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Background: DEP domain containing mammalian target of rapamycin (mTOR)-interacting
protein (DEPTOR), a recently discovered endogenous inhibitor of mTOR, has been found to be
abnormally expressed in various tumors. Recent studies have demonstrated that DEPTOR could
serve as a potential prognostic biomarker in several kinds of cancer. However, the prognostic
value of DEPTOR is still controversial so far.
Patients and methods: PubMed, Embase and Web of Science were systematically searched
to obtain all relevant articles about the prognostic value of DEPTOR in cancer patients. ORs
or HRs with corresponding 95% CIs were pooled to estimate the association between DEPTOR expression and the clinicopathological characteristics or survival of cancer patients.
Results: A total of nine eligible studies with 974 cancer patients were included in our metaanalysis. Our results demonstrated that the expression of DEPTOR was not associated with the
overall survival (OS) (pooled HR=0.795, 95% CI=0.252–2.509) and event-free survival (EFS)
(pooled HR=1.244, 95% CI=0.543–2.848) in cancer patients. Furthermore, subgroup analysis
divided by sample size, type of cancer, Newcastle–Ottawa Scale (NOS) score and evaluation
of DEPTOR expression showed identical prognostic value. In addition, our analysis also
revealed that there was no significant association between expression level of DEPTOR and
clinicopathological characteristics, such as tumor stage, lymph node metastasis, differentiation
grade and gender.
Conclusion: Our meta-analysis suggested that despite the fact that DEPTOR could be overexpressed or downregulated in cancer patients, it might not be a potential marker to predict the
prognosis of cancer patients.
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DEP domain containing mammalian target of rapamycin (mTOR)-interacting protein
(DEPTOR), a 46 kDa mTOR-binding protein encoded by DEPTOR gene located on
the 8q24 region, is primordially found overexpressed in a subset of multiple myeloma
(MM) cells.1,2 As the component of mTOR complex 1 (mTORC1) and mTOR complex
2 (mTORC2), DEPTOR exerts its biological functions through inhibiting the activation
of them.3 Meanwhile, mTOR can negatively regulate the expression and function of
DEPTOR at the transcriptional and posttranslational levels in turn.2 Previous studies
have proven that the mTOR signaling pathway is implicated in a wide spectrum of
diseases.4 Thus, given the negative feedforward loop regulation between DEPTOR and
mTOR, DEPTOR is also considered important in the pathogenesis of many diseases.
Correspondingly, many researchers have demonstrated that DEPTOR is involved in
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cell growth, proliferation, autophagy, apoptosis, transcription regulation and inflammation.5 In addition, accumulating
evidence has suggested that DEPTOR plays pivotal roles in
tumorigenesis, and the abnormal expression of DEPTOR has
been detected in many kinds of tumor, such as MM, breast
cancer, prostate cancer and lung cancer.6
Recent studies have revealed that abnormally expressed
DEPTOR might be related to the poor prognosis of cancer
patients.7–9 However, despite the development of basic
and clinical researches about the biological functions of
DEPTOR, the prognostic value of abnormally expressed
DEPTOR across different tumors is still controversial.
The primary problem is that DEPTOR displays variable
expression levels in different tumors. Previous studies have
revealed that DEPTOR is overexpressed in some kinds of
tumor such as MM, cervical cancer, ovarian cancer, thyroid carcinoma, osteosarcoma and T-cell leukemia where
its overexpression is essential for cell proliferation and
survival.2,10–14 Nevertheless, several other researchers also
show that DEPTOR is downregulated in pancreatic ductal
adenocarcinoma, esophageal squamous cell carcinoma,
colorectal cancer and liver cancer, which indicates quick
tumor progression and poor prognosis.7,8,15,16 Thus, DEPTOR may act as a tumor suppressor gene or oncogene
depending on the specific tumor type.6 Furthermore, the
specific relationship between DEPTOR expression levels
and the clinical outcome of cancer patients is also perplexing. Because DEPTOR binds and inhibits the activation of
mTOR whose activation is proven to be associated with poor
survival of cancer patients, downregulation of DEPTOR is
presumed to predict poor prognosis of cancer patients.17
Accordingly, clinical data have illustrated that a lower
expression of DEPTOR in MM predicts poor prognosis
of patients.18,19 On the other hand, almost opposite results
are observed in breast cancer, hepatocellular carcinoma
and differentiated thyroid carcinoma, in which the lower
expression of DEPTOR is favorable for the outcome of
patients.12,20,21 What is more interesting is that even in the
same type of tumor, there are almost opposite conclusions
about the prognostic value of DEPTOR.8,22,23 Taken together,
whether DEPTOR could be regarded as a prognostic biomarker and whether the high or low expression of DEPTOR
is more adverse for the prognosis of cancer patients remain
unknown. Therefore, in order to obtain a better understanding of the prognostic value of DEPTOR, we performed a
quantitative meta-analysis to elucidate the prognostic and
clinicopathological significance of DEPTOR expression in
patients with cancer.
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Patients and methods
Study strategy
The present review was performed in accordance with the
standard guidelines for meta-analyses and systematic reviews
of tumor marker prognostic studies. 24,25 The databases
PubMed, Embase and Web of Science were independently
searched by two researchers (Binwu Hu and Deyao Shi)
to obtain all relevant articles about the prognostic value of
abnormally expressed DEPTOR in patients with any type of
tumor. The literature search ended on February 1, 2018. The
search strategy used both MeSH terminology and free-text
words to increase the sensitivity of the search. The following
search terms were used: “DEPTOR”, “DEP-domain containing mTOR-interacting protein” and “DEPDC6”. We also
screened the references of retrieved relevant articles to
identify potentially eligible literatures. Conflicts were solved
through group discussion.

Inclusion and exclusion criteria
Studies included in this analysis had to meet the following inclusion criteria: 1) patients were pathologically
diagnosed with any type of malignant cancer or neoplasm;
2) DEPTOR expression was determined in human tissues
or plasma samples using any technique; 3) patients were
divided into high and low expression groups or positive
and negative expression groups; the relationship between
DEPTOR expression levels and survival outcome was
investigated and 4) sufficient published data or the survival
curves were provided to calculate HRs for survival rates
and their 95% CIs. Exclusion criteria were as follows:
studies using nonhuman samples, studies without usable
or sufficient data, laboratory articles, reviews, letters, nonEnglish or unpublished articles and conference abstracts.
All eligible studies were carefully screened by the same
two researchers (Binwu Hu and Deyao Shi), and discrepancies were resolved by discussing with a third researcher
(Xiao Lv).

Data extraction
Two investigators (Fashuai Wu and Songfeng Chen) extracted
relevant data independently and reached a consensus on all
items. For all eligible studies, the following information of
each article was collected: author, year of publication, tumor
type, characteristics of the study population including country
of the population enrolled, sample size, endpoints, assay
method, cutoff value, evaluation of DEPTOR expression,
Newcastle–Ottawa Scale (NOS) score and source of HR. For
endpoints, overall survival (OS), disease-free survival (DFS)
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and progression-free survival (PFS) were all regarded as end
points. In addition, DFS and PFS were redefined as eventfree survival (EFS) in our article. We used HR, which was
extracted following a methodology suggested previously to
evaluate the influence of DEPTOR expression on prognosis
of patients.26 If possible, we also asked for original data
directly from the authors of the relevant studies.

Quality assessment
Quality of all included studies was assessed independently
by three researchers (Binwu Hu, Deyao Shi and Fashuai Wu)
using the validated NOS, and disagreements were resolved
through discussion with another researcher (Xiao Lv).
We considered studies with scores .6 as high-quality studies,
and those with scores #6 as low-quality studies.

Statistical analyses
Pooled HRs (low/high) and their associated 95% CIs were
used to analyze the prognostic value of DEPTOR expression in cancer patients. Pooled ORs (low/high) and their
associated 95% CIs were used to analyze the association
between DEPTOR expression levels and clinicopathological parameters. The heterogeneity among studies was
evaluated using Cochran’s Q and I 2 statistics. A P-value
of ,0.10 or an I 2 value of .50% was considered as statistically significant. The fixed effect model was used for
analysis without significant heterogeneity among studies
(P.0.10, I 2,50%). Otherwise, the random effect model
was chosen. To explore the source of heterogeneity,
subgroup analysis was preformed through classifying
the included studies into subgroups according to similar
features. We also conducted sensitivity analysis to test the
effect of each study on the overall pooled results. In addition, for the studies from which we could obtain clinicopathological characteristics, we calculated the pooled ORs
to analyze the relationship between DEPTOR expression
levels and clinicopathological characteristics. Owing to
the limited number of studies (less than 10) included in
this analysis, publication bias was not assessed. Statistical analysis was performed using Stata software 14.0
(StataCorp LP, College Station, TX, USA), and a P-value
of ,0.05 was considered as significant.

Prognostic value of DEPTOR

letters (n=1), patents (n=6), meeting abstracts (n=66), studies
describing noncancer topics (n=88), studies belonging to
basic research (n=45) and studies lacking relevant data
(n=8). Eventually, nine studies meeting the inclusion criteria
were included in this meta-analysis. The screening process
and results are shown in Figure 1, and the main characteristics of the included studies are shown in Table 1. Among
these studies, a total of 974 patients were included, with a
maximum sample size of 220 and a minimum sample size
of 24 patients (mean=108.0). The accrual period of these
studies ranged from 2011 to 2017. The regions represented
in the studies included the Asian origin (six) and Caucasian
descent (three). Six different types of cancer were evaluated
with the greatest number being digestive system malignancies
(three esophageal squamous cell carcinoma, one hepatocellular carcinoma and one colorectal cancer). Other types of
cancer were also included (two MM, one breast cancer and
one differentiated thyroid carcinoma). Among these studies,
OS, DFS and PFS were estimated as survival outcome in 78%
(7/9), 22% (2/9) and 22% (2/9) of the studies, respectively.
DFS and PFS were combined together into EFS, which was
regarded as a prognostic parameter in our study. To evaluate
the expression of DEPTOR, six studies used immunohistochemistry (IHC), while GeneChip, microarray and capillary
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Results
Characteristics of studies
According to our search strategy, a total of 552 studies
were retrieved. Among these researches, the following
studies were excluded: duplicates (n=310), reviews (n=19),
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Table 1 Characteristics of studies included in the meta-analysis
Author

Year Country Type of
cancer

Sample End
Assay
size
points method

Cutoff value

Evaluation
of DEPTOR
expression

NOS Source
score of HR

Liu et al23

2015

China

220

OS

IHC

Median

High/low

8

Lai et al7

2014

China

Esophageal
carcinoma
Colorectal
cancer

90

OS

IHC

Positive/negative 7

1, 2

Boyd
et al18

2010

Britain

Myeloma

71

OS,
PFS

GeneChip

High/low

6

1

Ji et al8

2016

China

Esophageal
carcinoma

59

OS

IHC

Positive/negative 7

2

Parvani
et al20
Dong
et al22
Yen
et al21

2015

America

Breast cancer

161

DFS

Microarray

Positive: the sum of
the staining intensity
and extent scores was
higher than 0
The top quartile of
DEPTOR expression
was defined as high
expression and the
remaining three quartiles
as low expression
Positive: the sum of
staining intensity and
extent scores was higher
than 1
Median

High/low

8

1

2017

China

OS

IHC

Median

Positive/negative 6

1

2012

China

Esophageal
184
carcinoma
Hepatocellular 51
carcinoma

OS

IHC

High/low

1

Pei et al12

2011

China
Spain

OS,
DFS
PFS

IHC

Quwaider 2017
et al9

Thyroid
carcinoma
MM

Expression of DEPTOR
in tumor . tumor
adjacent was defined as
high expression
ROC

114
24

Capillary
Median
electrophoresis
immunoassay

6

1

Positive/negative 7

1, 2

High/low

1

7

Notes: Method: 1 denotes as obtaining HRs directly from publications; 2 denotes as HRs calculated from the total number of events, corresponding P-value and data from
Kaplan–Meier curves.
Abbreviations: NOS, Newcastle–Ottawa Scale; OS, overall survival; IHC, immunohistochemistry; PFS, progression-free survival; DFS, disease-free survival; ROC, receiver
operating characteristic.

electrophoresis immunoassays were also applied. Because
the cutoff definitions were various, the cutoff values were
different in these studies.

Association between DEPTOR expression
levels and OS of cancer patients
Among the nine included articles, seven studies involving
789 patients reported the relationship between abnormal
expression levels of DEPTOR and OS of cancer patients.
Owing to the heterogeneity, we used the random effect
model to calculate the pooled HR. The pooled HR for
OS was 0.795 (95% CI=0.252–2.509, P=0.696), which
indicated that there was no significant association between
expression levels of DEPTOR and the OS of cancer patients
(Figure 2). Given that significant heterogeneity existed
among studies (χ2=51.97, P,0.0001, I 2=88.5%), we further conducted subgroup analyses by factors of sample
size (.100 or ,100), type of cancer (digestive system or
5086
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nondigestive system malignancies), paper quality (NOS
scores $7 or ,7) and evaluation of DEPTOR expression
(high/low or positive/negative) to explore the sources of
heterogeneity (Figure 3). The subgroup analyses illustrated
almost the same results that there was no significant difference in the influences of high or low expression of DEPTOR
on the prognosis of cancer patients in the subgroup of all
above factors (Table 2), for sample size, .100 (HR=0.332,
95% CI=0.092–1.195, P=0.092) and ,100 (HR=1.406,
95% CI=0.351–5.629, P=0.631; Figure 3A); for type of
cancer, digestive system (HR=0.755, 95% CI=0.195–2.921,
P=0.684) and nondigestive system malignancies (HR=0.902,
95% CI=0.056–14.41, P=0.942; Figure 3B); for paper quality,
NOS scores $7 (HR=0.619, 95% CI=0.131–2.925, P=0.545)
and NOS scores ,7 (HR=1.153, 95% CI=0.167–7.984,
P=0.885; Figure 3C) and for evaluation of DEPTOR expression, high/low (HR=0.470, 95% CI=0.085–2.587, P=0.385)
and positive/negative (HR=1.225, 95% CI=0.343–4.368,
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Figure 2 Meta-analysis of the pooled HRs of OS for cancer patients.
Note: Weights are from random effects analysis.
Abbreviation: OS, overall survival.

P=0.755; Figure 3D). To further explore the sources of
heterogeneity, we performed meta-regression by the covariates including above factors. Meta-regression revealed
that all above factors were not the sources of heterogeneity
(Table 2).

Association between DEPTOR expression
levels and EFS of cancer patients
A total of four studies including 370 patients reported the
impact of abnormally expressed DEPTOR on DFS or PFS
of cancer patients. In the current study, we defined DFS and
PFS as EFS. The consequence displayed that high or low
expression of DEPTOR made no difference in predicting the
EFS of cancer patients (HR=1.244, 95% CI=0.543–2.848,
P=0.606; Figure 4). There was significant heterogeneity
among studies (χ2=27.87, P,0.0001, I 2=89.2%). However,
due to the limited number of included studies, we did not
perform the subgroup analyses.

Association between DEPTOR
expression levels and clinicopathological
characteristics of cancer patients
As shown in Table 3, we analyzed the association between
DEPTOR expression levels and clinicopathological characteristics of cancers patients. The meta-analytic results
showed that there was no significant association between
expression levels of DEPTOR and differentiation grade
(OR=1.210, 95% CI=0.776–1.886, P=0.401), lymph node

OncoTargets and Therapy 2018:11

metastasis (OR=1.021, 95% CI=0.339–3.072, P=0.971),
tumor stage (OR=1.995, 95% CI=0.594–6.695, P=0.264) and
gender (OR=1.002, 95% CI=0.739–1.358, P=0.990), which
was consistent with the results of prognostic analyses.

Sensitivity analysis and publication bias
Sensitivity analysis was performed to examine the effects of
individual study on the overall results. For OS, sensitivity
analysis showed that HRs and their 95% CIs did not change
significantly after the exclusion of any of the studies
(Figure 5A), which indicated that individual study had
little influence on our eventual outcome, and proved that
our analysis was relatively stable and credible. For EFS,
the sensitivity analysis identified that results from Parvani
et al and Pei et al affected results greatly, indicating that
these studies were possible to be the main source of heterogeneity. However, after excluding either of them, we still
observed that overexpression or low expression of DEPTOR
made no difference in predicting the EFS of cancer patients
(Figure 5B). As for publication bias analysis, because of the
limited number of studies included in each analysis (,10),
publication bias was not assessed.

Discussion
DEPTOR is a recently discovered endogenous inhibitor of
mTOR, which is initially identified as being overexpressed
in a subset of MM cells.2 As a natural inhibitor of mTOR,
DEPTOR could suppress the activity of both mTORC1
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are from random effects analysis.
Abbreviations: OS, overall survival; NOS, Newcastle–Ottawa Scale.
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Table 2 Subgroup analyses of pooled HRs for OS in cancer patients with abnormal expression level of DEPTOR
Subgroup analysis

No of
studies

Sample size
,100
$100
Type of cancer
Digestive system carcinoma
Nondigestive system carcinoma
NOS score
$7
,7
Evaluation of DEPTOR expression
High/low
Positive/negative

Pooled HRs
Random

4
3

1.406 (0.351–5.629)
0.332 (0.092–1.195)

5
2

0.755 (0.195–2.921)
0.902 (0.056–14.419)

4
3

0.619 (0.131–2.925)
1.153 (0.167–7.984)

3
4

0.470 (0.085–2.587)
1.225 (0.343–4.368)

Meta-regression
(P value)
0.411
–
–
0.855
–
–
0.576
–
–
0.382
–
–

Heterogeneity
I2 (%)

P value

82.1
75.6

0.001
0.017

88.8
90.2

0.000
0.001

90.1
85.0

0.000
0.001

91.3
72.1

0.000
0.013

Abbreviations: OS, overall survival; NOS, Newcastle–Ottawa Scale.

and mTORC2. In addition, the aberrant expression of
DEPTOR could induce cell growth, apoptosis, autophagy
and endoplasmic reticulum stress response.27,28 Accumulating
studies have revealed that DEPTOR could be abnormally
expressed in numerous kinds of tumor and plays pivotal
roles in the pathogenesis and progression of tumor.5,28–30
Nevertheless, the relationship between abnormally expressed
DEPTOR with the prognosis of cancer patients is still
controversial, especially when it comes to whether the high
or low expression of DEPTOR is more adverse.
Here, we performed current meta-analysis to explore the
prognostic value of abnormally expressed DEPTOR and
the relation between DEPTOR expression levels and clinicopathological characteristics of cancer patients. Through
systematic analysis, our results demonstrated that there

was no significant difference in the influences of high or
low expression of DEPTOR on the OS of cancer patients.
In addition, the subgroup analyses and meta-regression
analysis displayed that factors including sample size, type
of cancer, paper quality and evaluation of DEPTOR expression did not alter above results. DFS and PFS are important
parameters reflecting the progression of tumor. In this article,
we defined DFS and PFS as EFS. By combining the HRs,
we found a similar result that there was no difference in
predicting the EFS of cancer patients for high or low expression of DEPTOR.
Our results were consistent with some previous discoveries from Lai et al7 and Dong et al22 that in colorectal
cancer and esophageal squamous cell carcinoma, high or low
expression of DEPTOR made no difference in predicting

Study ID

HR (95% CI)

% weight

Boyd et al (2010)18

3.23 (1.61–6.48)

24.59

Parvani et al (2015)20

0.62 (0.40–0.98)

27.34

Pei et al (2011)12

0.56 (0.43–0.78)

28.68

Quwaider et al (2017)9

3.23 (1.06–9.78)

19.39

Overall (I2=89.2%, P=0.000)

1.24 (0.54–2.85)

100

0.102

1

9.78

Figure 4 Meta-analysis of the pooled HRs of EFS for cancer patients.
Note: Weights are from random-effects analysis.
Abbreviation: EFS, event-free survival.
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Table 3 Association between DEPTOR and clinicopathological characteristics of cancer patients
Clinicopathological
parameters

Studies
(n)

Patients
(n)

OR (95% CI)

Differentiation (poorly and
moderately vs well)
Lymph node metastasis
(yes vs no)
Tumor stage (III–IV vs I–II)
Gender (male vs female)

3

393

1.210 (0.776–1.886)

5

658

4
7

553
872

P value

Model

0.401

0

0.449

Fixed

1.021 (0.339–3.072)

0.971

90.0

,0.001

Random

1.995 (0.594–6.695)
1.002 (0.739–1.358)

0.264
0.990

89.6
0

,0.001
0.423

Random
Fixed

/DLHWDO 
%R\GHWDO 
-LHWDO 

As for the clinicopathological characteristics, our analysis
also revealed that there was no significant relation between
expression levels of DEPTOR and clinicopathological characteristics, including tumor stage, lymph node metastasis,
differentiation grade and gender, which was consistent with
the prognostic value of DEPTOR.
Mechanisms underlying the regulatory roles of DEPTOR
in tumorigenesis and tumor progression have been extensively investigated. DEPTOR is an endogenous inhibitor
of mTOR. Despite the fact that DEPTOR could be overexpressed or downregulated in tumor tissues, previous studies
have proven that both overexpression and low expression
of DEPTOR could active the PI3K/AKT pathway. Downregulation of DEPTOR could active the PI3K/AKT pathway
directly via promoting the mTOR activity.8 On the other
hand, overexpression of DEPTOR could inhibit mTORC1,
which relieves the inhibitory feedback signal normally
transmitted from mTORC1 to PI3K, leading to hyperactive

%

0HWDDQDO\VLVHVWLPDWHV
JLYHQQDPHGVWXG\LVRPLWWHG

/LXHWDO 

Heterogeneity
I2 (%)

the prognosis of cancer patients. However, on the other
hand, former studies have also demonstrated that overexpression of DEPTOR was worse for outcome of patients in
triple-negative breast cancer, hepatocellular carcinoma and
differentiated thyroid carcinoma.12,20,21 In addition, results
from Quwaider et al19 and Boyd et al18 showed that a lower
expression of DEPTOR was more adverse for MM. Thus,
we speculated that the different prognostic roles of DEPTOR
in different tumors might be because of the limitation of the
sample size and the different clinicopathological characteristics of the patients recruited. Dong et al22 have shown that
OS did not differ significantly between DEPTOR expression
levels of all patients, while high expression of DEPTOR
benefited patients in the early stage but not advanced stage
of esophageal squamous cell carcinoma. Therefore, large
sample sizes studies are desperately needed to elucidate the
impact of abnormally expressed DEPTOR on the prognosis
of cancer patients.

$
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Figure 5 Sensitivity analysis plot of pooled HRs of OS (A) and EFS (B) for cancer patients with abnormally expressed DEPTOR.
Abbreviations: OS, overall survival; EFS, event-free survival.
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PI3K signaling.2 A meta-analysis conducted by Ocana et al17
have demonstrated that activation of the PI3K/mTOR/AKT
pathway was associated with significantly worse 5-year survival of solid tumor. Considering that both overexpression
and low expression of DEPTOR could active the PI3K/AKT
pathway, it was understandable that high and low expression
levels of DEPTOR might make no difference in predicting
the prognosis and clinicopathological characteristics of
cancer patients.
In our study, a few limitations should be underlined.
First, only nine studies were included in our meta-analysis
and even fewer articles, seven and four articles, respectively, were included for the OS and EFS analyses; this
restricted our ability to evaluate the prognostic value of
DEPTOR in subgroup analyses and might have led to the
bias of the results. Second, due to the limited number of
included studies, we could not perform the publication bias
analysis, which was possible to exist in our meta-analysis.
Third, the cutoff values of overexpression or low expression of DEPTOR were different among studies, although
most of them were set to median or a result compared
with adjacent normal tissues. Fourth, differences in paper
quality and sample size across the studies might cause bias
in the meta-analysis, although subgroup analyses and metaregression did not show the paper quality or sample size as
the resource of heterogeneity. Fifth, some HRs could not be
directly obtained from the publications. Thus, calculating
them through survival curves might not be precise enough.
Sixth, significant heterogeneity existed among our analysis,
which might cause bias of results. Therefore, larger scale,
multicenter and high-quality studies are desperately necessary to confirm our findings.

Conclusion
Our study revealed that despite the fact that DEPTOR could
be overexpressed or downregulated in cancer patients,
it might not be an appropriate biomarker to predict the
prognosis of cancer patients. Moreover, the expression
level of DEPTOR was not associated with clinicopathological features including TNM stage, lymph node metastasis, differentiation grade and gender. This is the first
meta-analysis to evaluate the relationship between expression
levels of DEPTOR and prognosis of cancer patients. In the
future, more relevant studies are warranted to investigate the
role of DEPTOR in human cancer.
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