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Abstract

Background: Renal cell carcinoma (RCC) is an invasive malignancy of kidney origin. The programmed death-1 ligand (PD-L1) with
its receptor (PD-1) on T-cells can inactivate antitumor response and possibly lead to poor outcomes in patients with RCC.
Methods: Our study assessed the expression of PD-L1 by immunohistochemical staining on 86 radical or partial nephrectomy
samples with RCC diagnoses with diverse types, tumor grades, and stages. Tumor specimens were collected from the pathology
archive of 2014 - 2017 in Sina Hospital, Tehran, Iran.
Results: Out of 86 studied RCC samples, 68 cases (79.1%) were clear cell types. PD-L1 expression was observed more in non-clear cell
carcinoma samples than in clear cell carcinoma (P = 0.008). PD-L1 expression had significant relationships with nuclear grade and
tumor necrosis (P = 0.025 and 0.010, respectively). However, PD-L1 expression was not correlated with tumor size, lymphovascular
invasion, and sarcomatoid differentiation. The disease-free survival rate in patients with PD-L1 expression was significantly less than
in patients with PD-L1 negative staining (P = 0.032).
Conclusions: According to our findings, PD-L1 could be regarded as an important biomarker with worse prognosis and aggressive
clinicopathologic findings in patients with RCC.
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1. Background

Renal cell carcinoma (RCC) is the sixth most common
malignancy in men and the eighth in women in the
United States (1). RCC originates from the kidney, which
often exists with only some symptoms and different
paraneoplastic syndromes. RCC has relative resistance
to radiation and chemotherapy. However, the newest
study on the genetic alterations associated with RCC has
revealed new targets for supplementary therapies (2).
Some biochemical markers are considered sensitive and
specific in patients with RCC for prognosis evaluation (3).
One of the ways of immune escape from tumorogenesis
is the programmed death-ligand 1 (PD-L1) expression on
neoplastic cells. PD-L1 binds to its receptor, PD-1, on T
cells that inactivates antitumor T-cells (4). PD-1, which
binds PD-L1, is active in several tumor types, including the
lung, ovary, colon, breast, liver, head and neck, kidney,
bladder, and melanoma (5). PD-L1 is a protein acting as
a negative manager of the antitumor T cell-mediated

immune reaction while binding to its receptor. However,
the prognostic significance of the expression of PD-L1 in
RCC has been debated (6). Meanwhile, PD-L1 is expressed
on neoplastic cells and antigen-presenting cells but not
in normal human cells. Current reports display that
the expression of PD-L1 in RCC is considered by invasive
findings and poor prognosis (7). Furthermore, some
treatments are accessible for limited RCC, with the most
effective being surgery followed by chemotherapy and
radiotherapy. RCCs unsuitable for surgery or distant
metastasis are regularly treated with specific molecular
targeted agents or immune checkpoint blockade for
systemic immune therapy (8). Anti-PD-L1 can blockade
immune checkpoints, reduce tumor volume, and raise
overall RCC survival (9). Therefore, anti-PD-L1 has been
agreed upon as a new treatment approach for RCC.
Even though the clinical administration of anti-PD-L1
develops promptly, the patterns of PD-L1 expression
in diverse tumors are still moderately described, and
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the predictive and prognostic value of PD-L1 is still a
problematic consideration (10). Scholarships about the
prognostic worth of PD-L1 are relatively insufficient in RCC,
and the consequences are not entirely reliable.

2. Objectives

Consequently, we investigated the clinicopathological
and prognostic significance of PD-L1 in RCC in the Iranian
population. Evaluation of PD-L1 expression may be highly
beneficial in demonstrating a high-risk population of RCC
patients with poor prognoses.

3. Methods

3.1. Study Population and Setting

This cross-sectional study evaluated 86 specimens
from the archive of the Pathology Department of Sina
Hospital in Tehran, Iran, with RCC who had radical or
partial nephrectomy during 2014 - 2017. All specimens
had the following information registered: age, gender,
tumor size, tumor type, tumor stage, tumor grade,
necrosis, sarcomatoid differentiation, and lymph vascular
invasion. Moreover, paraffin-embedded samples from
formalin-fixed renal tumors for immunohistochemistry
(IHC) staining was available. The duration of follow-up was
considered from the time of the first surgery to 12 months
after surgery or the time of expiry. Therefore, all patients
were evaluated for recurrence or distant metastasis after 12
months from surgery. The exclusion criteria were patients
with incomplete data. Tumor staging was performed
according to the College of American Pathologists. In
addition, Tumor grading was completed according to the
WHO/IUSP grade algorithm (11).

3.2. Immunohistochemical Analysis

The archive of the Department of Pathology of Sina
Hospital had tumor blocks from all patients. Two expert
pathologists evaluated Hematoxylin and Eosin (H&E)
slides from tumors to detect and confirm the best
blocks for IHC staining. IHC staining was performed
on 4 µm paraffin-embedded slides to evaluate the rate
of PD-L1 expression. PDL-1 expression was assessed
using a rabbit monoclonal anti-PD-L1 antibody (1:100
dilutions, clone CAL10, BIOCARE, Netherlands). Paraffin
blocks were cut and deparaffinized by Xylene and a
sequence of diminishing concentrations of ethanol
rehydration. Afterward, antigen retrieval was reached
in cell conditioning solution CC1 (pH 8.5, 98°C; Ventana
Medical Systems) for 60 min and was cooled at room
temperature (25°C) for 30 min. Slides were exposed to 3%
H2O2 in methanol for 10 min to inhibit peroxidase.

Next, slides were exposed to monoclonal antibodies
and labeled by envision detection system (DAKO). Color

staining was performed by 3, 3’-diaminobenzidine,
tetrahydrochloride (DAB plus; DAKO Glostrup, Denmark).
The tonsil gland was used as PD-L1-positive control.
Negative controls were prepared by replacing the primary
antibody with PBS and nonimmune rabbit serum. The
expression of PD-L1 was assessed based on the percentage
of staining as 0% - 5% expression was considered negative,
and > 5% expression was positive in the membranes of
tumor cells (7) (Figure 1).

3.3. Statistical Analysis

All analyses were completed using the statistical
package of social science software (SPSS, IBM, USA)
version 21, and P-value ≤ 0.05 was considered statistically
significant. Categorical variables were reported as a
percentage (%), and continuous data were reported as
mean ± standard deviation (SD). Depending on the nature
of variables, chi-square, Fisher’s exact test, Mann-Whitney
U test, or independent t-test were performed to evaluate
tumor specifications and the subsequent subgroups
of positive or negative PD-L1expression. Kaplan-Meier
predicted survival times, with subgroups being compared
using the log-rank test.

4. Results

Our study revealed 86 patients with an average age of
59 years (range: 40 - 78 years), which consisted of 78 (79.1%)
clear cell RCC and 18 (20.9%) non-clear cell RCC cases. In
PDL-1 staining, 12 (14%) were positive, and 74 (86%) were
negative. In our study, non-clear cell RCC had PDL-1 staining
more than clear cell RCC (P = 0.008). Tumor size and tumor
stage were not significantly associated with PDL-1 staining
(P = 0.315 and 0.725, respectively). Furthermore, lymph
vascular invasion and sarcomatoid differentiation did not
have significant relationships with PDL-1 staining (P = 0.678
and 0.083, respectively). Nevertheless, nuclear grade and
necrosis were significantly correlated with PDL-1 staining
(P = 0.025 and 0.010, respectively). As a result, PDL-1
staining seemed to be related to some worse histologic
findings in the tumor (Table 1).

Moreover, after 12 months of follow-up, Kaplan-Meier
analysis indicated significant differences in disease-free
survival of tumors between the groups with or without
PD-L1 staining. There was a significant relationship
between disease-free survival and PD-L1 staining (P = 0.032.
Patients with better outcomes, including no recurrence or
metastasis after 12 months from the date of primary tumor
surgery, had no staining on the primary tumor (Table 2).

5. Discussion

RCC is a distinct malignancy with diverse pathologic
findings and various molecular pathways, which critically
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Figure 1. PD-L1 expression in renal cell carcinoma (Left: X40 and right: X400)

Table 1. Correlation Between PD-L1 Expression and Pathologic Findings

Variables
Tumor Size (cm)

(Mean ± SD)

Lymphovascular Invasion Sarcomatoid Differentiation Necrosis Identification Nuclear Grade

+ - + - + - Low High

Positive PD-L1 staining 8.04 ± 4.20 2 10 2 10 9 3 4 8

Negative PD-L1 staining 7 ± 4.40 9 64 3 71 26 47 48 23

P-value 0.315 0.678 0.083 0.010 0.025

Table 2. Correlation Between PD-L1 Expression and Disease-Free Survival

Variables Positive PD-L1
Staining

Negative PD-L1
Staining

P-Value

Disease-free survival 4 40

0.032
Death 3 14

Recurrence 1 1

Metastasis 2 2

alter clinical management (12). PD-L1 is the only member
of the B7 family of immune-regulatory ligands and may
increase by hypoxia. The expression of PD-L1 described
in RCC greatly deregulates the hypoxia-induced factor
(HIF) axis. Stabilization of HIF through the loss of
Von Hippel-Lindau is a symbol of this tumor type,
consequently, act in pseudo hypoxic situations in the more
significant part of RCCs (13). In addition, positive PD-L1
staining on the membranes of tumor cells was related to
aggressive clinicopathological findings (14). Thompson et
al. reported that in RCCs, the clearest cell RCCs had PD-L1
expressions, and tumors with elevated expressions had a
poorer prognosis. Moreover, intra-tumoral lymphocytes
(ITL) in RCCs had PD-L1 expression and elevated expressions
in tumor cells or ITLs accompanied by progressive disease,
poor prognosis, and distant metastasis (15). The PD-L1
expression in clear cell RCCs is higher than in non-clear
cell RCCs (1). However, our study showed that non-clear

cell RCCs had higher PD-L1 expression than clear cell RCCs.
Walter et al. indicated that in the subtypes of RCC, high
PD-L1 expression was found in the aggressive types, such
as papillary type 1, chromophobe, hybrid, and MiT family
translocation tumors (16), which is similar to our findings.
Moreover, Choueiri et al. observed similar results by
a multivariable analysis revealing that the expression
of PD-L1 in non-clear cell RCCs was heterogeneous
and influenced by tumor stage and tumor type, being
important consequence convertors for the relationship
of positive PD-L1 staining with clinical outcome (17). As
previously described for clear cell RCCs, PD-L1 expression
was related to poor predictive factors, such as tumor stage,
tumor grade, and sarcomatoid differentiation component
(18). In our series, PD-L1 expression had relationships with
ISUP nuclear grade and necrosis. Therefore, the expression
of PD-L1 has been interrelated with poor clinical outcomes
in RCC. The incidence of sarcomatoid differentiation in
RCC is concomitant with its invasive nature, but RCC with
sarcomatoid differentiation may define PD-L1 at an upper
proportion than RCC with no sarcomatoid differentiation.
In a study by Xu et al., it was described that increased PD-L1
was considerably related to large tumor size, high stage,
poor nuclear grade, and tumor necrosis in patients with
RCC (19). Nevertheless, our study observed exclusively
relationships with nuclear grade and necrosis. On the
other hand, Pyo et al. reported that PD-L1 expression
shown by IHC was considerably correlated with worse
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disease-free survival rates (20), which was similar to our
study. The rate of PD-L1 expression was different in clear
cell RCC patients in prior studies, which may be attributed
to the dissimilarities in types of received tissue (fresh
for frozen study or formalin-fixed), antibodies used for
IHC, and analysis criteria with variable cut-off values (21).
Previous studies measured the degree of PD-L1 expression
for defining the cut-off value. Moreover, we evaluated the
proportion of PD-L1-positive staining on tumor cells to
agree with the cut-off for the positivity of PD-L1. As a result,
the elevated expression of PD-L1 in neoplastic tissues
was hypothetically related to the highly histological
grade of malignancy in RCC. In addition, a probable
predictive potential has been reflected for PD-L1 and has
encouraged novel medicine development to block PD-L1
(22). The PD-L1 evaluation may help predict the ability of
antitumor immune therapy by using immune checkpoint
inhibitors. To identify patients who would profit from
immunotherapy, subgroups of tumors expressing these
items need to be detected (23). The current research
described the relationship of PD-L1 expression with IHC,
pathological criteria, and disease-free survival.

5.1. Conclusions

Assessment of PD-L1 expression by IHC was established
as a favorable marker in clinical judgments, but
with several considerations (different antibodies,
tumor heterogeneity, type of specimens, and various
thresholds of positivity). PD-L1 expression predicts poor
prognosis in RCC. Furthermore, PD-L1 pathway-targeted
immunotherapy may be beneficial for managing patients
with RCC.

Footnotes

Authors’ Contribution: HMT: Major contribution of the
idea, study design, and paper revision; EN: Pathologist
and writing the paper; NG and AEJ: Data collection and
follow-up.

Conflict of Interests: The authors certify that they have
no affiliations with or involvement in any organization or
entity with any financial or non-financial interest in the
subject matter or materials discussed in this manuscript.

Ethical Approval: The study was approved on May
25, 2019, by the Ethics Committee of the Tehran
University of Medical Sciences with the approval code
IR.TUMS.MEDICINE.REC.1398.144.

Funding/Support: This research was not supported by
any grant or funding.

Informed Consent: Informed written consent was
obtained before the study.

References

1. Iacovelli R, Nole F, Verri E, Renne G, Paglino C, Santoni M, et al.
Prognostic Role of PD-L1 Expression in Renal Cell Carcinoma. A
Systematic Review and Meta-Analysis. Target Oncol. 2016;11(2):143–8.
[PubMed ID: 26429561]. https://doi.org/10.1007/s11523-015-0392-7.

2. Nazar E, Khatami F, Saffar H, Tavangar SM. The Emerging Role of
Succinate Dehyrogenase Genes (SDHx) in Tumorigenesis. Int JHematol
Oncol Stem Cell Res. 2019;13(2):72–82. [PubMed ID: 31372201]. [PubMed
Central ID: PMC6660475].

3. Moradi Tabriz H, Nazar E, Ahmadi SA, Azimi E, Majidi F.
Survivin and Her2 Expressions in Different Grades of Urothelial
Neoplasms of Urinary Bladder. Iran J Pathol. 2021;16(2):154–61.
[PubMed ID: 33936226]. [PubMed Central ID: PMC8085283].
https://doi.org/10.30699/IJP.2020.130859.2447.

4. Jilaveanu LB, Shuch B, Zito CR, Parisi F, Barr M, Kluger Y, et al.
PD-L1 Expression in Clear Cell Renal Cell Carcinoma: An Analysis of
Nephrectomy and Sites of Metastases. J Cancer. 2014;5(3):166–72.
[PubMed ID: 24563671]. [PubMed Central ID: PMC3931264].
https://doi.org/10.7150/jca.8167.

5. Callea M, Albiges L, Gupta M, Cheng SC, Genega EM, Fay AP, et al.
Differential Expression of PD-L1 between Primary and Metastatic
Sites in Clear-Cell Renal Cell Carcinoma. Cancer Immunol Res.
2015;3(10):1158–64. [PubMed ID: 26014095]. [PubMed Central ID:
PMC4596765]. https://doi.org/10.1158/2326-6066.CIR-15-0043.

6. Carlsson J, Sundqvist P, Kosuta V, Falt A, Giunchi F,
Fiorentino M, et al. PD-L1 Expression is Associated With Poor
Prognosis in Renal Cell Carcinoma. Appl Immunohistochem
Mol Morphol. 2020;28(3):213–20. [PubMed ID: 31058656].
https://doi.org/10.1097/PAI.0000000000000766.

7. Ueda K, Suekane S, Kurose H, Chikui K, Nakiri M, Nishihara
K, et al. Prognostic value of PD-1 and PD-L1 expression in
patients with metastatic clear cell renal cell carcinoma. Urol
Oncol. 2018;36(11):499000000000–16. [PubMed ID: 30131293].
https://doi.org/10.1016/j.urolonc.2018.07.003.

8. Escudier B, Porta C, Schmidinger M, Algaba F, Patard JJ,
Khoo V, et al. Renal cell carcinoma: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann
Oncol. 2014;25 Suppl 3:iii49–56. [PubMed ID: 25210086].
https://doi.org/10.1093/annonc/mdu259.

9. Motzer RJ, Escudier B, McDermott DF, George S, Hammers HJ,
Srinivas S, et al. Nivolumab versus Everolimus in Advanced
Renal-Cell Carcinoma. N Engl J Med. 2015;373(19):1803–13.
[PubMed ID: 26406148]. [PubMed Central ID: PMC5719487].
https://doi.org/10.1056/NEJMoa1510665.

10. Erlmeier F, Hartmann A, Autenrieth M, Wiedemann M, Ivanyi P,
Steffens S, et al. PD-1/PD-L1 expression in chromophobe renal cell
carcinoma: An immunological exception? Med Oncol. 2016;33(11):120.
[PubMed ID: 27696122]. https://doi.org/10.1007/s12032-016-0833-x.

11. Novara G, Martignoni G, Artibani W, Ficarra V. Grading systems in
renal cell carcinoma. J Urol. 2007;177(2):430–6. [PubMed ID: 17222604].
https://doi.org/10.1016/j.juro.2006.09.034.

12. Kammerer-Jacquet SF, Deleuze A, Saout J, Mathieu R, Laguerre
B, Verhoest G, et al. Targeting the PD-1/PD-L1 Pathway
in Renal Cell Carcinoma. Int J Mol Sci. 2019;20(7):1692.
[PubMed ID: 30987368]. [PubMed Central ID: PMC6480014].
https://doi.org/10.3390/ijms20071692.

13. Ruf M, Moch H, Schraml P. PD-L1 expression is regulated by
hypoxia inducible factor in clear cell renal cell carcinoma.
Int J Cancer. 2016;139(2):396–403. [PubMed ID: 26945902].
https://doi.org/10.1002/ijc.30077.

14. Choueiri TK, Fay AP, Gray KP, Callea M, Ho TH, Albiges L, et al.
PD-L1 expression in nonclear-cell renal cell carcinoma. Ann Oncol.
2014;25(11):2178–84. [PubMed ID: 25193987]. [PubMed Central ID:
PMC4288138]. https://doi.org/10.1093/annonc/mdu445.

15. Thompson RH, Gillett MD, Cheville JC, Lohse CM, Dong H, Webster WS,
et al. Costimulatory B7-H1 in renal cell carcinoma patients: Indicator
of tumor aggressiveness and potential therapeutic target. Proc Natl
Acad Sci U S A. 2004;101(49):17174–9. [PubMed ID: 15569934]. [PubMed
Central ID: PMC534606]. https://doi.org/10.1073/pnas.0406351101.

4 Nephro-Urol Mon. 2022; 14(4):e127476.

https://ethics.research.ac.ir/ProposalCertificateEn.php?id=65993
http://www.ncbi.nlm.nih.gov/pubmed/26429561
https://doi.org/10.1007/s11523-015-0392-7
http://www.ncbi.nlm.nih.gov/pubmed/31372201
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6660475
http://www.ncbi.nlm.nih.gov/pubmed/33936226
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8085283
https://doi.org/10.30699/IJP.2020.130859.2447
http://www.ncbi.nlm.nih.gov/pubmed/24563671
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3931264
https://doi.org/10.7150/jca.8167
http://www.ncbi.nlm.nih.gov/pubmed/26014095
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4596765
https://doi.org/10.1158/2326-6066.CIR-15-0043
http://www.ncbi.nlm.nih.gov/pubmed/31058656
https://doi.org/10.1097/PAI.0000000000000766
http://www.ncbi.nlm.nih.gov/pubmed/30131293
https://doi.org/10.1016/j.urolonc.2018.07.003
http://www.ncbi.nlm.nih.gov/pubmed/25210086
https://doi.org/10.1093/annonc/mdu259
http://www.ncbi.nlm.nih.gov/pubmed/26406148
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5719487
https://doi.org/10.1056/NEJMoa1510665
http://www.ncbi.nlm.nih.gov/pubmed/27696122
https://doi.org/10.1007/s12032-016-0833-x
http://www.ncbi.nlm.nih.gov/pubmed/17222604
https://doi.org/10.1016/j.juro.2006.09.034
http://www.ncbi.nlm.nih.gov/pubmed/30987368
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6480014
https://doi.org/10.3390/ijms20071692
http://www.ncbi.nlm.nih.gov/pubmed/26945902
https://doi.org/10.1002/ijc.30077
http://www.ncbi.nlm.nih.gov/pubmed/25193987
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4288138
https://doi.org/10.1093/annonc/mdu445
http://www.ncbi.nlm.nih.gov/pubmed/15569934
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC534606
https://doi.org/10.1073/pnas.0406351101


Moradi Tabriz H et al.

16. Walter B, Gil S, Naizhen X, Kruhlak MJ, Linehan WM, Srinivasan R,
et al. Determination of the Expression of PD-L1 in the Morphologic
Spectrum of Renal Cell Carcinoma. J Cancer. 2020;11(12):3596–603.
[PubMed ID: 32284756]. [PubMed Central ID: PMC7150459].
https://doi.org/10.7150/jca.35738.

17. Choueiri TK, Figueroa DJ, Fay AP, Signoretti S, Liu Y, Gagnon R, et al.
Correlation of PD-L1 tumor expression and treatment outcomes
in patients with renal cell carcinoma receiving sunitinib or
pazopanib: results from COMPARZ, a randomized controlled
trial. Clin Cancer Res. 2015;21(5):1071–7. [PubMed ID: 25538263].
https://doi.org/10.1158/1078-0432.CCR-14-1993.

18. Kammerer-Jacquet SF, Crouzet L, Brunot A, Dagher J, Pladys A,
Edeline J, et al. Independent association of PD-L1 expression with
noninactivated VHL clear cell renal cell carcinoma-A finding with
therapeutic potential. Int J Cancer. 2017;140(1):142–8. [PubMed ID:
27623354]. https://doi.org/10.1002/ijc.30429.

19. Xu F, Xu L, Wang Q, An G, Feng G, Liu F. Clinicopathological and
prognostic value of programmed death ligand-1 (PD-L1) in renal cell
carcinoma: a meta-analysis. Int J Clin Exp Med. 2015;8(9):14595–603.

[PubMed ID: 26628942]. [PubMed Central ID: PMC4658831].
20. Pyo JS, Kang G, Kim JY. Prognostic role of PD-L1 in malignant solid

tumors: a meta-analysis. Int J Biol Markers. 2017;32(1):e68–74. [PubMed
ID: 27470134]. https://doi.org/10.5301/jbm.5000225.

21. Shin SJ, Jeon YK, Kim PJ, Cho YM, Koh J, Chung DH, et al.
Clinicopathologic Analysis of PD-L1 and PD-L2 Expression in
Renal Cell Carcinoma: Association with Oncogenic Proteins
Status. Ann Surg Oncol. 2016;23(2):694–702. [PubMed ID: 26464193].
https://doi.org/10.1245/s10434-015-4903-7.

22. Leite KR, Reis ST, Junior JP, Zerati M, de Oliveira Gomes D,
Camara-Lopes LH, et al. PD-L1 expression in renal cell carcinoma clear
cell type is related to unfavorable prognosis.DiagnPathol. 2015;10:189.
[PubMed ID: 26470780]. [PubMed Central ID: PMC4608287].
https://doi.org/10.1186/s13000-015-0414-x.

23. Motoshima T, Komohara Y, Ma C, Dewi AK, Noguchi H, Yamada
S, et al. PD-L1 expression in papillary renal cell carcinoma. BMC
Urol. 2017;17(1):8. [PubMed ID: 28086852]. [PubMed Central ID:
PMC5237189]. https://doi.org/10.1186/s12894-016-0195-x.

Nephro-Urol Mon. 2022; 14(4):e127476. 5

http://www.ncbi.nlm.nih.gov/pubmed/32284756
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7150459
https://doi.org/10.7150/jca.35738
http://www.ncbi.nlm.nih.gov/pubmed/25538263
https://doi.org/10.1158/1078-0432.CCR-14-1993
http://www.ncbi.nlm.nih.gov/pubmed/27623354
https://doi.org/10.1002/ijc.30429
http://www.ncbi.nlm.nih.gov/pubmed/26628942
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4658831
http://www.ncbi.nlm.nih.gov/pubmed/27470134
https://doi.org/10.5301/jbm.5000225
http://www.ncbi.nlm.nih.gov/pubmed/26464193
https://doi.org/10.1245/s10434-015-4903-7
http://www.ncbi.nlm.nih.gov/pubmed/26470780
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4608287
https://doi.org/10.1186/s13000-015-0414-x
http://www.ncbi.nlm.nih.gov/pubmed/28086852
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5237189
https://doi.org/10.1186/s12894-016-0195-x

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Study Population and Setting
	3.2. Immunohistochemical Analysis
	Figure 1

	3.3. Statistical Analysis

	4. Results
	Table 1
	Table 2

	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

