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ABSTRACT

Background: Proto-oncogene MYC has been indicated to promote progression 
of many cancers. However, prognostic and clinicopathological significance of MYC in 
breast cancer need further evaluation.

Methods: We searched EMBASE and PubMed databases to find useful studies. 
We analyzed relationships between high MYC expression and prognostic data/ 
clinicopathological features through hazard ratio (HR) and odds ratio (OR). Each 
statistical test was two-sided.

Results: There were 29 studies (36 cohorts) with 12621 patients enrolled in our 
study The MYC overexpression was associated with worse DFS/RFS (disease/relapse 
free survival) in 11 studies (16 cohorts) with 5390 patients, and OS (overall survival) 
of 7 studies (8 cohorts) with 2672 patients. Subgroup analysis according to ethnicity/
technique/data source displayed that MYC overexpression was associated with poor 
DFS/RFS in FISH, other technique, all data source and Asian/Non-Asian subgroup, 
and worse OS in all subgroups. In addition, MYC overexpression was related to large 
tumor size, high histologic grade, lymph node metastasis, negative hormone receptors 
and positive Ki67 expression.

Conclusions: Our results showed that MYC overexpression was associated with 
worse prognosis and high risk of breast cancer, especially in patients with negative 
hormone receptors, which highlighted the potential of MYC as a significant prognostic 
biomarker of breast cancer.
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INTRODUCTION

Nearly 2 million new breast cancer cases are 
diagnosed each year from all around the world and account 
for the first or second leading cause of cancer death in 
female from developing and developed country respectively 
[1, 2]. In addition, breast cancer is a heterogeneous disease 
with a variety of subtypes and molecular markers and 
displays multiple clinical outcomes and histological 
characteristics [3]. At present, we use systemic therapies 
to improve the survival of breast cancer patients, including 
surgical treatment, chemotherapy, endocrine therapy or 
immunotherapy [4]. Unfortunately, some effective therapies 
are hampered by existing biomarkers and the prognosis of 
breast cancer patients still doesn’t meet our expectations. 
Thus, searching new biomarkers and therapeutic targets is 
very significant for patients with invasive breast cancer [5]. 
New and more effective biomarkers should be explored to 
predict prognosis and make best therapeutic choice [6].

Proto-oncogene MYC, also named c-Myc and bHLH 
transcription factor, is an indispensable signal core in a 
variety of biological processes that support the growth of 
various types of cancer, such as ovarian cancer, endometrial 
cancer, breast cancer and so on [7, 8]. MYC regulates 
the expression of many target genes and non-coding that 
activate or suppress cell cycle progression, apoptosis, 
differentiation and control mechanisms of drug resistance 
[3, 9]. In breast cancer, lots of studies have investigated 
the significance of MYC. Some studies display positive 
relationships between MYC overexpression and prognostic/
clinicopathological outcome [10-12], while others show 
contrary results [13-15]. In the past 20 years, there was only 

one published meta-analysis about MYC and prognostic and 
clinicopathological significance of breast cancer in 2000 
[16]. Though it provided some information, the detection 
method of MYC expression was very different from that 
today and the number of included studies with prognosis 
of breast cancer patients was small. Thus, we need new 
more systematic studies to acquire high quality and 
relatively reliable data of prognostic and clinicopathological 
significance of MYC to stratify breast cancer patients who 
would benefit from MYC targeted therapy and provide 
evidence to prospective treatment.

RESULTS

Description of included studies

We searched 2167 records in total and then selected 
124 candidate studies. After further screening, there were 
87 studies excluded because of cell experiment, animal 
specimen, breast angiosarcoma and male patients. Among 
the remaining studies, three studies [17-19] used the same 
patient cohorts of other three studies [15, 20, 21] and we 
chose the high quality studies among them. Then two 
studies with scores less than 4 and three studies with invalid 
data were excluded. Ultimately, 29 studies (36 cohorts) 
were included and the detailed processes of literature search 
and study selection were shown in Figure 1.

There were 29 studies (36 cohorts) with 12621 breast 
cancer patients in total involved in our meta-analysis. 
Among them, 11 studies (16 cohorts) with 5390 patients 
were available for RFS/DFS survival data and 7 studies (8 
cohorts) with 2672 patients were available for OS survival 

Figure 1: Selection of studies. Flow chart showed selection of the studies in the meta-analysis.



Oncotarget94000www.impactjournals.com/oncotarget

data. 14 (48.3%) studies used FISH method to detect the 
expression of MYC and the remaining articles applied 
IHC, qPCR, Genechip, dPCR, SOA and hybridization 
respectively. All included articles were retrospective. We 
used the Newcastle-Ottawa quality assessment scale to 
assess their quality and scores of included studies ranged 
from 5 to 8 with a mean of 6.966 (Table 1).

Data synthesis: clinicopathological features

Our meta-analysis showed that overexpression of 
MYC significantly correlated to large tumor size, OR=1.269 
(1.030-1.563); high histologic grade, OR= 2.151 (1.623-
2.851); lymph node metastasis, OR=1.466 (1.115-1.928); 
negative ER status, OR=1.810 (1.285-2.551); negative PR 
status, OR=1.545 (1.099-2.173); positive Ki67 expression, 
OR=2.212 (1.526-3.206). However, high MYC expression 
wasn’t associated with age, OR=0.865 (0.737-1.015); 
stage, OR=1.082 (0.683-1.715); HER-2 status, OR=0.571 
(0.249-1.312); TNBC phenotype, OR=1.301 (0.590-2.868); 

Menopausal status, OR=0.882 (0.730-1.066). All of these 
results were shown in Table 2.

Data synthesis: disease/relapse free survival

Analysis of 11 studies (16 cohorts) with 5390 breast 
cancer patients displayed that high MYC expression was 
associated with poor DFS/RFS, HR=1.500 (1.224-1.838) 
(Figure 2A). In addition, results of subgroup analysis 
according to ethnicity (Figure 2B)/ technique (Figure 2C)/ 
data sources (Figure 2D) showed that high MYC expression 
was associated with poor DFS/RFS in Asian and non-Asian 
subgroups, FISH and other technique subgroups, and two 
different data source subgroups. (Table 3)

Data synthesis: overall survival

OS was analyzed in 7 articles (8 cohorts) with 
2672 patients. Results showed that high MYC expression 
was associated with poor OS, HR=3.029 (2.385-3.847) 

Table 1: Clinical characteristics of involved studies
First author Year Patient source Type of patients Technique Number of 

corhot
Number of 

patients
Median/mean 

age (range) years
Histological 
grade/stage

No. of patients with 
MYC overexpression 

(%)

Follow-up 
months median 

(range)

Survival 
outcome

Scores 
of study

Sadeghi, S. 2017 Iran MIX qPCR 1 104 NA G1-3 40 (38.46) NA NA 5

Gupta, N. 2017 Canada TNBC IHC 1 35 54 (30-89) G1-3 9 (25.71) 30 (0-60) OS/RFS 7

Green, A. R. 2016 Britain/Canada MIX qPCR/IHC 2 1977/1106 NA G1-3 260 (13.15)/559(50.54) NA DSS/DMFS 8

Gogas, H. 2016 Greece trastuzumab IHC/ qPCR/FISH 1 119 57 (28–95) G1-3 10 (8.40) NA OS/TTP 8

Mundim, F. G. 2015 Brazil IDC IHC 1 80 57 (23-88) G1-3 69 (86.25) NA NA 8

Xu, L. P. 2014 China IDC, HER2- IHC 1 166 50 (30-72) G1-3 46 (27.71) NA DSS/DMFS 7

Sengupta, S. 2014 MIX ERα+ Genechip 2 1129/531 NA NA 282 (24.98)133(25.05) NA RFS 7

Nair, R. 2014 Australia IDC FISH 1 272 55 (24-87) G1-3 46 (16.79) 64 (0-152) DSS 7

Li, Z. 2014 China MIX FISH 1 66 46.3 (23-85) G1-3 18 (27.27) NA NA 5

Li, C. 2014 China young/old FISH 2 196/227 (≤35,≥65) NA 56 (28.57)/30(13.22) 30 (0-60) OS/DFS 7

He, Y. 2014 China MIX IHC 1 168 54.5 (27-82) G1-3/I-IV 84 (50) NA NA 6

Ren, J. 2013 China MIX IHC 1 315 NA I-III 112 (35.56) 49 (13-87) DFS 7

Pereira, C. B. 2013 Brazil advanced IDC IHC/FISH 1 116 52(31-83) III 36 (31.03) NA NA 7

Dueck, A. C. 2013 America Early-Stage HER2+ IHC 3 584/624/528 50 (22-80) NA 574 (33) 73.2 DFS 8

Yasojima, H. 2011 Japan neoadjuvant FISH 1 100 NA G1-3/I-III 40 (40.00) 31.6 (3.2-73.0) RFS 8

Burkhardt, L. 2010 Germany DCIS FISH 2 93/92 60.4(34–
81)/56.5(28-89) G1-3 11 (11.82)/6 (6.52) NA NA 7

Butt, A. J. 2008 Netherlands\Sweden MIX SOA/Genechip 2 295/236 NA NA 75 (25.42)/47 (19.92) NA DFS 8

Rodriguez-P, 
S. M. 2007 Spain IBCMFs/IDC FISH 1 67 NA G3 25 (37.31) NA NA 7

Rodriguez-P, 
S. M. 2007 Britain anthracycline CISH 1 196 NA G1-3 19 (9.69) 67 (0.5-125) OS/MFS 7

Linke, S. P. 2006 Switzerland/
Germany Tamoxifen FISH 1 243 64.3 I-III 28 (11.52) (0-60) OS/DSS 8

Aulmann, S. 2006 Germany locally recurrent FISH 1 49 50 (26-85) G1-3 11 (22.44) 23.7 (5 to 63) OS/RFS 7

Park, K. 2005 South Korea MIX FISH 1 208 NA G1-3 33 (15.87) 51 (18-66) DFS 6

Al-Kuraya, K. 2005 Saudi Arabia MIX FISH 1 152 47 (28-85) G1-3 24 (15.79) NA NA 7

Al-Kuraya, K. 2004 Switzerland MIX FISH 1 1504 62 (26-101) G1-3 79 (5.25) 68 (1–176) OS 8

Schlotter, 
C. M. 2003 Germany node-negative dPCR 1 181 NA G1-3 39 (21.5) 42(36-95) DFS 7

Naidu, R. 2002 Malaysia MIX IHC/dPCR 1 399 NA G1-3 184 (46.12) NA NA 6

Rummukainen, 
J. K. 2001 Finland MIX FISH/CISH 1 177 61.6 G1-3 27 (15.25) 81.6 (61.2–93.6) DMFS 6

Scorilas, A. 1999 Greece no distant 
metastasis hybridization 1 152 60 (24-92) G1-3 43 (28.29) 60(48-96) OS/DFS 6

Bieche, I. 1999 France MIX qPCR 1 134 58.3(34-91) G1-3 29 (21.64) 98.4 (12-190.8) NA 7

MIX: the data is mixed; NA: not available; IDC: invasive ductal carcinoma; DCIS: ductal carcinoma in situ; IBCMFs: invasive breast carcinomas with medullary features; HER-2: human epidermal 
growth factor 2; IHC: immunohistochemistry; qPCR: real-time quantitative PCR; dPCR: differential PCR; FISH: fluorescence in situ hybridization; CISH: chromogenic in situ hybridisation; SOA: spotted 
oligonucleotide arrays; TNBC: triple negative breast cancer; TTP: time to progression; OS: over survival; DSS: disease specific survival; DMFS: distant metastasis free survival; MFS: metastasis free 
survival; RFS/DFS: relapse/disease free survival.
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Table 2: Meta-analysis for the association of MYC overexpression and clinicopathological features of breast cancer 
patients

Clinicopathological features No. of 
studies

No. of 
corhot

No. of 
patients

Model OR (95% CI) P-value Heterogeneity

I2 I2 (%) P-value

Age (≥50 vs. <50) 7 7 2932 Fixed 0.865 (0.737-1.015) 0.075 3.73 0.0 0.713

Size (>2cm vs. ≤2cm) 10 11 7118 Random 1.269 (1.030-1.563) 0.025 17.36 42.4 0.067

Histologic grade (G3 vs. G1-2) 16 18 8358 Random 2.151 (1.623-2.851) 0 68.38 75.1 0

lymph node status (N1-3 vs. N0) 14 14 4892 Random 1.466 (1.115-1.928) 0.006 25.57 49.2 0.019

Stage (III-IV vs. I-II) 3 3 413 Fixed 1.082 (0.683-1.715) 0.737 1.88 0.0 0.391

ER status (Negative vs. Positive) 11 12 5953 Random 1.810 (1.285-2.551) 0.001 41.94 73.8 0

PR status (Negative vs. Positive) 10 11 5542 Random 1.545 (1.099-2.173) 0.012 29.16 65.7 0.001

HER-2 status (Negative vs. Positive) 9 10 4153 Random 0.571 (0.249-1.312) 0.187 128.68 93.0 0

TNBC (Yes vs. No) 4 5 3552 Random 1.301 (0.590-2.868) 0.514 41.25 90.3 0

Ki67 status (Positive vs. Negative) 7 7 1918 Random 2.212 (1.526-3.206) 0 12.71 52.8 0.048

Menopausal status (Post vs. Pre) 3 3 1970 Fixed 0.882 (0.730-1.066) 0.194 2.08 3.9 0.353

ER: estrogen receptor; PR: progesterone receptor; HER-2: human epidermal growth factor receptor-2.

Figure 2: Forest plots of HR for the relationships of MYC overexpression and DFS/RFS. Survival data were reported as 
DFS/RFS (A), as well as subgroup analysis of ethnicity (B), technique (C) and data sources (D) among included studies.
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(Figure 3A). In addition, results of subgroup analysis by 
ethnicity (Figure 3B)/ technique (Figure 3C)/ data sources 
(Figure 3D) showed high MYC expression was associated 
with poor OS in all ethnicity, technique, data source 
subgroups respectively (Table 3).

Publication bias

We applied Begg’s /Egger’s test and their funnel 
plot to assess publication bias. Analysis results of Begg’s 
/Egger’s test for DFS/RFS and OS were 0.087/ 0.029 
(Figure 4A and 4C) and 0.322/0.124 (Figure 4B and 4D) 
respectively.

Sensitivity analysis

After removing each study at a time, each HR result 
was shown in Figure 5A-5B. Removal of each study did 
not change HR significantly both for the DFS/RFS and 
OS analysis. Furthermore, we used trim and fill method 
to evaluate the sensitivity of results again. After trimming 

and filling, the HR tendency of OS did not change (Figure 
6B and 6D), however, the HR trend of DFS/RFS was 
reversed (Figure 6A and 6C).

DISCUSSION

The proto-oncogene MYC, which encodes a nuclear 
phosphoprotein transcription factor, plays an important 
role in various cellular biological processes, such as cell 
invasion, metabolism, differentiation, proliferation, drug 
resistance [22]. A lot of clinical researches published before 
have investigated MYC expression and related signal 
pathway in breast cancer cells and patients, and discovered 
strong correlation between MYC overexpression and breast 
cancer progression [3, 9]. Our results showed that high 
MYC expression was associated with worse DFS/RFS and 
OS for breast cancer patients. Besides, MYC overexpression 
was related to tumor size of more than 2 cm, high histologic 
grade, lymph node metastasis, negative ER status, negative 
PR status, positive Ki67 expression. Thus, MYC could be 

Figure 3: Forest plots of HR for the relationships of MYC overexpression and OS. Survival data were reported as OS (A), as 
well as subgroup analysis of ethnicity (B), technique (C) and data sources (D) among included studies.
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regarded as a potential biomarker and therapeutic target for 
breast cancer patients.

In our meta-analysis, DFS/RFS displayed moderate 
heterogeneity. Then subgroup analysis was performed and 
we found that technique was the origin of heterogeneity. 
HR of FISH and other technique subgroups in 7 studies 
(8 cohorts) displayed a poor prognosis of high MYC 
expression in breast cancer patients, however, the technique 
of IHC and Genechip (5 studies/ 8 cohorts) showed a 
negative prognosis of MYC overexpression. These opposite 
results were mainly because that IHC detected the level of 
protein, but FISH detected the level of DNA. With regard 
to subgroup of Genechip, one study (two cohorts) used 2 
different cohorts of endocrine therapy but not chemotherapy 
treated patients and chemotherapy treated patients [23]. This 
would lead to heterogeneity and got different results. The 
other subgroups of DFS/RFS, ethnicity and Data source, 
displayed the same significance of HR excepting for Mix of 
ethnicity. The reason may be the same as that in Genechip 
subgroup. The results of OS displayed mild heterogeneity. 
Though all subgroups of OS showed a positive significance 
between poor prognosis and high MYC overexpression, 
further subgroup analysis of OS showed the heterogeneity 

was also conducted from different technique, the reasons 
of heterogeneity in technique subgroup were explained as 
what we discussed above.

Besides, Begg’s/Egger’s test showed there was no 
evidence of publication bias for OS in regard to high MYC 
expression, however, Egger’s test displayed, Begg’s test 
not, some evidence of publication bias in DFS/RFS group. 
Though both HR results of DFS/RFS and OS showed 
there was significant between high MYC expression and 
DFS/RFS/ OS, further analysis of trim and fill method in 
DFS/RFS showed a reversed result. It indicated that future 
new studies about this would change in HR result of DFS/
RFS. This might be mainly because that the heterogeneity 
of different technique resulted in this.

Some articles studied the relationships between MYC 
amplification/overexpression and hormone receptors [17, 
24] and found that MYC amplification/overexpression 
was more frequent in breast cancer without ER or PR 
expression, that could be used as a potential target in breast 
cancer of negative hormone receptors. Our meta-analysis 
also displayed that high MYC expression related to the 
negative ER and PR. Interestingly, there was no statistical 
significance of high MYC expression in TNBC and HER-

Table 3: Main meta-analysis results

Analysis No. of 
studies

No. of 
cohort

No. of 
patients

Model HR (95% CI) P-value Heterogeneity

I2 I2 (%) P-value

DFS/RFS 11 16 5390 Random 1.500 (1.224-1.838) 0 33.29 54.9 0.004
Ethnicity

Asian 4 5 1046 Fixed 1.727 (1.214-2.456) 0.002 4.95 19.2 0.292
Non-Asian 6 9 2684 Random 1.598 (1.164-2.194) 0.004 23.22 65.5 0.003
Mix 1 2 1660 Random 1.201 (0.901-1.601) 0.213 2.15 53.6 0.142

Technique
IHC 3 5 2086 Fixed 1.121 (0.924-1.360) 0.247 5.91 32.3 0.206
FISH 4 5 780 Fixed 2.054 (1.379-3.057) 0 4.34 7.9 0.362
Genechip 2 3 1896 Random 1.300 (0.975-1.732) 0.073 4.13 51.6 0.127
Other 3 3 628 Fixed 2.311 (1.603-3.331) 0 2.43 17.8 0.296

Data source
Given by author 6 10 4326 Random 1.298 (1.080-1.559) 0.005 16.14 44.2 0.064
Survival curve 5 6 1064 Fixed 1.257 (1.108-1.426) 0 6.14 18.5 0.293

OS 7 8 2672 Fixed 3.029 (2.385-3.847) 0 9.05 22.7 0.249
Ethnicity

Asian 1 2 423 Fixed 2.795 (1.476-5.293) 0.002 0.67 0 0.414
Non-Asian 6 6 2249 Fixed 3.069 (2.372-3.972) 0 8.31 39.9 0.14

Technique
FISH 3 4 2170 Fixed 2.492 (1.841-3.372) 0 0.93 0 0.817
Other 4 4 502 Fixed 4.191 (2.837-6.190) 0 3.86 22.3 0.249

Data source
Given by author 3 3 397 Fixed 3.586 (2.222-5.787) 0 2.38 16.1 0.304
Survival curve 4 5 2275 Fixed 3.170 (1.760-5.720) 0 6.04 33.7 0.196
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2 status groups, that further showed MYC overexpression 
could be a target for breast cancer of negative hormone 
receptors. But because of the limited number of studies, 
we need more researches to investigate the relationships 
between MYC overexpression and TNBC phenotype.

Our meta-analysis has significant guided 
values in breast cancer. Firstly, it indicates that MYC 
overexpression is associated with poor DFS/RFS and 
OS, that demonstrates that MYC may be a potential 
therapeutic target of breast cancer, especially in phenotype 
of negative hormone receptors. Secondly, MYC referred to 
invasive biological behavior, including larger tumor size, 
high histologic grade, lymph node metastasis, positive 
Ki67 status. If we could combine MYC inhibitor and 
chemotherapy in the future, it should dramatically increase 
survival time of patients suffered from invasive breast 
cancer. Unfortunately, we are short of pharmacological 
efficacy of direct MYC inhibitors at present [25], many 
scientists have shifted their directions on active MYC 
signal pathways and further investigating the target genes.

Of course, there are still limitations in our meta-
analysis. In the first place, identifications of high MYC 

expression in included studies aren’t exactly the same and 
different techniques might be the source of heterogeneity 
and lead to contrary results. Besides, Egger’s test of DFS/
RFS showed there was statistical significance and further 
analysis of trim and fill method in DFS/RFS displayed a 
reversed result. It means, in the future new studies might 
change our DFS/RFS results of meta-analysis. Although 
Begg’s and Egger’s test of OS showed that there was no 
statistical significance. We should cautiously understand 
these results, because just available HR or K-M survival 
curves were included, and technique was still the source 
of heterogeneity in OS.

In short, this meta-analysis implies that high MYC 
expression in breast cancer is related to poor prognosis of 
patients, especially to patients with negative ER and PR. 
And more studies about the relationships between DFS/
RFS and MYC over expression need be done in the future, 
different techniques of detecting MYC might lead to 
discrepancy results. Combination therapy of MYC signal 
pathway inhibitors would improve clinical outcomes of 
breast cancer patients, especially for patients with negative 
hormone receptors.

Figure 4: Funnel plots of publication bias of DFS/RFS and OS. Begg’s (A)/Egger’s (C) test of DFS/ RFS and Begg’s (B)/Egger’s 
(D) test of OS.
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Figure 5: Sensitivity for included studies. The effect of single study was evaluated on the whole results of DFS/RFS (A) and OS (B) 
in this meta-analysis.

Figure 6: Analysis of trim and fill method for DFS/RFS and OS. Funnel plots of trim and fill method for DFS/RFS (A) and OS 
(B). Iterative processes of trim and fill method for DFS/RFS (C) and OS (D).
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MATERIALS AND METHODS

Literature search

Our meta-analysis was processed according to 
PRISMA guidelines. Studies were extracted by searching 
PubMed and EMBASE databases commencing 1997 
through July, 2017 by using the search words “MRTL 
OR MYCC OR c-Myc OR bHLHe39 OR MYC AND 
breast cancer”. We firstly scanned titles and abstracts 
to exclude unrelated and review studies. Then we made 
finally decision to choose useful studies by reading the 
full text. Associated references from included studies were 
manually searched to add relevant articles.

Inclusion and exclusion

All of our included studies satisfied the following 
inclusion criteria: 1) diagnosis of breast cancer was 
proven by pathologists; 2) investigating the relationships 
between high MYC expression and DFS/RFS, OS, or 
clinicopathological data in breast cancer patients; 3) 
provided the data of HR and 95% CIs, or Kaplan-Meier 
survival curves of DFS/RFS or OS, which provided us 
available data to extract HR and 95% CI. 4) NOS score ≥ 
5. Exclusion criteria: 1) no available data of prognostic or 
clinicopathological information and the data could not be 
applied to calculate from Kaplan-Meier survival curve; 2) 
NOS score ≤ 4.

Data extraction

Two reviewers (Jingkun Qu and Xixi zhao) searched 
and evaluated the studies independently. The following 
information was extracted from every included study, 
including first author name, published year, breast cancer 
patients source, type of patients, age, patients number, 
detecting technique, high MYC expression (%), follow-
up time, DFS/RFS/OS and other clinicopathological 
features. If the univariate and multivariate analysis were 
both available, the multivariate results were chosen. If 
the above information was not found, we used “NA (not 
available)” to mark.

Quality of the studies

We applied the Newcastle-Ottawa Scale to evaluate 
the quality of every included study [26].

Statistical analysis

HR and 95% CIs were applied to investigate the 
relationships between high MYC expression and DFS/
RFS/OS. If survival information was only available in the 
form of figures, we scanned Kaplan-Meier survival curves 
through Engauge Digitizer version 4.1 (free Engauge 
Digitizer could be acquired on http://sourceforge.net) and 

recovered survival information of HR and 95%CI [27, 
28]. Information of clinicopathology was extracted in 
available studies to calculate OR by Stata. The analysis 
of heterogeneity, publication bias and sensitivity were 
describe as before [6]. Statistical analysis was processed 
by Stata 14.0 (Stata Corporation, College Station, TX).
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