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Abstract

Gastroenteropancreatic neuroendocrine neoplasms grade 3 (GEP-NENs G3) are rare

tumors. These highly aggressive neoplasms are traditionally treated with platinum-based

chemotherapy in combination with etoposide. Immune checkpoint proteins such as pro-

grammed cell death ligand (PD-L1) may have a role in different cancers allowing them

escape the immune system and hence, progress. We aimed to investigate the immunohisto-

chemical expression of PD-L1 in GEP-NEN G3 and evaluate its correlation to clinical param-

eters. In a cohort of 136 patients, 14 (10%) expressed PD-L1 immunoreactivity; four (3%)

patients in the tumor cells and 10 (7%) had immunoreactive immune cells. PD-L1 expres-

sion did not correlate to clinical parameters, progression-free survival or overall survival. We

conclude that PD-L1 expression is present only in a subset of GEP-NEN G3 patients. Fur-

ther studies are needed to fully understand the role of PD-L1 in patients with GEP-NEN G3,

including the future possibility for treatment with immune checkpoint inhibitors.

Introduction

Neuroendocrine neoplasms (NENs) are rare solid epithelial tumors with neuroendocrine dif-

ferentiation. Histopathologically the tumors show immunoreactivity (IR) for either one or

both of the neuroendocrine biomarkers chromogranin A (CgA) and synaptophysin (Syn) [1,

2]. The subset of tumors originating in the gastrointestinal tract, esophagus and pancreas is
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referred to as gastroenteropancreatic NENs (GEP-NENs) [3]. One third of GEP-NENs present

as cancer of unknown primary location (CUP) [4, 5] but with the major metastatic bulk in the

abdomen. Tumor grade is based on proliferation index and the term GEP-NEN G3 covers

poorly differentiated neuroendocrine carcinoma (NEC) and (the relatively rare) well differen-

tiated G3 neuroendocrine tumor (NET) with Ki-67 index>20% [6].

The majority of patients with G3 tumors are poorly differentiated (NEC) and presents with

advanced, non-resectable disease. These patients receive standard treatment with platinum-

based chemotherapy, i.e. cisplatin/carboplatin combined with etoposide (or irinotecan) [7–9].

However, despite initial response to treatment, the progression-free survival (PFS) and overall

survival (OS) is short in the majority of patients. Surgical intervention is generally only recom-

mended for patients with limited disease [10–13]. In the smaller group of GEP-NET G3

patients most authors favor temozolomide-based chemotherapy, and for these patients surgery

is recommended for similar indications as for GEP-NET G2 tumors [14, 15]. The incidence of

GEP-NEN G3 has gradually increased during the last decade, but treatment efficacy has not

advanced at the same rate [16, 17].

The introduction of immune checkpoint inhibitors represents a paradigm shift in the treat-

ment of various types of cancers, including malignant melanoma, non-small cell lung cancer,

cancer of the urinary tract and some hematological malignancies [18]. Immune check proteins

are regulatory elements on T-cells that modulate T-cell reactivity. Programmed cell death

ligand 1 (PD-L1) and programmed cell death protein 1 (PD-1) are two immune check proteins

that play a major role in cancer immunity [19].

PD-L1 is suggested to halt the immune system by inhibiting the proliferation of T-cells

when binding to its antigen PD1 [20]. PD-L1 binds to PD1 expressed on activated T-cells and

exerts an inhibitory reaction that is mediated through the T-cell receptor (TCR), which in turn

inhibits interleukin 2 production and T-cell proliferation. This interaction also leads to TCR

downregulation during antigen presentation to immature T-cells [21]. This mechanism has

grown to become one of the leading points of investigation in many cancers. Various types of

cancers have evolved into adopting the PD-L1/PD-1 pathways as an escape mechanism that

allows them to proliferate and survive in a host organ [22, 23].

The aim of this study was to evaluate the expression of PD-L1 in GEP-NENs and describe

its relation to other histopathological and clinical parameters including treatment outcome.

Materials and methods

Patient and tumor characteristics

We enrolled 136 patients diagnosed from 1995–2011 from the Nordic NEC study [5], in which

305 patients, diagnosed with GEP-NEN G3 were collected. NEN G3 patients with CUP with

predominant abdominal metastases were also included. Inclusion of patients was based on

availability of tumor tissue resulting in 136 patients included.

Formalin-fixed, paraffin-embedded (FFPE) tissues were immunohistochemically analyzed

and further cross-linked with data from the Nordic NEC registry. Tumor specimens within

this study were obtained at time of diagnosis and before treatment. Due of the retrospective

nature of this study the information about if samples were from the primary tumor or from

metastases is unfortunately not available.

All tumor specimens included were immunoreactive for CgA and/or Syn and Ki-67 was

>20%. All 136 patients were treated with chemotherapy, 130 with platinum-based chemotherapy

and six patients with an alternative chemotherapy that included irinotecan, vincristine or temozo-

lomide. The liver (64%) and lymph nodes (59%) were the most common sites for metastases.

Additional patient characteristics are presented in Table 1.
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Table 1. Clinicopathological characteristics of patients included.

Characteristic n
Sex

Male/Female (%) 79/57 (58/42)

Median age (range) 62 years (25–90)

Ki-67

�55% / >55% (range) 50/86 (20–100)

Chromogranin A

Positive 108

Negative 28

Synaptophysin

Positive 129

Negative 7

Primary Tumor

Oesophageal 5

Gastric 11

Pancreatic 23

Colonic 35

Rectal 10

CUP 41

Other GI 11

Type of sample specimen

Surgical 83

Surgical biopsy 16

Biopsy 37

Histological differentiation

Well differentiated 10

Poorly differentiated 73

Data not available 53

Response according to RECIST criteria

Complete response 5

Partial response 37

Stable disease 36

Progressive disease 38

Missing data 20

Metastases at diagnosis

Liver 87

Lymph node 29

Lung 11

Bone 3

Brain 6

Pathology

Small cell 44

Large cell 92

PD-L1 Immunoreactivity

Positive 14

Negative 122

https://doi.org/10.1371/journal.pone.0243900.t001
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Immunohistochemistry

New 4 μm sections from the FFPE tissue specimens were cut, placed on glass slides (Superfrost

Plus, Menzel Gläser, Braunschweig, Germany) and baked overnight. Tumor specimens were

stained with a primary monoclonal mouse anti-PD-L1 antibody (PD-L1 IHC clone 22C3

pharm Dx, Agilent, USA) and a CD3 antibody (IR50361-2, FLEX Polyclonal Rabbit Anti-

Human CD3, Ready-to-Use (Link), Agilent, USA). All stainings were performed in an auto-

stainer (Link 48, Agilent Dako, Thermo Shanon LTD, United Kingdom) according to manu-

facturer instructions. Controls in the form of one negative cell line (MCF-7) and one positive

(NCI-H226) are incorporated in the commercial kit for the PD-L1 antibody.

The proportions of immunoreactive tumor cells (TCs) and immunoreactive tumor-infil-

trating immune cells (ICs) were annotated separately. TC IR was defined as partial membrane

staining of any intensity as proportion of TCs with the following increments: 1%, 2%, 3%, 4%,

5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, and 100%. IC positivity was seen as both

cytoplasmic and membranous and hence defined as any positivity (membrane and cyto-

plasmic) as proportion of ICs, which were evaluated independently. The annotation was per-

formed under the supervision of an experienced pathologist.

Photographs were taken using a Zeiss Observer Z1 microscope connected with an AxioCam

MRc5 and the Zeiss Zen software (Carl Zeiss, Gottingen, Germany).

Statistical analysis

The clinical variables chosen to be investigated in the statistical analyses included gender, age, Ki-

67 index, C-reactive protein (CRP), CgA, Syn, therapeutic response (evaluated according to the

RECIST 1.0 criteria), survival and small cell/large cell morphology. The Chi-2 test was used for

calculating correlations of categorical variables e.g. Ki-67 (<55% and>55%), CgA (positive and

negative), Syn (positive and negative), sex (female and male), and morphology (small cell and

large cell). Spearman’s correlation test was used for correlations between continuous variables.

Survival was evaluated through the Kaplan-Meier analysis. Mann-Whitney test was used to

compare PFS and OS between PD-L1-non-immunoreactive patients and PD-L1- immunoreactive

patients. PFS was defined as the time from first treatment to progression or death of any cause. OS

was defined as survival time calculated from the date of diagnosis to date of death of any cause.

All statistical analyses were performed using IBM SPSS statistics software (v25, USA).

Ethics

Local ethics committees in the Nordic countries from which tissue samples were collected

approved the research protocol. The study was approved and the need for new consent was

waived by the local ethics committee, Regionala etikprövningsnämnden (EPN, Dnr 2008/397),

in Uppsala, Sweden.

Results

PD-L1 immunoreactivity in tumor samples

PD-L1 IR was defined as TCs and/or ICs with positive staining. A total of 14 of the 136 (10%)

G3 GEP-NEN tumor specimens studied showed IR.

Four (3%) samples were PD-L1- immunoreactive (>1%) in TCs and 10 (7%) in ICs. A high

frequency of IR (>50% immunoreactive cells) was only seen in one case (0.7%). Among the

four patients with PD-L1 immunoreactive tumors, three had the primary tumor located in the

colon and one had a CUP. Representative photos of immunoreactive and non-immunoreac-

tive stainings are shown in Fig 1.
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In the 10 specimens with PD-L1 expression in ICs, immunoreactive ICs were predomi-

nantly seen in lymphocytes in the periphery of the tumor, giving a capsule-like pattern.

Patients with immunoreactive ICs had primary tumors in the stomach (n = 2), pancreas

(n = 2), colon (n = 2) and CUP (n = 4), Table 2. Representative photos of immunoreactive

stainings are shown in Fig 2.

CD3 and PD-L1 stainings of consecutive sections showed that some ICs also were PD-L1

immunoreactive, Fig 3.

PD-L1 expression in TCs and ICs did not correlate to each other. In contrast, positivity was

exclusive to either TCs or ICs within one tumor specimen.

PD-L1 expression and clinical parameters

Most GEP-NEC G3 tumor specimens with TC PD-L1 IR were located in the colon (n = 3)

which represents 6% of all included colonic NEC. The positivity for ICs was not associated to

any specific tumor site. None of the clinical parameters (age, sex, performance status, Ki-67,

morphology) correlated to PD-L1 expression (S1 Table).

The median PFS was 5.1 months in PD-L1 immunoreactive patients compared to 4.5

months in PD-L1 non-immunoreactive. The median OS was 13.6 months in patients with

PD-L1 immunoreactive tumors compared to 15.1 months in PD-L1 non-immunoreactive.

These differences were not statistically significant.

Survival analysis revealed no statistically significant difference in PFS or OS between

patients with IR in TCs only compared with patients with IR in ICs only. Data is presented in

Fig 4.

Discussion

In this study, we aimed to examine the protein expression of PD-L1 in tumor specimens

derived from 136 patients with GEP-NEN G3 and compare the expression with clinical param-

eters and outcome. To our knowledge, this is the first study of PD-L1 expression in a large

cohort of patients with GEP-NEN G3. Ten percent of the included patients had tumors that

were immunoreactive either in TCs or in ICs, with expression in ICs being more frequent.

This is in concordance with previously reported results [24].

Fig 1. Representative pictures of PD-L1 immunohistochemical staining on tumors. (a) Colon primary tumor with

approximately 4% of all tumor cells immunoreactive. Insert, magnification. (b) Colon primary with 80%

immunoreactive tumor cells. (c) Non-immunoreactive colon primary tumor. Scale bars 50 μm.

https://doi.org/10.1371/journal.pone.0243900.g001

Table 2. Results from immunohistochemical evaluation.

Primary tumor site PD-L1 Immunoreactivity TCs1 (n) PD-L1 Immunoreactivity ICs2 (n)

Esophagus 0 0

Stomach 0 2

Pancreas 0 2

Colon 3 2

Rectum 0 0

CUP 1 4

Total 4 10

1TC, Tumor Cell
2IC, Immune cell.

https://doi.org/10.1371/journal.pone.0243900.t002
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Expression of PD-L1 has been studied in many cancers including GEP-NENs. A limitation

with studies on GEP-NENs is usually that NENs belonging to the three different grades (G1,

G2 and G3) are included in the same study. One study showed that PD-L1 was not correlated

to metastatic disease but was seen in patients with high WHO grade [25]. In a study by Bösch

et al., PD-L1 could not be associated to tumor grade [26]. Another study demonstrated that

21.9% patients were PD-L1 immunoreactive and that PD-L1 expression was significantly cor-

related to a higher WHO grade [27]. PFS and OS were also significantly poorer for patients

with PD-L1 IR than those that were non-immunoreactive. Similar results were reported in

another study of 57 patients of G1, G2 and G3 tumors where all the G3 tumors (n = 9) were

PD-L1 immunoreactive, and expression correlated to poorer outcome [28]. However, we

could not confirm that PD-L1 expression correlates to PFS or OS in this cohort which solely

includes G3 patients.

In this study, the four tumors that were PD-L1 immunoreactive in TCs were poorly-differ-

entiated. Three out of the four patients had primaries located in the colon, which in general is

considered to be the most aggressive sub-group of GEP-NEN G3. In contrast, the 10 patients

who showed PD-L1 IR in ICs had primaries in the stomach, pancreas, colon and CUP. This

might imply that PD-L1 could be more frequently expressed in TCs in the more aggressive

tumors, but our data cannot confirm this.

There was no statistical correlation between PD-L1 expressing tumors and clinical variables

in our study. The lack of correlation to outcome compared to that which has been found in

other studies [27, 28], could be due to the low frequency of immunoreactive tumors and also

that all patients in this study belonged to the G3 group. It is uncertain how the presence of

immunoreactive ICs should be evaluated and what their clinical relevance is. Furthermore,

this study is based on data collected retrospectively. There was no treatment intervention with

immune-check inhibitors in these patients to evaluate whether the expression in samples in

this study could be correlated to the clinical outcome in treatment with immune-check

Fig 2. Representative pictures of PD-L1 immunohistochemical staining on immune cells. (a) Gastric primary

tumor without IR for PD-L1 in tumor cells but with PD-L1 immunoreactive immune cells in stroma. Insert,

magnification. (b) Cancer of unknown primary with PD-L1 immunoreactive immune cells infiltrating tumor

environment. (c) Cancer of unknown primary with PD-L1 immunoreactive immune cells in a capsule-like pattern.

Scale bars 50 μm.

https://doi.org/10.1371/journal.pone.0243900.g002

Fig 3. Representative pictures of immune cells immunoreactive for PD-L1 and CD3. (a) Red arrow marked immune cell

immunoreactive for PD-L1. (b) Red arrow showing same cells immunoreactive for CD3. Scale bar 100 μm. Inserts, magnification.

Scale bars 50 μm.

https://doi.org/10.1371/journal.pone.0243900.g003
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inhibitors as seen in other studies [29, 30]. Adding complexity to this is the fact that there are

different assays and antibodies that have different cut-offs and different guidelines for evalua-

tions [31]. One study suggests a new method of evaluating PD-L1 IR which seems to pave way

for simpler evaluations. This study proposes a combined positive score (CPS), by combining

the score of immunoreactive TCs and ICs in a fraction, compared to all available tumor cells.

This offers a more reproducible evaluation technique which significantly correlates to the

objective response to pembrolizumab in the KEYNOTE-059 study, while PD-L1 expression on

only TCs did not [32].

Another factor of importance is that chemotherapy and genetic alterations might have an

impact on the expression of PD-L1. Oxaliplatin may reduce the expression of PD-L2 [33] and

thereby limit the immuno-suppression by dendritic cells [34]. On the other hand, cisplatin has

been shown to result in an overexpression of PD-L1 [35]. One study has shown that when cis-

platin was below IC50, it induced the expression of PD-L1 and PD-1 in hepatoma H22 cells

[35]. Mutations in p53 have also been linked to PD-L1 expression and clinical relevance [36].

Tumor specimens within this study were obtained before any treatment. However, these are

Fig 4. Kaplan-Meier curves for progression-free survival and overall survival. (a) and (b); specimens with PD-L1 IR in

tumor cells and specimens with PD-L1 IR in immune cells, compared to PD-L1 non-immunoreactive specimens. (c) and (d);

comparison between patients with only tumor cells immunoreactive for PD-L1 versus patients with only immune cells

immunoreactive for PD-L1. (e) and (f); comparison between patients with tumor cells and/or immune cells immunorective

for PD-L1 versus PD-L1 non-immunoreactive patients.

https://doi.org/10.1371/journal.pone.0243900.g004
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very important factors in trying to understand the clinical value and mechanisms of PD-L1

expression on TCs.

In conclusion, expression of PD-L1 in GEP-NENs G3 may be detected in a subgroup of

patients but the clinical relevance of this expression is debated. Further studies are needed,

preferably with larger cohorts, and a consensus on pathological evaluation, which may provide

more evidence for the relevance of PD-L1 expression in GEP-NENs G3. The importance of

tumor mutational burden as well as treatment are essential parameters which should be con-

sidered in the future evaluation of PD-L1.

Supporting information

S1 Table. PD-L1 expression in relation to clinicopathological variables. aChi-square test for

independence. bSpearman’s correlation test coefficient.

(DOCX)

Acknowledgments

We would like to thank Laura Tang (Department of Pathology, Memorial Sloan-Kettering

Cancer Center, New York) and Aurel Perren (Department of Pathology, University of Bern,

Switzerland) who assisted the pathological reviewing process.

Author Contributions

Conceptualization: Abir Salwa Ali, Staffan Welin, Halfdan Sørbye, Eva Tiensuu Janson.

Data curation: Abir Salwa Ali, Birgitte Federspiel, Johanna Arola, Lars Grimelius, Malin

Grönberg.

Formal analysis: Abir Salwa Ali, Lars Grimelius, Malin Grönberg.

Funding acquisition: Ulrich Knigge.

Investigation: Abir Salwa Ali, Seppo W. Langer, Birgitte Federspiel, Geir Olav Hjortland,

Henning Grønbæk, Morten Ladekarl, Staffan Welin, Lene Weber Vestermark, Johanna

Arola, Pia Osterlund, Ulrich Knigge, Halfdan Sørbye, Patrick Micke, Lars Grimelius, Malin

Grönberg.

Methodology: Lars Grimelius, Malin Grönberg.

Project administration: Halfdan Sørbye.

Supervision: Lars Grimelius, Malin Grönberg.

Validation: Birgitte Federspiel, Lars Grimelius.

Visualization: Abir Salwa Ali, Lars Grimelius, Malin Grönberg.

Writing – original draft: Abir Salwa Ali, Malin Grönberg.

Writing – review & editing: Abir Salwa Ali, Seppo W. Langer, Birgitte Federspiel, Geir Olav

Hjortland, Henning Grønbæk, Morten Ladekarl, Staffan Welin, Lene Weber Vestermark,

Johanna Arola, Pia Osterlund, Ulrich Knigge, Halfdan Sørbye, Patrick Micke, Lars Grime-

lius, Malin Grönberg.

References
1. Jernman J, Valimaki MJ, Louhimo J, Haglund C, Arola J. The novel WHO 2010 classification for gastro-

intestinal neuroendocrine tumours correlates well with the metastatic potential of rectal neuroendocrine

PLOS ONE PD-L1 in GEP-NENs G3

PLOS ONE | https://doi.org/10.1371/journal.pone.0243900 December 14, 2020 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243900.s001
https://doi.org/10.1371/journal.pone.0243900


tumours. Neuroendocrinology. 2012; 95(4):317–24. https://doi.org/10.1159/000333035 PMID:

22327359

2. Oberg KE. Gastrointestinal neuroendocrine tumors. Ann Oncol. 2010; 21 Suppl 7:vii72–80. https://doi.

org/10.1093/annonc/mdq290 PMID: 20943646

3. Niederle MB, Hackl M, Kaserer K, Niederle B. Gastroenteropancreatic neuroendocrine tumours: the

current incidence and staging based on the WHO and European Neuroendocrine Tumour Society clas-

sification: an analysis based on prospectively collected parameters. Endocr Relat Cancer. 2010; 17

(4):909–18. https://doi.org/10.1677/ERC-10-0152 PMID: 20702725

4. Kloppel G, Perren A, Heitz PU. The gastroenteropancreatic neuroendocrine cell system and its tumors:

the WHO classification. Ann N Y Acad Sci. 2004; 1014:13–27. https://doi.org/10.1196/annals.1294.002

PMID: 15153416

5. Sorbye H, Welin S, Langer SW, Vestermark LW, Holt N, Osterlund P, et al. Predictive and prognostic

factors for treatment and survival in 305 patients with advanced gastrointestinal neuroendocrine carci-

noma (WHO G3): the NORDIC NEC study. Ann Oncol. 2013; 24(1):152–60. https://doi.org/10.1093/

annonc/mds276 PMID: 22967994

6. Board WCoTE. WHO Classification of Tumours. Digestive System Tumours. Fifth Edition. France:

International Agency for Research on Cancer, Lyon 2019; 2019. 635 p.

7. Strosberg JR, Coppola D, Klimstra DS, Phan AT, Kulke MH, Wiseman GA, et al. The NANETS consen-

sus guidelines for the diagnosis and management of poorly differentiated (high-grade) extrapulmonary

neuroendocrine carcinomas. Pancreas. 2010; 39(6):799–800. https://doi.org/10.1097/MPA.

0b013e3181ebb56f PMID: 20664477

8. Janson ET, Sorbye H, Welin S, Federspiel B, Gronbaek H, Hellman P, et al. Nordic guidelines 2014 for

diagnosis and treatment of gastroenteropancreatic neuroendocrine neoplasms. Acta Oncol. 2014; 53

(10):1284–97. https://doi.org/10.3109/0284186X.2014.941999 PMID: 25140861

9. Garcia-Carbonero R, Sorbye H, Baudin E, Raymond E, Wiedenmann B, Niederle B, et al. ENETS Con-

sensus Guidelines for High-Grade Gastroenteropancreatic Neuroendocrine Tumors and Neuroendo-

crine Carcinomas. Neuroendocrinology. 2016; 103(2):186–94. https://doi.org/10.1159/000443172

PMID: 26731334

10. Brennan SM, Gregory DL, Stillie A, Herschtal A, Mac Manus M, Ball DL. Should extrapulmonary small

cell cancer be managed like small cell lung cancer? Cancer. 2010; 116(4):888–95. https://doi.org/10.

1002/cncr.24858 PMID: 20052730

11. Brenner B, Shah MA, Gonen M, Klimstra DS, Shia J, Kelsen DP. Small-cell carcinoma of the gastroin-

testinal tract: a retrospective study of 64 cases. Br J Cancer. 2004; 90(9):1720–6. https://doi.org/10.

1038/sj.bjc.6601758 PMID: 15150595

12. Li AF, Hsu HS, Hsu CY, Li AC, Li WY, Liang WY, et al. A 20-year retrospective study of small-cell carci-

nomas in Taiwan. J Surg Oncol. 2010; 102(5):497–502. https://doi.org/10.1002/jso.21629 PMID:

20872953

13. Haugvik SP, Janson ET, Osterlund P, Langer SW, Falk RS, Labori KJ, et al. Surgical Treatment as a

Principle for Patients with High-Grade Pancreatic Neuroendocrine Carcinoma: A Nordic Multicenter

Comparative Study. Ann Surg Oncol. 2016; 23(5):1721–8. https://doi.org/10.1245/s10434-015-5013-2

PMID: 26678407

14. Sahu A, Jefford M, Lai-Kwon J, Thai A, Hicks RJ, Michael M. CAPTEM in Metastatic Well-Differentiated

Intermediate to High Grade Neuroendocrine Tumors: A Single Centre Experience. J Oncol. 2019;

2019:9032753. https://doi.org/10.1155/2019/9032753 PMID: 30915122

15. Sorbye H, Baudin E, Perren A. The Problem of High-Grade Gastroenteropancreatic Neuroendocrine

Neoplasms: Well-Differentiated Neuroendocrine Tumors, Neuroendocrine Carcinomas, and Beyond.

Endocrinol Metab Clin North Am. 2018; 47(3):683–98. https://doi.org/10.1016/j.ecl.2018.05.001 PMID:

30098724

16. Sorbye H, Strosberg J, Baudin E, Klimstra DS, Yao JC. Gastroenteropancreatic high-grade neuroendo-

crine carcinoma. Cancer. 2014; 120(18):2814–23. https://doi.org/10.1002/cncr.28721 PMID: 24771552

17. Ilett EE, Langer SW, Olsen IH, Federspiel B, Kjaer A, Knigge U. Neuroendocrine Carcinomas of the

Gastroenteropancreatic System: A Comprehensive Review. Diagnostics (Basel). 2015; 5(2):119–76.

https://doi.org/10.3390/diagnostics5020119 PMID: 26854147

18. Webb ES, Liu P, Baleeiro R, Lemoine NR, Yuan M, Wang YH. Immune checkpoint inhibitors in cancer

therapy. J Biomed Res. 2018; 32(5):317–26. https://doi.org/10.7555/JBR.31.20160168 PMID:

28866656

19. Alsaab HO, Sau S, Alzhrani R, Tatiparti K, Bhise K, Kashaw SK, et al. PD-1 and PD-L1 Checkpoint Sig-

naling Inhibition for Cancer Immunotherapy: Mechanism, Combinations, and Clinical Outcome. Front

Pharmacol. 2017; 8:561. https://doi.org/10.3389/fphar.2017.00561 PMID: 28878676

PLOS ONE PD-L1 in GEP-NENs G3

PLOS ONE | https://doi.org/10.1371/journal.pone.0243900 December 14, 2020 11 / 12

https://doi.org/10.1159/000333035
http://www.ncbi.nlm.nih.gov/pubmed/22327359
https://doi.org/10.1093/annonc/mdq290
https://doi.org/10.1093/annonc/mdq290
http://www.ncbi.nlm.nih.gov/pubmed/20943646
https://doi.org/10.1677/ERC-10-0152
http://www.ncbi.nlm.nih.gov/pubmed/20702725
https://doi.org/10.1196/annals.1294.002
http://www.ncbi.nlm.nih.gov/pubmed/15153416
https://doi.org/10.1093/annonc/mds276
https://doi.org/10.1093/annonc/mds276
http://www.ncbi.nlm.nih.gov/pubmed/22967994
https://doi.org/10.1097/MPA.0b013e3181ebb56f
https://doi.org/10.1097/MPA.0b013e3181ebb56f
http://www.ncbi.nlm.nih.gov/pubmed/20664477
https://doi.org/10.3109/0284186X.2014.941999
http://www.ncbi.nlm.nih.gov/pubmed/25140861
https://doi.org/10.1159/000443172
http://www.ncbi.nlm.nih.gov/pubmed/26731334
https://doi.org/10.1002/cncr.24858
https://doi.org/10.1002/cncr.24858
http://www.ncbi.nlm.nih.gov/pubmed/20052730
https://doi.org/10.1038/sj.bjc.6601758
https://doi.org/10.1038/sj.bjc.6601758
http://www.ncbi.nlm.nih.gov/pubmed/15150595
https://doi.org/10.1002/jso.21629
http://www.ncbi.nlm.nih.gov/pubmed/20872953
https://doi.org/10.1245/s10434-015-5013-2
http://www.ncbi.nlm.nih.gov/pubmed/26678407
https://doi.org/10.1155/2019/9032753
http://www.ncbi.nlm.nih.gov/pubmed/30915122
https://doi.org/10.1016/j.ecl.2018.05.001
http://www.ncbi.nlm.nih.gov/pubmed/30098724
https://doi.org/10.1002/cncr.28721
http://www.ncbi.nlm.nih.gov/pubmed/24771552
https://doi.org/10.3390/diagnostics5020119
http://www.ncbi.nlm.nih.gov/pubmed/26854147
https://doi.org/10.7555/JBR.31.20160168
http://www.ncbi.nlm.nih.gov/pubmed/28866656
https://doi.org/10.3389/fphar.2017.00561
http://www.ncbi.nlm.nih.gov/pubmed/28878676
https://doi.org/10.1371/journal.pone.0243900


20. Chemnitz JM, Parry RV, Nichols KE, June CH, Riley JL. SHP-1 and SHP-2 associate with immunore-

ceptor tyrosine-based switch motif of programmed death 1 upon primary human T cell stimulation, but

only receptor ligation prevents T cell activation. J Immunol. 2004; 173(2):945–54. https://doi.org/10.

4049/jimmunol.173.2.945 PMID: 15240681

21. Karwacz K, Bricogne C, MacDonald D, Arce F, Bennett CL, Collins M, et al. PD-L1 co-stimulation con-

tributes to ligand-induced T cell receptor down-modulation on CD8+ T cells. EMBO Mol Med. 2011; 3

(10):581–92. https://doi.org/10.1002/emmm.201100165 PMID: 21739608

22. 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. https://doi.org/10.1073/pnas.0406351101 PMID:

15569934

23. Zhang J, Gao J, Li Y, Nie J, Dai L, Hu W, et al. Circulating PD-L1 in NSCLC patients and the correlation

between the level of PD-L1 expression and the clinical characteristics. Thorac Cancer. 2015; 6(4):534–

8. https://doi.org/10.1111/1759-7714.12247 PMID: 26273411

24. Ferrata M, Schad A, Zimmer S, Musholt TJ, Bahr K, Kuenzel J, et al. PD-L1 Expression and Immune

Cell Infiltration in Gastroenteropancreatic (GEP) and Non-GEP Neuroendocrine Neoplasms With High

Proliferative Activity. Front Oncol. 2019; 9:343. https://doi.org/10.3389/fonc.2019.00343 PMID:

31134150

25. Sampedro-Nunez M, Serrano-Somavilla A, Adrados M, Cameselle-Teijeiro JM, Blanco-Carrera C,

Cabezas-Agricola JM, et al. Analysis of expression of the PD-1/PD-L1 immune checkpoint system and

its prognostic impact in gastroenteropancreatic neuroendocrine tumors. Sci Rep. 2018; 8(1):17812.

https://doi.org/10.1038/s41598-018-36129-1 PMID: 30546030

26. Bosch F, Bruwer K, Altendorf-Hofmann A, Auernhammer CJ, Spitzweg C, Westphalen CB, et al.

Immune checkpoint markers in gastroenteropancreatic neuroendocrine neoplasia. Endocr Relat Can-

cer. 2019; 26(3):293–301. https://doi.org/10.1530/ERC-18-0494 PMID: 30608901

27. Kim ST, Ha SY, Lee S, Ahn S, Lee J, Park SH, et al. The Impact of PD-L1 Expression in Patients with

Metastatic GEP-NETs. J Cancer. 2016; 7(5):484–9. https://doi.org/10.7150/jca.13711 PMID: 26958083

28. Cavalcanti E, Armentano R, Valentini AM, Chieppa M, Caruso ML. Role of PD-L1 expression as a bio-

marker for GEP neuroendocrine neoplasm grading. Cell Death Dis. 2017; 8(8):e3004. https://doi.org/

10.1038/cddis.2017.401 PMID: 28837143

29. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready NE, et al. Nivolumab versus Docetaxel in

Advanced Nonsquamous Non-Small-Cell Lung Cancer. N Engl J Med. 2015; 373(17):1627–39. https://

doi.org/10.1056/NEJMoa1507643 PMID: 26412456

30. Passiglia F, Bronte G, Bazan V, Natoli C, Rizzo S, Galvano A, et al. PD-L1 expression as predictive bio-

marker in patients with NSCLC: a pooled analysis. Oncotarget. 2016; 7(15):19738–47. https://doi.org/

10.18632/oncotarget.7582 PMID: 26918451

31. Hutarew G. PD-L1 testing, fit for routine evaluation? From a pathologist’s point of view. Memo. 2016; 9

(4):201–6. https://doi.org/10.1007/s12254-016-0292-2 PMID: 28058063

32. Kulangara K, Zhang N, Corigliano E, Guerrero L, Waldroup S, Jaiswal D, et al. Clinical Utility of the

Combined Positive Score for Programmed Death Ligand-1 Expression and the Approval of Pembrolizu-

mab for Treatment of Gastric Cancer. Arch Pathol Lab Med. 2019; 143(3):330–7. https://doi.org/10.

5858/arpa.2018-0043-OA PMID: 30028179

33. Luo M, Fu L. The effect of chemotherapy on programmed cell death 1/programmed cell death 1 ligand

axis: some chemotherapeutical drugs may finally work through immune response. Oncotarget. 2016; 7

(20):29794–803. https://doi.org/10.18632/oncotarget.7631 PMID: 26919108

34. Lesterhuis WJ, Punt CJ, Hato SV, Eleveld-Trancikova D, Jansen BJ, Nierkens S, et al. Platinum-based

drugs disrupt STAT6-mediated suppression of immune responses against cancer in humans and mice.

J Clin Invest. 2011; 121(8):3100–8. https://doi.org/10.1172/JCI43656 PMID: 21765211

35. Qin X, Liu C, Zhou Y, Wang G. Cisplatin induces programmed death-1-ligand 1(PD-L1) over-expression

in hepatoma H22 cells via Erk /MAPK signaling pathway. Cell Mol Biol (Noisy-le-grand). 2010; 56

Suppl:OL1366–72.

36. Cortez MA, Ivan C, Valdecanas D, Wang X, Peltier HJ, Ye Y, et al. PDL1 Regulation by p53 via miR-34.

Journal of the National Cancer Institute. 2016; 108(1). https://doi.org/10.1093/jnci/djv303 PMID:

26577528

PLOS ONE PD-L1 in GEP-NENs G3

PLOS ONE | https://doi.org/10.1371/journal.pone.0243900 December 14, 2020 12 / 12

https://doi.org/10.4049/jimmunol.173.2.945
https://doi.org/10.4049/jimmunol.173.2.945
http://www.ncbi.nlm.nih.gov/pubmed/15240681
https://doi.org/10.1002/emmm.201100165
http://www.ncbi.nlm.nih.gov/pubmed/21739608
https://doi.org/10.1073/pnas.0406351101
http://www.ncbi.nlm.nih.gov/pubmed/15569934
https://doi.org/10.1111/1759-7714.12247
http://www.ncbi.nlm.nih.gov/pubmed/26273411
https://doi.org/10.3389/fonc.2019.00343
http://www.ncbi.nlm.nih.gov/pubmed/31134150
https://doi.org/10.1038/s41598-018-36129-1
http://www.ncbi.nlm.nih.gov/pubmed/30546030
https://doi.org/10.1530/ERC-18-0494
http://www.ncbi.nlm.nih.gov/pubmed/30608901
https://doi.org/10.7150/jca.13711
http://www.ncbi.nlm.nih.gov/pubmed/26958083
https://doi.org/10.1038/cddis.2017.401
https://doi.org/10.1038/cddis.2017.401
http://www.ncbi.nlm.nih.gov/pubmed/28837143
https://doi.org/10.1056/NEJMoa1507643
https://doi.org/10.1056/NEJMoa1507643
http://www.ncbi.nlm.nih.gov/pubmed/26412456
https://doi.org/10.18632/oncotarget.7582
https://doi.org/10.18632/oncotarget.7582
http://www.ncbi.nlm.nih.gov/pubmed/26918451
https://doi.org/10.1007/s12254-016-0292-2
http://www.ncbi.nlm.nih.gov/pubmed/28058063
https://doi.org/10.5858/arpa.2018-0043-OA
https://doi.org/10.5858/arpa.2018-0043-OA
http://www.ncbi.nlm.nih.gov/pubmed/30028179
https://doi.org/10.18632/oncotarget.7631
http://www.ncbi.nlm.nih.gov/pubmed/26919108
https://doi.org/10.1172/JCI43656
http://www.ncbi.nlm.nih.gov/pubmed/21765211
https://doi.org/10.1093/jnci/djv303
http://www.ncbi.nlm.nih.gov/pubmed/26577528
https://doi.org/10.1371/journal.pone.0243900

