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Abstract

Background Liver resection in patients with neuroendocrine liver metastasis (NELM) provides a survival benefit, yet the optimal
extent of resection remains unknown. We sought to examine outcomes of patients undergoing non-anatomic (NAR) versus
anatomic liver resection (AR) for NELM using a large international cohort of patients.

Methods Two hundred and fifty-eight patients who underwent curative intent liver resection from January 1990 to December
2016 were identified from eight institutions. Patients were excluded if they underwent concurrent ablation, had extrahepatic
disease, underwent a debulking operation, or had mixed anatomic and non-anatomic resections. Overall (OS) and recurrence-free
(RFS) survival were compared among patients based on the extent of liver resection (AR vs. NAR).

Results Most primary tumors were located in the pancreas (n = 117, 45.4%) or the small intestine (n = 65, 25.2%). Liver resection
consisted of NAR (n =126, 48.8%) or AR (n =132, 51.2%) resection. The overwhelming majority of patients who underwent
NAR had an estimated liver involvement of < 50% (NAR 109, 97.3% vs. AR n =82, 65.6%; P <0.001). Patients who underwent
NAR also had higher rates of primary tumor lymph node metastasis (NAR n =79, 71.2% vs. AR n=37, 33.6%; P <0.001) and
microscopically positive margins (R1) (NAR n=29, 25.7% vs. AR n=16, 12.5%; P=0.009). After a median follow-up of
47.7 months, 48 (18.6%) patients died and 37.0% (n = 95) had evidence of disease recurrence. Patients who underwent AR had
both longer median OS (not reached) and RFS (not reached) versus patients who underwent NAR (median OS 138.3 months;
median RFS 31.3 months) (both P <0.01). After controlling for patient and disease-related factors, extent of liver resection was
independently associated with an increased risk of recurrence (HR 2.39, 95% CI 1.04-5.48; P =0.04) but not death (HR 1.92,
95% CI 0.40-9.28; P=0.42).

Conclusion NAR was independently associated with a higher incidence of recurrence versus patients who undergo a formal
anatomic hepatectomy among patients with NELM.
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Background

Neuroendocrine tumors are a group of generally indolent epi-
thelial neoplasms that have the ability to metastasize. The liver
is the most common site of spread, with liver metastasis ulti-
mately developing in 60-90% of patients." Neuroendocrine
liver metastases (NELM) are the primary source of morbidity
in patients with these cancers and can lead to local and sys-
temic symptoms, liver failure, and death. The presence of
NELM portends worse survival compared with patients with-
out NELM;? however, improvement has been demonstrated
with appropriately selected liver-directed therapies.® Only
20% of patients with NELM will be candidates for curative
intent resection at the time of diagnosis due to the size and
locations of metastases, as well as the frequency of multiple
tumors and bilobar disease.*

Among patients undergoing resection for NELM, data are
lacking regarding oncologic outcomes associated with ana-
tomic resection (AR) versus non-anatomic surgical or
“wedge” resection (NAR). In the setting of colorectal liver
metastases (CRLM), parenchyma-preserving NAR has been
shown to decrease morbidity without sacrificing oncologic
effectiveness.” However, for certain subtypes of CRLM,
NAR has been associated with worse disease free survival®
and inferior oncologic outcomes.” For NELM, multiple stud-
ies have demonstrated improved survival when comparing
surgery with medical or catheter-based therapies™ and rea-
sonable survival even when only debulking hepatic disease.'”
Despite the established role for surgery in the setting of
NELM, the relative efficacy of AR and NAR for NELM is
not known. As such, we sought to examine the long-term
outcomes of patients with NELM who underwent hepatecto-
my stratified by type of hepatectomy (NAR vs. AR) using a
large multi-institutional international.

Methods
Patient Selection and Data Collection

All patients who underwent liver resection for NELM be-
tween January 1990 and December 2016 were identified from
an international multi-institutional database. This multi-
institutional database included patients treated at eight major
hepatobiliary institutions (The Ohio State University
Comprehensive Cancer Center, Columbus, OH; Johns
Hopkins Hospital, Baltimore, MD; Stanford University,
Stanford, CA; Washington University School of Medicine,
St Louis, MO; University of Virginia, Charlottesville, VA;
Scientific Institute San Raffaele, Vita-Salute San Raffaele
University, Milan, Italy; Curry Cabral Hospital, Lisbon,
Portugal; Winship Cancer Institute, Emory University,
Atlanta, GA) as previously described.'' Patients were

excluded if they underwent concurrent ablation, had extrahe-
patic disease, underwent a debulking operation, or had mixed
anatomic and non-anatomic resections. Patients were stratified
by extent of liver resection (AR vs. NAR). A non-anatomical
liver resection is defined as any parenchymal-sparing liver
resection that did not include >2 contiguous liver resection.
The Institutional Review Board of the participating institu-
tions approved the study.

Standard demographic and clinicopathologic data were
collected including age, gender, race, type of surgery, and
tumor- specific characteristics of both the primary NET
and the liver metastases. Tumor-specific characteristics
of the primary neuroendocrine tumor included location,
histology, tumor functional status, grade of differentiation,
and presence or absence of lymph node metastases. Ki-67
index levels and mitoses/hpf were not universally collect-
ed and therefore not included in analysis. Grade of tumor
differentiation was defined according to the 2010 WHO
grading system: G1, well differentiated; G2, moderately
differentiated; and G3, poorly differentiated.'> The up-
dated 2017 WHO grading classification was not used
due to incomplete Ki67 and mitoses/hpf data available
for these patients. Data on treatment-related variables,
such as type of liver surgery, resection margin, and rate
of liver involvement, were collected. An RO resection was
defined as a microscopically negative margin on final pa-
thology (>1 mm), and an R1 resection was defined as a
microscopically positive margin on final pathology with-
out any known gross residual disease. The primary out-
come of interest was overall survival (OS) defined as the
time interval between the date of surgery and the date of
death. Recurrence-free survival (RFS) was similarly cal-
culated as the interval between date of surgery and the
date of first evidence of tumor recurrence. Surveillance
protocols were left to the discretion of the surgeon and
medical oncologist.

Statistical Analysis

Discrete variables were reported as medians with interquartile
range (IQR); categorical variables were reported as totals and
frequencies. Univariable comparisons were assessed using the
chi-squared or Wilcoxon-rank sum test as appropriate. Overall
survival time was calculated from the date of initial liver re-
section. Survival adjusted for censoring was calculated using
the Kaplan—Meier method and median values were compared
using the log-rank test. The impact of various clinicopatho-
logical factors on OS and RFS was assessed using a Cox
proportional hazards model. All analyses were carried out
with STATA version 13.0 (StataCorp, College Station, TX),
and a P value of <0.05 (two-tailed) was considered statisti-
cally significant.
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Results

Two hundred and fifty-eight patients who underwent surgical
resection for NELM and met inclusion criteria were included
in the analytic cohort (Table 1). Most patients were treated
after the year 2000 (n =224, 86.8%). Median patient age
was 57 (IQR 48, 65). Most patients were Caucasian (n =
217, 85.4%) and female (n = 141, 54.6%). Among the patients
with a known primary tumor location, most tumors originated
in the pancreas (n = 117, 45.4%), with the small intestine (n =
65, 25.2%) being the next most common site. Patients
underwent a variety of operations for extirpation of the prima-
ry tumor including a pancreatic resection (46.6%) or intestinal
resection (29.7%). Prior to liver resection, 35 patients (13.6%)
received systemic octreotide therapy whereas 18 patients
(7.0%) received chemotherapy. Unfortunately the type and
duration of chemotherapy was not recorded. Patients
underwent liver resection at a median of 24 months (IQR
9.9, 55.5) from the date of primary tumor resection.

The type of liver resection was nearly evenly split between
NAR (n =126, 48.8%) and AR (n=132, 51.2%). The rates of
AR differed among the eight institutions (26.8-100%). One
institution performed all 28 resections with an AR. There was
no difference in patient age comparing patients who underwent

NAR (57,1QR 49, 65) versus AR (56.5, IQR 45, 66; P=0.78).
Similarly, the incidence of symptomatic disease (NAR n =76,
60.3% vs. AR n =78, 59.2%; P=0.84) and bilateral liver me-
tastases (NAR n =64, 30.2% vs. AR n=38, 31.4%; P =0.66)
was equivalent between the two groups.

Among the 224 patients for which final pathologic tumor
grade was known, no differences were observed between the
NAR and AR groups. Patients undergoing NAR had higher
rates of lymph node metastases (NAR n =79, 71.2% vs. AR
n =37, 33.6%; P <0.001) as well as estimated liver involve-
ment of <50% (NAR n =191, 97.3% vs. AR n =82, 65.6%;
P <0.001). Patients who underwent NAR had a median num-
ber of two lesions resected (IQR 1, 3). With regard to resection
margin status, NAR was associated with lower rates of an RO
resection (NAR n =84, 74.3% vs. AR n =112, 87.5%; P =
0.009). Following liver resection, 51 patients (19.8%) re-
ceived octreotide therapy and 21 patients (8.1%) received
chemotherapy.

Factors Affecting Overall Survival
After a median follow-up of 47.7 months, 48 (18.6%) patients

in the entire cohort had died and 95 (37.0%) had evidence of
disease recurrence. The 1-, 3-, and 5-year overall survival

Table 1 Clinicopathological

characteristics of patients who All patients ~ Non-anatomic resection  Anatomic resection P value
underwent resection for (N=258) (N=126) (N=132)
neuroendocrine liver metastasis
Age, years (IQR) 57 (48, 65) 57 (49, 65) 56.5 (45, 66) 0.78
Male sex 117 (45.4) 57 (45.2) 60 (45.5) 0.97
Ethnicity 0.43
Caucasian 217 (85.4) 103 (83.7) 114 (87.0)
Black 25(9.8) 12 (9.8) 13 (9.9)
Other 12 (4.7) 8 (6.5) 4(3.1)
Location of primary tumor 0.003
Pancreas 117 (45.4) 66 (52.4) 51 (38.6)
Small Intestine 65 (25.2) 38 (30.2) 27 (20.5)
Symptomatic disease 154 (59.7) 76 (60.3) 78 (59.1) 0.84
Primary tumor grade (N =224) 0.99
Low 106 (61.3) 51(60.7) 55(61.8)
Intermediate 51 (29.5) 25(29.8) 26 (29.2)
High 16 (9.3) 8(9.5) 8 (9.0)
Lymph node metastasis (N =221) 116 (52.5) 79 (71.2) 37 (33.6) <0.001
Synchronous liver metastasis 151 (58.5) 81 (64.3) 70 (53.0) 0.07
Bilateral liver metastases 64 (30.2) 38 (31.4) 26 (28.6) 0.66
Estimated liver involvement <0.001
<50% 191 (80.6) 109 (97.3) 82 (65.6)
>50% 46 (19.4) 327 43 (34.4)
Resection margin status 0.009
RO 196 (81.3) 84 (74.3) 112 (87.5)
R1 45 (18.7) 29 (25.7) 16 (12.5)
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(OS) was 95.9, 92.3, and 84.4%, respectively. No patient fac-
tors (age, race, gender) were associated with worse median OS
(Table 2). Compared with patients who had pancreatic tumors,
patients with primary tumors of the small intestine demon-
strated longer OS (pancreas, 151 months vs. small intestine,
not reached, P=0.006). Pathologic factors associated with
worse OS included intermediate—high-grade tumors (low
grade, not reached vs. intermediate—high grade, 151 months;
P=0.04) and lymph node metastasis (no lymph node

metastasis, not reached vs. lymph node metastasis,
138.3 months; P=0.001). The presence of synchronous, bi-
lateral, and extensive liver involvement > 50% did not affect
OS on multivariable analysis (all P> 0.05). Furthermore, no
difference was observed in OS comparing NAR versus AR
(HR 0.94, 95% CI 0.12-7.44, P=0.96) (Fig. 1). However, a
resection margin status of R0 was independently associated
with prolonged OS on Cox proportional hazard regression
analysis (HR 2.92, 95% CI 1.65-5.17, P<0.001).

Table 2 Hazard regression
analysis of factors associated with

Multivariable survival analysis

overall survival

Variables Median survival P value Hazard ratio 95% CI P value
(months)

Age 0.50

<65 years Not reached Ref

> 65 years Not reached 1.28 0.75-2.18 0.36
Race 0.28

White Not reached

Black 88.1

Other 86.2

Gender 0.93

Male Not reached

Female Not reached

Location of primary tumor 0.06

Pancreas 151.0 Ref -

Small intestine Not reached 0.39 0.19-0.76 0.006
Large intestine Not reached 0.70 0.30-1.61 0.40
Symptomatic disease Not reached 0.24 0.76 0.42-1.39 0.38
Primary tumor grade 0.11

Low Not reached Ref -

Intermediate 151.02 1.92 1.04-3.56 0.04
High Not reached 1.55 0.73-3.29 0.25
Lymph node status 0.001

No lymph node metastasis Not reached Ref -

Lymph node metastasis 138.3 1.95 1.01-3.76 0.05
Liver disease presentation 0.11

No synchronous disease Not reached Ref -

Synchronous disease Not reached 1.27 0.68-2.83 0.35
Liver metastasis location 0.79

Unilateral metastases 1383

Bilateral metastases 124.4
Estimated liver involvement 0.003

<50% 151.0 Ref -

>50% Not reached 1.40 0.69-2.83 0.94
Type of liver resection 0.005

Non-anatomic 138.3 Ref -

Anatomic Not reached 0.94 0.12-7.44 0.96
Resection margin 0.04

RO Not reached

R1 151.02 2.92 1.65-5.17 <0.001
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Fig. 1 Kaplan—Meier survival
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Factors Affecting Recurrence-Free Survival

Disease recurrence occurred in 95 (37.0%) patients, with all but
6 patients experiencing a recurrence in the liver (n = 89, 93.7%).
Several clinicopathological factors were associated with differ-
ences in RFS in the cohort. Patients younger than 65 years of
age had shorter median RFS as compared to patients greater
than 65 years of age (<65 years, 40 months vs. > 65 years,
not reached; P =0.001) (Table 3). Similar to differences noted
in OS, patients who had primary pancreatic neuroendocrine
tumors also had shorter median RFS (pancreas 31.3 months
vs. small intestine 65.1 months; P =0.004) versus patients with
mid- or hind-gut tumors. Pathologic factors associated with
worse RFS included intermediate—high-grade tumors (low
grade, not reached vs. intermediate—high grade, 56 months;
P=0.02) and metastatic lymph node status (no lymph node
metastasis, not reached vs. lymph node metastasis, 31.4 months;
P <0.001). Similarly, patients with synchronous liver disease at
presentation (no synchronous disease 122.4 months vs. syn-
chronous disease 54.1 months; P=0.003), an estimated liver
involvement of <50% (< 50%, 44.3 months vs. > 50%, not
reached; P < 0.001), R1 resection margin status (R0 95.2 months
vs. R1 26.1 months; P<0.001), and patients who underwent a
NAR (NAR, 31.3 months vs. AR, not reached; P < 0.001) had a
shorter RFS. After controlling for other measurable factors,
multivariable analysis of low primary tumor grade (HR 2.56,
95% CI 1.26-5.61; P=0.01) and RO margin status (HR 3.22,
95% CI 1.33-7.82, P=0.01) remained independently associat-
ed with longer RFS. Additionally, patients who underwent AR
lived longer without recurrence than patients who underwent
NAR (HR 2.39, 95% CI 1.04-5.48, P=0.04) (Fig. 2).
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Discussion

Surgery plays a vital role in the treatment of both localized and
metastatic neuroendocrine malignancies, regardless of the site
of primary tumor.® With regard to patients with liver metas-
tasis, several previous studies have demonstrated improved
survival with aggressive treatment of NELM.'? Even in cases
where complete hepatic cytoreduction cannot be achieved,
cytoreductive liver debulking operations have been associated
with a survival benefit.'® Among patients with resectable he-
patic disease, however, no study to our knowledge has evalu-
ated the impact of the extent of liver resection on long-term
outcomes. In contrast, several studies suggest that NAR pro-
vides similar oncologic outcomes compared with formal AR
with the advantage of decreasing perioperative morbidity
among patients with colorectal liver metastasis.’ In the current
study, we present one of the largest series comparing the on-
cologic outcomes of patients with NELM following AR and
NAR. In concordance with previous studies, we found that an
R1 resection margin status significantly decreased OS and
RFS, while the amount of estimated liver involvement and
the presence of bilateral liver disease did not. Perhaps more
importantly, we noted that patients who underwent NAR for
their NELM experienced a > 2-fold risk of recurrence com-
pared to patients receiving AR after adjusting for pertinent
covariates.

Among patients with NELM, the best hope for long-term
survival is complete surgical excision of all known primary
and metastatic disease. For various reasons, including tumor
location, tumor size, background hepatic function, estimated
future liver remnant, and patient functional status, surgeons
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Table 3 Hazard regression
analysis of factors associated with Multivariable survival analysis
recurrence-free survival
Variables Median survival P value Hazard ratio 95% CI P value
(months)
Age 0.001
<65 years 40.0 Ref
> 65 years Not reached 0.28 0.12-0.66 0.003
Race 0.20
White 63.6
Black 33.0
Other
Gender 0.87
Male 58.4
Female 62.9
Location of primary tumor 0.004
Pancreas 31.3 Ref -
Small intestine 65.1 0.15 0.06-0.39 <0.001
Large intestine Not reached - - -
Symptomatic disease 44.31 0.03 1.25 0.57-2.75 0.58
Primary tumor grade 0.05
Low Not reached Ref -
Intermediate 54.8 2.09 0.92-4.77 0.08
High Not reached 5.99 1.68-21.38 0.006
Lymph node status <0.001
No lymph node metastasis Not reached Ref -
Lymph node metastasis 31.4 1.15 0.49-2.73 0.75
Liver disease presentation 0.003
No synchronous disease 122.4 Ref -
Synchronous disease 54.1 1.42 0.61-3.29 041
Liver metastasis location 0.76
Unilateral metastases 37.6 Ref - -
Bilateral metastases 38.2 1.02 0.42-2.48 0.97
Estimated liver involvement <0.001
<50% 44.3 Ref -
>50% Not reached 1.12 0.28-4.47 0.87
Type of liver resection <0.001
Non-anatomic 31.3 Ref -
Anatomic Not reached 2.39 1.04-5.48 0.04
Resection margin <0.001
RO 95.2
R1 26.1 322 1.33-7.82 0.01

may choose either AR or NAR. In the current cohort of over
250 patients, patients were evenly split between the types of
surgical resection performed. Of note, patients who underwent
AR had a higher rate of pancreas as the primary tumor loca-
tion, which was independently associated with worse RFS and
OS. Patients who underwent NAR were also more than twice
as likely to harbor lymph node metastases after resection of
the primary tumor. This potentially represents more aggres-
sive disease biology that may have impacted the surgeon’s

decision to offer NAR as opposed to AR. However, this dif-
ference was observed despite almost an equal distribution be-
tween low, intermediate, and high-grade tumors between the
two groups. With regard to immediate surgical oncologic out-
comes, patients who underwent NAR were twice as likely to
have had microscopically positive margins. Our findings mir-
ror data reported by DeMatteo et al.” who reported that pa-
tients undergoing NAR for CRLM had a higher R1 resection
rate when compared with those who received AR.
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Fig. 2 Kaplan—Meier survival
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Furthermore, patients who had an R1 resection margin were
independently more likely to experience death or recurrence
as compared to patients who had a complete surgical RO re-
section. This finding is in contrast to a 2010 study by Glazer et
al."* that reported on survival after surgical management of
NELM. This difference may be explained in the extreme var-
iability of treatment regimens offered and prescribed to pa-
tients with NELM. Furthermore, the study by Glazer et al.
had a limited sample size and did not report on the type of
surgical resection performed. Taken together, patients under-
going a NAR with curative intent are significantly more likely
to have an incomplete surgical resection and subsequently are
at higher odds of death and compared with patients who un-
dergo an AR.

In the current study, the 1-, 3-, and 5-year OS and RFS were
similar to the data reported in previous reports that evaluated
long-term survival in patients with neuroendocrine tumors and
hepatic metastases.'> However, to our knowledge, this is the
first report evaluating the effect of AR vs. NAR when per-
formed for NELM. Not surprisingly, higher pathologic tumor
grade and lymph node metastases were associated with wors-
ened survival. The presence of bilateral metastases and an
estimated liver involvement of > 50% were not associated with
worse OS, a finding which is consistent with other series.'®
This is likely due to the indolent nature of these tumors and the
relative effectiveness of non-surgical treatment modalities
(thermal ablation, transcatheter therapies, medical manage-
ment, etc.) that can significantly augment a patient’s disease
course. On univariable analysis, type of liver resection was
found to be associated with worsened OS; however, this sig-
nificant difference was not maintained after multivariable
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hazard regression analysis. Conversely, after adjusting for co-
variates including tumor grade and resection margin status,
patients who underwent an NAR saw a greater than 2-fold
increased risk of recurrence when compared to those who
underwent AR for their NELM. This finding could be related
to several patient and tumor-related factors. First, in addition to
margin status, patients undergoing NAR could be at increased
risk for recurrence due to the potential micrometastatic disease
removed in larger AR specimens. In addition, though the sur-
gical margins may have been negative, there may have been a
field defect in the nearby liver with other nearby areas of
potential disease which may have not been clinically apparent
at the time of surgery. Additionally, patient selection may have
impacted the findings as surgeons may have disproportionally
allocated NAR to patients with more aggressive disease biol-
ogy. This was not reflected in the available data, however, as
tumor grade, location, and percent liver involvement were all
controlled for in the analysis. Collectively, it appears that pa-
tients who undergo NAR appear to be at higher risk of recur-
rence as compared to patients who undergo AR for NELM.
The current study has several limitations. As with all retro-
spective studies, uncontrolled treatment allocation bias is a
distinct and likely possibility. As previously addressed, pa-
tients with aggressive tumor biology or other uncontrolled
factors may have been represented disproportionately in the
data. Furthermore, patients in the current cohort were also
treated at high-volume international hepatobiliary centers,
which may limit the generalizability of the results. Finally,
certain clinicopathologic data (e.g., Ki-67, exact tumor loca-
tion) and post-operative data (e.g., complications) were not
collected and therefore these variables could not be assessed.
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In conclusion, patients with NELM experience reasonable
long-term survival following curative intent surgical resection.
Patients who undergo NAR are at an independent higher risk
of NELM recurrence. Overall survival, however, does not
appear to be impacted by extent of liver resection for NELM.

Compliance with Ethical Standards

The Institutional Review Board of the participating institutions deemed
this study exempt for review.
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