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Abstract
AIM
To study the clinicopathological characteristics of 
neuroendocrine neoplasms (NEN) on liver samples and 
apply World Health Organization (WHO) 2010 grading 
of gastroenteropancreatic (GEP) NEN.

METHODS
Clinicopathological features of 79 cases of NEN of the 
liver diagnosed between January 2011 to December 
2015 were analyzed. WHO 2010 classification of GEP 
NEN was applied and the tumors were graded as G1, 
G2 or G3. Two more categories, D1/2 (discordant 1/2) 
and D2/3 (discordant 2/3) were also applied. The D1/2 
grade tumors had a mitotic count of G1 and Ki-67 index 
of G2. The D2/3 tumors had a mitotic count of G2 and 
Ki-67 index of G3. The follow up details which were 
available till the end of the study period (December 
2015) were collected.
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RESULTS
Of the 79 tumors, 16 each were G1 and G2, and 18 
were G3 tumors. Of the remaining 29 tumors, 13 
were assigned to D1/2 and 16 were D2/3 grade. Male 
preponderance was noted in all tumors except for G2 
neoplasms, which showed a slight female predilection. 
The median age at presentation was 47 years (range 
10-82 years). The most common presentation was 
abdominal pain (81%). Pancreas (49%) was the most 
common site of primary followed by gastrointestinal 
tract (24.4%) and lungs (18%). Radiologically, 87% 
of the patients had multiple liver lesions. Histopa-
thologically, necrosis was seen in only D2/3 and G3 
tumors. Microvascular invasion was seen in all grades. 
Metastasis occurred in all grades of primary NEN 
and the grades of the metastatic tumors and their 
corresponding primary tumors were similar in 67% 
of the cases. Of the 79 patients, 36 had at least one 
follow up visit with a median duration of follow up of 
8.5 mo (range: 1-50 mo). This study did not show any 
impact of the grade of tumor on the short term clinical 
outcome of these patients.

CONCLUSION
Liver biopsy is an important tool for clinicopathological 
characterization and grading of NEN, especially when 
the primary is not identified. Eighty-seven percent of 
the patients had multifocal liver lesions irrespective of 
the WHO grade, indicating a higher stage of disease 
at presentation. Follow up duration was inadequate 
to derive any meaningful conclusion on long term 
outcome in our study patients.

Key words: Liver; Neuroendocrine neoplasms; Ki-67; 
Gastroenteropancreatic neuroendocrine neoplasms; 
Metastasis; Microvascular invasion
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Core tip: Neuroendocrine neoplasms (NEN) in liver are 
commonly metastatic. The clinicopathological features 
of NEN diagnosed on liver samples were analyzed and 
graded applying World Health Organization (WHO) 
2010 classification of gastroenteropancreatic NEN. A 
marked male preponderance was noted in all WHO 
grades except for G2 tumors, wherein a slight female 
predilection was seen. Necrosis was noted only in 
higher grade tumors. Most patients had multifocal liver 
lesions favoring metastasis and higher stage of disease 
at presentation. Follow up duration was inadequate 
to derive any meaningful conclusion on long term 
outcome in our study patients.
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INTRODUCTION
Neuroendocrine neoplasms (NEN) are tumors arising 
from the neuroendocrine cells which are distributed 
throughout the body[1,2]. They commonly originate from 
gastrointestinal tract, lungs and pancreas and rarely 
from other sites such as gall bladder, thymus, testes and 
ovaries[3-6]. NEN are the second most common tumors 
to metastasize to liver after adenocarcinomas[7,8]. NEN 
in the liver are usually metastatic and primary tumors 
are rare[9-13]. Liver is the second most common site 
of metastatic NEN following lymph nodes[5]. Amongst 
the metastatic NEN in liver, those originating from 
gastroenteropancreatic (GEP) region are more common 
due to spread via the portal vein[14].

The GEP NEN have been classified by the World 
Health Organization (WHO) 2010[15] into 3 (G1-G3) 
grades based on mitotic activity and Ki-67/MIB-1 
proliferation index. These are G1: mitotic count < 2/10 
high power fields (hpf) and/or Ki-67 index ≤ 2%, G2: 
mitotic count 2-20/10 hpf and/or Ki-67 index 3%-20% 
and G3: mitotic count > 20/10 hpf and/or Ki-67 index 
> 20%. If the mitotic count or Ki-67 proliferation 
index points to different grades, a higher grade has to 
be given[15,16]. Some studies have shown discordance 
between mitotic count and Ki-67 index[17,18] in some 
cases. They have shown that the grade discordant 
tumors with mitotic count of G1 and Ki-67 index of G2 
behave worse than grade concordant tumors[17,18].

Targeted biopsy of the liver lesion is often required 
to confirm the diagnosis of neuroendocrine neoplasm, 
as often the primary may not be identified.

Utility of WHO 2010 grading of NEN in liver biopsies 
has not been carried out and hence, we undertook this 
study to pathologically characterize these cases and to 
correlate with clinical findings.

MATERIALS AND METHODS
This study included all cases of NEN involving the 
liver diagnosed in the Department of Pathology, from 
January 2011 to December 2015. The data was 
collected from Pathology online data base. A total of 
82 cases were available. Of the 82 cases, 3 had only 
cytology smears without cell block material and hence 
were excluded from the study. The remaining 79 cases 
included liver biopsies (59), resection specimens (5), 
cytology smears with cell block (5) and referred slides 
and blocks (10). Of the 59 liver biopsies, 58 were 
ultrasound (US) guided and, 1 was a per-operative 
wedge biopsy sample. Of the 5 resection specimens, 
3 were localized segmentectomy specimens and 
the remaining 2 were left lateral segmentectomies. 
All the 5 cytology cases were US guided. Of the 10 
cases of referred slides and blocks, 6 were US guided 
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biopsies, 2 were per-operative wedge biopsies and the 
remaining 2 were resections.

One resection (left lateral segmentectomy) case 
included in this study was from a 40 year old lady 
diagnosed with neuroendocrine neoplasm by biopsy 
in 2009, who received 6 cycles of chemotherapy and 
metaiodobenzylguanidine (MIBG) ablation prior to 
resection.

The histopathological features and immunohis-
tochemistry details in 79 cases were analyzed. Based 
on WHO 2010 classification of GEP NEN, all cases were 
graded as G1, G2 or G3. In this study, we assigned 2 
more categories which included D1/2 (discordant 1/2) 
and D2/3 (discordant 2/3). The D1/2 grade tumors 
had a mitotic count of G1 and Ki-67 index of G2. The 
D2/3 tumor had a mitotic count of G2 and Ki-67 index 
of G3. We did not have any cases wherein the mitotic 
count was of a higher grade and Ki-67 index of a lower 
grade. 

The relevant clinical and radiological findings and 
the follow up details which were available till the end of 
the study period (December 2015) were collected.

Continuous data was described as number, mean, 
median, minimum and maximum; and categorical data 
was described as number with percentage. Categorical 
data was compared with chi-square test. A two sided p 
value of < 0.05 was considered statistically significant. 
All statistical analyses were done using SPSS software 
version 17.0.

This study was approved by Institutional Review 
Board.

RESULTS
Of the 79 patients, 71 were of Indian origin, 7 from 
Bangladesh and 1 from Srilanka. Overall, there was 
a male preponderance (male:female = 53:26) in this 
study. G2 tumors showed a slight female predilection 
(M:F = 7:9) as compared to the other grades (M:F = 
46:17).

The median age at presentation was 47 years 
(range 10-82 years). Fifty-six percent of the cases 
were seen between 5th to 6th decade.

The study patients had a delay of 3 mo (0-24 mo; 

median, range) from their first symptoms to their final 
diagnosis at hospital. The most common presentation 
was abdominal pain (81%) followed by loss of weight 
and appetite (41%), altered bowel habits (14%) and 
mass per abdomen (9%). In 9% of the patients, the 
tumor was incidentally detected.

A clinical diagnosis of malignancy was given in 77% 
of the patients.

In 18 patients, the primary site was identified by 
biopsy and in another 27 patients, a probable primary 
lesion was identified on radiological examination alone. 
In both the groups, the most common primary site 
was pancreas (Table 1). In the remaining 34 patients, 
a definite primary site could not be identified.

In this study we encountered three interesting 
cases. The first case was a 46 year old male presented 
with 2 years duration of pain in right hip and lower 
limbs, acromegaly and erectile dysfunction in 2009. 
Based on radiological, serological and pathological 
examination, he was diagnosed with multiple endocrine 
neoplasia type 1 with pituitary macroadenoma, 
insulinoma, gastrinoma, bilateral inferior parathyroid 
adenomas, primary hyperparathyroidism, thymic 
carcinoid and adrenal adenoma. In 2012, computed 
tomography (CT) of the abdomen revealed a 2.5-cm 
lesion in segment 3 of liver along with multiple 
pancreatic lesions. The patient underwent a distal 
pancreatectomy with splenectomy and resection of 
segment 3 of liver in 2014, which on pathological 
examination confirmed neuroendocrine neoplasm of 
WHO grade 2, in both pancreas and in liver. The tumor 
was multifocal in pancreas.

The second case was a 22 year old male presented 
with left flank pain of 2 mo duration in 2013. CT scan 
showed a 10-cm lobulated mass in the left kidney and 
a diagnosis of renal cell carcinoma was suspected. 
Patient underwent left nephrectomy and histologically, 
diagnosed as large cell neuroendocrine carcinoma. On 
follow-up, 2 years later, patient was detected to have 
multiple hypodense lesions in the liver, in segments 6, 
4a, and 2, and the largest measured 1.7 cm. An US 
guided biopsy confirmed metastatic neuroendocrine 
neoplasm, WHO grade 2.

The third case was a 40 year old female who 
presented with jaundice, loss of weight and appetite, 
lower limb weakness and abdominal distension 
of 2 years duration. She was recently detected to 
have hypertension. Blood investigations revealed 
hypokalemia, hypomagnesaemia and elevated serum 
adrenocorticotropic hormone (ACTH) and cortisol 
levels. In view of the above findings, she was dia-
gnosed with ACTH dependent Cushing syndrome. 
CT scan revealed multiple liver lesions in both lobes, 
largest measuring 2.8 cm. An US guided biopsy of liver 
lesion was diagnosed as neuroendocrine neoplasm, 
WHO grade 2.

Radiological findings
Radiological findings were available in all 79 cases. In 
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Table 1  Distribution of known primary sites n  (%)

Site of primary Biopsy proven 
(n  = 18)

Lesion-on radiology 
(n  = 27)

Total

Pancreas 6 16 22 (49.0)
Lung 4   4   8 (18.0)
Duodenum 1   3 4 (8.8)
Rectum 2   1 3 (6.6)
Ileum 2 - 2 (4.4)
Esophagus 1 - 1 (2.2)
Cecum -   1 1 (2.2)
Gall bladder 1   1 2 (4.4)
Anterior mediastinum -   1 1 (2.2)
Kidney 1 - 1 (2.2)
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nuclei with uniformly dispersed coarse chromatin and 
inconspicuous mitotic activity (Figure 3A).

The high grade tumors (G3, D2/3) showed nests 
and sheets of medium sized polygonal cells with 
mild to moderately pleomorphic nuclei with finely 
dispersed chromatin and scant to moderate amounts 
of eosinophilic cytoplasm. There was increased mitotic 
and apoptotic activity (Figures 2E and 3C).

Six cases had morphology consistent with small 
cell carcinoma with sheets and nests of polygonal cells 
displaying moderate nuclear pleomorphism, moulding, 
overlapping and increased mitotic and apoptotic 
activity.

The post chemotherapy and MIBG ablation re-
section specimen showed presence of occasional 
peritumoral non necrotizing epithelioid cell granulomas, 
probably reactive. Special stains for acid fast bacilli and 
fungal organisms were negative. None of the other 78 
cases showed granulomas.

There was one interesting case of a 63 year old 
female with multiple liver nodules who underwent 
an US guided liver biopsy. Histologically, the tumor 
was composed of sheets and closely packed clusters 
of polygonal cells with eccentrically placed mild to 
moderately pleomorphic nuclei and abundant amounts 
of pale eosinophilic cytoplasm, resembling signet 
ring cells (Figure 4A). Occasional cells contained 
intracytoplasmic mucin droplets (Figure 4B). This 
case was diagnosed as signet ring cell neuroendocrine 
neoplasm.

Necrosis was identified in 12 cases and all were 
biopsies. Six of these were D2/3 grade and the 
remaining 6 were G3 grade. In 9 cases, it was present 
in small foci, while the remaining 3 showed extensive 
areas of necrosis (1 was G3 and 2 were D2/3). There 
was no necrosis in any of the resection cases except 
in the post chemotherapy case which showed necrosis 
and hyalinization, amounting to 20% of the entire 
tumor volume. However, there was no necrosis in the 
initial pre chemotherapy biopsy.

Microvascular invasion (MVI) was seen in 17 cases 
(4 resection cases and 13 biopsies). Of these 17 cases, 
3 were G1, 4 G2, 6 G3 and 4 D2/3 grade tumors. In 
all the cases, tumor emboli were present in thin walled 
vascular channels and/or within sinusoids. 

MVI was seen more frequently in high grade (G3 
and D2/3) tumors (59%) when compared to low 
grade (G1 and G2) tumors (41%). However, it was not 
statistically significant. As most of these cases were 
biopsies, this increased frequency is most probably a 
chance finding.

We also looked at the presence of MVI in the 18 
proven primary cases (12 resection, 4 biopsies and 2 
cytology with cell block material). MVI was seen in 10 
of 12 resection cases and none of the biopsied cases.

Status of nodal disease was also noted. Of the 79 
patients, 7 had biopsy proven nodal metastasis and 
35 had significant nodes on radiological examination. 
The remaining 37 patients did not have any significant 

69 cases (87%), the patients had multiple liver lesions 
(1.8 cm to 15.9 cm in maximum dimension) involving 
both the left and the right lobes. Remaining 10 
patients (13%) had a single lesion (2.7 cm to 12.5 cm 
in maximum dimension), 4 of which were in the left 
lobe and 6 in the right lobe. A radiological diagnosis 
of metastases was made in 66 (83.5%) cases, 
hepatocellular carcinoma in 5 (6.3%), hemangioma 
in 1 (1.3%) and non-neoplastic etiology in 7 (8.9%), 
which includes 4 cases diagnosed as abscess.

Pathological findings
Of the seven liver resections in our study, five were 
available for gross examination and the remaining 
two were slides and blocks. Of the five, 3 were 
segmental resection specimens of segment 3, 6 and 
8 respectively and the remaining 2 were left lateral 
segmentectomies. All resection specimens except one 
left lateral segmentectomy specimen had a single 
tumor nodule, ranging in size from 2.5 cm to 7.5 cm 
with a firm grey white to yellow cut surface (Figure 1). 
Focal area of hemorrhage was seen in one case. There 
was no evidence of necrosis or gross vascular invasion. 
The surrounding liver parenchyma was normal. 
One left lateral segmentectomy specimen following 
chemotherapy showed 2 tumor nodules, measuring 
6.5 cm and 0.7 cm respectively. The cut surface of the 
tumor was firm grey white with focal areas of necrosis 
amounting to approximately 20% of the total tumor 
volume. There was no gross vascular invasion. The 
surrounding liver parenchyma was normal.

Based on WHO 2010 grading of the 79 tumors, 16 
each were G1 and G2 and 18 were G3 tumors. Of the 
remaining 29 tumors, 13 were assigned to D1/2 grade 
and 16 were assigned D2/3 grade.

Histologically, the low grade tumors (G1, G2, 
D1/2) had a classical pattern of arrangement including 
nests, trabeculae, cords, ribbons, festoons, sheets, 
gyriform, pseudopapillary and acinar patterns (Figure 
2A and C). The cells were round to polygonal with 
moderate to abundant amounts of eosinophilic 
granular cytoplasm and uniform to mildly pleomorphic 

Figure 1  Liver with a fairly circumscribed tumor with a firm grey white cut 
surface.
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Figure 2  G1-G3 neuroendocrine neoplasms. A: G1 - tumor with trabecular and nested pattern (H&E × 200); B: Tumor cells displaying Ki-67 index of < 1% 
(immunohistochemistry × 200); C: G2 - tumor with gyriform and festooning patterns and the tumor cells display mildly pleomorphic nuclei with coarse stippled 
chromatin (H&E × 200); D: Tumor cells displaying Ki-67 index of approximately 16% (immunohistochemistry × 200); E: G3 - tumor cells with pleomorphic and 
hyperchromatic nuclei displaying brisk mitotic (arrow) and apoptotic activity and focal necrosis (arrow head) (H&E × 200); F: Tumor cells displaying Ki-67 index of 
approximately 80% (immunohistochemistry × 200); G: Tumor cells displaying diffuse cytoplasmic positivity for synaptophysin (immunohistochemistry × 200); H: Tumor 
cells displaying diffuse cytoplasmic positivity for chromogranin (immunohistochemistry × 200).
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Figure 3  D1/D2 and D2/D3 neuroendocrine neoplasms. A: D1/2 - liver biopsy showing clusters of tumor cells with uniform nuclei and no conspicuous mitotic 
activity (H&E × 200); B: Tumor cells displaying Ki-67 index of approximately 5% (immunohistochemistry × 200); C: D2/D3 shows tumor cells arranged in trabeculae 
and focal acinar pattern with mildly pleomorphic nuclei (H&E × 200); D: Tumor cells displaying Ki-67 index of approximately 30% (immunohistochemistry × 200).

A B

C D

Figure 4  Signet ring cell neuroendocrine neoplasm, G2. A: Tumor cells arranged in sheets and composed of polygonal cells with abundant clear to vacuolated 
cytoplasm and eccentrically placed uniform nuclei (H&E × 200); B: Occasional tumor cells containing pale staining cytoplasmic mucin (arrows) (PAS-D × 200); C: 
Tumor cells displaying diffuse cytoplasmic positivity for synaptophysin (immunohistochemistry × 200); D: Tumor cells displaying diffuse cytoplasmic positivity for 
chromogranin (immunohistochemistry × 200).
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lymph node enlargement.

Immunohistochemistry
Immunostaining for two markers - synaptophysin 
and chromogranin were carried out in all 79 cases. 
Synaptophysin (Figure 2G) was positive in 77 and 
chromogranin (Figure 2H) in 75 cases, respectively.

In all 6 cases which were negative for either 
synaptophysin or chromogranin, CD 56 was found to 
be positive.

Pancytokeratin immunostaining done in 34 cases 
with high grade (G3:18, D2/3:16) neoplasms, showed 
positive staining in all except two cases with G3 tumor. 

Immunostaining for thyroid transcription factor 
(TTF-1) was carried out in 9 cases. Six of these had 
morphology of small cell carcinoma and the remaining 
three had a lung lesion on radiology. Five out of 6 
cases of small cell carcinoma type were TTF1 positive 
and 2 of these cases had a lung mass indicating a lung 
primary. One of the 3 cases with radiologically detected 
lesion in the lung was TTF1 positive.

The patient with signet ring cell NEN showed the 
tumor cells to be positive for CK7, synaptophysin 
(Figure 4C) and chromogranin (Figure 4D) and negative 
for CK20 and CDX2. Ki-67 proliferation index was 
15%.

The patient with Cushing’s syndrome showed 
neuroendocrine neoplasm with patchy cytoplasmic 
positivity within tumor cells for ACTH on immuno-
histochemistry (Figure 5A and B).

Ki-67 proliferation index in various grades of 
tumors are shown in Figures 2B, 2D, 2F, 3B and 3D. 
The medians of mitotic and Ki-67 proliferation indices 
are shown as box plots (Figure 6A and B). We did not 
have any cases, wherein mitotic count was of higher 
grade and Ki-67 index was of lower grade.

We also compared the WHO grading of tumors 
metastatic to liver with their biopsy proven 18 primary 
tumors (Figure 7). The grades of the metastatic 
tumors and the corresponding primary tumors were 
similar in 12 /18 cases (67%), lower in 5/18 (28%) 
and higher in 1/18 (5%) cases.

We noticed that metastasis can occur in NEN 
irrespective of whether the tumor is a low grade or 
high grade.

Comparison of G1 tumors (16 cases) with discordant 
D1/2 tumors (13 cases) revealed slightly lower median 
age at presentation in (47 years vs 52 years) and 
presence of MVI (19% vs 0%) in the former. However, 
there was no difference in sex distribution between the 
two groups.

Comparison of G2 tumors (16 cases) with discordant 

A B

Figure 5  Adrenocorticotropic hormone producing neuroendocrine neoplasm, G2. A - Tumor cells arranged in nests and islands. (H&E × 200); B: Occasional 
tumor cells displaying cytoplasmic positivity for adrenocorticotropic hormone (immunohistochemistry × 200).

Burad DK et al . Neuroendocrine neoplasms of liver

Figure 6  Correlation between the mitotic index and Ki67 index and the 
World Health Organization grading in liver neuroendocrine neoplasms. A: 
Box-plot showing the median, interquartile range and range of the mitotic index 
for each World Health Organization (WHO) grade of tumor; B: Box-plot showing 
the median, interquartile range and range of the Ki67 index for each WHO 
grade of tumor.
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D1/2 tumors (13 cases) also revealed slightly lower 
median age at presentation (47 years vs 52 years), 
presence of MVI (25% vs 0%) and female predilection 
(56% vs 23%) in the former. Necrosis was not seen in 
any case in both grades.

Comparison of discordant D2/3 tumors (16 cases) 
with G2 tumors (16 cases) showed a slightly higher 
median age of presentation (51 years vs 47 years), 
male predilection (75% vs 44%) and presence of 
necrosis (25% vs 0%) in the former. MVI was seen in 
25% of cases in both grades.

There was no statistically significant difference in 
any of these features between various groups.

Comparison of concordant G3 tumors (18 cases) 
with discordant D2/3 tumors showed no difference in 
age of presentation, sex distribution or presence of 
necrosis or MVI.

Treatment and follow-up
Forty (51%) of the 79 study patients were offered 

specific mode(s) of therapy - 9 (11.4%) underwent 
surgical resection which were either only liver resection 
(3 cases), both liver and primary tumor resection (2 
cases; one with right hemicolectomy and the other 
with distal pancreatectomy) or only primary tumor 
resection (4 cases; 2 distal pancreatectomies, 1 lung 
resection and 1 subtotal gastrectomy). Thirty-three 
(43%) had chemotherapy and 7 (9%) had therapeutic 
131l-MIBG therapy. 3 patients received a combination 
of chemotherapy and MIBG therapy, 4 patients 
underwent surgery in combination with chemotherapy 
and 1 patient received all three. Only 12 patients (Grade 
1:4, Grade 2:4, Grade D2/D3:2, Grade 3:2) were 
deemed as cured after the initial therapy. There was 
no association of grade of disease and curative intent/
achievement. 

Of the 79 study patients, 36 patients had at least 
one follow up visit after diagnosis of neuroendocrine 
neoplasm. The median duration of follow up was 8.5 
mo (range: 1-50 mo). During the follow up, five (Grade 
3:2, Grade 2:2, Grade D1/D2:1) of the initial 12 cured 

patients suffered recurrence (median duration: 32 mo, 
range: 13-33 mo). Two patients (Grade 1:1, Grade 
D1/D2:1) showed continuous downhill course. Rest 29 
followed patients (Grade 1:6, Grade D1/D2:5, Grade 
2:5, Grade D2/D3:9, Grade 3:4) remained stable till 
the last follow up. One patient died (Grade D2/D3) 
within 10 d after the diagnosis.

DISCUSSION
To the best of our knowledge, this is the largest 
study describing detailed histological findings and 
relevant clinical data of 79 patients with hepatic NEN, 
metastatic in most cases.

Metastases from NEN are much more common than 
primary NEN in liver[9-13]. In a study of 393 digestive 
neuroendocrine tumors, only 5% had a primary neuro-
endocrine neoplasm in liver[19]. In a study of 13715 
neuroendocrine tumors, liver was the second most 
common site of metastasis after lymph nodes[5].

In our study, pancreas was the most common site 
of primary tumor metastasizing to liver accounting for 
49% of the cases followed by GIT (24.4%) and lungs 
(18%). Other studies have also reported that pancreas 
to be the most common primary site followed by 
rectum, stomach and ileum amongst the GEP NEN 
metastasizing to liver[20-22]. Begum et al[23] have shown 
that in their study of 2009 cases of GEP NEN, pancreas 
was the most common site accounting for 34.2% of 
cases followed by midgut (5.8%), gastric (6.5%), 
colon (6.9%) and duodenum (4.8%). Dromain et al[24] 
have shown that small bowel as the common primary 
site in their study (43%) followed by pancreas (25%), 
lung (15%), colon (5%), thymus (2%) and unknown 
primary (10%).

In our study 69 (87%) patients had multiple liver 
lesions involving both lobes of liver, which is similar to 
the study done by Niederle et al[25] where multiple liver 
lesions were seen in 92% of their cases.

It has been shown that the primary hepatic NEN 
to be predominantly a single lesion when compared 
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Figure 7  Shown here are tumor pairs in which the World Health Organization grade of the primary and metastatic tumors could be compared. G1-P, G2-P 
and G3-P refer to the World Health Organization (WHO) grade of the primary tumor, while G1-M, G2-M and G3-M refer to WHO grade of the metastatic tumor.
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to metastatic NEN[26]. In our study, a single lesion was 
identified in 10/79 cases (13%), of which a biopsy 
proven primary was confirmed in 7 cases and probable 
primary was identified by radiology in 2 and in one 
case, no primary was detected.

In our study, males were twice more commonly 
affected than females. Male predilection has been 
shown in both metastatic and primary neuroendocrine 
tumors by Shen et al[26] and Shin et al[22] in their studies. 
However, some studies have reported almost similar 
incidence in males and females[2,5,17,20,27-29]. The median 
age at diagnosis was 47 years in this study which was 
slightly lower compared to other studies, which have 
reported from 55-62 years[2,5,20,23,26].

The most common presentation was abdominal 
pain (81%). A similar finding was reported by Chan 
et al[20] in their study on 126 GEP NEN.

Three interesting cases were encountered in this 
study. One case was a primary renal neuroendocrine 
carcinoma which is very rare[30,31] and the patient 
developed liver metastasis 2 years after nephrectomy.

Another case was signet ring cell neuroendocrine 
neoplasm which is also very rare and is characterized by 
the presence of cytoplasmic vacuoles that are negative 
for mucin stain and positive for cytokeratin[32-34].

The third case was a 40 year old female who was 
diagnosed with ACTH dependent Cushing syndrome 
with a concomitant neuroendocrine neoplasm, diag-
nosed on liver biopsy. Ectopic secretion of ACTH by NEN 
of liver is extremely rare and has been described[6,35].

In our study, necrosis was identified only in high 
grade tumors, either G3 or D2/3. However, McCall 
et al[18] have shown in their study of 297 G1 and G2 
pancreatic NEN, necrosis in both grades, but the 
frequency was higher in G2 as compared to G1.

In our study, among the 18 pathology proven 
primary cases, liver metastases occurred irrespective 
of the grade of the tumor. In contrast, liver metastases 
were seen more often in grade 2 or 3 tumors in a 
study of gastrointestinal neuroendocrine tumors[36].

In our study, the grades of the primary and 
secondary tumors were similar in 67% of the cases 
and there was no difference in grade and metastatic 
potential. This was in contrast to the study by Shi  
et al[37], in which 65% of the patients with grade 1 
primary tumor developed a higher grade (G2 or 3) 
liver metastasis. This could be explained partly by the 
fact that the Ki-67 index was determined on multiple 
resected tumors in a single patient in their study 
and the highest WHO grade was taken, indicating 
the importance of intertumoral heterogeneity. Our 
study involves mainly samples from a single lesion 
(91% cases) and hence intertumoral heterogeneity 
could not be assessed. Intratumoral and intertumoral 
heterogeneity in Ki-67 index has also been described 
in a study of metastatic NEN of liver by Yang et al[38].

Of the 79 study patients, 36 patients had at least 
one follow up visit after diagnosis of neuroendocrine 

neoplasm with a median duration of follow up of 8.5 
mo (range: 1-50 mo). However, this duration was 
not adequate to derive any meaningful conclusion 
on long term outcomes in our study patients. Shen 
et al[26] have shown in their study on liver NEN, a 
better survival in low grade tumors as compared to 
high grade tumors. This could be due to the fact that 
this study included only liver resection cases but our 
study was done predominantly on biopsy samples 
and also due to lesser number of patients available 
for follow-up. Also, 87% of our patients had multifocal 
liver lesions irrespective of the WHO grade, indicating 
a higher stage of disease at presentation itself.

The limitations of the study were the following; 
lack of follow-up data on all patients included in 
this study and though most of the patients had 
multiple liver lesions, biopsy or cytology sample was 
obtained from only one lesion. Intratumoral and 
intertumoral heterogeneity in Ki-67 index also could 
not be determined, which has been described in few 
studies[37,38].

In conclusion, liver biopsy is an important tool for 
clinicopathological characterization and grading of 
NEN, especially when the primary is not identified. 
Most of the cases had multifocal disease indicating 
metastasis. However, a possibility of a primary hepatic 
neuroendocrine tumor should be kept in mind, 
especially when it is a single lesion and a definite 
primary is not identified after extensive workup.
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