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Abstract: Background: The prognostic significance of intratumoral and peripheral interleukin-17 (IL-17) in tumors
has been studied worldwide during these years, providing un-uniformed conclusions. Methods: We conducted a
meta-analysis of published literatures that evaluated the correlation between IL-17 and clinical staging, overall sur-
vival (OS) and/or disease free survival (DFS). Results: A total of 28 studies enrolling 2902 patients were included.
For the overall population, a high expression of IL-17 was found significantly correlated with worse DFS (HR = 1.59,
95% Cl: 1.24-2.03) in patients with solid tumors. For gastrointestinal tumors, patients with IL.-17 high seemed to
have worse OS (HR = 1.85, 95% Cl: 1.24-2.75) and DFS (HR = 2.41, 95% CI: 1.98-2.92). Sub-group meta-analysis
revealed that IL-17 indicated late clinical staging in non-small cell lung cancer (NSCLC) patients (HR = 2.33, 95%
Cl: 1.25-4.32), on the other hand, early clinical staging in patients with esophageal squamous carcinoma (HR =
0.63, 95% Cl: 0.42-0.94). Negative impacts of IL-17 on OS were shown in patients with hepatocellular carcinoma
(HCC) (HR = 1.87, 95% ClI: 1.23-2.84) or NSCLC (HR = 1.55, 95% CI: 1.02-2.35). However, positive impacts on 0S
were provided in patients with esophageal squamous carcinoma (HR = 0.65, 95% Cl: 0.50-0.84). Besides, a high
expression of IL-17 predicted better DFS in ovarian cancer patients (HR = 0.33, 95% Cl: 0.11-1.00). Conclusions:
Our meta-analysis revealed that IL-17 might correlate with poor OS and DFS in gastrointestinal tumors. Specifically,
IL-17 was a detrimental factor for HCC and NSCLC patients, whereas a beneficial factor for patients with esophageal
squamous carcinoma and ovarian cancer.
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Introduction 17 (Th17) cells while other cells such as NKT
cells, CD8+ T cells, yd-T cells, neutrophils and
Interleukin-17 (IL-17) is a pro-inflammatory Paneth cells are found producing some as well
cytokine that was first described in 1993 [1]. [6, 7]. Th17 cells produce large quantities of
The IL-17 gene was unexpected isolated from a IL-17 as a result that most Thi17-mediated
murine cytotoxic lymphocyte hybridoma cDNA effects are attributed to this cytokine. In the
library and first named cytotoxic T lymphocyte past two decades, IL-17 has been under inten-
(CTL) antigen-8 (CTLA-8). Later on, the human sive investigation because of its potential role
IL-17, 1L-17 receptor (IL-17R) and more cytokines in allergy, autoimmune diseases, host defense
resembling it were discovered, which finally against infections, tumorigenesis and allograft
contributed to form a new cytokine family con- transplantation [8-23].
sisting of six cytokines (IL-17A, IL-17B, IL-17C,
IL-17D, IL-A7E, IL-17F) and five receptors To date, a plenty of studies have focused on the
(IL-17RA, 1IL-17RB, IL-17RC, IL-A7RD, IL-17RE). features and functions of IL-17 in solid tumors,
IL-17A was commonly called IL-17 in some stud- but the correlation of IL-17 with tumor growth
ies, for it was the founding cytokine of the IL-17 and progression has not been completely eluci-

family [2-5]. IL-17 is mainly secreted by T helper dated. On one hand, IL-17 can promote tumor
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growth by antiapoptotic and angiogenic activi-
ties [19, 24, 25]. On the other hand, it can pro-
mote effector cytotoxic T lymphocytes (CTLs)
generation and enhance their anti-tumor
response [26-28]. More effort is needed to
shed light on the mechanism of how IL-17 influ-
ences the growth and progression of tumor.

Meanwhile, a plenty of studies have evaluated
the prognostic value of IL-17 in solid tumors,
and most studies suggested a highly expressed
IL-17 was beneficial for tumor growth and asso-
ciated with poor prognosis [29-43]. However,
there were some exceptions that a high level of
IL-17 in tumor tissue or peripheral blood indi-
cated a prolonged overall survival or disease
free survival in different tumors [44-48]. In
some other studies, the relationship between
IL-17 and prognosis turned out to be indetermi-
nate [49-56]. Contradictory conclusions were
drawn even in one tumor by different research-
ers [35-37, 41-43, 46, 56]. This meta-analysis
was designed to clarify the impacts of IL-17 on
clinical outcomes in patients with solid tumors.

Materials and methods
Identification and eligibility of relevant studies

A prespecified protocol was designed before
we performed the meta-analysis. We conduct-
ed a computer-aided literature search of Pub-
Med/MEDLINE and EMBASE with the search
strategy based on a combination of Medical
Subject Headings (MeSH) and text words relat-
ing to “interleukin-17", “IL-17", “tumor”, “can-
cer”, “neoplasm”, “carcinoma” and “oncology”.
We retrieved literature from the database
inception to October 13, 2013. Reference list
of primary identified studies and relevant
reviews were also screened to prevent missing
any eligible studies by the electronic search
strategies.

All of the eligible studies included in our meta-
analysis met the inclusion criteria as follows: 1.
Patients with pathological diagnosis of solid
tumors; 2. Studies focused on the correlation
of IL-17 with clinical staging, overall survival
(0S) and/or disease free survival (DFS) of
patients with solid tumors, regardless of the
sample size or follow-up period; 3. Studies with
sufficient data available to estimate the hazard
ratio (HR) and corresponding 95% confidence
interval (Cl) of the impact of IL-17 on clinical
staging, OS and/or DFS; 4. Intratumoral or peri-
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pheral IL-17 expression level evaluated by
immunohistochemical (IHC), enzyme linked
immunosorbent assay (ELISA), flow cytome-
try (FCM) or reverse transcription-polymerase
chain reaction (RT-PCR) method. The exclusion
criteria included: 1. Patients diagnosed with
hematological tumors or recurrent solid tum-
ors; 2. Studies without sufficient information to
estimate the correlation of IL-17 with clinical
staging, OS or DFS; 3. Full-text published in
other languages rather than English or Chinese.
Studies were also excluded if they pertained to
overlapping patients with other included stud-
ies while the one with the largest sample size
was included for meta-analysis.

Two independent reviewers conducted the pri-
mary assessment by identifying the eligibility of
the abstracts from database. Full-text review
was done for further assessment when the eli-
gibility was unclear from the abstracts. Any dis-
agreement in assessment was discussed and
resolved seriously. As there has not been a gen-
eral agreed score system to weigh each study
in an observational prognostic meta-analysis
by a quality score, we therefore conducted
sub-group analyses for instead as widely
recommended.

Definitions and standardizations

We identified clinical staging according to the
TMN staging system (Union for International
Cancer Control, UICC), FIGO stage (International
Federation of Gynecology and Obstetrics) or
other worldwide used staging systems. Overall
survival (OS) referred to the length of time from
the date of initial definitive treatment to death
or deadline of follow-up, and disease free sur-
vival (DFS) referred to the duration of survival
without any documented local regional or dis-
tant relapse.

So far, most studies have detected the IL-17
expression level in tumor tissue and few in
peripheral blood or ascites. As peripheral and
intratumoral IL-17 presented consistent prog-
nostic prediction value in current published
studies, we included studies evaluating either
peripheral or intratumoral expression of IL-17
and grouped them to perform meta-analysis
respectively. When IL-17 was measured in both
center and invasive margin of tumor tissue, we
chose the latter because necrosis and hypoxia
in the center part of tumor might influence the
cytokines production and distribution in the
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1277 records identified from
Pubmed/ MEDLINE according to
described research strategies

l

1873 records identified from
EMBASE according to described
research strategies

l

2076 records after duplicates removed

> 1878 records excluded by

A 4

abstracts screened

198 full-text articles retrieved and assessed for eligibility

91 without exploitable

survival statistics

49 conference abstracts

26 reviews

2 animal experiments

A 4

2 in Polish

Figure 1. Flow chart of the

28 studies (n= 2902) included for our meta-analysis

literature search and se-
lection of included studies.

microenvironment of tumor. We preferred HR
value and corresponding 95% Cl of multivariate
Cox regression analysis rather than that of uni-
variate analysis when both were reported in
study. In the enrolling studies, IL-17 protein,
IL-17 positive cells and IL-17 mRNA were mea-
sured by IHC, ELISA, RT-PCR or FCM with variety
of antibodies. Some of the studies defined
the cut-off value by the “minimum P value”
approach while the others used the mean or
median level of IL-17 to separate the IL-17 high
or IL-17 low group, so that the definitions of
IL-17 positive or IL-17 high could not be consoli-
dated in the meta-analysis and the potential
bias should be considered when conclusions
were drawn.

Data extraction

Data extraction was carefully conducted in
duplicate by two of us with a standard data col-
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lection form. From all of the enrolling studies,
the following information was collected: first
author, time of publication, country of origin,
tumor location, number of patients (number of
men), median age, clinical staging, median fol-
low-up, IL-17 assessment, experimental meth-
ods, antibody applied, cut-off value of IL-17
high, prognostic analysis, HR estimation and
result. Any difference in the data extraction
was discussed and resolved seriously by two of
us.

Statistical analysis

We divided the included studies into three
groups for meta-analysis according to data
regarding clinical staging, OS and DFS. A study
was considered significant when the P value for
comparing clinical staging status or survival
distribution between IL-17 high and low group
was inferior to 0.05. We identified the result of
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a study as “positive” when a high level of IL-17
predicted a late clinical staging or short surviv-
al, “negative” when a high level of IL-17 predict-
ed an early clinical staging or prolonged surviv-
al, and “indeterminate” when there was no sig-
nificant relationship between IL-17 and clinical
staging or survival.

For the quantitative aggregation of results, HRs
and corresponding 95% Cls in each study were
used to estimate the impacts of IL-17 on clinical
staging, OS or DFS of patients with solid tumors.
We first extracted HRs and 95% Cls that were
available from the original article directly. For
those without reported HRs or 95 Cls, we used
the published data including the number of
patients at risk and the total number of events
in each group from original articles to estimate
HR and 95% Cls according to the methods
described by Parmar’s team [57]. If the data
were only available in the form of figures, we
read Kaplan-Meier curves from the articles by
Engauge Digitizer version 4.1 (free software
down-loaded from http://sourceforge.net) and
extracted relative data to calculate HRs and
95% Cls. An observed HR > 1 implied a worse
outcome for the IL-17 high group relative to
IL-17 low group and would be considered statis-
tically significant if the 95% CI for HR did not
overlap 1, with P < 0.05. Random effect meta-
analysis using DerSimonian-Laird algorithm
was carried out with the Stata version 11.0
(Stata Corporation, College Station, TX, USA)
and potential published bias on the outcomes
were illustrated and assessed by both Begg's
test and Egger’s test, in which P < 0.10 for
Begg’s test or P < 0.05 for Egger’s test indicat-
ed there were statistically significant publica-
tion bias [58, 59].

Results
Studies selection and characteristics

The initial computer-aided literature search
from PubMed/MEDLINE and EMBASE retrieved
2076 records after duplicates removed. Then,
1878 records were excluded by screening
abstracts and 198 records needed further
assessment. The full-text of the remaining
studies was obtained and read in detail. Ninety-
one records were out of scope because of no
exploitable survival statistics available for anal-
ysis, so were the 49 conference abstracts, 26
reviews and 2 animal experiments. Additionally,
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2 candidate records published in Polish were
excluded (Figure 1). Finally, a total of 28 studies
(n = 2902 patients) were identified as eligible
for inclusion in our meta-analysis.

The main features of the 28 included studies
are listed in Table 1. The included studies were
published between the year of 2009 and 2013
with one exception in 2001. Most studies
enrolled were performed in Asia, while 3 in
Europe and America. The median sample size
for all studies was 102.5 patients (range from
17 to 300) and the median sample sizes for
clinical staging, OS and DFS were 102, 104
and 105, respectively. Male subjects made up
around 58.4% of all the studies (excepting 2
without data available), and the median age of
all was 54.7 years old (excepting 5 studies not
reported). For all studies included, 51.6%
patients were in clinical staging I/Il when diag-
nosed. Only 8 studies reported median follow-
up period with an average of 2.9 years. However,
7 or more studies which did not report follow-up
period estimated the prognostic value of IL-17
based on 5 year survival. Intratumoral IL-17
expression was assessed by intratumoral IL-17
positive stained cells with the method of IHC in
20 studies, and IL-17 positive stained cells in
invasive margin of tumor was used in 1 study.
The IL-17 protein in tumor tissue was measured
in one study using IHC. Meanwhile, peripheral
IL-17 was assessed by IL-17 protein in patient
serum with the method of ELISA in 2 studies,
and IL-17 protein in ascites in another one. In
addition, T helper 17 (Th17) cells in peripheral
blood were counted by FCM to assess the
expression of IL-17 in one study. The antibodies
applied for IL-17 measurement varied from
each other, including mouse, goat or rabbit
monoclonal or polyclonal anti-human IL-17 anti-
bodies from different companies. The cut-off
value for IL-17 high was different among the
enrolling studies. The cut-off value of 16 stud-
ies was set at the median number or proportion
of IL-17 positive stained cells or identified by
the approach of “minimum P value”. In the 3
studies detecting peripheral IL-17 protein, the
cut-off value was 0.9 and 1.0 pg/mL in patient
serum and 220 pg/mL in ascites. Meanwhile,
the cut-off value of 3 studies was O and the
other 6 studies did not report. There were 17
studies available for prognostic analysis of
IL-17 on clinical staging, 20 studies for OS and
13 studies for DFS. Of all, the results of 15
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Table 1. Characteristics of the eligible studies included in the meta-analysis
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No. of Stage Median . -
) Tumor . 8 Assessment . . Cut-off (I-17  Prognostic Estimation
First Author  Year Country . patient 1711 (11l Follow- Method Antibody Applied ) . Result
Location Age (y) of IL-17 High) Analysis of HR
(M/F) V) up (y)
Gu FM [29] 2012 China Bile duct 123 55 91 (32) 1.1 intratumoral IHC Goat antihuman IL-17A 111 cells 0S/Stage Reported in Positive
(62/61) IL-17 positive counted per text/Data
stained cells 1-mm core extrapolated
Cui XL [44] 2013 China Brain 41 47 0 (41) 1.1 intratumoral IHC Mouse anti-human IL-17 15% positive 0S/DFS Reported in Negative
(18/23) IL-17 positive monoclonal antibody cells text
stained cells (Santa Cruz Biotechnology)
Hu JH [49] 2011 China Brain 24 41.3 12 (12) NR intratumoral RT-PCR NR 0 Stage Data Indeterminate
(18/6) mRNA of IL-17 extrapolated
Chen WC[30] 2013 Taiwan Breast 207 51 137 (70) 5.6 intratumoral IHC Goat polyclonal anti- 90 cells/5 HPFs DFS/Stage  Reported in Positive
(0/207) I1L-17 positive human IL-17 antibody text
stained cells
Liu JK [31] 2011 China Colorectum 52 NR 0(52) NR intratumoral IHC Goat monoclonal anti- NR oS Reported in Positive
(32/21) I1L-17 positive human IL-17 antibody text
stained cells
Tosolini M [32] 2011  France Colorectum 106 (?/?) NR 48 (58) NR IL-17 positive IHC Antibody against IL-17 NR (“minimum P DFS Reported in Positive
stained cells in (H-132; Santa Cruz Bio- value” approach) text
invasive margin technology)
Lv L [50] 2011 China Esophagus 181 56 117 (64) NR intratumoral IHC Goat antihuman IL-17 3.90 cells/HPF  0S/Stage Reported in  Indeterminate
(141/40) IL-17 positive text/Data
stained cells extrapolated
Wang B [45] 2013 China Esophagus 215 56 137 (78) 2.5 intratumoral IHC Rabbit/goat polyclonal 8.6 cells 0S/Stage  Reported in Negative
(160/55) IL-17 positive anti-human IL-17 antibody text/Data
stained cells extrapolated
Zhang Y [33] 2013 China Gallbladder 104 66.13 44 (60) 3.3 intratumoral IHC Monoclonal antibody NR 0S/DFS/  Survival curve Positive
(41/63) IL-17 positive against IL-17 Stage
stained cells
Qiu LB [34] 2011 China Hypophysis 75 51 35 (40) NR intratumoral IHC Rabbit polyclonal anti hu- ~ 10% positive Stage Data extrapo- Positive
(27/48) IL-17 positive man IL-17 antibody cells lated
stained cells
Meng CD [51] 2012 China Larynx 32 59 20 (12) NR intratumoral IHC Rabbit polyclonal anti hu- 5% positive cells Stage Data extrapo- Indeterminate
(25/7) IL-17 positive man IL-17 antibody lated
stained cells
Liao R [35] 2013 China Liver 300 53 202 (98) NR intratumoral IHC Antibody of IL-17 51 positive cells OS/DFS  Survival curve Positive
(253/47) IL-17 positive
stained cells
Lin SZ [46] 2013 China Liver 132 51 82 (50) NR intratumoral IHC Monoclonal antibody NR (“minimum P OS/DFS Reported in Negative
(122/10) IL-17 positive against IL-17 value” approach) text
stained cells
Wu JX [36] 2012 China Liver 105 53 74 (31) 1.7 IL-17 proteinin  ELISA Quinsy’s human 9-plex 0.9 pg/ml 0S/DFS Reported in Positive
(91/14) patient serum assay kit text/Survival
curve
Zhang JP [37] 2009 China Liver 108 46 82 (26) NR intratumoral IHC Goat antihuman IL-17A  70th percentile 0S/DFS Reported in Positive
(95/13) I1L-17 positive value text
stained cells
10519 Int J Clin Exp Med 2015;8(7):10515-10536



Chang YH [52] 2010
Chen X [38] 2010
Zhang GQ [39] 2012
Zhang YL [53] 2010
Droeser RA [47] 2013
Kato T [54] 2001
Kryczek | [55] 2009
Lan CY [48] 2013
He SB [40] 2011
ChenJG[56] 2011
Liu T [41] 2012
Yamada Y [42] 2012
Zhuang Y [43] 2012

Taiwan

China

China

China

Switzerland

Japan

America

China

China

China

China

Japan

China

Lung

Lung

Lung

Nasopharynx

Ovary

Ovary

Ovary

Ovary

Pancreas

Stomach

Stomach

Stomach

Stomach

79
(52/27)

52
(41/11)

102
(66/36)

106
(84/22)

94
(0/90)

17
(0/17)
85
(0/85)

104
(0/104)

46
(31/15)

192
(129/63)

32
(21/11)

85 (?/?)

103
(75/28)

NR

51.9

65

49

NR

NR

61

53

61

58

54

65.5

55

41 (38)

33(19)

69 (33)

38 (68)

11 (83)

0 (104)

22 (24)

79 (113)

9(23)

66 (29)

34 (69)

NR

NR

2.5

NR

NR

NR

NR

NR

NR

5.1

NR

NR

NR

intratumoral
IL-17 positive
stained cells
intratumoral
IL-17 positive
stained cells
intratumoral
IL-17 protein

intratumoral
IL-17 positive
stained cells
intratumoral
IL-17 positive
stained cells
intratumoral
mRNA of IL-17
IL-17 protein in
ascites

intratumoral
IL-17 positive
stained cells
intratumoral
IL-17 positive
stained cells
intratumoral
IL-17 positive
stained cells
Th17 cells in
peripheral
blood
IL-17 protein in
patient serum
intratumoral
IL-17 positive
stained cells

IHC

IHC

IHC

IHC

IHC

RT-PCR

ELISA

IHC

IHC

IHC

FCM

ELISA

IHC

IL-17 as a prognostic factor in solid tumor

Rabbit polyclonal anti hu-
man IL-17 antibody

Rabbit polyclonal anti hu-
man IL-17 antibody

Mouse anti-human IL-17A
antibody

Goat monoclonal anti-hu-
man IL-17 (R&D Systems)

Goat polyclonal anti-
human IL-17 antibody

NR

Anti-IL-17 (eBioscience)

Goat polyclonal anti-
human IL-17 antibody

Anti-IL-17-PE (PE-labeled
mouse anti-human IL-17
antibody)

Goat anti-human IL-17
polyclonal antibody

IL-17-PE

Human IL-17 (IL-17A) ELISA
Development Kit
Anti-IL-17 (Santa Cruz
Biotechnology)

10% cells

5% positive cells

5.60 cells/HPF

1 positive cell/
punch

220 pg/mL

35th percentile
value

NR (median
value)

2.5 cells

NR

1 pg/mL

2.75% positive
cells

Stage

0S/DFS/

stage

0S/Stage

0S/DFS/

Stage

DFS/Stage

Stage

0S/Stage

0S/DFS

0s

0S/Stage

0s

0s

0S/DFS/
Stage

Data extrapo- Indeterminate
lated

Reported in Positive
text/Data

extrapolated

Reported in Positive
text/Data

extrapolated

Reported in  Indeterminate
text/Data

extrapolated

Data extrapo-
lated

Negative

Data extrapo- Indeterminate

lated
Reported in Negative/
text/Data  Indeterminate
extrapolated
Reported in Negative
text
Survival curve Positive
Reported in Negative/
text/Data  Indeterminate
extrapolated
Survival curve Positive
Reported in Positive
text
Reported in Positive
text/Survival
curve/Data

extrapolated

Abbreviations: M, male; F, female; NR, not reported; Th17, T helper 17; IHC, immunohistochemistry; FCM, flow cytometry; ELISA, enzyme linked immunosorbent assay; RT-PCR, reverse transcription-polymerase chain reaction; PE, phycoerythrin;
HPF, high power field; OS, overall survival; DFS, disease free survival; HR, hazard ratio.
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Table 2. The combined HR of sub-group meta-analysis in Clinical Staging, OS and DFS

Sub-group Analysis Clinical Staging 0S DFS

' No. of o No. of 0 No. of o
Tumor Location studies HR (95% CI) studies HR (95% CI) studies HR (95% Cl)
Overall solid tumor 17 1.51 (0.98, 2.34) 20 1.34 (0.87, 2.05) 13 1.59(1.24,2.03)*¢

Gastrointestinal tumor 1.87 (0.84, 4.19

6 ) 14 1.85 (1.24, 2.75) 7 2.41 (1.98, 2.92)
Bile duct 1 2.93(1.25, 6.88)

1

1

B 1 1.59 (1.05, 2.41) - -

1 0.16 (0.04, 0.73)° 1 0.23 (0.06, 0.89)°
1 2.24 (1.06, 4.74)
1 2.78(1.38, 5.60)°

Brain 0.60 (0.08, 4.47)
Breast 1.24 (0.59, 2.60)

Colorectum - - 1 4.02 (1.56, 10.37)?

Esophagus 2 0.63(0.42,0.94)° 2 0.65 (0.50, 0.84)° - -
Gallbladder 1 2.57 (1.15, 5.75)? 1 2.34 (2.20, 2.49)° 1 2.66 (2.47,2.87)
Hypophysis 1 3.64 (1.39, 9.51)° - - - -
Larynx 1 1.15 (0.27, 4.88) - - - -
Liver - - 4 1.87 (1.23, 2.84)® 4 1.65 (0.75, 3.60)
Lung 3 2.33(1.25, 4.32)° 2 1.55 (1.02, 2.35)2 1 2.35(1.01, 5.34)
Nasopharynx 1 0.48 (0.22,1.07) 1 0.62 (0.30, 1.28) 1 0.75 (0.39, 1.44)
Ovary 3 0.71(0.23, 2.22) 2 0.26 (0.03, 2.31) 2 0.33 (0.11, 1.00)°
Pancreas - - 1 3.55 (3.30, 3.82)? - -
Stomach 2 6.44 (0.23, 180.73) 4 2.27 (0.44, 11.75) 1 2.77 (2.31, 3.33)°

Abbreviations: OS, overall survival; DFS, disease free survival; No., number; HR, hazard ratio; Cl, confidence interval; @The
combined HR was significantly positive. °The combined HR was significantly negative. ‘Publication bias was found in Begg's
test and/or Egger’s test.

studies were positive whereas 7 negative and prediction of patients with solid tumors and a
8 indeterminate (2 studies reached negative late staging usually indicates more probability
results in OS analysis but indeterminate results of invasion or metastasis and shorter survival
in clinical staging analysis). compared to an early staging. We analyzed the

impact of IL-17 on the clinical staging of solid
More than half (N = 15) of the studies were tumors with the included studies which provid-
focused on gastrointestinal tumors, including ed sufficient statistics to perform meta-analy-
gastric cancer (N = 4), hepatocellular carcino- sis. Of the 17 studies, 6 studies reached posi-
ma (HCC) (N = 4), esophageal squamous cell tive results while the rest 11 studies indetermi-

carcinoma (N = 2), coloregtal Cancer (N =2), nate. As shown in Figure 2A, the combined HR
gfallblaqder cancer (N = 1), mtrahepatlc cholan- of IL-17 on clinical staging was non-statistically
giocarcinoma (N = 1) and pancreatic cancer (N significant (HR = 1.51, 95% Cl: 0.98-2.34). Sub-
= 1). There were 4 studies showing the prog: group analysis was then performed according
nostic value of IL-17 in ovarian cancer while 3 to the tumor location (Figure 3A). As a result

StUd.ieS in non-small cell Iupg cancer (NSCL_C)' the combined HRs of IL-17 on clinical staging of
The impact of IL-17 on survival of patients with gastrointestinal tumors (N = 6), ovarian cancer

breast cancer, glioblastoma, glioma, pituitary (N = 3) or gastric cancer (N = 2) were entirely

adenoma, laryngeal squamous carcinoma and not significant (HR = 1.87, 95% CI: 0.84-4.19;
nasopharyngeal carcinoma were also reported HR = 0.71. 95% ClI: 0.23-2.22 and HR = 6.44
in the rest of involved studies respectively. 95% Cl: 0.23-180.73, respectively) (Figure 3D).

However, a high expression of IL-17 was found
significantly associated with a late staging (lll/
IV) of NSCLC (N = 3, HR = 2.33, 95% CI: 1.25-
4.32) but an early staging (I/11) of esophageal
squamous cell carcinoma (N = 2, HR = 0.63,

As shown in Table 2, the prognostic value of
IL-17 on staging, OS and DFS was analyzed sep-
arately, and sub-group analysis was conducted
as well according to tumor location.

IL-17 and clinical staging 95% Cl: 0.42-0.94). In addition, only one study

suggested IL-17 was associated late clinical
The clinical staging status of tumor at the time staging of intrahepatic cholangiocarcinoma
of diagnosis plays an important role in survival (HR = 2.93, 95% CI: 1.25-6.88), gallbladder
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A IL-17: Clinical Staging

Author(rfe) Year Location HR (95% Cl) Weight
Gu FM (29) 2012 Bile duct ——8&—> 293 (1.25,6.90) 6.96
Hu JH (49) 2011 Brain € - : 0.60 (0.08, 4.45) 3.15
Chen WC (30) 2013 Breast i 1.24 (0.59, 2.59) 7.46
Lv L (50) 2011 Esophagus —— : 0.60(0.33,1.12)  8.00
Wang B (45) 2013 Esophagus —a— 0.65(0.38,1.11) 8.30
Zhang Y (33) 2013 Gallbladder —i—l— 2.57 (1.15, 5.76) AT
Qiu LB (34) 2011 Hypophysis @) 364(1.39,948) 650
Meng CD (51) 2012 Larynx & 115(0.27,487) 465
Chang YH (52) 2010 Lung l' 1.42(0.59,3.45) 6.84
Chen X (38) 2010 Lung ———a—> 379(1.14,1260) 552
Zhang GQ (39) 2012 Lung : L > 3.18(1.09, 9.28) 6.04
Zhang YL (53) 2010 Nasopharynx —_— 0.48 (0.22, 1.09) 7.20
Kato T (54) 2001 Ovary = : » 0.83(0.11,6.11) 3.15
Kryczek | (55) 2009 Ovary € - - 0.63 (0.10, 4.00) 3.52
Droeser RA (47) 2013 Ovary € & : 0.71 (0.09, 5.54) 3.05
Chen JG (56) 2011 Stomach —a— 1.27 (0.72,2.24)  8.18
Zhuang Y (43) 2012 Stomach i > 38.30 (8.11, 181.00) 4.31
Overall (l-squared = 70.8%, p = 0.000) <:j> 1.51 (0.98, 2.34) 100.00
NOTE: Weights are from random effects analysis :
T T T
| 1 2. 6
IL- 17 Low IL-17 High

B IL17: 0S
Author(ref.) Year Location HR (95% CI) Weight
Gu FM (29) 2012 Bile duct ——— 1.59 (1.05, 2.41) 519
Cui XL (44) 2013 Brain &~ i 0.16 (0.04, 0.73) 3.23
Liu JK (31) 2011 Colorectum E —a—> 402(1.56,1038) 431
Lv L (50) 2011 Esophagus —a— 0.66 (0.43, 1.01) 5.18
Wang B (45) 2013 Esophagus —a E 0.64 (0.46, 0.88) 5.29
Zhang Y (33) 2013 Gallbladder . = 2.34 (2.20, 2.50) 5.45
Liao R (35) 2013 Liver | 2.00 (1.66, 2.42) 5.40
Lin SZ (46) 2013 Liver —_— i 0.60 (0.30, 1.10) 485
Wu JX (36) 2012 Liver i - 2.90 (2.74, 3.07) 546
Zhang JP (37) 2009 Liver ——ea——  235(124,445) 487
Chen X (38) 2010 Lung ———a— 2.34(1.02, 5.36) 4.53
Zhang GQ (39) 2012 Lung —— 1.39(1.01, 1.83) 532
Zhang YL (53) 2010 Nasopharynx —_—— 0.62 (0.30, 1.28) 471
Kryczek | (55) 2009 Ovary — E 0.08 (0.03, 0.20) 4.30
Lan CY (48) 2013 Ovary = ' 0.75 (0.71, 0.79) 5.46
He SB (40) 2011 Pancreas E - 3.55 (3.30, 3.82) 545
Chen JG (56) 2011 Stomach —_— ! 0.52 (0.33, 0.82) 5.14
Liu T (41) 2012 Stomach ! »? 14.60(13.30, 16.00) 5.45
Yamada Y (42) 2012 Stomach | —— 2.49 (1.40, 4.40) 498
Zhuang Y (43) 2012 Stomach - 1.37 (1.21, 1.56) 543
Overall (l-squared = 99.5%, p = 0.000) -=<>- 1.34 (0.87, 2.05) 100.00
NOTE: Weights are from random efflects analysis ; : :

.1 1 2 6

IL- 17 Low IL-17 High
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C IL-17: DFS

Author(ref) Year Location

HR(95% Cl)  Weight

Cui XL (44) 2013 Brain & -
Chen WC (30) 2013 Breast

Tosolini M (32) 2011 Colorectum

ZhangY (33) 2013 Gallbladder

Liao R (35) 2013 Liver

Lin SZ (46) 2013 Liver

Wu JX (36) 2012 Liver

Zhang JP (37) 2009 Liver

Chen X (38) 2010 Lung

Zhang YL (63) 2010 Nasopharynx
Droeser RA (47)2013 Ovary

Lan CY (48) 2013 Ovary

a——
+

0.23 (0.06, 0.89) 2.70
——&——  224(1.06,475)6.00
——&—— 278(1.38,560) 6.45

[ ] 266 (2.47,2.87) 13.12

m 3.08 (2.91, 3.26) 13.19
0.37 (0.19, 0.72) 6.81
——8——  246(1.34,451)7.40
2.26 (1.35,3.77) 8.45
- 2.35(1.01,5.43) 526
f 0.75 (0.39, 1.44) 6.94

3 0.14 (0.03, 0.72) 2.06

0.48 (0.30,0.73) 9.25

Zhuang Y (43) 2012 Stomach s o 2.77(2.31,3.33) 12.39
Overall (l-squared = 92.1%, p = 0.000) @ 1.59 (1.24, 2.03) 100.00
NOTE: Weights are from random effects analysis ‘
T T T
4 1 2 6
IL- 17 Low IL-17 High

Figure 2. Forrest plots and meta-analysis of studies evaluating HR of IL-17 high compared to IL-17 low. The combined
HRs of IL-17 high on (A) clinical staging, (B) overall survival (OS) and (C) disease free survival (DFS) were respectively

aggregated above.

cancer (HR = 2.57, 95% ClI: 1.15-5.75) and pitu-
itary adenoma (HR = 3.64, 95% Cl: 1.39-9.51).

IL-17 and overall survival

A total of 20 studies were included in the meta-
analysis of the prognostic value of IL-17 on OS,
among which 12 studies provided positive
result while 5 studies negative and 3 studies
indeterminate. The combined HR of the 20
studies was not significant as shown in Figure
2B (HR = 1.35, 95% CI: 0.87-2.05). Sub-group
meta-analysis was conducted according to
tumor location (Figure 3B). As more than half of
the enrolling 20 studies (N = 14) focused on
gastrointestinal tumors, we firstly conducted
a sub-group meta-analysis for the prediction
value of IL-17 on OS of patients with gastroin-
testinal tumors. The combined HR of the 14
studies was statistically significant (HR = 1.85,
95% CI: 1.24-2.75) that suggested a high expre-
ssion of IL-17 was associated with a poorer
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overall survival of patients with gastrointestinal
tumors (Figure 3E). Similarly, in patients with
hepatic cellular carcinoma (N = 4, HR = 1.87,
95% Cl: 1.23-2.84) and NSCLC (N = 2, HR =
1.55, 95% Cl: 1.02-2.35), IL-17 indicated short-
er OS. However, IL-17 high suggested a pro-
longed OS in patients with esophageal squa-
mous carcinoma (N = 2, HR = 0.65, 95% ClI:
0.50-0.84). Besides, no relationship was found
between IL-17 expression and OS in patients
with gastric cancer (N = 4, HR = 2.27, 95% CI:
0.44-11.75) or ovarian cancer (N = 2, HR =
0.26, 95% CI: 0.03-2.31). As for patients with
intrahepatic cholangiocarcinoma (HR = 1.59,
95% CI: 1.05-2.41), colorectal cancer (HR =
4.02, 95% Cl: 1.56-10.37), gallbladder cancer
(HR = 2.34, 95% Cl: 2.20-2.49) and pancreatic
cancer (HR = 3.55, 95% CI: 3.30-3.82), a high
expression of IL-17 indicated poor outcome
in only one independent study, respectively.
Meanwhile, a better OS was found in glioblas-
toma patients with a high expression of IL-17 (N
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A Sub-group Analysis of IL-17: Clinical Staging

Author(rfe) Year HR (95% CI) Weight
B‘ 1
Gu 1 g 012 —8: 293 {1.25. 6.90; 6.96
Subtotal (Fsquared = % p=.) —— = 293 (1.25, 6.88] 696
Brain [
Hu JH (49 2011 - - 0.60 (0.08, 4.45 3.15
Subtotal (ksquared = %, p=.) ——— 0.60 fo,oa, 447} 315
D 0 : 1.24 (0.59, 2.59 )/
gubtntal (quuared %4. p=.) #5 124 fgsg zisu} 7;13
Esopha& :
LvL (5 2011 = I 0.60 (0.33, 1.12 8.00
Waﬂg 2013 - ' 0.65 (0.38, 1.11 38.30
Subtotal (I-squared 0.0%, p = 0.847) 1 0.63 (0.42, 0.94, 16.31
Gallbladder :
ZhangY %33) 2013 ———efeeeeeee 2 57 %1_1 5, 5.76; 717
Subtotal (-squared=.%,p=.) —E T 257 (1.15, 5.75, 717
Hypophysis :
Qiy L {:".34) 2011 —— 3164 {1.39. 9.4-3; 6.50
Subtotal (Fsquared = %, p=.) ————————— 364 (1.39,951 6.50
Larynx i
Meng CD (51) 2012 i 1,15{0,27, 487; 465
Subfotal (lsquared=.%.p=.) r 1.15(0.27, 4.88 465
'E?""g YH&2) 2010 l: 142 (0.59, 3,45 84
n o . g .
20k (38 e ——— 3,75 1.14, 12.60) gsz
Zhan Q (39) v i 3.18(1.09, 9.28; 6.04
Subtotal (l-squared = 7 S% p=0.339) —— T — 233(1.25, 432 18.40
L]
Nasopharynx) 2010 1 1 7
- ' £, 1.
ubtuslal {Fsquared = %,p =) s 388% 189 i3
]
[}

Kat n.li§5) 2081 = & ga?} g} 1, 2,11 3,15
czZ . 110, 4. X
E:geser %81% - = DA91 0.03, 5.32 3.8%
Subtotal (l.squured =0.0%, p = 0.981) . 0.71 (0.23, 2.22; 972

Stomach [

Chen JG (56 2011 —_— 1.27(0.72,2 ? 8.18
Zhuan g (43) 2012 ! > 38306 71, 18 DO) 431
Subtotal (l-squared = 93.9%, p = 0.000) - 6.44 (0.23, 180 12.49
Overall (-squared = 70.8%, p = 0.000) P 1.51 (0.98, 2.34) 100.00
NOTE: Weights are from random effects analysis . — .

A 1 2 6
IL- 17 Low IL-17 High

B Sub-group Analysis of IL-17: OS

Author(ref ) Yesr HR (95% CI) Weight
g“’s‘l’\.‘!‘%ﬂ 2012 —+I— 1.59(1.05, 2.41 5.19
s.‘fm& {l-squared = %.p = ) — 1.59 (1.05 241{ 519
Brain 1

CueXL[I f 2013 1t 5 0.16 (0.04,0.73 323
Subtotal (l-squared = %, p=.) — e — - 0.16 (0.04, 0.73 i
Colorectum 1

Liu JK(31% 2011 — 40211 56, 10.38 4.31
Subtotal (I-squared = %, p = ) | — e 402{1.56.10.3 431
Esophagus I

LvL (5 2011 —— | 0.66 (0.43, 1.01 5.18
nf.m,‘,ﬁas; 2012 —a— | 064 ]o.aue. o‘ssj 529
Subtotal (I-squared = 0.0%, p = 0.884) - : 0.65(0.50, 0.84 10.47
Galloladder I

Zhang Y (33) 2013 ! » 2‘3412.20. 2‘501 545
Summl u-squnred- %.p=.) i (<] 2.34(2.20, 2.49 545
Liver :

Liao R (38 2013 1 =l 2.00(1.66, 2.42 540
Lm SZ (48 2013 —_—— 0.60 (0.30, 1.10 485

JX( 36 2012 | » 290(2.74.30 548

zn ang JP (37) 2009 e — 2.35(1.24, 4.45 4.87
Subtotal (l-squared = 91.6%. p =0.000) e —— 1.87(1.23,.284 20.58
L:Tx 38) 2010 ‘ 2.34(1.02,5.38 453

n X ( —— 34 (1.02. 5. g
Zhang GQ (39 2012 1.39(1.01. 1.83 532
Su;;?ul (|-$Qilf¢d =254%,p=0247) ‘E- 1 5‘511 02,2 351 985
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Zhang VL (63) 2010 —— 0.62(0.20, 1.28 47
Subtotal (I-squared = %, p =) —— | 0‘0210 30, 1 28’ 471
1
I
szet 1 (55) 2009 -—— ! 0.08 ]o.oa_ 0‘201 4.30
Len CY (48) » | 0.75{0.71. 0.79 548
Subtotal ({l-squared = 55 3% g =0.000) EE e —— 0.26 (0.03, 2.31 9.76
angreas :

He SB (40 2011 | L 3 3.55(3.30, 3.82 5.45
Subtmal (l-squared = %, p = ) i o 3‘5513.30. 382’ 5.45
Stomach :

Chen JG (58) 2011 —— 1 0‘5&0.33_ o‘szg 5.14
Liu T (41) 2012 : = 14.60 (13.30, 16.00) 5.45
Yamada Y (42) 2012 — 2.49 (1.40, 4.40 4.
Zhuang Y (43) 2012 1‘3711.21.1‘50L 543
Subtotal (l-squared = 99.7%. p = 0.000) - 227(0.44,11.75) 21.00
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.05 1 2 10
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C Sub-group Analysis of IL-17: DFS

Author(ref.) Year HR (95% Cl) Weight
Brai :

CL?[)QL (44 2013 L i | 0.23 iU.OG, 0.89} 2.70
Subtotal (I-squared = %, p=.) e ——— ! 0.23 (0.06, 0.89) 2.70
B t .

Chen WC go) 2013 — e 2 (188475 80
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ZhaangaY (33 2013 : g 266 {2.47. 287) 13.12
Subtotal (I-squared = %, p=) i 2.66 (2.47, 287* 13.12
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Llﬁ°szj } 2013 —_— . 333 (335398 &%
Wu JX (36 2012 :t 2.46(1.34,451) 7.40
Zhan 2009 2.26(1.35, 3.77) 845
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Subtolal{ (I- )squared £3.2%, p=0.144) ———m ! 0.33 (011, 1.00) 11.31
Stomac :
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. . . 1
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& | 1 2 6
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D IL-17: Clinical Staging of Gastrointestinal Tumors
Author(ref.)  Year Location HR (95% ClI) Weight
GuFM(29) 2012 Bile duct —'-—) 293(1.25,690) 1649
LvL (50) 2011 Esophagus e et i 060(0.33,1.12) 18.14
Wang B (45) 2013 Esophagus —_— . 0.65(0.38, 1.11) 18.59
ZhangY (33) 2013 Gallbladder ——a——— 257(1.15,5.76) 16.84

Chen JG (56) 2011 Stomach — 127(0.72,224) 1840

Zhuang Y (43) 2012 Stomach } 38.30(8.11, 181.00)11.54

PN
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|
|

NOTE: Weights are from random effects analysis
!
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E IL-17: OS of Patients with Gastrointestinal Tumors

Author(ref.) Year Location HR (95% Cl) Weight
GUFM (29) 2012 Bile duct . 150(1.05,241) 716
Liu JK (31) 2011  Colorectum —.—-—) 402(1.56,1038) 539
Lv L (50) 2011 Esophagus —a— : 0.66 (0.43, 1.01) 712
Wang B (45) 2013 Esophagus —a— 0.64 (0.46, 0.88) 7.38
Zhang Y (33) 2013 Gallbladder - 2.34 (2.20, 2.50) 7.75
LiaoR (35) 2013 Liver —-— 200 (166,242) 763
Lin SZ (46) 2013 Liver — s 0.60 (0.30,1.10) 643
Wu JX (36) 2012 Liver » 200(274,307) 775
Zhang JP (37) 2009 Liver —Le—— 235(1.24,445) 648
He SB (40) 2011 Pancreas - 3.55(3.30, 3.82) 7.74
ChenJG (56) 2011 Stomach — 0.52 (0.33, 0.82) 7.04
Liu T (41) 2012 Stomach > 14.60 (13.30, 16.00) 7.73
Yamada Y (42) 2012 Stomach ——a——  249(140,440) 670
Zhuang Y (43) 2012 Stomach - | 1.37 (1.21, 1.56) 7.70
Overall (l-squared = 99.2%, p = 0.000) <> 1.85 (1.24, 2.75) 100.00
NOTE: Weights are from random effects analysis i
I I I

A 1 2 6
IL- 17 Low IL-17 High

F IL-17: DFS of Patients with Gastrointestinal Tumors

Author(ref.) Year Location HR (95% Cl) Weight
Tosolini M (32) 2011 Colorectum —l-l— 2.78(1.38,5.60) 5.94

ZhangY (33) 2013 Gallbladder a 266(2.47,2.87) 2483
Liao R (35) 2013 Liver | 3.08 (2.91,3.26) 25.23

LinSZ (46) 2013 Liver —— 0.37(0.19,0.72) 6.45
WuJX (36) 2012 Liver —e——  246(134,451) 7.35
Zhang JP (37) 2009 Liver —-— 2.26 (1.35, 3.77) 9.21
ZhuangY (43) 2012 Stomach + 277 (2.31,3.33) 21.00
Overall (I-squared = 87.5%, p = 0.000) @ 2.41(1.98,2.92) 100.00

NOTE: Weights are from random effects analysis
I T
1 1 2 6

IL- 17 Low IL-17 High

Figure 3. Forrest plots and sub-group meta-analysis of studies evaluating HR of IL-17 high compared to low. The
combined HRs of IL-17 high on (A) clinical staging, (B) overall survival (OS) and (C) disease free survival (DFS) were
aggregated in sub-groups according to tumor location. The combined HRs of IL-17 high on (D) clinical staging, (E) OS
and (F) DFS of patients with gastrointestinal tumors were reported as well.
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A Begg's funnel plot with pseudo 95% confidence limits B Begg's funnel plot with pseudo 85% confidence limits
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E Egger's publication bias plot F Egger's publication bias plot
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Figure 4. Begg's test and Egger’s test assessed potential publication bias in studies evaluating IL-17 expression in patients with solid tumors. Begg’s test assessed
potential publication bias in meta-analysis of IL-17 on (A) clinical staging, (B) OS and (C) DFS, and Egger’s test in meta-analysis of IL-17 on (D) clinical staging, (E)
0S and (F) DFS. The result of Begg’s test showed no statistically significance (P = 0.564 > 0.10, P = 0.516 > 0.10 and P = 0.464 > 0.10, respectively). The Egger’s
test showed no statistically significance in meta-analysis of IL-17 on clinical staging and OS (P = 0.178 > 0.05 and P = 0.730 > 0.05, respectively), but potential
publication bias were found in meta-analysis of IL-17 on DFS (P = 0.006 < 0.05).
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=1,HR =0.16, 95% Cl: 0.04-0.73), but the rela-
tionship between IL-17 and OS of patients with
nasopharyngeal carcinoma was indeterminate.

IL-17 and disease free survival

The data of DFS was obtained from 13 inde-
pendent primary studies with different out-
comes, including 8 positive, 4 negative and 1
indeterminate results. As shown in Figure 2C,
the combined HR of the 13 studies was signifi-
cantly positive (HR = 1.59, 95% Cl: 1.24-2.03),
suggesting a high expression of IL-17 was cor-
related with a poor DFS in patients with solid
tumors. Furthermore, the sub-group analysis
of the 7 studies focused on gastrointestinal
tumors reached the same outcome (HR = 2.41,
95% Cl: 1.98-2.92) (Figure 3F). However, the
relation between IL-17 and DFS of patients with
hepatic cellular carcinoma (N = 4, HR = 1.65,
95% CI: 0.75-3.60) was indeterminate. On the
contrary, a borderline correlation was found in
the meta-analysis of the 2 studies focused on
ovarian cancer (HR = 0.33, 95% CI: 0.11-1.00),
showing a high expression of IL-17 might indi-
cate a better DFS in patients with ovarian can-
cer. Additionally, only one independent study
respectively revealed that IL-17 implied shorter
DFS in patients with breast cancer (HR = 2.24,
95% Cl: 1.06-4.74) and NSCLC (HR = 2.35, 95%
Cl: 1.01-5.34), whereas a better DFS in patients
with glioblastoma (HR = 0.23, 95% CI: 0.06-
0.89). Meanwhile, no significant relationship
was found between IL-17 and DFS in patients
with nasopharyngeal carcinoma (HR = 0.75,
95% Cl: 0.39-1.44) in another one study (Figure
30).

Evaluation of published bias

As illustrated in Figure 4, both Begg’s test and
Egger’s test were conducted to assess poten-
tial publication bias in the meta-analysis and
sub-group analysis of IL-17 on clinical staging,
OS and DFS respectively. Begg’s funnel plot did
not show any significant asymmetry in the over-
all meta-analysis of IL-17 on clinical staging (P =
0.564 > 0.10), OS (P = 0.516 > 0.10) or DFS (P
= 0.464 > 0.10). The Egger’s test found no sig-
nificant bias in meta-analysis of IL-17 on clinical
staging (P =0.178 > 0.05) and OS (P = 0.738 >
0.05), but potential publication bias in meta-
analysis of IL-17 on DFS (P = 0.006 < 0.05). For
sub-group meta-analysis, potential publication
bias were only found in the meta-analysis of

10529

IL-17 on clinical staging in patients with gastro-
intestinal tumors (N = 6, P = 0.015 < 0.10 for
Begg’s test and P = 0.008 < 0.05 for Egger’s
test). However, neither Begg’s test nor Egger’s
test revealed any evidence of significant publi-
cation bias in the rest of sub-group meta-analy-
sis of IL-17 on clinical staging, OS or DFS (data
not shown).

Discussion

Since IL-17 was first isolated and reported
by Rouvier's team in 1993, it has received
much attention as a proinflammatory cytokine
because of its potential role in immune defense
against extracellular pathogens as well as
in the autoimmune diseases. A considerable
amount of primary studies have estimated the
potential relationship between IL-17 and prog-
nosis of patients with solid tumors, and the
importance of IL-17 on survival was empha-
sized by both significant and non-significant
outcomes. The present studies reported differ-
ent or even controversial results. Then, it is
necessary to analyze the variability of survival
results and evaluate the prognostic value of
IL-17 by the quantitative aggregation of survival
statistics. As shown in Table 2, the overall
meta-analysis of clinical staging and OS sug-
gested that a high expression of IL-17 was cor-
related with a late clinical staging and a poor
overall survival, but the combined HRs were not
statistically significant. From the DFS of 13 pri-
mary studies, the overall meta-analysis provid-
ed the evidence that a high expression of IL-17
indicated a poor DFS in patients with solid
tumors (HR = 1.59, 95% Cl: 1.24-2.03), but the
reliability was weakened by potential publi-
cation bias (P = 0.006 < 0.05 for Egger’s test).
However, some inspiring outcomes were
reached in the further analysis. In the sub-
group meta-analysis of IL-17 in gastrointestinal
tumors, IL-17 was found significantly correlated
with poor OS and DFS, which suggested IL-17
did harm to patients with gastrointestinal
tumors. Similar result was found in the 0OS
meta-analysis of IL-17 in HCC patients. For
NSCLC, IL-17 was found correlated with clinical
staging, OS and DFS significantly, suggesting
that IL-17 promoted tumor growth and progres-
sion in NSCLC. On the contrary, IL-17 was
proved to be a beneficial factor and play a sup-
pression role in the growth and progression of
tumor in patients with esophageal squamous
carcinoma. Meanwhile, IL-17 predicted better
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DFS in patient with ovarian cancer with a bor-
derline HR of 0.33 (95% Cl: 0.11-1.00). Although
we found IL-17 was significantly correlated with
the clinical staging, OS or DFS of several tumors
in present meta-analysis, only one of the 28
enrolling studies assessed sensitivity and
specificity of elevated serum IL-17 in predicting
DFS and OS of HCC patients. Therefore, the
validation of the prognostic prediction value of
IL-17 in solid tumors should be conducted by
large multicenter prospective studies before it
can be applied to the diagnosis, treatment or
prognostic prediction of cancers in the future.

Of all the results displayed above, some inter-
esting differences or contradictions should be
taken into discussion. In the analysis of IL-17 in
gastrointestinal tumors, IL-17 was proved to
predict worse OS and DFS, however an early
staging and a better OS were found in esopha-
geal squamous carcinoma patients with a high
expression level of IL-17. With further investiga-
tion of the enrolling studies, we found adeno-
carcinoma predominated among the enrolling
gastrointestinal tumors with the exception of
esophageal squamous carcinoma, and the con-
tradiction above might result from the variabili-
ty of histopathological classification. However,
the difference in histopathological classifica-
tion may not be the only cause, because it can-
not explain why IL-17 was a beneficial factor for
DFS of patients with ovarian cancer as another
kind of adenocarcinoma (HR = 0.33). Moreover,
even in the same kind of tumor, opposite con-
clusions were drawn and published by different
researchers. Take the four independent studies
of HCC for example, Lin’s team suggested IL-17
was a beneficial factor in prediction of survival
prognosis, which was completely opposite to
the studies of Liao’s, Wu’'s and Zhang's team
[35-37, 46]. Although Wu's team evaluated
peripheral IL-17 expression in serum of HCC
patients by ELISA, the methods in the other
three studies were almost the same, evaluating
the IL-17 expression by counting the intratu-
moral IL-17 positive cells stained with IHC. The
selection of patient, size of sample, experimen-
tal error or other confounding factors may lead
to the confused results. However, much more
efforts are needed to explain the inconsistent
results in spite of the potential heterogeneity
between different tumors and studies.

As described above, 4 primary studies evaluat-
ed peripheral IL-17 in serum or ascites while
the majority of enrolling studies measured the
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intratumoral IL-17 [36, 41, 42, 55]. We included
these 4 studies for two reasons. On one hand,
IL-17 in patients with solid tumors is mainly
secreted by infiltrated Th17 cells or IL-17 posi-
tive lymphocytes in tumor tissue and draining
lymph nodes, and a group of studies has con-
firmed that intratumoral and peripheral IL-17
played a consistent role in predicting the prog-
nosis of patients with solid tumors. We includ-
ed valuable studies as many as possible in
order to strengthen the reliability of the results
in our meta-analysis. On the other hand, the
potential predictive value of peripheral IL-17 is
considered much more convenient and cost-
effective in clinical practice because samples
of peripheral blood, ascites or other body fluid
are much easier to collect from patients than
those of tumor tissues. Besides, the peripheral
IL-17 can be detected before surgery and pro-
vide prognostic prediction for patients with
unresectable tumors. In order to avoid the
potential bias caused by the distribution of
IL-17, we excluded these four studies and con-
ducted meta-analysis again with the same
method descried before. The results of overall
meta-analysis for OS (HR = 1.22, 95% CI: 0.83-
1.80) and DFS (HR = 1.53, 95% CI: 1.18-1.98)
did not change, except for a borderline HR of
clinical staging (HR = 1.57, 95% CI: 1.00-2.45)
(Figure 5). However, the discrepancy should not
be overestimated in consideration of the limit-
ed number of including studies. When aggre-
gating the HRs of the 4 studies involving periph-
eral IL-17, we found no relation between periph-
eral IL-17 and OS (HR = 1.90, 95% CI: 0.59-
6.16) (Figure 5D).

The preliminary evidence from the meta-analy-
sis suggested that IL-17 was correlated with
tumor growth and progression and it was capa-
ble to indicate both better and worse survival
outcomes in different kind of solid tumors.
Although the interaction between IL-17 and
tumorigenesis has not been elucidated clearly,
several possible mechanisms were postulated.
As reviewed by Xu's and Hemdan’s team, IL-17
could induce the production of a series of cyto-
kines such as vascular growth factor (VEGF),
prostaglandin E1, prostaglandin E2, matrix
metalloproteinase (MMP) and IL-6, which accel-
erated the angiogenesis in tumor tissues and
promoted tumor growth and progression [7,
60]. IL-17 also exerted the pro-tumor effect
by promoting tumor progression mediated by
myeloid-derived suppressor cells (MDSCs) and
inhibiting the activities of CTLs [61]. Besides,
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A Intratumoral IL-17: Clinical Staging

Author(ref.) Year Location HR (95% CI) Weignt
Gu FM (29) 2012 Bile duct —E—I—) 293 (1.25, 6.90) 7.21
Hu JH (49) 2011 Brain € = : 0.60 (0.08, 4.45) 3.30
Chen WC (30) 2013 Breast —— 1.24 (0.59, 2.59) .7
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Droeser RA (47) 2013 Ovary € = : 0.71 (0.09, 5.54) 3.19
Chen JG (56) 2011 Stomach ——-—:— 1.27 (0.72,2.24)  8.44
Zhuang Y (43) 2012 Stomach : > 38.30 (8.11, 181.00) 4.50
Overall (l-squared = 72.4%, p = 0.000) <> 1.57 (1.00, 2.45) 100.00

NOTE: Weights are from random effects analysis '
T T

o -

Lin SZ (46) 2013 Liver —_——
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B Intratumoral IL-17: OS
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Overall (l-squared = 99.0%, p = 0.000) > 1.22(0.83,1.80) 100.00
1
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T T
Al 1 2 ]

IL- 17 Low IL-17 High

10531 Int J Clin Exp Med 2015;8(7):10515-10536



IL-17 as a prognostic factor in solid tumor

C Intratumoral IL-17: DFS
Author(ref.) Year Location HR (95% CI) Weight
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I T T
1] 1 2 6
IL- 17 Low IL-17 High
D peripheral IL-17: OS
Author(ref.) Year Location HR (95% Cl) Weight
Wu JX (36) 2012 Liver . 290 (2.74,3.07) 26.35
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l
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Yamada Y (42) 2012 Stomach
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Figure 5. Forrest plots and meta-analysis of HR of high expression level of intratumoral and peripheral IL-17 com-
pared to low in patients with solid tumors. The combined HRs of intratumoral IL-17 on (A) clinical staging, (B) overall
survival (0S) and (C) disease free survival (DFS) were respectively aggregated above. The HR of peripheral IL-17 on

(D) OS of patients with solid tumors was also evaluated.
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an antiapoptotic function of IL-17 was also
found in the tumorigenesis of breast cancer
[25]. Recent studies demonstrated that I1L-17
produced by transformed enterocytes could
promote early colorectal tumorigenesis by acti-
vating ERK, p38 MAPK, and NF-kB signaling,
and that combined treatment with chemo-
therapy and anti-IL-17 antibody could enhance
the therapeutic responsiveness of established
colon tumors in comparison with chemothera-
py alone [62, 63]. In contrast, IL-17 was found
capable to inhibit regulatory T cells (Tregs) in
the tumor microenvironment and promote the
generation and activity of tumor antigen-target-
ed effector CTLs, presenting an antitumor
effect [64]. Simultaneously, IL-17 was reported
to synergize with interferon-y (IFN-y), co-
expressed by Th17 cells, and induce more Thi-
type chemokines CXCL9/10, which was corre-
lated with the reduction in angiogenesis and
progression of ovarian cancer [55]. In regard to
the confused manifestation of IL-17 in tumor
growth and progression, some researchers
assumed that the definite function of IL-17
might depend on the immunogenicity of tumor,
the immune status of the patient and the phase
of disease [60]. Together with the results of
our meta-analysis, the origination and histo-
pathological classification of tumor should be
taken into consideration as well in order to
avoid the potential interference caused by
tumor heterogeneity.

The results of meta-analysis are globally treat-
ed as golden standards [65]. However, results
of this study should be interpreted with caution
because some kind of potential bias always
exists between the enrolling studies and can-
not be eliminated completely. Several limita-
tions of our meta-analysis should be consid-
ered. First of all, publication bias might exist
although the difference in the results of Begg’s
and Egger’s test may be attributed to the limit-
ed number of including studies. Due to resource
limitation, we included literatures only pub-
lished in English or Chinese from PubMed/
MEDLINE and EMBASE, probably missing valu-
able data published in other language like
Polish, Japanese, etc. Therefore, the prognostic
significance of IL-17 could be overestimated
because of a phenomenon called “file drawer
problem”, which was described by Earleywine’s
team that studies with positive results were
more likely to be published in English while
those with negative results were often pub-
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lished in native languages or even not submit-
ted by journals [66]. Besides, the exclusion of
studies with no accessible survival statistics
could influence the accuracy of data aggrega-
tion as well. Secondly, the variability in tumor
location, study design, assessment of IL-17,
methods, antibodies, cut-off value and estima-
tion of HR could contribute to the heterogeneity
between studies. Therefore, we grouped the
studies according to tumor location and con-
ducted sub-group analysis. The potential inter-
ference caused by IL-17 location, intratumoral
and peripheral, was also assessed, whereas
the results were basically consistent no matter
whether the 4 studies evaluating peripheral
IL-17 were excluded or not. We did not define a
prespecified cut-off value for IL-17 high because
different measurements were used in the
enrolling studies. As the median follow-up dura-
tion was not mentioned in most included stud-
ies, we did not limit the follow-up period to
define the end point such as 5-year overall sur-
vival. Although there might be some difference
between the HRs directly reported in the origi-
nal articles and those calculated with methods
suggested by Parmar’s team, the prediction
value of IL-17 was consistent and it did not
affect the results of quantitative aggregation of
HRs. Thirdly, it might be inappropriate to extrap-
olate the results of this meta-analysis to popu-
lations worldwide because the majority of
included studies were originated from Asia.
Additionally, for each kind of tumor, both the
number of included studies and the sample
sizes were limited to some extent to perform a
meta-analysis of high quality. More studies with
larger sample sizes are needed to clarify the
impact of IL-17 on solid tumors and evaluate
the prognostic prediction value of IL-17 for a
specified tumor.

Although some modest bias could not be
excluded, the results of our meta-analysis
revealed that IL-17 might correlate with poor OS
and DFS in gastrointestinal tumors. Specifically,
IL-17 was a detrimental factor for HCC and
NSCLC patients, whereas a beneficial factor for
patients with esophageal squamous cell carci-
noma and ovarian cancer. In the future, more
studies are needed to throw light upon the
underlying mechanism of anti-tumor or pro-
tumor effect of IL-17 and explore the potential
clinical utility of IL-17 in the diagnosis, treat-
ment and prognostic prediction of various
human tumors.
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