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Abstract
Introduction Patients with midgut neuroendocrine tumors (MNETs) frequently present with metastatic disease at the time
of diagnosis. Although combined resection of the primary MNET and liver metastases (NELM) is usually recommended
for appropriate surgical candidates, primary tumor resection (PTR) in the setting of extensive, inoperable metastatic
disease remains controversial.
Methods A systematic review was performed according to PRISMA guidelines utilizing Medline (PubMed), Embase,
and Cochrane library—Cochrane Central Register of Controlled Trials (CENTRAL) databases until September 30, 2018.
Results Among patients with MNET and NELM, 1226 (68.4%; range, 35.5–85.1% per study) underwent PTR, whereas 567
(31.6%; range, 14.9–64.5%) patients did not. Median follow-up ranged from 55 to 90 months. Cytoreductive liver surgery was
performed in approximately 15.7% (range, 0–34.8%) of patients. Pooled 5-year overall survival (OS) among the resected group
was approximately 73.1% (range, 57–81%) versus 36.6% (range, 21–46%) for the non-resection group. For patients without liver
debulking surgery, PTR remained associated with a decreased risk of death at 5 years compared with patients who did not have
the primary tumor resected (HR 0.36, 95% CI 0.16 to 0.79, p = 0.01; I2 58%, p = 0.12). For patients undergoing PTR, 30-day
postoperative mortality ranged from 1.43 to 2%.
Conclusion PTR was safe with a low peri-operative risk of mortality and was associated with an improved OS for
patients with MNET and unresectable NELM. Given the poor quality of evidence, however, strong evidenced-based
recommendations cannot be made based on these retrospective single center–derived data. Future well-design random-
ized controlled trials will be critical in elucidating the optimal treatment strategies for patients with MNET and advanced
metastatic disease.
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Introduction

Small intestinal neuroendocrine tumors (SI-NETs) are the
most common neoplasms of the small bowel and are generally
associated with a relatively good prognosis.1,2 Due to their
common embryologic origin, SI-NETs are usually grouped
together with neuroendocrine tumors (NETs) of the proximal
colon and collectively termed midgut neuroendocrine tumors
(MNET).3 Population data from the most recent Surveillance,
Epidemiology, and End Results (SEER) database revealed a
steady increase in the incidence of MNET, with an adjusted
annual incidence of 1.3/100.000 people in the USA as of
2008.4

Some patients with MNET present with an asymptomatic
primary tumor and metastatic disease at the time of diagnosis.3

The liver is the most common site of metastatic disease
followed by mesenteric lymph nodes and less frequently
bone.5 In general, surgical resection of metastatic disease,
when feasible, is associated with improved long-term overall
survival (OS).6 In addition, debulking of neuroendocrine liver
metastases (NELM), generally with a reduction of 70–90% of
overall tumor burden, has been associatedwith improvedOS.7

Among all patients with metastatic MNET who undergo sur-
gical resection, the 5-year OS generally exceeds 70%.8 As
such, the European Neuroendocrine Tumor Society
(ENETS) 2016 guidelines recommend combined resection
of the primary MNET and liver metastases for appropriate
surgical candidates.9

In the subset of patients with extensive, inoperable liver
metastases, management of the primary MNET has, however,
been more controversial.10 Given the lack of prospective ran-
domized trials, data to guide decision-making on resection of
the primary MNET in the setting of advanced metastatic dis-
ease remain scarce and have largely been based on case series.
While some studies have reported a survival benefit associated
with primary tumor resection (PTR), these studies were limit-
ed by the retrospective, single-institution design, as well as
heterogeneity of the study populations, and small sample
sizes.11 Therefore, the objective of the current systematic re-
view was to summarize and critically evaluate the available
evidence on PTR in the setting of inoperable metastatic dis-
ease. Specifically, we sought to quantify the impact of PTR on
the survival of patients with liver metastases by performing a
meta-analysis that pooled data from the multiple previous
studies on this topic.

Materials and Methods

Search Sources and Data Sources

A systematic review was performed according to the preferred
reporting items for systematic reviews and meta-analyses

(PRISMA) guidelines.12 A study protocol was agreed upon a
priori and followed by all authors. A bibliographical search
was performed in Medline (PubMed), Embase, and Cochrane
library—Cochrane Central Register of Controlled Trials
(CENTRAL). The last search date was September 30, 2018.
The following MESH terms were used in combination with
Boolean operators (AND, OR, NOT): Bneuroendocrine,^
Bcarcinoid,^ Bmidgut,^ Bsmall bowel,^ Bjejunum,^
Bduodenum,^ Bileum,^ Bprimary tumor resection,^ Bresecting,^
Bsurgery,^ Bliver metastases,^ and Bunresectable liver
metastases.^ Two independent authors (DIT, INS) meticulously
searched for potentially eligible articles retrieved by the initial
search, and potential disagreements were resolved by consensus
with a third reviewer (DM). References of the included studies
and from previously published systematic reviews were manual-
ly assessed in order to detect any missing study.

Eligibility Criteria

Studies were considered eligible if all of the following criteria
were met: (1) data reported on the outcomes of patients with
MNET and associated liver metastases, irrespective of the
presence or absence of extrahepatic disease, functional status
or other medical or ablative treatments, (2) data on OS among
patients who underwent PTR versus patients who did not, and
(3) population comprised of > 50% patients with NELM of
midgut origin.

Exclusion criteria included (1) animal studies, (2) studies
reporting on patients with NET originating from sites other
than midgut, (3) studies reporting on MNET with non-
hepatic metastases, (4) reviews and meta-analyses, (5) edito-
rials and letters to the editors, and (6) overlapping studies. In
the case of duplicate publications, only the most recent or
most informative study for a single center was included in
the analyses. There were no study restrictions with regard to
language or study sample size. Articles that fulfilled the inclu-
sion criteria were retrieved for full-text evaluation.

Data Extraction and Tabulation

After reviewing the full-texts of eligible studies, two indepen-
dent authors (DIT, INS) performed the data extraction and
crosschecked all results. Potential discrepancies in the selec-
tion of articles and the extraction of the data were resolved
following consensus with a third reviewer (DM). Extracted
variables included general study characteristics (e.g., author,
year of publication, institution, years of enrollment, study de-
sign, number of patients, follow-up, outcomes studied), pa-
tient demographics, and clinical characteristics (e.g., age, gen-
der, as well as number of patients with MNET, NELM, and
MNET/NELM combined), treatment characteristics (e.g.,
number of patients undergoing PTR, debulking of NELM,
chemotherapy, transarterial therapies, etc.), as well as long-
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term outcomes (e.g., OS, progression-free survival (PFS) and
cause of death).

Statistical Analysis

Summary statistics were reported as total and percentage for
categorical variables and as median (range) or mean ± stan-
dard deviation for continuous variables, unless otherwise in-
dicated. The meta-analysis of survival data was performed
with the RevMan software (version 5.3; The Nordic
Cochrane Centre, The Cochrane Collaboration). Hazard ratio
(HR) was used for the assessment of survival. Due to the
anticipated study heterogeneity, the random effects model
was chosen in all cases. The generic inverse variance method
was chosen for survival analysis. Higgin’s I2 statistic was used
for the assessment of statistical heterogeneity. Ninety-five per-
cent confidence intervals (CI) were noted for all results. Log
HR and its standard error (SE) were calculated based on the
equations proposed by Parmar et al.13 Results were considered
statistically significant when the p value was less than 0.05.

Results

Identification of Eligible Studies

The successive steps of article selection process are depicted
in Fig. 1. After screening 1031 records, eight studies finally
met the predefined criteria and were considered eligible for
inclusion in the systematic review.14–21 Descriptive character-
istics of the eligible studies are summarized in Table 1. Five
studies originated from Europe and three from the USA. All
studies were retrospective; seven were single-center cohorts;
and one was a multicenter study incorporating data from five
institutions in the UK. Patients were analyzed from 1960 to
2014. Three studies were excluded as obvious overlaps or
duplications (Supplemental Table 1).22–24 One study was ex-
cluded on the basis of comparing upfront primary MNET
resection versus delayed resection.22

Patient Characteristics

Among the included studies, a total of 1607 patients had
MNET with NELM comprising 91.2% (range, 64–100%) of
the total population (Table 2). In two studies,20,21 MNETs
were mixed with NET from foregut and hindgut, while in
another study,19 22 patients (29%) did not report the small
intestinal location of the primary tumor, but the location of
the NETwas presumed to be MNET. Only two studies incor-
porated data exclusively on patients with primary MNET and
associated liver metastases.15,17 One of these studies reported
separate results for patients with MNET and liver metastases
and, thus, only these data were included in the analysis.15

Mean patient age ranged from 57.0 to 63.1 years. Overall,
there was a slight predominance of men (53.4%; range among
studies 43.4–59.2%). All NETs were diagnosed histologically.
The prevalence of reported carcinoid syndrome was 58.9%
(range, 35–81.5%). The percentage of symptomatic patients
undergoing PTR ranged from 63 to 90%.

Overall, 1226 (68.4%; range, 35.5– 85.1% per study)
patients underwent PTR, whereas 567 (31.6%; range,
14.9– 64.5%) patients did not (Table 2). Median
follow-up ranged from 55 to 90 months. Cytoreductive
liver surgery was performed in approximately 15.7%
(range, 0–34.8%) of patients. Most studies did not report
separate results for patients undergoing liver debulking
surgery and PTR versus patients who underwent PTR
alone.14,16–19,21

Overall and Progression-Free Survival: Systematic
Review

A trend toward longer OS was noted among patients who
underwent PTR in all studies. Median OS ranged from 75 to
139 months among patients who underwent PTR versus 17 to
88 months for patients who did not undergo PTR. The differ-
ence was statistically significant in three studies.17,20,21 Data
on 5-year OS were reported in five studies.15–17,19,20 Each of
these studies noted a higher 5-year OS among patients who
underwent PTR. Three studies demonstrated a statistically
significant difference in 5-year OS among patients who
underwent PTR compared with the non-PTR group.15,16,20

Pooled 5-year OS among the resected groupwas approximate-
ly 73.1% (range, 57 to 81%) versus 36.6% (range, 21–46%)
for the non-resection group.

Only one study reported data on 10-year OS
(Table 3).16 Specifically, Norlen et al. reported that 10-
year survival was 51% among patients who underwent
PTR ve r su s 6% among pa t i en t s who d id no t
(p < 0.001).16 In a separate study, Givi et al. reported data
for PFS that demonstrated PTR to be associated with a
longer PFS versus non-resection of the primary tumor
(median PFS, 54 versus 27 months, p = 0.005).20

Subgroup Analyses on PTR Effect

To determine whether liver cytoreductive surgery may have
influenced the outcomes of patients who underwent PTR, a
subgroup analysis was performed. Specifically, data were
pooled from the two studies that solely included patients
who underwent PTR without liver debulking surgery.15,20 Of
note, among these patients, PTR remained associated with a
decreased risk of death at 5 years compared with patients who
did not have the primary tumor resected (HR 0.36, 95% CI
0.16 to 0.79, p = 0.01; I2 58%, p = 0.12) (Fig. 2).15,20

Specifically in the study by Lewis et al., 5-year OS of patients
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with untreated liver disease who underwent PTR was higher
versus patients who did not undergo primary MNET resection
(62.6% versus 26.6%, p < 0.001).15 Of note, the addition of
liver treatment mitigated the survival difference among pa-
tients who did versus did not undergo PTR (57.2% versus
40.3%, p = 0.08).15

Two studies reported on the impact of PTR on outcomes
based on presence of symptoms attributable to MNET.14, 20

Givi et al. compared 28 patients with NELM who underwent
PTR versus 18 patients who did not and reported a survival
benefit among asymptomatic patients who underwent PTR
(p < 0.001).20 In contrast, Laskaratos et al. reported that the

benefit of PTR was limited to patients who were symptomatic
at presentation; in this study, PTR was not associated with an
OS benefit among asymptomatic patients (median OS for
PTR 12.1 years, 95% CI 9.34 to 14.9 versus no PTR
9.67 years, 95% CI 2.3 to 17.0, p = 0.25).14

In another study, Norlen et al. reported on patients under-
going PTR with or without concomitant radical metastatic
mesenteric lymph node resection.16 The authors noted that
PTR combined with radical lymph node resection of all met-
astatic mesenteric nodes was associated with increased 5-year
(radical lymph node resection; 5-year OS 77%, 95% CI 72 to
82% versus non-radical resection; 5-year OS 63%, 95 CI 56 to

Fig. 1 Flowchart of the search strategy
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71%, p = 0.001) and 10-year (radical resection; 10-year OS
52%, 95% CI 46 to 59% versus non-radical resection; 10-
year OS 38%, 95% CI 31 to 48%, p = 0.001) OS versus
PTR among patients who had persistent residual mesenteric
lymph nodes.16

Cause of Death and Early Mortality

Data on cause of death and 30-day mortality were provided in
four studies (Table 4).16,17,20,21 None of these studies noted a
difference in symptom improvement among patients who did
and did not undergo PTR. In one study, bowel obstruction was
noted in 12.5% of patients undergoing PTR versus 0% in
patients without PTR; 12% of patients with no PTR suffered
from bowel infarction versus 0% in the PTR group.20 On the
other hand, Ahmed et al. reported an incidence of small bowel
obstruction–related cachexia of 4.8% among patients with
PTR versus 12.7% in patients with no PTR.17 Regarding con-
comitant liver resection, Givi et al. reported roughly the same

incidence of liver failure among patients who did versus did
not undergo PTR (75% and 82%, respectively).20 Finally, 30-
day postoperative mortality ranged from 1.43 to 2%.16,17,21

While overall postoperative mortality was comparable among
patients who had concomitant PTR and liver resection, one
study suggested an increased risk of postoperative mortality
when resection of the primary tumor was undertaken as a
second operation.16

Discussion

Current guidelines from both the ENETS and the North
American Neuroendocrine Tumor Society (NANETS)
support the resection of well-differentiated SI-NET even
in the presence of advanced disease.9,25 Aggressive surgi-
cal approaches are generally accepted for SI-NET when
both the primary and metastatic diseases can be complete-
ly extirpated or when the metastatic disease can be

Fig. 2 Five-year overall survival of patients with neuroendocrine liver
metastases of midgut origin who did or did not undergo primary tumor
resection (PTR) without liver debulking surgery. PTR remained

associated with a decreased risk of death at 5 years compared with pa-
tients who did not have the primary tumor resected (HR 0.36, 95% CI
0.16 to 0.79, p = 0.01; I2 58%, p = 0.12)

Table 4 Causes of death and early mortality rates

PMID First author (year) Cause of death/early mortality rates

PTR No PTR

29746336 Lewis (2018) NR NR

17188135 Givi (2006) Liver failure 12 (75), bowel obstruction
2 (12.5), bowel infarction 0, other 2 (12.5),
unknown 0

Liver failure 14 (82), bowel obstruction 0,
bowel infarction 2 (12), other 0, unknown 1 (6)

30153,671 Laskaratos (2018) NR NR

19174605 Strosberg (2009) NR NR

19458024 Ahmed (2009) 30-day mortality 3 (1.43%), small bowel
obstruction–related cachexia 10 (4.78%)

Small bowel obstruction–related cachexia 14
(12.72%)

1728075 Soreide (1990) 30-day postoperative mortality rate: 1/65
(2%), 90-day mortality rate 6/65 (9%)

Postoperative mortality rate 0%

21984144 Norlen (2012) Overall surgery-related 30-day mortality
1.6%, 30-day mortality after first primary resection
0.5%, 30-day mortality after second primary
resection 2%

Overall surgery-related 30-day mortality 0%,
30-day
mortality after first primary resection 0%,
30-day
mortality after second primary resection 0%

17825550 Van der Horst Schrivers
(2007)

NR NR

PTR primary tumor resected, NR not reported
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heavily debulked.6,26 Resection of the primary MNET in
patients who clearly have unresectable/inoperable meta-
static disease remains, however, controversial. The pro-
posed rationale behind resection of primary MNET in this
setting is to relieve symptoms caused by the primary tu-
mor, prevent the future possibility of small bowel obstruc-
tion, histologically confirm the diagnosis, and potentially
improve OS. Whether resection of primary MNET in pa-
tients with unresectable metastases offers a survival ben-
efit is likely the most debated potential Bbenefit^ of PTR.
The current study was important since we performed a
comprehensive systematic review of the data reported to
date on patients undergoing PTR in the setting of exten-
sive metastatic disease. Collectively, the data suggested
that PTR was associated with an improved OS compared
with patients who did not have PTR. Specifically, among
the studies included in the systematic review, the differ-
ence in OS among patients who did and did not undergo
PTR was statistically significant in six out of eight re-
ports. In addition, pooled 5-year OS was roughly 73.1%
in the PTR group versus 36.6% in the no PTR group.
While the data suggested a benefit of PTR, the quality
of data was poor as seven studies were single-institution
case series, as well as all studies were retrospective in
design and therefore selection bias and confounding by
indication were likely. As such, possibly associated with
a survival benefit, PTR cannot be considered standard of
care for patients with MNET and unresectable metastatic
disease as the level of evidence on the topic was poor.

The decision to remove an asymptomatic, incidentally
discovered MNET in the setting of unresectable metastatic
disease can be challenging. Not infrequently, patients will
desire that the primary MNET be removed as they believe
that the tumor will lead to progression of their disease and
ongoing metastases. Interestingly, Laskaratos et al. noted
that the survival benefit of PTR was limited to symptom-
atic patients, whereas patients diagnosed incidentally did
not benefit from PTR.14 These findings were consistent
with a different study by Daskalakis et al. that noted no
difference in overall- or cancer-specific survival compar-
ing asymptomatic patients with stage IV SI-NET who
underwent prophylactic upfront (within 6 months of diag-
nosis) locoregional surgery versus no/delayed surgery.22

In contrast, Givi and colleagues reported a survival bene-
fit among patients with asymptomatic MNET; however,
the small number of patients in the study made the data
difficult to interpret and problematic to generalize.20

Despite no clear explanation as to whether PTR offers a
survival benefit, a benefit has been postulated to be relat-
ed to the reduction in disease burden.20 Of note, the latest
ENETS guidelines recommend palliative resection of the
primary tumor and, if possible, mesenteric lymph node
metastases in the setting of stage IV disease only for

symptomatic patients with intestinal obstruction, ische-
mia, or tumor bleeding.9,27 In addition, these recommen-
dations suggest a multi-disciplinary discussion with care-
ful consideration of patient performance status and comor-
bidities for asymptomatic patients rather than routine
PTR.9,27

PTR in the setting of advanced unresectable metastatic
disease was safe being associated with low morbidity and
mortality. In particular, among the 1607 patients who had
MNET with metastatic disease and underwent PTR, 30-
day postoperative mortality was low ranging from only
1.4 to 2%.16,17,21 Interestingly, Daskalakis et al. reported
no difference in 30-day mortality among patients who
underwent pre-emptive prophylactic PTR for asymptom-
atic disease versus patients who had surgery once the
MNET became symptomatic; however, the former group
did require more urgent operations due to intestinal ob-
struction than the latter group.22 As such, while the peri-
operative mortality associated with PTR appeared accept-
able, the decision to perform PTR, especially in asymp-
tomatic patients with unresectable metastatic disease, still
should be made on an individual basis in the setting of a
multi-disciplinary evaluation.

While the current study summarized the data on PRT in a
systematic manner and highlighted the current state of evi-
dence of PRT, the relative quality of the data in the literature
was poor. Most studies were retrospective and therefore were
subject to significant selection bias. In addition, most series
consisted only of surgical patients and it was not clear if data
from non-surgical patients were adequately and completely
captured to serve as the appropriate comparator. The lack of
randomized controlled trials, therefore, hindered a truly
evidence-based recommendation to the treatment of patients
with stage IV MNETs. To our knowledge, only one trial is
currently registered on Clinicaltrials.gov (NCT03442959) that
is accruing patients to examine the specific issue of PTR in the
setting of unresectable metastatic disease. This study is a pro-
spective observational trial that is enrolling asymptomatic pa-
tients with SI-NET and unresectable liver metastases to com-
pare patients with or without PTR relative to the 5-year OS as
the primary outcome. Strengths of this trial include (1) homo-
geneous group of patients with only SI-NET, (2) a clear def-
inition of unresectability for NELM, (3) detailed history of
symptoms at presentation and previous treatments (e.g., che-
motherapy, radiotherapy, somatostatin analogues), and (4) rig-
orous follow-up for at least 5 years after PTR. This trial will
hopefully provide a better assessment of the true effect of PTR
on long-term prognosis.

The current study had several limitations. Several included
studies did not provide information on the extent of metastatic
disease at the time of PTR or information on why the disease
was necessarily unresectable.16–19,21 Decisions on resectabili-
ty can be subjective and vary from provider to provider, and
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most studies did not define what factors constituted true inop-
erable disease. In addition, there was variation in the extent of
surgery performed. In the majority of studies, palliative resec-
tion of the SI-NET included resection of the primary tumor
plus extensive mesenteric dissection. However, only the
Norlen et al. study performed a subgroup analysis comparing
patients undergoing PTR with or without radical mesenteric
lymph node resection.16 In addition, most studies did not sep-
arate the results of patients undergoing PTR alone versus pa-
tients who underwent PTR combined with liver debulking
surgery.14,16–19,21 The role of other liver-directed therapies,
such as transarterial embolization, systemic chemotherapy,
somatostatin analogues, and peptide receptor radiotherapy
was also implemented in different proportions of patients with
metas ta t i c MNETs and may have impac ted the
outcomes.14,16–21

Conclusion

Data from this systematic review and meta-analysis suggested
that PTR was safe with a low peri-operative risk of mortality
and was associated with an improved OS for patients with
MNET and unresectable NELM. The quality of evidence
was poor, however, and strong evidenced-based recommen-
dations cannot be made based on these retrospective data,
which were largely derived from single-institution case series.
Until prospective randomized controlled trial data are avail-
able, the decision to perform resection of the primary MNET
in the setting of unresectable metastatic disease needs to be
made on an individualized basis as part of a multi-disciplinary
evaluation. Future well-design randomized controlled trials
will be critical in elucidating the optimal treatment strategies
for patients with MNET and advanced metastatic disease.
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