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Abstract

Pathologic examination of hepatic metastasectomies from patients with metastatic small intestinal 

or pancreatic neuroendocrine tumor frequently reveals micrometastases undetectable by radiologic 

or macroscopic gross examination. This finding raises the possibility that undetectable 

micrometastases remain in these patients after metastasectomy. Here we examined liver resections 

for micrometastases and assessed their impact on prognosis. Hepatic metastasectomies from 65 

patients with neuroendocrine tumor of the small intestine (N=43) or pancreas (N=22) were 

reviewed for the presence of micrometastases, which were defined as microscopic tumor foci ≤1 

mm in greatest dimension. Medical records were also reviewed for patient demographics, clinical 

history, and follow-up data. Micrometastasis was identified in 36 (55%) of 65 hepatic resection 

specimens. More hepatic micrometastases were seen in small intestinal cases than in pancreatic 

cases (29/43, 67% versus 7/22, 32%; P<0.01). They were typically present within portal tracts, 

sometimes with extension into the periportal region or sinusoidal spaces away from the portal 

tracts. Patients without hepatic micrometastases had fewer macrometastases or more R0 hepatic 

resections than those with micrometastases. The presence of hepatic micrometastases was 

associated with poor overall survival both before (hazard ratio [HR] 3.43; 95% CI 1.14–10.30; 

P=0.03) and after accounting for confounding variables in stratified Cox regression (HR 4.82; 95% 

CI 1.06–21.79; P=0.04). In conclusion, hepatic micrometastases are common in patients with 

metastatic small intestinal or pancreatic neuroendocrine tumor and are independently associated 
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with poor prognosis. These data suggest that surgical resection of hepatic metastases is likely not 

curative in these patients.
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1. 1 INTRODUCTION

The digestive tract is the most common site of origin of well-differentiated neuroendocrine 

tumors (NETs)[1, 2]. Digestive tract NETs can arise anywhere in the gastrointestinal tract, 

including the pancreatobiliary tract, and have historically been divided into foregut, midgut, 

and hindgut NETs[3]. Most digestive tract NETs arise in the small intestine (midgut), 

rectum (hindgut), or pancreas (foregut). While rectal NETs are frequently small and 

diagnosed incidentally, up to 50% of small intestinal or pancreatic NETs are metastatic at 

presentation, usually involving the liver[2–10]. Most patients with digestive tract NETs have 

an indolent clinical course. Even after liver metastasis, many patients live for an additional 

5–10 years. Therefore, treatment of hepatic metastasis is an important aspect of the clinical 

management of patients with small intestinal and pancreatic NETs.

Current therapeutic modalities for NET patients with liver metastasis can be classified as 1) 

systemic (e.g. somatostatin analogs, targeted therapy) or 2) local (e.g. hepatic artery 

chemoembolization, hepatic surgery)[10–14]. Debulking surgery, either by wedge resection 

or partial hepatectomy, is commonly used to reduce tumor volume and decrease the 

possibility of tumor-associated syndromes, such as carcinoid syndrome[15]. Curative 

surgery is sometimes attempted when patients have limited disease potentially curable with 

aggressive resection. Despite these efforts, many patients suffer disease recurrence or 

progression after surgery. In this study, we reviewed hepatic resection specimens from 

patients with metastatic pancreatic and small intestinal NETs to evaluate the prevalence of 

micrometastases and their impact on patient outcome.

2.1 MATERIALS AND METHODS

This retrospective study was approved by the Institutional Review Board at Vanderbilt 

University Medical Center (IRB#101735). The requirement for informed consent was 

waived.

The Surgical Pathology archives at Vanderbilt University Medical Center were searched for 

cases of pancreatic and small intestinal NET in which hepatic metastases were surgically 

excised between July 2002 and August 2016. Eighty-two cases were identified. Cases were 

excluded if hematoxylin and eosin (H&E)-stained slides were unavailable for review (N=13) 

or if there was insufficient background liver to evaluate for the presence of micrometastases 

(N=4), leaving 65 cases for further study. For major hepatectomy specimens (resection of 3 

or more segments), representative sections were submitted for histologic examination, 

whereas for minor hepatectomy or wedge resections, specimens were either submitted 
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totally or subtotally. The average number of slides reviewed per case was 10 (range 1–28 

slides).

Two gastrointestinal pathologists (WEG and CS) reviewed H&E-stained slides of liver 

resection specimens and recorded the presence or absence of micrometastases. 

Micrometastasis was defined as microscopic tumor foci ≤1 mm in greatest dimension 

(Figures 1 and 2), as 2 mm was the smallest size that could be identified grossly in the 

hepatic metastastectomies seen in this cohort. When one or more micrometastases were 

present in the same section with a grossly visible lesion, they were considered as 

“micrometastases adjacent to macroscopic metastases,” whereas those in sections without 

gross liver tumors were considered “micrometastases in background liver.”

Electronic medical records were reviewed for patient demographics, clinical history, and 

follow-up data, including pre- and post-resection systemic treatment history. The presence of 

liver metastasis was documented by review of radiology and pathology reports. The surgical 

margin status (R0, R1, and R2) was determined after reviewing pathology reports of liver 

resections and operative notes. Pathologic reports and slides were also reviewed for tumor 

size, focality, primary tumor (pT) category, lymph node (pN) category, lymphovascular 

invasion, and mesenteric tumor deposits (MTDs). MTDs are a frequent finding in patients 

with small intestinal NET [16, 17]. Patients were staged according to the 8th edition of the 

AJCC Cancer Staging Manual[18]. The Ki67 proliferative index of the liver metastases and 

the primary tumors was available for 63 and 58 of the 65 cases, respectively, via 

immunohistochemical stains for Ki67 (MIB-1, 1:100, Dako, Carpinteria, CA) performed as 

part of routine clinical care on representative formalin-fixed, paraffin-embedded tumor 

sections. This information, along with mitotic rate, was used to grade NETs according to 

2010 World Health Organization (WHO) criteria[19].

Fisher’s exact test and Student’s t-test were used to compare clinicopathologic variables 

between patients with hepatic micrometastases and those without micrometastases, as well 

as patients with pancreatic NET versus those with small intestinal NET. Associations 

between micrometastases and other clinicopathologic variables and overall survival after 

hepatic resection were assessed by log rank tests. Stratified Cox proportional hazard 

regression was subsequently performed to account for significant confounding variables 

identified in univariable analysis (WHO grade, margin status, and pre- and post-resection 

medical therapy). All hypothesis tests were two-sided, with α=0.05. All statistical analyses 

were performed using Stata v13.1 (Stata Corporation, College Station, TX).

3.1 RESULTS

3.1.1 General clinicopathologic features

The 65 cases included 39 (60%) females and 26 (40%) males, with ages ranging from 19 to 

82 years (median age of 59). General clinicopathologic features are listed in Table 1. Most 

patients presented with hepatic metastasis at initial presentation (55/65, 84%); 69% of them 

(38/55) underwent concurrent primary resection and metastasectomy. R0 hepatic resection 

was achieved in approximately half (49%, 32/65) of the patients; 25 of 32 (78%) had 

intrahepatic recurrence after resection. The seven cases without hepatic recurrence included 
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three small intestinal and four pancreatic NETs; six had a single liver lesion, and one had 

four liver lesions. Overall, there were nine cases with a single liver lesion at the time of liver 

metastatecomy; a third of them developed recurrent liver disease. While most pancreatic 

primaries were non-functional, there were two functional tumors (one gastrinoma and the 

other secreting adrenocorticotropic hormone). Two patients with pancreatic NET had a 

hereditary syndrome (one with multiple endocrine neoplasia type 1 and the other with Von 

Hippel–Lindau disease).

The pathologic features of the primary tumors are also shown in Table 1. While pancreatic 

primaries were larger in size (P<0.01) and higher in WHO tumor grade (p<0.01) than small 

intestinal primaries, small intestinal primaries had higher T categories (P=0.01) and more 

lymphovascular invasion (P<0.01) than pancreatic primaries. Compared to the small 

intestinal group, pancreatic liver metastases were more likely to be WHO grade 3 (10/22 

[45%] versus 6/41 [15%]; P=0.03). In this series, more patients with small intestinal NET 

had numerous liver metastases (more than 15–20 lesions) than those with pancreatic NET 

(16/43 [37%] versus 1/22 [5%]; P=0.01), whereas more patients with pancreatic NET had a 

single liver lesion than those with small intestinal NET (7/22 [32%] versus 2/43 [5%]; 

P=0.01).

3.1.2 Hepatic micrometastasis

Hepatic micrometastases were identified in 36 of the 65 (55%) study cases. Micrometastases 

were seen adjacent to macroscopic metastases (Figure 1A) or in background liver (Figure 

1B). Among the 36 cases with micrometastases, 23 had one or more sections from 

background unremarkable liver without grossly visible lesions. Of these 23 cases, 

micrometastases were present adjacent to a macroscopic lesion in 13 (56%), 

micrometastases were seen both adjacent to a grossly visible lesion and in background liver 

in 8 (35%) cases, and micrometastases were only observed in macroscopically normal 

background liver in the remaining 2 cases (9%).

Micrometastases were observed within the portal tracts (Figure 2A–C) or in the lobules 

(Figure 2D–F). Some micrometastases in the portal tracts consisted of tumor cells within the 

portal vein and those extending beyond the portal vein and invading portal tract stroma 

(Figure 2B), whereas larger micrometastases could invade the periportal hepatic lobules 

(Figure 2C). Adjacent to these micrometastases in the portal tracts, tumor clusters were 

frequently observed within the portal veins (Figure 2A). Lobular micrometastases varied in 

size even within the same tissue sections, with smaller lesions showing tumor clusters only 

in sinusoidal spaces (Figure 2D–E) and larger lesions frequently displaying desmoplastic 

reaction and invading across several hepatic plates (Figure 2F).

In this series, more hepatic micrometastases was seen in small intestinal NET cases (29/43, 

67%) than in pancreatic NET cases (7/22, 32%; P=0.01). There were no significant 

differences in sex, age, AJCC stage at initial diagnosis, primary tumor focality, pT category, 

pN category, or WHO grade (both primary and metastasis) between patients with or without 

micrometastases (Table 1). Interestingly, these patients without micrometastasis had larger 

primary tumors (4.2±3.7cm versus 2.2±1.2 cm; P<0.01), which is probably due to larger 

primary tumor size of pancreatic NET and more patients with pancreatic primary in the 
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group. In addition, patients with hepatic micrometastasis more likely had lymphovascular 

invasion identified in the primary tumor (P=0.01) compared to those without.

When comparing pathologic features of primary tumors within the group with small 

intestinal NET, there were no differences in tumor focality, tumor size, pT category, pN 

category, presence or absence of MTD, MTD sizes, lymphovascular invasion and WHO 

tumor grade between patients with and without hepatic micrometastasis.

Patients with hepatic micrometastases had more macroscopically identifiable liver lesions 

than those without micrometastases (P<0.01; Table 1). The largest tumor resected in patients 

with hepatic micrometastasis was larger than that from patients without micrometastasis 

(P=0.02; Table 1). In addition, negative (R0) surgical resection margins were more often 

achieved in patients without hepatic micrometastases than those with micrometastases 

(P=0.03; Table 1).

3.1.3 Association of hepatic micrometastases with patient outcome

Log-rank tests for equality of survivor functions showed no differences for anatomic site or 

origin, sex, or AJCC tumor stage at presentation (Table 2). Statistically significant 

differences were observed for presence/absence of hepatic micrometastases, WHO 

histologic grade, hepatic resection margin status, and administration of systemic adjuvant 

therapy. In univariable analysis, the presence of hepatic micrometastases was associated with 

poor overall survival (hazard ratio [HR] 3.43; 95% CI 1.14–10.30; P=0.03). The presence of 

hepatic micrometastases retained independent statistical significance after stratified Cox 

regression adjusting for WHO histologic grade, surgical resection margin status, and history 

of systemic therapy (hazard ratio, 4.82 95% CI 1.06–21.79; P=0.04; Figure 3).

4.1 DISCUSION

Hepatic metastasis is one of the most significant prognostic factors for patients with small 

intestinal and pancreatic NETs. Optimal management of metastatic disease may prolong 

survival and improve quality of life. While debulking surgery is sometimes performed to 

decrease tumor-related symptoms in patients with metastasis involving both hepatic lobes or 

diffuse metastasis, curative partial hepatectomy with or without adjuvant radiological-

directed therapies is only possible in patients with metastasis within one hepatic lobe or 

confined to two adjacent segments[13]. In this series, 32 cases underwent margin-negative 

hepatic resection of between one to ten liver lesions; only seven (22%) had no hepatic 

recurrence after resection. Almost all patients with more than one liver lesion suffered 

recurrent hepatic disease after surgical resection.

Through careful pathologic examination of thin slices of hepatic metastasectomy specimens, 

Elias et al. reported frequent detection of many more lesions than detected 

preoperatively[20], which corroborates the results of our study. We documented hepatic 

micrometastases in more than half of all patients who had undergone metastasectomy for 

metastatic pancreatic or small intestinal NET. These micrometastases were not detected by 

preoperative imaging studies or by gross examination of the surgical specimens. The 

presence of micrometastases might explain the clinical observation of frequent tumor 
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recurrence following hepatic resection. In this study, 11 of 25 (44%) patients with 

intrahepatic recurrence after margin-negative hepatectomy had hepatic micrometastasis, 

whereas micrometastases were not identified in any of the seven patients who remained 

disease-free after surgical resection during the follow-up period.

In this study, we observed that more patients with small intestinal NET had numerous liver 

lesions or hepatic micrometastases, whereas more patients with pancreatic NET had single 

liver lesions. The differences between two groups may partially contribute to the different 

criteria for hepatectomy in these patients; palliative liver resection is not commonly done for 

non-functional pancreatic NETs but it is relatively common in patients with metastatic small 

intestinal NETs to relieve carcinoid syndrome[21]. The 2016 European Neuroendocrine 

Tumor Society guidelines recommend surgery with curative intent for patients with “simple” 

pattern of liver metastasis located in one or two contiguous lobes. Debulking surgery can 

also be considered in patients with uncontrolled functional tumors, such as carcinoid 

syndrome, or other symptoms related to tumor burdens [22].

The mechanism of NET micrometastasis in the liver may differ from that of similar patterns 

of spread of other malignancies. Microscopic tumor growth has been reported in 

approximately 10% of liver resections from patients with metastatic colorectal cancer, and 

has been attributed to intrabiliary spread[23]. The frequent observation of tumor clusters in 

portal veins and sinusoidal spaces in this study instead suggests that hepatic NET metastases 

are primarily mediated by hematogenous mechanisms. The indolent growth pattern of 

metastatic NETs allows for identification of these lesions at various stages of development, 

including micrometastases. In our study, the size of metastatic liver lesions varied greatly 

within the same patient, ranging from <1 mm to >5 cm.

The frequent presence of hepatic micrometastases has important therapeutic implications. 

Among the patients in our series undergoing curative surgery, only seven patients (22%) 

with a limited number (1 to 4) of macroscopic liver lesions achieved complete eradication of 

liver disease, at least during the observed follow-up intervals. All seven patients had no 

hepatic micrometastasis. This suggests that surgical resection may not be sufficient, even for 

patients with an apparently limited extent of disease, especially when hepatic 

micrometastasis is present in resection specimens. To control tumor growth and prevent new 

liver lesions from developing, systemic treatment may be more effective. While small liver 

metastases and micrometastases cannot be detected by somatostatin-receptor targeted 

imaging studies, they do express somatostatin receptor type 2A[24]. Therefore, peptide 

receptor radionucleotide therapies targeting somatostatin receptor type 2A may be a 

promising systemic treatment for metastatic NETs.

In conclusion, hepatic micrometastases are common in patients with metastatic NETs of the 

pancreas and small intestine and are associated with poor prognosis. These data suggest that 

complete surgical resection of hepatic metastases is likely impossible in the majority of 

these patients. Other approaches, such as systemic molecular targeted therapy (e.g. 

somatostatin-receptor based therapy), may be a more effective alternative.
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Highlights

Hepatic micrometastases are common in liver metastasis from digestive NETs.

Patients with hepatic micrometastases had more liver lesions than those without.

R0 resection was more likely achieved in patients without hepatic 

micrometastases.

Hepatic micrometastases are associated with poor overall survival.

Gibson et al. Page 9

Hum Pathol. Author manuscript; available in PMC 2019 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Representative sections of hepatic micrometastases. A. A hepatic micrometastasis (left) 

adjacent to a macroscopic hepatic metastasis (right) (original magnification 40×); B. 

Scattered hepatic micrometastases in background liver without macroscopically evident 

tumor (original magnification 20×).
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Figure 2. 
Hepatic micrometastases arising within the portal tracts (A–C) or within the lobules (D–F). 

A. Vascular invasion showing a tumor cluster within a portal vein (original magnification 

200×); B. Tumor cluster within a portal vein and invading the portal tract stroma (original 

magnification 100×); C. Portal tract micrometastases causing portal expansion and invading 

periportal hepatic parenchyma (original magnification 40×); D. A small tumor cluster within 

a sinusoidal space (original magnification 400×); E. Several tumor clusters within sinusoidal 

spaces (original magnification 200×); F. A large lobular micrometastasis (1 mm) causing 

desmoplastic change (original magnification 100×). Blue arrows: residual central vein.
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Figure 3. 
Kaplan-Meier overall survival curves for patients with or without hepatic micrometastases 

adjusted for WHO grade, surgical resection margin status, and administration of adjuvant 

therapy.
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Table 2

Log-rank test for equality of survivor functions

Events observed Events expected P value

Site Pan-NET 6 6 1.00

SI-NET 15 15

Sex Female 11 11.64 0.77

Male 10 9.36

Micrometastasis No 4 9.20 0.02

Yes 17 11.80

Tumor stage at diagnosis III 3 1.68 0.28

IV 18 19.32

WHO grade (liver lesion) 1 5 7.17 <0.01

2 6 9.11

3 9 3.72

Margin status R0 8 14.06 <0.01

R1/2 13 6.94

Systemic treatment Yes 13 16.63 0.04

No 8 4.37
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