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Abstract. The WHO 2010 classification divides gastro-
intestinal neuroendocrine neoplasms (GI-NENs) into 
neuroendocrine tumor (NET) G1, NET G2, neuroendocrine 
carcinoma (NEC) and mixed adenoendocrine carcinoma 
(MANEC) groups. A total of 136 cases of GI-NENs diagnosed 
at our hospitals as gastrointestinal carcinoids, endocrine cell 
carcinomas and NENs over the last 11 years, using the WHO 
2010 classification were assessed. Among the 136 cases, 
88.2% (120/136) were classified into the NET group (NET 
G1/G2) and 11.8% (16/136) were classified into the NEC group 
(NEC/MANEC). The incidences of lymphatic and venous 
invasions were higher in the NEC group compared with in 
the NET group (P<0.0001 and P=0.0021, respectively). The 
immunohistochemical staining of cluster of differentiation 73 
(CD73) was evaluated in GI-NENs. CD73 is a potentially 
useful molecule in tumor immunity. In general, CD73 on the 
tumor cell membrane converts adenosine monophosphate 
to adenosine, which restrains the production of interferon-γ 
and cytocidal activity. Although the association between 
stem cells of pancreatic NENs and CD73 has been reported, 
few studies have reported on CD73 expression in GI-NENs. 
Immunohistochemical CD73 expression on the cytomembrane 
of neuroendocrine cells was detected in 27.2% (37/136) of 
the GI‑NENs. The positive ratio of CD73 was significantly 

higher in the NEC group compared with in the NET group 
(P=0.0015). CD73 is also considered as a potential biomarker 
of anti-programmed death-1 (PD-1) therapy. The expression 
of programmed death-ligand 1 (PD-L1) on the cytomembrane 
of GI-NENs was assessed. The positive ratio of PD-L1 was 
higher in the NEC group compared with in the NET group 
(P=0.0011). Furthermore, CD73 expression status was signifi-
cantly correlated with PD-L1 expression (P<0.0001). These 
results indicate that CD73 may be an interesting candidate 
for a biomarker for certain prognostic factors and therapeutics 
concerning PD-1 therapy.

Introduction

Neuroendocrine neoplasms (NENs) were described by 
Langhans in 1867 (1). The tumors were referred to as 
carcinoid (karzinoide) by Oberndorfer in 1907 (2). They were 
considered benign tumors. However, presently, these tumors 
are recognized as malignant. NENs arise in most organs of 
the body. In general, they are concentrated tumors of a specific 
organ system, such as the lungs, pancreas, and gastrointestinal 
tract (3,4). On microscopic assessment, NENs are composed 
of round or ovoid cells with a granular cytoplasm and nuclei 
that have a ‘salt and pepper’ appearance. The cells often form 
nests or may form small follicles or gland-like structures.

NENs are labeled by immunohistochemical neuroendo-
crine markers, including synaptophysin, chromogranin A 
(CGA), cluster of differentiation 56 (CD56), and neuron‑specific 
enolase (NSE). Synaptophysin is considered the most sensi-
tive neuroendocrine marker, whereas CGA is the most 
specific marker (5). Therefore, both synaptophysin and CGA 
are recommended for use in routine pathological diagnosis 
of NENs. There are few reports that reveal the association 
between immunohistological CGA and synaptophysin expres-
sions and therapeutics and prognosis.

In Japan, gastrointestinal NENs (GI-NENs) are not diag-
nosed according to a unified classification. Many pathologists 
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in Japan diagnose GI-NENs according to the original clas-
sification depending on each organ. For example, a colorectal 
neuroendocrine tumor (NET) was diagnosed according to the 
Japanese Classification of Colorectal Carcinoma (JCCC) (6). 
In recent years, many pathologists globally diagnose GI-NENs 
according to the WHO 2010 classification.

Owing to our understanding of tumor biology and 
immunity in recent years, cancer immunotherapy has made 
remarkable advances. Cluster of differentiation 73 (CD73), 
also known as ecto-5'-nucleotidase, is a pivotal molecule 
that enzymatically dephosphorylates and converts extracel-
lular adenosine monophosphate (AMP) into adenosine and 
inorganic phosphate (7). Adenosine restrains the production 
of INF-γ and cytocidal activity through the adenosine A2A 
receptor (A2AAR) on T cells and natural killer cells (8-11). In 
mice with defective A2AAR and CD73, antitumor immunity 
is enhanced, which reduces the tumor growth (11-13). Recent 
studies have revealed that CD73 is identified as not only a 
unique biomarker for pancreatic NENs (pNENs) cancer stem 
cells but also a novel molecular target for pNENs therapy (14). 
We hypothesized that CD73 is expressed on the cytomem-
brane of GI-NENs with high malignant potential. CD73 is 
also considered as a potential biomarker for anti-programmed 
death-1 (PD-1) therapy (15).

The first aim of the present study was to reassess 136 cases 
of GI-NENs according to the WHO 2010 classification. 
Additionally, we retrospectively examined the relationship 
between diagnosis and clinical characteristics, including 
patient sex, patient age, tumor location, and presence of 
lymphatic and venous invasions. The second aim of the present 
study was to examine the CD73 expression status of GI-NENs. 
Moreover, we evaluated the immunohistochemical expression 
of PD-L1 on the cytomembrane of GI-NENs, which is a key 
antigen for PD‑1 therapy. The final aim of the present study 
was to examine the relationship between the expressions of 
PD-L1 and CD73.

Materials and methods

Patient and clinical data. We retrospectively studied 136 cases 
of GI-NENs that were pathologically diagnosed at Showa 
University Hospital (Tokyo, Japan) and Showa University 
Fujigaoka Hospital (Yokohama, Japan) between January 2005 
and December 2015. The collected clinicopathological 
information included patient age, patient sex, tumor location, 
sampling methods (surgical, endoscopic, or autopsy), and 
pathological diagnosis. The study used human material and 
was approved by the Institutional Ethics Committee of Showa 
University (no. 2044, 2016).

Evaluation of GI‑NENs according to the WHO 2010 
classification. All cases of GI-NENs were reassessed according 
to the WHO 2010 classification. The WHO 2010 classification 
involves the following groups: G1 (mitotic count <2 per 10 
high power fields (HPFs) and/or Ki-67 labeling index of ≤2%); 
G2 (mitotic count of 2-20/10 HPFs and/or Ki-67 labeling index 
of 3-20%); and G3 neuroendocrine carcinoma (NEC) (mitotic 
count exceeding 20/10 HPFs and/or Ki-67 labeling index of 
>20%) (16). Mixed adenoendocrine carcinoma (MANEC) 
has a phenotype that is morphologically recognizable as both 

gland-forming epithelial and NEC with at least 30% of either 
component.

In the present study, we excluded cases in which we could 
not count >2,000 tumor cells. The Ki-67 labeling index was 
calculated using e-count (e-path Institute Inc., Fujisawa, 
Japan), which is an automatic measuring instrument. It is able 
to calculate the index with accuracy and efficiency. Positive 
cells were marked with green points, and negative cells were 
marked with red points (Fig. 1). We assessed lymphatic and 
venous invasions in cases (n=102) involving endoscopic 
mucosal resection (EMR), endoscopic submucosal dissection 
(ESD), surgery, and autopsy. We classified NET G1/G2 into 
the NET group and NEC/MANEC into the NEC group.

Evaluation of hematoxylin and eosin (H&E) and 
immunohistochemical staining for GI‑NENs. Nine serial 
sections of formalin-fixed, paraffin-embedded specimens 
(3 µm) were used for H&E staining and immunohistochemical 
analysis with a panel of monoclonal antibodies (Table I). 
We diagnosed GI-NENs according to specific histological 
findings on H&E staining and the expressions of CD56, 
CGA, cytokeratin (CK) AE1/AE3, NSE, and synaptophysin. 
Additionally, we evaluated the Ki-67 labeling index and 
expressions of CD73 and PD-L1 in GI-NENs. According to 
a previous study, CD73 expression levels were graded on a 
scale of 0-3 on the basis of cytomembrane staining intensity 
and the proportion of positive tumors (17). The staining was 
graded as 0 when all cancer cells were negative, 1 when 
staining was weakly positive in less than one-third of the 
cancer cytomembrane, 2 when staining was weakly positive in 
greater than two-third of the cancer cytomembrane or strongly 
positive in greater than one-third of the cancer cytomembrane, 
and 3 when staining was weakly positive in most of the cancer 
cytomembrane or strongly positive in greater than two-third 
of the cancer cytomembrane. The immunohistochemical 
CD73 expression status in GI-NENs was classified as 
negative (grade 0) or positive (grade 1-3). With regard to 
PD-L1 expression, we considered a case as positive even if 
the expression was weak or partially positive in the cancer 
cytomembrane.

Two expert pathologists (ES and TY), who were blinded to 
the clinical records of the patients, graded the expressions of 
CD73 and PD-L1 on the cytomembrane.

Statistical analysis. The χ2 good‑of‑fit test or Fisher's exact 
test was used to analyze categorical data. All analyses were 
performed using JMP 12 (SAS Institute Inc., Cary, NC, USA). 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Reassessment of GI‑NENs based on the WHO 2010 
classification. The clinical characteristics of the patients 
enrolled in the present study are summarized in Table II. 
The study included 136 patients, who were diagnosed with 
gastrointestinal carcinoids, endocrine cell carcinomas, and 
NENs. There were 54 female (39.7%) and 82 male (60.3%) 
patients. The median age of the patients was 65.5 years (range, 
24-85 years). The tumor locations were the stomach (n=24), 
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duodenum (n=19), small intestine (n=2), appendix (n=4), colon 
(n=26), and rectum (n=61). The sampling methods included 
endoscopic biopsy (n=34), EMR (n=43), ESD (n=23), surgery 
(n=35), and autopsy (n=1). The cases were classified into the 
following four groups based on the WHO 2010 classification: 
NET G1 (n=113), NET G2 (n=7), NEC (n=12), and MANEC 
(n=4) (Table III). We found that the NET group mainly 
involved the rectum and colon (P=0.0014), and the NEC group 
mainly involved the stomach (P=0.0003). The incidences of 
lymphatic and venous invasions were higher in the NEC group 
than in the NET group (P<0.0001 and P=0.0021, respectively; 
Table IV).

CD73 expression in the cytomembrane of GI‑NENs. We 
examined the immunohistochemical expression status of CD73 
on the cytomembrane of GI-NENs (Fig. 2). We found that 
27.2% of the patients (n=37) showed CD73 expression (from 
grade 1 to grade 3). There was a trend that patients who were 

diagnosed with a highly malignant type of GI-NENs expressed 
a high grade of CD73 (Table V). The positive ratio of CD73 
was significantly higher in the NEC group than in the NET 
group (P=0.0015). Additionally, the positive ratio of CD73 was 
higher in the duodenum than in other gastrointestinal organs 
(P<0.0001).

PD‑L1 expression in the cytomembrane of GI‑NENs. We 
examined the PD-L1 expression on the cytomembrane of 
GI-NENs (Fig. 3). The positive ratio of PD-L1 was 9.56% 
(13/136) in GI-NENs. The positive ratio of PD-L1 was 
higher in the NEC group than in the NET group (P=0.0011). 
Additionally, the positive ratio of PD-L1 was higher in the 
CD73-positive group than in the negative group (P<0.0001). 
There were no statistically significant associations between 
PD-L1 expression and lymphatic (P=0.3871) and venous inva-
sions (P=0.1732) (Table VI).

Discussion

The primary site of GI-NENs in Japan is different from that 
in other countries. It has been reported that the locations of 
GI-NENs varied, with 26.1, 3.6, and 70.3% in the foregut, 
midgut, and hindgut, respectively, and that 6.7% of GI-NENs 
were NEC in Japan (18). The most common location of 
GI-NENs among patients in the United States varied, with 11, 
38, 16, 34, and 1% in the stomach, small intestine, colon, rectum, 
and unknown sites, according to analysis of the Surveillance 
Epidemiology End Results database (19). In Western nations, 
30-60% of GI-NENs are derived from the midgut (20-22). In 
our study, the locations of GI-NENs varied, with 17.7, 14.0, 
1.3, 2.9, 19.1, and 45.0% in the stomach, duodenum, small 
intestine, appendix, colon, and rectum, respectively. These 
results are consistent with the findings of a previous Japanese 
report (18). Sixteen cases of GI-NENs belonged to NEC group 
in our study. Furthermore, 8 cases had NEC in the stomach. 
Notably, the number of case showing NECs of stomach was 
significant (P=0.003); therefore, we have used the expression 
‘stomach or not’ in Table IV.

Figure 1. (A-C) The Ki-67 labeling index was calculated using an automatic 
measuring instrument in the present study. Positive and negative cells are 
marked with green and red points, respectively (magnification, x400). Top: 
hematoxylin and eosin staining; bottom: immunohistochemical Ki-67.

Table I. Antibodies used for immunohistochemistry.

    Processing  Automatic
Antigen  Animal Clone Source method Dilution stainer

Ki-67 Mouse MIB-1 DAKO Cytomation,  HT 1:100 Nichirei, Tokyo,
   Glostrup, Denmark   Japan
CD56  Mouse CD564 Novocastra, Newcastle  HT  1:50 Nichirei, Tokyo,
   upon Tyne, UK   Japan
Chromogranin A Rabbit Poly DAKO Cytomation, HT  1:500 Nichirei, Tokyo,
   Glostrup, Denmark   Japan
CK AE1/AE3 Mouse AE1/AE3 Novocastra, Newcastle  HT-RTU 1:100 Nichirei, Tokyo,
   upon Tyne, UK,   Japan
NSE Rabbit Poly Nichirei, Tokyo, Japan   Nichirei, Tokyo,
      Japan

Method Stain after deparaffinization and activation of the antigen Stainer Histostainer 36A (Nichirei, Tokyo, Japan). CD, cluster of differentia-
tion; CK, cytokeratin; NSE, neuron‑specific enolase.
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We reassessed 136 cases of GI-NENs according to the WHO 
2010 classification. Because assessments of the Ki‑67 labeling 
index and mitotic cells depend on respective pathologists, there 
is a discrepancy in reporting among institutions (6,23-27). The 
mitotic count should be calculated from the most active areas 
(or hot spots), which are recognized by scanning the sample 
under intermediate magnification. A minimum of 50 HPFs 
should be carefully evaluated to precisely determine the mitotic 

count. Recently, a mitosis‑specific marker, phosphohistone H3 
(PHH3), was introduced for the assessment of mitotic counts 
in NENs. Mitotic counts determined by PHH3 staining and 
H&E staining showed a high concordance rate, but the results 
need to be validated using many cases (28). For counting with 
regard to the Ki-67 labeling index, strong, dark-brown nuclear 
staining is recommended, whereas cytoplasmic staining 
or weak nuclear staining should not be counted (29). Ki-67 

Table II. Clinical characteristics of the patients enrolled in the 
present study (n=136).

Characteristic Value

Age, years
  Median, range 65.5 (24-85)
Sex, n (%)
  Male 82 (60.3)
  Female 54 (39.7)
Location, n (%)
  Stomach 24 (17.7)
  Duodenum 19 (14.0)
  Small intestine 2 (1.3)
  Appendix 4 (2.9)
  Colon 26 (19.1)
  Rectum 61 (45.0)
Sampling methods, n (%)
  Biopsy 34 (25.0)
  EMR 43 (31.7)
  ESD 23 (16.9)
  Surgery 35 (25.7)
  Autopsy 1 (0.7)

EMR, endoscopic mucosal resection; ESD, endoscopic submucosal 
dissection.

Table III. Association between tumor location and the 
WHO2010 classification among the 136 patients with gastro-
intestinal neuroendocrine neoplasms.

 WHO 2010 classification
 ------------------------------------------------------------------------------------
 NET G1 NET G2 NEC MANEC
Location (n=113) (n=7) (n=12) (n=4)

Stomach 15 1 8 0
Duodenum 16 2 1 0
Small Intestine 2 0 0 0
Appendix 1 0 1 2
Colon 21 1 2 2
Rectum 58 3 0 0
Total 113 7 12 4

NET, neuroendocrine tumor; NEC, neuroendocrine carcinoma; 
MANEC, mixed adenoendocrine carcinoma.

Figure 2. Representative immunohistochemical cluster of differentia-
tion 73 expression status in gastrointestinal neoplasms with H&E staining. 
Staining was graded as 0 when all cancer cells were negative, 1 when staining 
was weakly positive in less than one-third of the cancer cytomembrane, 
2 when staining was weakly positive in greater than two-third of the cancer 
cytomembrane or strongly positive in greater than one-third of the cancer 
cytomembrane, and 3 when staining was weakly positive in most of the 
cancer cytomembrane or strongly positive in greater than two-third of the 
cancer cytomembrane (magnification, x400). Top: H&E; bottom: immuno-
histochemical Ki-67. NEC, neuroendocrine carcinoma; H&E, hematoxylin 
and eosin.

Figure 3.  Representat ive immunohistochemica l programmed 
death-ligand 1 expression status in gastrointestinal neoplasms with H&E 
staining. We considered a case as positive even if the expression was weak 
or partially positive in the cancer cytomembrane (magnification, x400). Top: 
H&E; bottom: immunohistochemical Ki-67. NEC, neuroendocrine carci-
noma; H&E, hematoxylin and eosin.



ONCOLOGY LETTERS  15:  2123-2130,  2018 2127

staining also depends on the paraffin sectioning method. The 
time for clamping of vessels and surgical resection of tissues 
decreases the mitotic count abruptly. Therefore, grading with 
the Ki-67 labeling index is always higher than grading with 
mitosis (30). Thus, it is important to accurately calculate the 
Ki-67 labeling index. In the present study, we were able to 
normalize the evaluation of the Ki-67 labeling index by using 
an automatic measuring instrument (e-count; e-path Institute 
Inc.). In the reassessment, 88.2% (120/136) of GI-NENs were 
classified into the NET group and 11.8% (16/136) were classi-
fied into the NEC group.

Immunohistological CD73 expression does not connect 
with the diagnosis for GI-NENs, such as CGA or synapto-
physin, but with the tumor growth associated with A2AAR. 

Recent studies identified CD73 as not only a unique biomarker 
for pNENs cancer stem cells but also a novel molecular target 
for pNENs therapy (14). CD73 expression is also associated 
with poor prognosis in several types of tumors (31), including 
colorectal cancer (32), gastric cancer (33), gallbladder 
cancer (34), serous ovarian cancer (35), triple negative breast 
cancer (36), and malignant melanoma (37). In endometrial 
tumors, no differences in the CD73 expression among tumors 
were observed with enzyme assays in either tissue slices 
or tissue homogenates (38). To the best of our knowledge, 
there has been no report on CD73 expression in GI-NENs. 
Furthermore, a significant association between CD73 and 
CGA and synaptophysin has not been revealed. We hypoth-
esized that CD73 is expressed on the membrane of GI-NENs 

Table IV. Association between clinicopathological characteristics and the WHO 2010 classification among patients with gastro-
intestinal neuroendocrine neoplasms.

 WHO 2010 classification
 ----------------------------------------------------------------------------------------------------------------
Clinicopathological feature No. NET group (G1/G2) NEC group (NEC/MANEC) P-value

Age, years    0.6394
  <70 92 82 10
  ≥70 44 38 6
Sex    0.2789
  Male 82 70 12
  Female 54 50 4
Location (stomach or not)    0.0003
  Stomach 24 16 8
  Except stomach 112 104 8
Location (colorectum or not)    0.0014
  Colorectum 87 83 4
  Except colorectum 49 37 12
Lymphatic invasion    <0.0001
  + 17 10 7
  - 85 82 3
Venous invasion    0.0021
  + 34 26 8
  - 68 66 2

NET, neuroendocrine tumor; NEC, neuroendocrine carcinoma; MANEC, mixed adenoendocrine carcinoma.

Table V. IHC staining for CD73 and the relationship with the WHO 2010 classification.

CD73 IHC grade n (%) NET G1 (%) NET G2 (%) NEC (%) MANEC (%)

0 99 (72.8) 77.9 71.4 41.7 25
1 7 (5.1)  1.8 14.3 25 25
2 8 (5.9) 6.2 0 8.3  0
3 22 (16.2) 14.1 14.3 25 50

NET, neuroendocrine tumor; NEC, neuroendocrine carcinoma; MANEC, mixed adenoendocrine carcinoma; CD, cluster of differentiation; 
IHC, immunohistochemical.
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with high malignant potential. In the present study, we also 
examined the expression of CD73 on the cytomembrane of 
GI-NENs using immunohistochemical staining. The ratio of 
immunohistochemical CD73 expression was higher in the 
NEC group than in the NET group. Additionally, elevated 
CD73expression is associated with an increased malignant 
potential of GI-NENs in the present study.

It has been reported that lymphatic and venous invasions 
are independent predictive factors of lymph node metastasis 
in colorectal NENs (39). Moreover, cases involving tumors 
<10 mm in size with lymphatic and venous invasions are at 
high risk of lymph node metastasis with regard to colorectal 
NENs (39). It has also been reported that the immunohisto-
chemical CD73 expression status was significantly correlated 
with invasion into adjacent organs in pNENs (14). In the present 
study, lymphatic and venous invasions were more frequent in 
the NEC group than in the NET group. However, there was no 
relationship between immunohistochemical CD73 expression 
and lymphatic and venous invasions in our study. It is assumed 

that lymphatic and venous invasions are not associated with 
the pathway related to CD73.

CD73 is considered as a potential biomarker for PD-1 
therapy (15). Targeted blockade of CD73 can enhance 
the therapeutic activity of anti-PD-1 and anti-CTLA-4 
monoclonal antibodies and may thus potentiate therapeutic 
strategies targeting immune checkpoint inhibitors in 
general (40). PD-1 is a checkpoint molecule on T cells that 
plays a vital role in limiting adaptive immune responses and 
preventing autoimmune and auto‑inflammatory reactivity in a 
normal host. PD-L1, its primary ligand, is variably expressed 
on cancer cells and antigen-presenting cells within tumors. 
It is clearly associated with a positive outcome for treatment 
with PD-1/PD-L1 blocking antibodies, which are able to 
reduce tumor growth (9,41). In PD-L1 immunohistochemical 
assay, the rabbit monoclonal antibody 28‑8 can specifically 
detect the PD-L1 plasma membrane protein expressed in 
cancer cells. The antibody has been investigated as a potential 
biomarker to predict the clinical response to nivolumab in 

Table VI. Associations between clinicopathological characteristics and CD73 and PD-L1 expressions on gastrointestinal neuro-
endocrine neoplasms.

 CD73 expression PD-L1 expression
 ------------------------------------------------------------------------ ------------------------------------------------------------------------
Clinicopathological feature No. Positive Negative P-value Positive Negative P-value

Age, years    0.0038   0.3299
  <70 92 18 74  7 85
  ≥70 44 19 25  6 38
Sex    0.7855   0.0759
  Male 82 23 59  11 71
  Female 54 14 40  2 52
Location (Duodenum or not)    <0.0001   0.0031
  Duodenum 19 13 6  6 13
  Except duodenum 117 24 93  7 110
Location (Colorectum or not)    0.0074   0.0020
  Colorectum 87 17 70  3 84
  Except colorectum 49 20 29  10 39
WHO 2010 classification    0.0015   0.0011
  NET group (G1, G2) 120 27 93  7 113
  NEC group (NEC, MANEC) 16 10 6  6 10
Invasion
  Lymphatic invasion    0.2435   0.3871
    + 17 7 10  3 14
    - 85 23 62  8 77
  Venous invasion    0.6448   0.1732
    + 34 9 25  6 28
    - 68 21 47  5 64
CD73 expression    -   <0.0001
  + - - -  11 26
  - - - -  2 97

CD, cluster of differentiation; PD-L, programmed death-ligand; NET, neuroendocrine tumor; NEC, neuroendocrine carcinoma; MANEC, 
mixed adenoendocrine carcinoma.
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clinical settings in the lungs (42). Clone 22C3 is also able to 
detect the PD‑L1 plasma membrane protein. The efficacy of 
pembrolizumab for lung adenocarcinoma is associated with 
staining of clone 22C3 in the lungs (43). We also assessed 
PD-L1 expression on the cytomembrane of GI-NENs. A strong 
correlation between the expressions of CD73 and PD-L1 on 
the cytomembrane of GI-NENs was indicated.

The primary limitation of the present study was that we did 
not examine the influence of CD73 on the clinical course. The 
assessment of the relationship between CD73 expression and 
the prognosis of GI-NENs is valuable.

In conclusion, our analysis suggests that CD73 may be an 
interesting candidate for a biomarker for certain prognostic 
factors and therapeutics concerning PD-1 therapy. However, 
because only 16 cases of NEC were evaluated in the present 
study, accumulation of more cases is needed to validate the 
clinical use of evaluating immunohistochemical CD73 expres-
sion in GI-NENs.
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