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Abstract

Introduction—Neuroendocrine tumors (NETs) frequently metastasize to the liver. Surgical 

debulking offers symptomatic relief and improved survival. However, the frequent presence of 

multifocal, bilobar disease and high recurrence rates introduce doubt regarding their optimal 

management. Parenchyma-sparing debulking (PSD) procedures (ablation, enucleation, wedge 

resections) may offer similar survival improvements as resection, while minimizing morbidity and 

preserving functional liver tissue.

Methods—Clinicopathologic variables from 228 patients with small bowel (SBNETs) or 

pancreatic NETs (PNETs) managed surgically at one institution were collected. Liver-directed 

surgery (LDS) was carried out when significant debulking was deemed feasible. Survival was 

assessed using the Kaplan-Meier method.

Results—108 PNET and SBNET patients underwent LDS with primarily PSD procedures. 

Nearly two-thirds of patients achieved 70% cytoreduction and 84% had concurrent resection of 

their primary. The median number of lesions treated was 6 (range 1–36). There were no 30-day 

operative mortalities. The 30-day major complication rate was 13.0%. Patients that achieved 70% 

cytoreduction enjoyed improved progression free (median 3.2 years) and overall survival (median 

not reached).
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Conclusion—PSD procedures are safe and can achieve significant cytoreduction, which is 

associated with improved survival. Lowering the debulking target threshold to 70% may benefit 

NET patients by increasing eligibility for cytoreduction.

Introduction

As many as 60% of patients with NETs will present with disseminated disease.1 These 

tumors commonly metastasize to the liver, and the most common cause of death in these 

patients is liver failure secondary to replacement by tumor.2 In contrast to many cancer 

types, the presence of metastatic disease does not preclude surgical treatment, and in the 

case of gastroenteropancreatic (GEP) NETs, quality of life and survival can be improved 

when hepatic metastases are treated aggressively.3 However, aggressive resection of liver 

tumors rarely translates into cure, as even when R0 resection is achieved, 5-year recurrence 

rates of up to 94% have been reported.4

Surgical debulking of hepatic metastases in NET patients has been associated with improved 

survival compared to historical controls in a number of studies.5,6 The median survival of 

SBNET and PNET patients with M1 disease is 56 and 24 months, respectively, in the 

Surveillance, Epidemiology and End Results program (SEER) database.7 Early surgical 

series employing resection for cytoreduction of liver metastases reported median survival 

times of 80 to 90 months.5,6 Debulking has traditionally been approached using hepatic 

resection, and while potentially curative, may come at the cost of high morbidity and 

mortality. Careful patient selection for these procedures is required, and many NET patients 

will be excluded because most have numerous, bilobar metastases not amenable to complete 

resection. Incorporation of additional techniques such as ablation into standard debulking 

protocols has expanded the number of patients manageable by surgery, as scattered 

metastases in both lobes can be treated safely in one operation.8 These combination 

approaches to cytoreduction have demonstrated excellent efficacy and similar survival rates 

as those that use resection only. Recent reports of hepatic debulking using combination 

cytoreduction demonstrated 5-year survival of around 75%,1,9 which is on par with patients 

debulked with resection only.4

It is not clear what the optimal target should be for cytoreduction in patients with NET liver 

metastases, but a reasonable endpoint would be one in which both symptoms and survival 

could be improved. An often quoted objective for optimal cytoreduction has been 90%,5,10 

but these criteria may leave fewer than 10% of patients with NET liver metastases suitable 

for debulking procedures.5,11 Recent studies have proposed relaxing cytoreduction criteria to 

70%, citing improved symptoms and progression free survival (PFS) in patients who were 

treated in this manner.1,12 In this report, we describe our experience treating a large cohort 

of patients with metastatic SBNET and PNETs using PSD methods. We study factors 

associated with patient survival, including preoperative hepatic tumor burden and 

biochemical response to debulking, and the effects of different levels of cytoreduction on 

postoperative outcomes are explored.

Maxwell et al. Page 2

Surgery. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Methods

Clinical data for patients undergoing surgery for SBNETs and PNETs at a single center 

between 1999 and 2015 were retrospectively reviewed in a prospectively maintained 

surgical database under an Institutional Review Board-approved protocol. Clinicopathologic 

patient data included sex, age, tumor grade, multifocality of the primary tumor, TNM stage, 

postoperative symptoms, postoperative octreotide treatment status, nonsurgical liver 

treatments, and presence of extrahepatic metastases. Tumor grade was determined by 

assessment of the Ki-67 proliferation index in whole sections from primary tumors. Pre and 

postoperative levels of chromogranin A (CgA), pancreastatin (PST), and neurokinin A 

(NKA) were recorded (where available), and biochemical response to liver debulking was 

assessed in patients with elevated preoperative levels. A biochemical response was defined 

as a decline of any of these hormone levels ≥ 50% from preoperative levels. Patients were 

considered nonresponders if the postoperative biomarker level increased, remained stably 

elevated, or the reduction was < 50%.13 Operative details examined were the surgical 

approach, types of liver-directed procedures used, number of hepatic lesions treated, and 

whether the primary tumor was also resected at the time of LDS. Postoperative 30-day 

complication rates, 30-day mortality rates, length of stay, and reoperation rate due to 

postoperative complications were analyzed. Postoperative complications were classified 

according to the system proposed by Dindo et al.14

Patients were generally operated upon for cure or palliation of their disease, with the 

objective of removing the primary tumor, regional lymph nodes, and debulking their 

metastatic disease. The senior surgeon determined the extent of surgery using a combination 

of preoperative and intraoperative data. Surgical treatment of hepatic metastases was 

performed using a combination of enucleation, wedge resection, radiofrequency or 

microwave ablation, and anatomic resection. In general, surface lesions were treated by 

enucleation or wedge resection, whereas deeper lesions were ablated. When possible, 

primary tumor resection and hepatic cytoreduction were performed concurrently. When 

patients had multiple liver surgeries (n=6), only data from the first procedure were included. 

For ablation cases, the surgeon carefully mapped out the location of the lesions identified on 

preoperative imaging and then localized these with intraoperative ultrasound (employing the 

help of a radiologist in early patients). Lesions were targeted using a needle guide and a 

single ablation probe. Radiofrequency ablation (Angiodynamics, Latham, NY) was the 

primary method employed until the last several years, where microwave ablation (Acculis, 

Angiodynamics, Latham, NY) was favored. Given their similarity, enucleation and wedge 

resection were combined into one category for the analyses.

The number of preoperative hepatic lesions, the amount of hepatic tumor replacement, and 

the degree of hepatic debulking achieved were estimated retrospectively by the senior 

operating surgeon (J.R.H.) using a combination of intraoperative data (ultrasound and 

operative notes), pathology reports, and imaging studies. Pre and postoperative (usually at 

3-6 months) contrast-enhanced computed tomographic scans (CT) or magnetic resonance 

imaging (MRI) studies were examined side-by-side and slice-by-slice to determine the 

number of preoperative lesions that were treated and to what effect. Estimation of the 

amount of hepatic tumor debulked was made based upon these comparisons, taking into 

Maxwell et al. Page 3

Surgery. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



account the number of lesions treated/removed versus the total number of lesions and size of 

each lesion relative to the overall tumor volume. Categories of < 50%, ≥ 50%, ≥ 70%, and ≥ 

90% were used based upon the estimated percentage of tumor debulked.

Median event times for progression free and overall survival (OS) were determined from the 

time of surgery using the Kaplan-Meier method, and p values were calculated using the log 

rank test. Median follow up was estimated by the reverse Kaplan-Meier method. Factors 

predictive of successful 70% or 90% cytoreduction and a biochemical response were 

examined with logistic regression. Clinicopathologic and surgical characteristics were 

compared using Fisher's exact test, chi-square test or Welch's t-test. All analyses were 

performed in R v 3.1.2 (Vienna, Austria).

Results

Clinicopathologic characteristics

Between 1999 and December 2014, 228 patients with SBNETs or PNETs were operated 

upon at our institution. Of these, 108 (28 PNETs and 80 SBNETs) underwent LDS for their 

hepatic metastases. The demographic and clinicopathologic characteristics of the cohort are 

displayed in Table 1. The proportions of males and females in each group were not 

significantly different. The median age at surgery in the PNET group was 54.7 years old, 

and in SBNETs was 60.3 years old. In both groups, the majority of NETs were well-

differentiated and of low or intermediate grade. Substantially more SBNET patients had 

multifocal primary tumors (48.8%) compared to PNET patients (3.6%, p < .001). Seventy-

eight percent of SBNETs and 14.2% of PNETs undergoing LDS had T3 or T4 tumors. 

Nodal metastases were found in 75.0% of PNET versus 87.5% of SBNET patients. A greater 

proportion of SBNET patients had distant (non-liver) metastatic disease than PNET (50 vs. 

10.7%; p < .001).

The majority of patients were symptomatic, experiencing either abdominal pain, flushing, 

diarrhea, or some combination of those symptoms. Interestingly, PNET patients also 

frequently experienced symptoms of diarrhea and/or flushing. There was no significant 

difference in the proportion of patients who received octreotide postoperatively. 

Chemotherapy was the most common liver-directed nonsurgical treatment in PNETs, 

whereas SBNET patients were more likely to be treated with hepatic arterial embolization or 

peptide receptor radionuclide therapy.

Operative characteristics

Of the 228 PNET and SBNET patients included in the surgical database, 142 had liver 

metastases at the time of their surgery and 108 (76%) underwent LDS. The majority of 

patients had bilobar disease. The median number of lesions seen on preoperative imaging 

was 10 in PNET and 9 in SBNET patients, and the number of lesions ranged from 0-100 

(Table 2). The estimated amount of liver parenchyma replaced by tumor at presentation was 

19% in PNET and 10% in SBNET patients (p = .08). All procedures were performed in an 

open fashion. In most cases, a combination of procedures was used to debulk a patient's 

hepatic disease. Enucleation or wedge resection plus ablation was performed most often in 
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both groups. There were no significant differences between PNET and SBNET patients in 

the types of procedures used to debulk their hepatic disease, nor was there a difference in the 

amount of disease debulked (mean of 75% in PNETs and 80% in SBNETs), or the median 

number of lesions treated (6 in both PNETs and SBNETs). Of all the patients who 

underwent hepatic cytoreduction, 63.9% achieved a 70% reduction in their tumor burden. 

Attaining 90% cytoreduction was more difficult, and was achieved in only 38.9% of cases. 

Most patients also had their primary tumor resected during the same operation as their 

hepatic debulking (96.4% of PNETs, and 80.0% of SBNETs). The median length of stay in 

the two groups was approximately 1 week.

A number of clinicopathologic and disease factors were incorporated into linear regression 

models to determine predictors of achieving biochemical response to debulking and 

achieving a 70% or 90% cytoreduction. The factors examined were age at surgery, primary 

tumor multifocality, T stage, N stage, size of largest liver metastasis identified on 

preoperative imaging, percentage of hepatic tissue replacement, number of preoperative 

lesions identified on preoperative imaging, and distribution of disease (bilobar versus 

unilobar). None of the factors tested were significant in any of the models (data not shown).

Patients tolerated their surgeries well. There were no intraoperative or postoperative deaths 

within 30 days of surgery (Table 3). Patients were routinely treated with an intraoperative 

octreotide infusion at 100 mcg/hr, which was weaned off postoperatively over 24-36 hours. 

Sixty-four percent of PNET and 45% of SBNET patients experienced a complication within 

30 days of their procedure. The vast majority of complications were minor (grade I or II), 

accounting for 70.3% of the complications in PNET and 94.1% of the complications in 

SBNET patients. The major complications (grade III and IV) were mostly intraabdominal 

abscesses requiring drain placement (n = 7), though there was one pleural effusion requiring 

drainage and two cases where reoperation was required. The first reoperation was performed 

for a small bowel obstruction in a PNET patient. The second reoperation was performed for 

anastomotic leak in a patient who required transhiatal esophagectomy at the time of locally 

advanced PNET resection and hepatic cytoreduction. Ten PNET and 9 SBNET patients 

suffered more than one complication postoperatively.

Survival analysis

The median PFS for all of the patients who underwent LDS was 2.2 years. Median OS in 

this cohort was 10.5 years. Five-year PFS was 30.2%, while 5-year OS was 76.1%. The 

median follow up was 4.1 years. In PNETs, the median PFS for all those undergoing LDS 

was 1.6 years and median OS was 10.5 years. In SBNETs, the median PFS for patients 

having LDS was 2.5 years, while the median OS was not reached. In the years these patients 

were followed, there were only 17 deaths, and thus the small number of events may have 

limited the power to detect differences in OS.

A number of different disease or surgical factors were analyzed in each group of patients 

(PNETs, SBNETs, and combined groups; Table 4) to test their effect on survival. The 

amount of hepatic replacement in PNETs did not correlate with survival when categories of 

< 5% and ≥5% or < 25% and ≥25% were examined. In SBNETs, both patients with < 5% 

and < 25% tumor burden had significantly longer PFS than those with > 5% and ≥ 25% 
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replacement, respectively. In the combined group there was a significant improvement in 

PFS with < 5% and < 25% hepatic replacement. The number of hepatic lesions identified on 

preoperative imaging did not affect PFS or OS in PNETs. Both lower categories (< 5 lesions 

versus ≥ 5 lesions and < 10 versus ≥ 10 lesions) were predictive of improved PFS in 

SBNETs and the combined group, but were not significant for OS. The degree of hepatic 

debulking was associated with improved patient survival. In PNETs and in the combined 

group (Figure 1) both PFS and OS were significantly improved in those in whom ≥ 70% 

cytoreduction was achieved (versus < 70%). Only PFS, but not OS, was prolonged by 70% 

cytoreduction in the SBNET group. Ninety percent cytoreduction was associated with 

improved PFS in both groups, though differences in OS remained not significant.

Seventy-eight patients had serial biomarker results for at least 1 of the 3 markers analyzed 

and had elevated preoperative levels, and were therefore available for analysis. Seventy-five 

percent of patients with PNETs and 70% with SBNETs demonstrated a biochemical 

response in CgA, PST or NKA postoperatively (Table 2). Achieving a > 50% reduction at 

the 3 or 6 month follow up visit in any one of these biochemical markers from LDS was not 

associated with significantly greater PFS or OS. Successful 70% cytoreduction did not 

correlate with achieving a complete or partial biochemical response (p = 1).

Discussion

The optimal management of hepatic metastases in NETs has not been clearly defined, as 

prospective, randomized trials have not been performed. Such trials are implausible due to 

the rarity of this disease, the complexities associated with different primary sites, the highly 

variable number of lesions, their distribution, and the low likelihood that either patients or 

surgeons would agree to randomization. Many retrospective studies have been performed, 

but small, heterogeneous patient populations and application of a variety of surgical 

approaches hinder definitive conclusions (Table 5). One of the aims of this study was to 

determine the hepatic tumor burden in patients selected for cytoreduction and identify which 

factors correlated with improved survival, and thus guide selection of patients for LDS. We 

found that the majority of patients presented with bilobar hepatic disease, a median of 

10-19% hepatic replacement, and approximately 10 lesions seen on imaging. Of these 

factors, the degree of hepatic replacement may be the best predictor of patient outcome after 

cytoreduction as patients with < 25% replacement demonstrated significantly improved PFS 

and OS compared to those with ≥ 25% of their liver replaced by tumor. Although the 

number of lesions identified preoperatively may be a proxy of the extent of hepatic disease 

and easier to determine than the degree of hepatic replacement, this was less consistent. In 

our series, patients had a median of 6 lesions treated during their debulking procedures. 

Those patients with ≥ 5-10 hepatic lesions progressed sooner than did those with fewer 

lesions, suggesting that a cutoff of 5-10 lesions may also serve as a useful predictor of which 

patients are likely to achieve greater benefit from cytoreduction of their hepatic disease.

The effect of hepatic debulking on symptomatic improvement has been well-

established1,5,15, but its effect on hormone levels has been less well analyzed. In a study by 

Jensen et al., 18 of 19 patients (95%) had reduction of their CgA levels after hepatic 

debulking.16 Norlen et al. measured 5-HIAA levels in 103 patients undergoing hepatic 
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debulking with ablation and/or resection and found significant reductions in postoperative 

levels.17 Nearly 70% of patients in the current study series had reductions in CgA, NKA or 

PST after undergoing cytoreduction. In many cases, this correlated with reduction or 

amelioration of symptoms. Interestingly, a reduction in biomarker levels ≥ 50% did not 

correlate with improved PFS or OS in any group. The results are likely to have been affected 

by the number of patients excluded due to incomplete data (n=27). The degree of 

cytoreduction achieved did not have a consistent correlation with postoperative biomarker 

levels, although this observation would also be influenced by the amount of extrahepatic 

disease remaining, progression in the interval prior to postoperative biomarker levels being 

drawn (usually done at 3 months), and the accuracy of the debulking estimates.

The optimal target for hepatic cytoreduction in NETs is still uncertain. McEntee et al.'s early 

experience with 37 NET patients set the debulking target at 90%,10 although the rationale 

for choosing this threshold is unclear. Nevertheless, this has continued to be considered the 

standard, as endorsed by Que et al. in 199518 and Mayo et al. in 2010.4 Unfortunately, this 

approach may exclude 67-90% of patients with hepatic metastases from surgical 

consideration.11 An alternative debulking target of 70% has been suggested recently. In 

2008, Chambers et al. published their experience with 33 patients in whom a 70% debulking 

target was used. Utilizing a combination of resection and ablation, 74% 5-year OS was 

achieved.1 Graff-Baker et al. observed that equal proportions of patients had progression of 

their liver disease regardless of whether 70-89%, 90-99% or 100% of their hepatic tumor 

burden was cytoreduced, and therefore also advocated for using a 70% debulking 

threshold.12 In our series, debulking was attempted in a much higher proportion of patients 

(76%; 108/142) with hepatic NET metastases, although this denominator did not include 

patients seen with > 70% liver replacement who were not considered candidates for surgery, 

and patients known to have aggressive, high-grade tumors preoperatively. This denominator 

does include patients with diffuse, small metastases in whom we resected their primary 

tumors, but significant cytoreduction was not considered feasible. McEntee et al. and Glazer 

et al. noted that only operating upon patients for curative intent or with a goal of debulking 

90% of their disease resulted in selection of only 9-25% of patients for surgery.9,19 In this 

study, we were able to demonstrate significantly improved PFS and OS in patients that 

achieved 70% cytoreduction. Interestingly, although 90% cytoreduction improved PFS in 

our patients, it did not significantly impact OS, perhaps due to the relatively small number of 

death events. These results support previous suggestions that a debulking target of 70% may 

be reasonable.

Regardless of surgical approach or margin status, nearly all patients will have recurrence of 

their hepatic disease.4 Thus, hepatic cytoreduction is primarily palliative, even when 

approached with curative intent, and multiple studies have documented equivalence in 

patient outcome with R0 versus R1/R2 resections.4,6,9 Adoption of PSD procedures accepts 

the inevitability of recurrence but benefits the patient by minimizing the amount of healthy 

liver tissue removed or damaged during the operation. Patients treated with PSD in the 

current series attained superior 5-year OS (72%) compared to that of Akyildiz et al. (57%) 

using laparoscopic RFA alone20. Further, PSD is associated with low morbidity and 

mortality (approximately 20-30% morbidity in most published reports). In this series, only 
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13% of patients experienced a major complication as a result of their debulking operation. 

There were no mortalities, pancreatic fistulas requiring drainage, bile duct injuries, nor 

hepatic abscesses noted. These results suggest these procedures may be performed safely 

and have the advantage of leaving more functional liver tissue intact.

The limitations of this study are the nonblinded fashion in which the percent of hepatic 

debulking was determined, the error introduced into the liver replacement estimates, and the 

lack of a control group. The lack of blinding could have introduced bias into the analysis, as 

the surgeon determining the extent of debulking could have been influenced by his 

knowledge of each patient's clinical course and status at follow up. Another potential issue is 

the accuracy of liver replacement and debulking estimates. Although the reviewing 

surgeon's assessments of preoperative liver replacement were very close to that of the 

radiologists (in the 27 cases where the radiologists made a call on percent replacement 

preoperatively), an approximate 10% margin of error should be taken for these estimates. 

The absence of control group in this study makes it difficult to determine whether the 

outcomes were a function of the hepatic debulking procedures used, or secondary to other 

factors. In SEER, the median survival of patients with PNETs and M1 disease is 2 years, and 

for SBNETs is 4.7 years7, which are significantly shorter than the current median survival of 

our groups at 10.5 years and survival not reached, respectively. This is not a fair comparison 

in that SEER patients may not have had their primaries removed, a low fraction probably 

had debulking surgery, and a lower percentage may have received Octreotide, embolization, 

or other therapies. However, our results do compare favorably to other series employing 

debulking (Table 5), many of which were highly selective to include only patients in whom 

90% debulking could be achieved.

This series demonstrates that using primarily PSD procedures for NET metastases is safe, 

allows for treatment of the majority of patients, and gives survival results comparable to 

series primarily using resection (Table 5). This method is uniquely suited to NET patients, 

as multiple, bilobar metastases can be treated during a single operation, as well as the 

primary tumor. Healthy parenchyma is spared, maintaining the option of future 

cytoreductive procedures, and possibly reducing the risk of hepatic failure. The majority of 

our patients treated with PSD procedures had ≥ 70% of their hepatic disease debulked, with 

low rates of morbidity and no mortality. Further study is required to ascertain which patients 

are most likely to achieve 70% debulking of their disease, as our preliminary analyses failed 

to identify which patient or disease factors were associated with successful debulking. 

Finally, based on improvements in PFS and OS when 70% cytoreduction is achieved, our 

results support lowering the threshold for selecting patients for surgical debulking to 70% in 

whom this can be accomplished.
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Figure 1. Kaplan-Meier curve of PFS (a) and OS (b) in all NET patients who were stratified by 
amount of hepatic disease debulked
Patients enjoyed longer PFS and OS if 70% reduction of their hepatic tumor burden could be 

achieved.

Maxwell et al. Page 11

Surgery. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Maxwell et al. Page 12

Table 1
Demographics and clinicopathologic characteristics of the NET cohort who underwent 
liver directed surgery

The single PNET patient with a familial syndrome had MEN1.

PNET (n=28) SBNET (n=80) p value

Sex

 M 13 (46.4%) 49 (61.3%) .25

 F 15 (53.6%) 31 (38.8%) .25

Median age at surgery 54.7 (22.68-79.26) 60.3 (15-80.5) .01

 Grade

 G1/G2 25 (89.3%) 74 (92.5%) .89

 G3 2 (7.1%) 2 (2.5%) .59

Not graded 1 (3.6%) 4 (5.0%) 1

Multifocal primary 1 (3.6%) 39 (48.8%) < .001

Functional primary tumor 3 (10.7%) 56 (70.0%) < .001

T stage

 T1 8 (28.6%) 2 (2.5%) < .001

 T2 16 (57.1%) 12 (15.0%) < .001

 T3 2 (7.1%) 29 (36.3%) < .001

 T4 2 (7.1%) 34 (42.5%) < .001

N stage

 N0 4 (14.3%) 9 (11.3%) .93

 N1 21 (75.0%) 70 (87.5%) .21

Distant metastases (non-liver, non-LN) 3 (10.7%) 40 (50.0%) < .001

Familial syndrome 1 (3.6%) NA

Preoperative symptoms

 Abdominal pain only 8 (30%) 15 (19%) .37

 Abdominal pain + diarrhea and/or flushing 7 (26%) 36 (46%) .12

 Diarrhea and/or flushing only 5 (19%) 20 (25%) .65

 No symptoms 7 (26%) 8 (10%) .50

Non-surgical therapies

 Octreotide 25 (89.3%) 66 (82.5%) .58

 Hepatic arterial embolization 6 (21.4%) 14 (17.5%) .86

 Systemic chemotherapy 14 (50.0%) 6 (7.5%) < .001

 Peptide receptor radionuclide therapy 2 (7.1%) 13 (16.3%) .38
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Table 2
Radiologic, surgical and biochemical findings

PNET (n=28) SBNET (n=80) p value

Multiple hepatic debulking surgeries 2 (7.1%) 4 (5.0%) 1

Median # of hepatic lesions visualized preoperatively on CT or MRI 10 (0-100) 9 (0-85) .68

Median % of liver parenchyma replaced by tumor 19% (1-50) 10% (0-55%) .08

Bilobar hepatic disease 23 (82.1%) 63 (78.8%) .91

Median % of liver disease debulked 75% (13-100%) 80% (0-100) .37

# achieved 70% cytoreduction 18 (64.3%) 51 (63.8%) 1

# achieved 90% cytoreduction 10 (35.7%) 32 (40.0%) .86

Type of liver procedures performed

 Enucleation or wedge only 6 (21.4%) 17 (21.3%) 1

 Ablation only 4 (14.3%) 6 (7.5%) .49

 Resection only 0 1 (1.3%) 0

 Enucleation/wedge + ablation 16 (57.1%) 53 (66.3%) .53

 Enucleation/wedge + ablation + resection 1 (3.7%) 0 .581

 Enucleation/wedge + resection 1 (3.6%) 3 (3.8%) 1

Median # of hepatic lesions treated 6 (1-19) 6 (0-36) .96

Primary resected at time of liver surgery 27 (96.4%) 64 (80.0%) .08

Median length of stay (days) 8 (5-17) 7 (5-24) .83

Biochemical response (CgA, PST, NKA)

 Nonresponder 5 (25%) 18 (32.1%) .75

 Biochemical response 15 (75%) 43 (70.5%) 1

Surgery. Author manuscript; available in PMC 2017 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Maxwell et al. Page 14

Table 3
Postoperative complications

All complications were classified using the Clavien-Dindo system.

PNET (n=28) SBNET (n=80)

Total # of 30-day complications 37 complications in 18 patients 51 complications in 36 patients

Grade of complication (Clavian Dindo classification)

 I 7 (18.9%) 20 (39.2%)

 II 19 (51.4%) 28 (54.9%)

 III 7 (18.9%) 3 (5.9%)

 IV 4 (10.8%) 0

Reoperations due to postoperative complications 2 0

30 day postoperative mortality 0 0
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