation among the various family 
members. Despite the high sequence and structural simi-
larities, the individual members of MAGE-A show distinct 
functions, which may be attributed to structural dynamism 
because of conformational changes [5].

The human genome consists of 11 annotated MAGE-As 
located at Xq28 and is completely silent in normal tissue 
except in male germ cell and placenta. The MAGE-A fam-
ily plays a pivotal role in spermatogenesis and embryonic 
development. Expression of MAGE-A in testis or placenta 
suggests its potential role in germ cell development [5]. The 
detection of MAGE-A protein in early developmental stages 
of the central nervous system and peripheral nerves suggests 
its involvement in neuronal development [6]. MAGE-A is 
strongly associated with a malignant phenotype in breast 
cancer, bladder cancer, melanoma, oral cancer, lung cancer, 
and colorectal cancer [7–12]. High expression of MAGE-A 
genes is associated with poor survival outcomes in breast 
cancer, lung cancer, and gastric cancer [13–15]. Abnormal 
expression of MAGE-A is linked to epigenetic dysregula-
tion in multiple cancer conditions [16]. Very interestingly, 
abnormal MAGE-A expression is more commonly detected 
in cancer cells that are malignant with invasive and meta-
static capacity. Patients with cancer and abnormal expres-
sion of MAGE-A have a poor prognosis. Because of the 
tumor-specific expression and its role in immune evasion, 
MAGE-A has been extensively investigated as a target for 

immunotherapy [17]. Although the role of the MAGE-A 
family in the tumor is well-established, their role in normal 
cells remains elusive. Nevertheless, the value of MAGE-A 
expression as a prognostic marker in various tumors is yet 
to be established. In this meta-analysis, we systematically 
analyzed the prognostic value of MAGE-A expression in dif-
ferent cancers.

2  Materials and Methods

2.1  Ethics Statement

This meta-analysis was performed as per the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines and did not require ethical clearance 
[18].

2.2  Literature Search Strategy

We conducted a systematic literature search of the Pub-
Med, Google Scholar, ScienceDirect, and Web of Science 
electronic databases to identify potential research articles 
to investigate associations between MAGE-A expression 
and cancer prognosis. The literature search was performed 
using medical subject headings (MeSH) and non-MeSH 
keywords: (“Melanoma associated antigen-A” OR “MAGE-
A” OR “MAGE-A1” OR “MAGE-A2” OR “MAGE-A3” 
OR “MAGE-A4” OR “MAGE-A5” OR “MAGE-A6” OR 
“MAGE-A8” OR “MAGE-A9” OR “MAGE-A10” OR 
“MAGE-A11” OR “MAGE-A12”) AND (“cancer” OR 
“tumor” OR “neoplasm” OR “carcinoma”) AND “progno-
sis” up to 3 May 2020.

2.3  Inclusion and Exclusion Criteria

The following criteria were used to include the studies for 
meta-analysis: (1) clinical studies that investigated MAGE-A 
expression in various cancers and including histology infor-
mation, (2) clinical studies reporting hazard ratios (HRs) 
with corresponding 95% confidence intervals (CIs) and P 
values for univariate and multivariate analysis, and (3) clini-
cal studies published in English only.

The following exclusion criteria were applied: (1) 
reviews, case reports, abstracts, clinical trials, conference 
abstracts, book chapters, meta-analyses, and retracted stud-
ies; (2) studies that did not perform survival analysis; (3) 
studies without independent survival data for MAGE-A; 
(4) studies with insufficient data to calculate the standard 
error and perform statistical analysis; (5) studies that did 
not report HR or provide sufficient data to calculate HR; (6) 
studies not published in English; and (7) studies of only cell 
lines or animal models.
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2.4  Data Extraction

Screening and selection of relevant research articles were 
performed independently by two researchers (MP and PVJ) 
using the inclusion and exclusion criteria. Where disagree-
ments occurred, the research articles were further screened 
independently by a third reviewer (SPK). Figure 1 describes 
this screening process. The information extracted from 
research papers for pooled analysis included author details, 
year of publication, origin of sample, sample size, sample 
type, cancer types, technique used for detection of MAGE-
A expression, survival information (overall survival [OS], 
progression-free survival [PFS], and disease-free survival 
[DFS]) and HRs with corresponding 95% CI and P value 
(Table 1).

2.5  Data Synthesis and Quality Assessment

The data synthesis and quality assessment was performed 
independently by two reviewers (MP and PVJ). The asso-
ciation between MAGE-A expression and cancer prognosis 

was investigated using Review Manager version 5.3 (The 
Cochrane Collaboration) and Meta-Essentials version 1.4 
[19]. The relationship between MAGE-A expression and can-
cer prognosis was calculated using HRs with corresponding 
95% CIs. The effect of the study heterogeneity on data syn-
thesis was assessed using Cochrane’s Q test, and Higgin’s I2 
test (I2 < 25% indicates no heterogeneity, I2 = 25–50% indi-
cates moderate heterogeneity, I2 > 50% indicates high hetero-
geneity). Accordingly, a random-effects model and a fixed-
effects model were selected to pool data with significant and 
non-significant heterogeneity, respectively [20]. Subgroup 
analysis was performed to evaluate the association between 
MAGE-A expression and five different cancer types. Begg’s 
funnel plot and Egger’s bias indicator test were implemented 
to identify any potential publication bias [21, 22]. A P < 0.05 
was considered statistically significant.

2.6  GRADE and Statistical Analysis

Two researchers (MP and PVJ) evaluated the quality of the 
evidence using the GRADE (Grading of Recommendations 

Fig. 1  Flow chart summarizing 
the screening process for selec-
tion of eligible studies
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Table 1  Characteristics of studies included in our meta-analysisa

Study, country Sample 
size

Cancer Sample 
type

Technique MAGE Survival Survival analysis

Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

1 Balafoutas et al. 
[25], Germany

147 Breast cancer FFPE IHC, TMA A3 OS 4.27  
(1.834–9.941)

0.001 7.693  
(2.597–22.786)

0

A4 3.446  
(1.00–11.77)

0.049 0.71  
(0.120–4.216)

0.706

A1 2.284  
(0.910–5.732)

0.078 – –

A 1.876  
(0.435–8.097)

0.399 – –

A3 DFS 2.85  
(1.35–6.017)

0.006 4.355  
(1.218–15.572)

0.024

A4 3.406  
(1.15–10.03)

0.026 1.328  
(0.229–7.713)

0.752

A1 1.278  
(0.564–2.898)

0.557 – –

A 1.65  
(0.498–5.466)

0.413 – –

2 Chen et al. [26], 
China

206 NSCLC FFPE qRT-PCR, 
IHC

A3 OS 4.129  
(1.888–9.030)

0 3.226  
(1.446–7.918)

0.004

3 Dyrskjøt et al. 
[27], Denmark

350 Bladder cancer Tissue qRT-PCR A3 PFS 2.96  
(1.14–7.68)

0.026 – –

4 Gu et al. [28], 
China

150 Lung cancer Blood qRT-PCR A1, A2, A3, 
A4, A6

OS 1.562  
(1.006–2.426)

0.047 9.073  
(3.405–24.178)

 < 0.001

5 Gu et al. [29], 
China

100 HCC Tissue qRT-PCR, 
IHC

A9 OS 3.22  
(1.804–5.737)

0.001 2.17  
(1.121–4.205)

0.022

DFS 3.39  
(1.898–6.046)

0.001 2.54  
(1.299–4.954)

0.006

6 Gure et al. [30], 
USA

523 NSCLC Tissue qRT-PCR A10 OS – – 0.9  
(0.3–3.0)

0.9

A4 – – 1.2  
(0.49–3.0)

0.7

7 Han et al. [31], 
China

123 LSCC FFPE qRT-PCR, 
IHC

A9 OS 3.74  
(1.554–9.016)

0.003 3.57  
(1.457–8.762)

0.005

8 Lian et al. [32], 
China

86 Gastric cancer FFPE IHC, TMA A OS 2.259  
(1.307–3.906)

0.004 1.733  
(0.958–3.135)

0.069

9 Liu et al. [33], 
China

106 LSCC FFPE IHC A1 OS – – 0.391  
(0.122–1.250)

0.113

A9 – – 0.34  
(0.124–0.928)

0.035

A11 – – 0.706  
(0.289–1.727)

0.446

10 Mecklenburg 
et al. [34], 
Germany

94 NSCLC Blood, 
bone 
marrow

qRT-PCR A OS – – 2.56  
(1.42–4.63)

0.002

11 Noh et al. [35], 
South Korea

53 HNSCC Tissue qRT-PCR A1, A2, A3, 
A4, A6

OS 2.658  
(1.147–6.155)

0.023 2.527  
(1.000–6.386)

0.05

12 Sang et al. [36], 
China

86 ESCC FFPE qRT-PCR, 
IHC

A11 OS – – 2.689  
(1.434–5.040)

0.002

13 Sang et al. [37], 
China

82 Ovarian cancer FFPE IHC A OS 1.955  
(1.102–3.468)

0.022 1.269  
(0.686–2.346)

0.448

14 Sang et al. [38], 
China

80 Ovarian cancer Tissue, 
blood

Semi- nested 
PCR

A1, A2, A3, 
A4, A6, 
A12

OS – – 1.403  
(0.868–2.270)

0.167

15 Ujiie et al. [39], 
Japan

353 Lung cancer FFPE qRT-PCR, 
IHC

A2 OS – – 1.55  
(0.97–2.49)

0.07
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Table 1  (continued)

Study, country Sample 
size

Cancer Sample 
type

Technique MAGE Survival Survival analysis

Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

16 Wang et al. [40], 
China

142 HCC Tissue qRT-PCR, 
IHC

A3 DFS 0.25  
(0.1–0.64)

 < 0.01 – –

A4 4.36  
(1.66–11.66)

 < 0.01 – –

17 Wu et al. [41], 
China

162 Gastric cancer FFPE IHC A12 OS 1.92  
(1.33–2.76)

 < 0.001 1.78  
(1.23–2.58)

0.002

18 Xu et al. [42], 
China

82 Breast cancer FFPE qRT-PCR, 
IHC

A9 OS 2.377  
(1.005–5.617)

0.048 3.702  
(1.392–9.845)

0.009

19 Xu et al. [43], 
China

128 Ovarian cancer FFPE qRT-PCR, 
IHC

A9 OS 2.944  
(1.820–4.763)

0 2.271  
(1.372–3.761)

0.001

20 Xylinas et al. 
[44], multi-
ethnic

384 Bladder cancer FFPE IHC, TMA A DFS – – 1.44  
(1.05–1.99)

0.02

21 Zhai et al. [45], 
China

180 Lung cancer FFPE IHC, TMA, 
Western 
blotting

A9 OS 4.728  
(2.989–7.477)

0.001 3.356  
(2.093–5.380)

0.001

22 Zhan et al. [46], 
China

201 CRC FFPE qRT-PCR, 
IHC, TMA

A9 OS 2.922  
(1.729–4.938)

 < 0.001 2.376  
(1.38–4.089)

0.002

23 Zhang et al. [47], 
China

213 NSCLC FFPE qRT-PCR, 
IHC, TMA

A9 OS 3.104  
(2.263–4.257)

0.001 2.334  
(1.664–3.274)

0.001

24 Coombes et al. 
[48], England

42 Breast cancer FFPE IHC A DFS 3.2766  
(0.998–10.76)

0.0503 – –

25 Cuffel et al. [49], 
Switzerland

52 HNSCC FFPE qRT-PCR, 
IHC

A4 OS – – 2.949  
(1.085–8.020)

0.034

26 Jeon et al. [50], 
South Korea

117 Gastric cancer Peritoneal 
wash 
fluid

qRT-PCR A1, A2, A3, 
A4, A5, 
A6

DFS – – 12.49  
(3.606–43.327)

0

27 Kim et al. [51], 
USA

57 Pancreatic 
cancer

FFPE qRT-PCR, 
IHC

A3 OS 2.1  
(1.0–4.4)

0.041 – –

28 Zamunér et al. 
[52], Brazil

89 HNSCC Tissue qRT-PCR A3/6 DFS – – 0.3  
(0.12–0.73)

0.008

29 Gu et al. [53], 
China

121 ESCC FFPE IHC A11 OS 4.496  
(2.763–7.317)

 < 0.01 1.989  
(1.085–3.646)

0.026

30 Zhou et al. [54], 
China

102 IHCC FFPE IHC A3/4 OS – – 0.897  
(0.505–1.594)

0.711

31 Han et al. [55], 
Korea

95 NHL Blood qRT-PCR A3 OS – – 0.45  
(0.14–1.48)

0.19

32 Kim et al. [56], 
South Korea

250 Gastric cancer FFPE qRT-PCR, 
IHC, TMA

A3 OS – – 1.03  
(0.538–1.963)

0.93

33 Haier et al. [57], 
Germany

98 ESCC FFPE IHC A OS 0.96  
(0.59–1.56)

0.88 1.07  
(0.62–1.84)

0.82

34 Bergeron et al. 
[58], Canada

493 Bladder cancer FFPE IHC A4 PFS 7.417  
(1.54–35.7)

0.013 – –

A4 4.561  
(1.43–14.6)

0.01 3.721  
(1.16–11.94)

0.027

A9 – – – –
A9 8.142  

(1.06–62.2)
0.043 6.223  

(0.81–47.86)
0.079

A4, A9 – – – –
A4, A9 10.97  

(1.4–85.7)
0.022 7.715  

(0.98–60.97)
0.053

A4 DFS 1.245  
(0.82–1.89)

0.302 1.322  
(0.87–2.02)

0.196

A4 1.21  
(0.85–1.73)

0.292 1.046  
(0.72–1.52)

0.814

A9 1.784  
(1.17–2.73)

0.008 1.829  
(1.16–2.9)

0.01
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Assessment, Development, and Evaluation) criteria. The 
impact of evidence on indirectness, imprecision, inconsist-
ency, publication bias, and size effect were assessed using 
GRADE. The quality of evidence was rated as high, moder-
ate, low, or very low according to Cochrane Training crite-
ria (Cochrane Training) [23] and with reference to a study 
published by Creemers et al. [24] (Table 2).

A pan-cancer analysis was performed to identify the 
prognostic significance of the individual members of the 
MAGE-A gene in various cancers using a Kaplan–Meier 
(KM) (https ://kmplo t.com/analy sis/) plotter. From the KM 
survival plots, the HRs, 95% CIs, and log-rank P values were 

obtained and computed. The data were analysed as per the 
default parameters. A P < 0.05 was considered statistically 
significant.

3  Results

3.1  Study Selection and Features

The literature collected up to 3 May 2020 identified 2917 
potential studies. Further screening excluded 2807 stud-
ies as being either duplicate studies, abstracts, reviews, 

Table 1  (continued)

Study, country Sample 
size

Cancer Sample 
type

Technique MAGE Survival Survival analysis

Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

A9 1.606  
(1.11–2.33)

0.013 1.337  
(0.89–2.01)

0.165

A4, A9 – – 1.792  
(1.07–3.00)

0.027

A4, A9 – – 1.297  
(0.81–2.08)

0.275

35 Laban et al. [59], 
Germany

552 HNSCC FFPE IHC, TMA A OS – – 1.454  
(1.037–2.040)

0.03

36 Faiena et al. [60], 
USA

275 Bladder cancer FFPE IHC, TMA A OS 1.15  
(0.71–1.87)

0.56 1.01  
(0.58–1.75)

0.97

PFS 3.12  
(1.12–8.68)

0.03 - -

DFS 1.84  
(1.09–3.09)

0.02 1.55  
(1.05–2.30)

0.03

37 Yu et al. [61], 
China

197 ESCC FFPE IHC, TMA A1 OS 1.71  
(1.1–2.66)

0.036 1.85  
(1.19–2.89)

0.007

38 Baba et al. [62], 
Japan

187 NSCLC FFPE IHC, qRT-
PCR

A4 OS 1.53  
(0.84–2.78)

0.17 – –

39 Sang et al. [63], 
China

105 Lung cancer FFPE TMA, IHC A OS 2.416  
(1.395–4.185)

0.002 3.082  
(1.726–5.504)

0

40 Tang et al. [64], 
China

120 ESCC Tissue qRT-PCR A4 OS 2.165  
(1.068–4.388)

0.032 3.385  
(1.634–7.014)

0.001

41 Srdelić et al. [65], 
Croatia

77 Endometrial 
cancer

FFPE IHC A1 DFS 6.2  
(0.84–45)

0.073 – –

A4 OS 2.2  
(1.1–4.4)

0.033 – –

DFS 2.5  
(1.3–4.8)

0.007 2.4  
(1.2–4.7)

0.014

42 Lausenmeyer 
et al. [66], 
Germany

93 Bladder cancer FFPE IHC A3 PFS – – 2.25  
(0.75–6.63)

0.151

43 Endo et al. [67], 
Japan

230 Gastric cancer FFPE IHC, qRT-
PCR

A6 OS 2.10  
(1.12–3.96)

0.021 2.26  
(1.17–4.37)

0.015

44 Jia et al. [68], 
China

75 HNSCC FFPE IHC, qRT-
PCR

A11 OS 2.582  
(1.068–6.247)

0.035 6.481  
(2.002– 20.985)

0.002

a Expression was categorised as high in all studies
CI confidence interval, CRC  colorectal cancer, DFS disease-free survival, ESCC esophageal squamous cell carcinoma, FFPE formalin-fixed 
paraffin-embedded, HCC hepatocellular carcinoma, HNSCC head and neck squamous cell carcinoma, HR hazard ratio, IHC immunohistochem-
istry, IHCC intrahepatic cholangiocarcinoma, LSCC laryngeal squamous cell carcinoma, MAGE-A melanoma-associated antigen-A, NHL non-
Hodgkin lymphoma, NSCLC non-small cell lung cancer, OS overall survival, PFS progression-free survival, qRT-PCR quantitative real-time 
polymerase chain reaction, TMA tissue microarray

https://kmplot.com/analysis/
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book chapters or articles written in non-English languages 
(Fig. 1). Screening of 110 articles identified 44 eligible 
studies consisting of data from 7428 patients from 11 coun-
tries with sample sizes ranging from 42 to 552 participants. 
Among the 44 selected studies, 22 were from China, five 
from Germany, four from South Korea, three each from 
the USA and Japan, and one each from Denmark, England, 
Switzerland, Brazil, Croatia, and Canada. The shortlisted 
studies used immunohistochemistry (IHC) and quantita-
tive real-time polymerase chain reaction (qRT-PCR) to 
measure MAGE-A expression and used formalin-fixed 
paraffin-embedded (FFPE) tissues (n = 32), cancer tissue 
samples (n = 8), blood (n = 4), bone marrow (n = 1), and 
peritoneal wash fluid (n = 1) as the sample source (Table 1). 
The MAGE-A gene members and their functions in various 
cancers are shown in Fig. 1 and Table 1 in the ESM. The 
prognostic utility of individual MAGE-A gene members at 
the RNA and protein level is shown in Table 2 in the ESM.

3.2  Association between MAGE‑A Expression 
and Overall Survival

The association between MAGE-A expression and OS was 
evaluated using both univariate and multivariate analysis. 
The univariate analysis included 25 studies consisting of 
3450 patients, and the multivariate analysis included 33 
studies with 5427 patients. Both univariate (HR 2.36 [95% 
CI 2.00–2.78], Z score 10.24; P < 0.00001) and multivari-
ate analysis (HR 1.82 [95% CI 1.52–2.18], Z score 6.48; 
P < 0.00001) showed a significant association between 
MAGE-A expression and cancer (Fig. 2a, b). Significant het-
erogeneity was also observed in both univariate (I2 = 53%) 
and multivariate (I2 = 65%) analysis and was overcome by 
implementation of the random-effects model.

3.3  Association between MAGE‑A Expression 
and Disease‑Free Survival

The univariate analysis included seven studies consisting 
of data from 1276 patients, and the multivariate analy-
sis included eight studies with 1682 patients. MAGE-A 
expression was significantly associated with DFS in the 
univariate analysis (HR 1.81 [95% CI 1.37–2.41], Z score 
4.13; P = 0.00001) (Fig. 3a), and the multivariate analysis 
showed a significant association between MAGE-A expres-
sion and cancer (HR 1.56 [95% CI 1.22–2.00], Z score 3.57; 
P = 0.0004) (Fig. 3b). Univariate analysis (I2 = 64%) and 
multivariate analysis (I2 = 64%) showed high heterogeneity; 
therefore, a random-effects model was applied for both.

3.4  Association between MAGE‑A Expression 
and Progression‑Free Survival

Data from three studies with a sample size of 1118 patients 
were collected and analyzed for univariate analysis. Mul-
tivariate analysis included two studies consisting of 586 
patients. Univariate analysis (HR 4.21 [95% CI 2.50–7.09], 
Z score 5.40; P < 0.00001) (Fig. 4a) showed a significant 
association between MAGE-A expression and cancer and 
no heterogeneity (I2 = 0%); multivariate analysis (HR 3.48 
[95% CI 1.74–6.98], Z score 3.52; P = 0.0004) (Fig. 4b) 
showed a significant association between MAGE-A expres-
sion and cancer. No heterogeneity was observed for univari-
ate (I2 = 0%) and multivariate analysis (I2 = 0%); therefore, a 
fixed-effect model was applied for both.

Table 2  MAGE-A expression as a prognostic marker in cancer. GRADE summary of findings

GRADE working group grades of evidence. High quality: Further research is very unlikely to change our confidence in the estimate of effect. 
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. 
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the 
estimate. Very low quality: We are uncertain about the estimate
DFS disease-free survival, MAGE-A melanoma-associated antigen-A, OS overall survival, PFS progression-free survival, ✓ indicates no serious 
limitations, ✗ indicates serious limitations

Outcome Sample size (N) Studies (N) GRADE parameters

Indirectness Imprecision Inconsistency Publi-
cation 
bias

Effect size Overall quality (GRADE)

Univariate OS 3450 25 ✓ ✓ ✓ ✓ ✓  +  +  +  + (high)
Multivariate OS 5427 33 ✓ ✓ ✓ ✓ ✗  +  +  +  − (moderate)
Univariate DFS 1276 7 ✓ ✓ ✓ ✓ ✗  +  +  +  − (moderate)
Multivariate DFS 1682 8 ✓ ✓ ✓ ✓ ✗  +  +  +  − (moderate)
Univariate PFS 1118 3 ✓ ✓ ✓ ✗ ✓  +  +  +  − (moderate)
Multivariate PFS 586 2 ✓ ✗ ✓ ✗ ✓  +  +  −  − (low)
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Fig. 2  Forest plot showing the association between MAGE-A expression in cancer and overall survival: a univariate analysis and b multivariate 
analysis. CI confidence interval, IV inverse variance, MAGE-A melanoma-associated antigen-A, SE standard error
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3.5  Subgroup Analysis

Univariate analysis was performed in 23 studies for five 
different cancer types: two studies in breast cancer, six in 
lung cancer, five in head and neck squamous cell carcinoma 
(HNSCC), eight in gastrointestinal cancer, and two in ovarian 
cancer. All five different cancer types showed a significant 
association between MAGE-A expression and cancer: lung 
(HR 2.64 [95% CI 1.82–3.83], Z score 5.09; P < 0.00001), 
breast cancer (HR 2.84 [95% CI 1.82–4.44], Z score 4.61; 
P < 0.00001), HNSCC (HR 2.94 [95% CI 1.78–4.85], Z score 
4.23; P < 0.00001), gastrointestinal cancer (HR 2.20 [95% CI 
1.67–2.90], Z score 5.64; P < 0.00001), and ovarian cancer 
(HR 2.47 [95% CI 1.66–3.68], Z score 4.48; P < 0.00001). 
Figure 5 shows the overall effect for univariate OS (HR 2.45 
[95% CI 2.08–2.89], Z score 10.72; P < 0.00001).

Multivariate analysis was performed in 30 studies for 
five cancer types: breast cancer (n = 2), lung cancer (n = 7), 
HNSCC (n = 7), gastrointestinal cancer (n = 11), and ovar-
ian cancer (n = 3). MAGE-A expression was significantly 
linked with lung cancer (HR 2.41 [95% CI 1.71–3.39], Z 
score 5.03; P < 0.00001), gastrointestinal cancer (HR 1.77 
[95% CI 1.44–2.19], Z score 5.32; P < 0.00001), ovarian can-
cer (HR 1.62 [95% CI 1.14–2.31], Z score 2.69; P = 0.007), 
and breast cancer (HR 3.29 [95% CI 1.07–10.17], Z score 
2.07; P = 0.04). However, MAGE-A expression was not 
significantly associated with HNSCC (HR 1.49 [95% CI 
0.81–2.72], Z score 1.28; P = 0.20). Figure 6 shows the over-
all effect for multivariate OS (HR 1.90 [95% CI 1.59–2.28], 
Z score 6.98; P < 0.00001).

Fig. 3  Forest plot showing the association between MAGE-A expression in cancer and disease-free survival: a univariate analysis and b multi-
variate analysis. CI confidence interval, IV inverse variance, MAGE-A melanoma-associated antigen-A, SE standard error
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3.6  Publication Bias

The potential for publication bias was eliminated using 
Egger’s test and Begg’s funnel plot. Egger’s test and Begg 
& Mazumdar’s rank correlation test were non-significant 
both for univariate for OS (t = 0.85, z = 0.71; P = 0.238) and 
DFS (t = 1.06, z = 1.34; P = 0.091) (Fig. 7b) and for mul-
tivariate for OS (t = -0.47, z = 0.03; P = 0.489) and DFS 
(t = 1.19, z = 1.59; P = 0.056) (Fig. 7c). However, there was 
a potential publication bias for univariate analysis for PFS 
(t = 6.69, z = 2.44; P = 0.007) and for multivariate analysis 
for PFS (t = 2.95, z = 2.04; P = 0.021) (Fig. 7b,c). The com-
bined result for both univariate and multivariate analysis for 
OS, as shown in Fig. 7a, indicates a lack of publication bias 
(t = -0.21, z = 0.42; P = 0.338).

3.7  Prognostic Values of MAGE‑A Gene Members 
in Various Cancers

The KM plotter database was used to compute the prog-
nostic significance of individual MAGE-A gene members. 
Among the 12 MAGE-A family members analyzed for OS, 
MAGE-A1, -A2, -A4, -A9, -A10, and -A12 were significant 
in HNSCC and kidney renal clear cell carcinoma (p < 0.05), 
whereas MAGE-A3 was significant in HNSCC and MAGE-
A6 was significant in kidney renal clear cell carcinoma. 
MAGE-A1, -A3, -A4, -A9, -A10, and -A12 were significant 
in liver hepatocellular carcinoma and lung squamous cell 

carcinoma, whereas MAGE-A8, -A6, and -A11 were signifi-
cant in liver hepatocellular carcinoma and MAGE-A2 was 
significant in lung squamous cell carcinoma. MAGE-A2, 
-A4, -A9, -A11, and -A12 were significant in ovarian cancer 
and pancreatic ductal adenocarcinoma, whereas MAGE-A10 
was significant in ovarian and MAGE-A3 was significant in 
pancreatic ductal adenocarcinoma. Data for MAGE-A5 were 
not generated in the KM plotter. MAGE-A8 and -A9 were 
significant in lung adenocarcinoma, pheochromocytoma, and 
paraganglioma, whereas MAGE-A1 and -A3 were significant 
in lung adenocarcinoma and MAGE-A11 in pheochromocy-
toma and paraganglioma. MAGE-A2 and -A12 were signifi-
cant in bladder cancer and breast cancer, whereas MAGE-A1 
and -A8 were significant in bladder cancer and MAGE-A3, 
-A4, and -A9 were significant in breast cancer. MAGE-A2, 
-A9, and -A11 were significant in cervical squamous cell 
carcinoma and stomach adenocarcinoma, whereas MAGE-
A3 and -A12 were significant in stomach adenocarcinoma. 
MAGE-A1, -A9, and -A12 were significant in sarcoma and 
thyroid cancer, whereas MAGE-A3 and -A10 were significant 
in sarcoma and MAGE-A4 in thyroid carcinoma. MAGE-A6 
and -A9 were significant in thymoma and esophageal adeno-
carcinoma, whereas MAGE-A1 and -A8 were significant in 
esophageal adenocarcinoma and MAGE-A2, -A10, and -A11 
were significant in thymoma. MAGE-A6 and -A10 were sig-
nificant in kidney renal papillary cell carcinoma (Table 3 in 
the ESM).

Fig. 4  Forest plot showing the association between MAGE-A expression in cancer and progression-free survival: a univariate analysis and b 
multivariate analysis. CI confidence interval, IV inverse variance, MAGE-A melanoma-associated antigen-A, SE standard error
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4  Discussion

Despite advances in the early diagnosis, prognosis, and 
treatment of cancer, it remains a key public health problem 
around the world, suggesting the need for reliable biomark-
ers for early diagnostic and theranostic applications. Several 
clinical and molecular investigations have identified gene 
signatures with prognostic significance in cancer. However, 
many fail to be implemented in clinical setup because of (1) 
low sensitivity in detecting cancer in asymptomatic patients, 

(2) low tissue specificity, and (3) low prognostic value [2]. 
The association between abnormal expression of MAGE-A 
members and cancer is now well-established. Thus, meas-
uring MAGE-A members either at the RNA or the protein 
level has potential for use as a diagnostic and prognostic 
cancer marker [83]. MAGE-A members are pro-tumorigenic 
in nature and are reported to affect key biological character-
istics of cancer cells, such as growth, proliferation, migra-
tion, invasion, metastasis, and chemoresistance (Table 1 in 
the ESM). We assessed the prognostic value of MAGE-A 

Fig. 5  Forest plot for subgroup analysis. Forest plot for effect of MAGE-A on cancer types on overall survival of univariate analysis. CI confi-
dence interval, IV inverse variance, MAGE-A melanoma-associated antigen-A, SE standard error



548 M. Poojary et al.

gene expression because their expression is restricted to tes-
tis and placenta in normal adult tissue, but they are abnor-
mally expressed in numerous cancerous tissues. Given the 

high tumor-specific expression, MAGE-A level has emerged 
as a potential prognostic marker and therapeutic target in 
cancers [83].

Fig. 6  Forest plot for subgroup analysis. Forest plot for effect of MAGE-A on cancer types on overall survival of multivariate analysis. CI confi-
dence interval, HNSCC head and neck cancer, IV inverse variance, MAGE-A melanoma-associated antigen-A, SE standard error
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MAGE family members play important roles in both nor-
mal development and tumor development and progression. 
Although initially discovered as an antigen expressed by 
cancer cells, current studies indicate it has a prominent role 
in cancer, and it is being explored as a target for immuno-
therapy [84]. Many patients with cancer show overexpres-
sion of the MAGE family of proteins [83]. Success as a can-
didate for cancer immunotherapy has been sparse, so many 
studies are currently focusing on investigating the regula-
tion and biological function of the MAGE family of genes 
in cancer [5]. Cancers overexpressing MAGE were more 
aggressive and showed the worst clinical outcomes. Various 

functional studies have indicated that some of the MAGE 
genes have non-overlapping oncogenic functions [83]. Thus, 
developing therapeutic targets against the MAGE family may 
be an attractive approach in clinical management of cancers.

The biological function of MAGE-A family members is 
not known, but reports suggest it can act as a master regula-
tor of E3 RING ubiquitin ligase by enhancing their activity 
[71, 85]. Aberrant regulation of E3 RING ubiquitin ligases 
by MAGE members has been reported as contributing to 
tumorigenesis. Recently, MAGE-A11 has been shown to 
induce ubiquitination of PCF11, which results in 3′ UTR 
shortening of downstream tumor suppressor proteins and 

Fig. 7  Begg’s funnel plot for publication bias test: a publications in 
overall survival (both univariate and multivariate), b publications 
in univariate analysis for overall survival, disease-free survival, and 
progression-free survival; c publications in multivariate analysis for 
overall survival, disease-free survival, and progression-free survival. 

The x-axis is ln (HR), and the y-axis is the standard error of ln (HR). 
The horizontal line represents the overall estimated ln (HR). The two 
diagonal lines indicate the pseudo 95% confidence limits of the effect 
estimate. CES combined effect size, HR hazard ratio, ln (HR) (natu-
ral) log-transformed HR
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oncogenes, which ultimately results in increased tumorigen-
esis [86]. MAGE-A1 has been shown to regulate transcrip-
tion by interacting with Ski interacting protein (SKIP) and 
recruiting HDAC1 to inhibit transcription [70]. In cancer 
cells, MAGE-A members show abnormal expression, lead-
ing to the acquisition of tumor-promoting properties such 
as tumor growth, proliferation, migration, and invasion with 
concomitant inhibition to apoptosis [5]. The abnormal acti-
vation of MAGE family genes is now attributed to epige-
netic dysregulation such as DNA hypomethylation, defec-
tive histone modifications, and nucleosome occupancy [16]. 
DNA hypomethylation has been shown to induce aberrant 
expression of MAGE-A genes and is associated with poor 
survival outcomes in laryngeal squamous cell carcinoma and 
esophageal squamous cell carcinoma [87, 88]. By acting as a 
transcriptional regulator, MAGE participates in a variety of 
pro-tumorigenic functions. MAGE-activated KAP1 functions 
as a transcriptional repressor by promoting histone deacety-
lation and H3-K9 methylation and heterochromatinization. 
MAGE-A2, -A3, and -A6 are reported to bind to the coiled-
coil domain of TRIM28/KAP1 ubiquitin ligases. In pros-
tate cancer, MAGE-A activation increases androgen recep-
tor (AR) activity, promoting cancer progression (Table 1 in 
the ESM). MAGE-C2, a member of the MAGE subfamily, 
participates in double-stranded DNA repair pathways via 
phosphorylation of TRIM28/KAP1, facilitating interactions 
between TRIM28/KAP1 and ATM [89].

MAGE-A subfamily members prevent p53 activity via 
multiple mechanisms. The MAGE-A-mediated activation 
of KAP1 is reported to repress p53 by its degradation [75]. 
Proteasomal-dependent p53 degradation is enhanced by 
MAGE-A via enhancement of the ubiquitin ligase activity 
of TRIM28/KAP1 [85]. Further, MAGE-A directly interacts 
with p53, blocking the binding of p53 to its target genes. 
Knockdown of MAGE-A is reported to enhance p53 levels 
and its recruitment to target gene promoters, enhancing the 
expression of p53 targets. MAGE-A binds to the DNA-bind-
ing domain of p53, repressing its transcription [90]. It also 
inhibits apoptosis through suppression of p53-mediated Bax 
expression and upregulation of survivin through p53-depend-
ent and -independent mechanisms in multiple myeloma cells 
[91]. Thus, MAGE-A can act as an oncogene by inhibiting 
apoptosis of cancer cells. p53 activity is also downregulated 
by MAGE-As and by inhibiting its acetylation via HDAC3 
recruitment [74]. MAGE-A3 and -A6 is reported to bring 
down the level of 5′ AMP-activated protein kinase (AMPK) 
proteins, leading to significant decreases in autophagy and 
activation of mammalian target of rapamycin (mTOR) signal-
ing pathways [79]. MAGE-A11 promotes prostate cancer by 
activation of ARs by binding to its N-terminal FXXLF motif 
[81]. Epidermal growth factor-mediated phosphorylation and 
ubiquitination of MAGE-A11 can enhance AR activity [92]. 
MAGE-A11 is also a known stabilizer of hypoxia-inducible 

factor (HIF)-1α and thus may play a role in tumor survival 
[93]. The cancer stem-like cells show expression of MAGE-
A2, -A3, -A4, -A6, and -A12, suggesting their essential role 
in the maintenance of stemness [94].

Overexpression and knockdown studies using cell lines 
and xenograft models have demonstrated the oncogenic 
potential of MAGE-As in cancer. Overexpression of MAGE-
A3 has been shown to enhance the invasive potential of thy-
roid cancer cells [78]. Transformation of fibroblast- and 
anchorage-independent growth of cells was reported for 
MAGE-A3 and -A6 [79]. These studies suggest the oncogenic 
functions of MAGE-A family members. However, further 
studies are required for other members of the MAGE-A sub-
family. MAGE-A3 and -A6 bring about degradation of p53 
and AMPKα1 via activation of TRIM28, leading to loss of 
autophagy and mTORC1 hyperactivation, which may result 
in loss of growth control and induction of tumor growth 
[79]. MAGE-A is reported to induce proliferation of mela-
noma cells directly by phosphorylation of c-JUN or via the 
ERK-MAPK pathway [72]. Recently, MAGE-A3 overexpres-
sion has been shown to induce proliferation and migration of 
cervical cancer cells by modulating the EMT and Wnt sign-
aling pathways. Therefore, these studies suggest that MAGE-
A genes can induce proliferation and facilitate metastasis of 
cancer cells [95]. Expression of MAGE-A genes has been 
shown to be associated with resistance to tumor necrosis 
factor (TNF)-α-mediated cytotoxicity in cervical cancer cells 
[96]. MAGE-A overexpression is also attributed to chemore-
sistance. For example, MAGE-A2 confers chemoresistance 
in breast cancer cells by localizing to the nucleus and pre-
venting the transactivation of p53-responsive genes, which 
are involved in cell cycle arrest and apoptosis in response 
to tamoxifen. Further, MAGE-A2 can form a complex with 
estrogen receptor (ER)-α, either directly or via ER cofac-
tors, and enhance its transcriptional activity [77]. MAGE-
A-mediated suppression of p53 can suppress the expression 
of pro-apoptotic proteins such as BIM and  p21Cip1 in mul-
tiple myeloma [97]. Interestingly, MAGE-A3 can interact 
with long noncoding RNA (LINC01234) and microRNA 
(microRNA-31-5p) to facilitate proliferation and chemore-
sistance in hepatocellular carcinoma [98]. These findings 
suggest that expression of MAGE-A is associated with pro-
liferation, inhibition of apoptosis, and chemoresistance in 
cancer cells. MAGE-A proteins can also inhibit autophagy 
and favor anabolic reactions, facilitating synthesis of macro-
molecules in cancer cells by downregulating AMPK through 
MAGE-A3/6-TRIM28 ubiquitination complex [79].

In the present meta-analysis, we collected and pooled data 
from 44 eligible studies with 7428 patients from 11 coun-
tries. MAGE-A overexpression in tumor tissue was positively 
correlated with poor clinical outcomes and recurrence risk. 
For instance, MAGE-A family members (A1, A3, A6, A9, 
and A10) are associated with the worst clinical outcomes, 
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with poor survival rates in lung, breast, and ovarian cancer. 
However, their association with survival outcomes varied 
between cancers. For instance, Kim et al. [56] and Han et al. 
[55] found no association between OS and high MAGE-A 
expression in gastric cancer and non-Hodgkin lymphoma, 
respectively. As per our meta-analysis, lung, gastrointestinal, 
breast, and ovarian cancer showed poor OS in both univari-
ate and multivariate analysis, whereas HNSCC showed poor 
OS in only univariate analysis. Additionally, pan-cancer 
analysis of the individual MAGE-A family members was 
analyzed using the KM plotter to estimate prognostic sig-
nificance. The overexpression of MAGE-A2, -A3, -A4, -A9, 
and -A12 showed prognostic association in breast cancer, 
whereas MAGE-A2, -A4, -A9, -A10, -A11, and -A12 showed 
prognostic association with ovarian cancer; MAGE-A1, -A2, 
-A3, -A4, -A8, -A9, -A10, and -A12 showed association with 
lung cancer. and MAGE-A1, -A2, -A3, -A4, -A6, -A8, -A9, 
-A10, -A11, and -A12 showed prognostic significance with 
gastrointestinal cancers (pancreatic ductal adenocarcinoma 
and hepatocellular carcinoma).Thus, our meta-analysis 
results recommend the use of MAGE-A members as a marker 
for survival outcome in various cancers.

Our study has certain limitations that must be consid-
ered while interpreting the results of the study. First, study 
selection bias is possible, as all studies published in non-
English languages were excluded from the analysis. Studies 
analyzing the expression of MAGE-A and another biomarker 
were also excluded. Expression of MAGE-A in various can-
cer samples was detected using two different techniques: 
IHC and qRT-PCR, which might have led to bias in the 
sensitivity of MAGE-A detection. Another limitation of our 
study is that all 12 MAGE-A family members were analyzed 
together. We could not perform the analysis on individual 
members of the MAGE-A gene family because either studies/
data were lacking or incomplete or only a few were avail-
able. Among all the studies included in this meta-analysis, 
22 studies were from China, 5 studies from Germany, 4 
studies from South Korea, 3 studies from the United States 
of America and Japan each, and 1 study each from Den-
mark, England, Switzerland, Brazil, Croatia and Canada, 
which might have introduced a geographical bias. We have 
also found a potential publication bias for univariate PFS 
(t = 6.69, z = 2.44; P = 0.007) and multivariate PFS (t = 2.95, 
z = 2.04; P = 0.021). The random-effects and fixed-effects 
models were implemented appropriately to reduce hetero-
geneity bias.

5  Conclusion

MAGE-A is a cancer-testis antigen, the abnormal expres-
sion of which is linked to poor clinical outcomes in multi-
ple cancers. To the best of our knowledge, this is the first 

comprehensive meta-analysis describing the prognostic 
utility of MAGE-A overexpression in various cancers. Our 
findings indicate a significant association between MAGE-A 
expression and OS, DFS, and PFS. Our study suggests and 
supports the measuring of MAGE-A levels for prognostic 
applications in various human malignancies.
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