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ABSTRACT

Background. Approximately 40–50% of patients with

pancreatic neuroendocrine tumors (pNETs) initially present

with distant metastases. Little is known about the outcomes

of patients undergoing combined pancreatic and hepatic

resections for this indication.

Methods. Patients who underwent hepatectomy for meta-

static pNETs at Mayo Clinic Rochester from 2000 to 2020

were retrospectively reviewed. Major pancreatectomy was

defined as pancreaticoduodenectomy or total pancreatec-

tomy, and major hepatectomy as right hepatectomy or

trisegmentectomy. Characteristics and outcomes of patients

who underwent pancreatectomy with simultaneous hepa-

tectomy were compared with those of patients who

underwent isolated hepatectomy (with or without prior

history of pancreatectomy).

Results. 205 patients who underwent hepatectomy for

metastatic pNETs were identified: 131 underwent pancre-

atectomy with simultaneous hepatectomy and 74

underwent isolated hepatectomy. Among patients under-

going simultaneous hepatectomy, 89 patients underwent

minor pancreatectomy with minor hepatectomy, 11 patients

underwent major pancreatectomy with minor hepatectomy,

30 patients underwent minor pancreatectomy with major

hepatectomy, and 1 patient underwent major pancreatec-

tomy with major hepatectomy. Patients undergoing

simultaneous hepatectomy had more numerous liver

lesions (10 or more lesions in 54% vs. 34%, p = 0.008), but

the groups were otherwise similar. Rates of any major

complications (31% versus 24%, p = 0.43), hepatectomy-

specific complications such as bile leak, hemorrhage, and

liver failure (0.8–7.6% vs. 1.4–12%, p = 0.30–0.99), and

90-day mortality (1.5% vs. 2.7%, p = 0.62) were similar

between the two groups. 5-year overall survival was 64%

after combined resections and 65% after isolated hepatec-

tomy (p = 0.93).

Conclusion. For patients with metastatic pNETs, com-

bined pancreatic and hepatic resections can be performed

with acceptable morbidity and mortality in selected

patients at high-volume institutions.

Pancreatic neuroendocrine tumors (pNETs) are rare

tumors, representing only about 1–2% of pancreatic

malignancies, but their incidence has significantly

increased in the last few decades, particularly for smaller

early stage tumors.1,2 Although pNETs usually exhibit

more indolent behavior than pancreatic adenocarcinoma,

distant metastases are evident in 40–50% of patients at the

time of initial diagnosis.2,3 The presence of distant

metastases is one of the strongest predictors of poor

prognosis, with an overall 5-year survival of approximately

20–40% in this group.4–6 Interestingly, even in the pres-

ence of distant metastases, primary tumor resection has

been associated with a possible survival benefit.7,8 Distant

metastases are most commonly found in the liver, involved
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in about 90% of cases, and debulking hepatectomy has not

only been associated with a survival benefit, but may also

provide symptomatic relief in patients with hormonally

functional tumors.9–12 Historically, debulking hepatectomy

was recommended only when at least 90% of hepatic dis-

ease could be resected, but more recent studies have

suggested that lowering this threshold to 70% may also be

of benefit.13,14

Current consensus guidelines from the North American

Neuroendocrine Tumor Society (NANETS) state that data

on the safety of combined pancreatectomy and hepatec-

tomy in patients presenting with pNETs and synchronous

liver metastases are lacking.15 While several studies have

reported the short-term outcomes of simultaneous resection

of any primary neuroendocrine tumor and liver metastases,

the majority of primary tumors included in these studies

were of small intestinal origin, the resection of which

carries a vastly different risk profile compared with pan-

createctomy.14,16,17 Similarly, while several studies have

reported the short-term outcomes of patients undergoing

simultaneous pancreatectomy and hepatectomy for various

indications, only a minority were performed for

pNETs.18–24

Compared with other indications for combined pancre-

atectomy and hepatectomy, patients with metastatic pNETs

undergo different types of both pancreatic and hepatic

resections, have higher complication rates after pancrea-

tectomy, and have an overall better prognosis.20,25

Therefore, dedicated studies in this particular population

are needed. The aim of this study was to provide data on

the safety of pancreatectomy with simultaneous hepatec-

tomy in patients with metastatic pNETs by evaluating our

institutional experience with these resections and compar-

ing short-term outcomes with those of patients undergoing

isolated hepatectomy for pNET liver metastases.

METHODS

The study was approved by the Mayo Clinic Institu-

tional Review Board. Patients who underwent hepatectomy

for metastatic pNETs at Mayo Clinic Rochester from

January 2000 to December 2020 were identified. Clinical

data were obtained from medical records. Simultaneous

hepatectomy was defined as hepatectomy performed with

curative or debulking intent at the same time as primary

tumor resection. Isolated hepatectomy was defined as

hepatectomy without concurrent pancreatectomy (with or

without prior history of pancreatectomy). Extent of resec-

tion was estimated based on operative notes, including

descriptions of intraoperative ultrasound, and by compar-

ing pre- and postoperative cross-sectional imaging. Extent

of resection was categorized as 70–90% or [ 90%, and

patients who underwent resection of less than 70% of

hepatic disease were excluded. Patients who underwent

resection of all visible disease were considered to have

undergone[90% debulking, recognizing that even in this

group, resection is almost never complete due to micro-

scopic lesions that are unable to be visualized on

preoperative or intraoperative imaging.26 Major pancrea-

tectomy was defined as pancreaticoduodenectomy or total

pancreatectomy, and minor pancreatectomy as distal pan-

createctomy or enucleation. Major hepatectomy was

defined as right hepatectomy or trisegmentectomy (with or

without minor resections of the contralateral lobe) and

minor hepatectomy as all other types of resections based on

data from the National Surgical Quality Improvement

Program (NSQIP).27

Severity of comorbidities was calculated according to

the Charlson Comorbidity Index (CCI).28 As all patients in

this study had metastatic cancer, the lowest possible CCI

score was 6. Patients were considered to have a hereditary

cancer syndrome if they had positive genetic testing or met

the best available clinical criteria for one of the following

syndromes associated with pNET formation: multiple

endocrine neoplasia type 1, von Hippel-Lindau, tuberous

sclerosis, or neurofibromatosis type 1.29–32 Tumor grade

was assigned according to the 2019 World Health Orga-

nization (WHO) classification of neuroendocrine

neoplasms of the digestive system in cases where Ki-67

and/or mitotic count were available. If neither Ki-67 nor

mitotic count were available, the grade assigned by the

reviewing pathologist was used. The Clavien-Dindo system

was used to classify postoperative complications occurring

within 90 days of surgery and major complications were

defined as Clavien-Dindo C 3.33 Pancreatectomy-specific

complications [postoperative pancreatic fistula (POPF),

post-pancreatectomy hemorrhage (PPH), delayed gastric

emptying (DGE)] and hepatectomy-specific complications

[post-hepatectomy bile leakage (PHBL), post-hepatectomy

hemorrhage (PHH), post-hepatectomy liver failure

(PHLF)] were defined and graded according to the

respective International Study Group of Pancreatic Surgery

(ISGPS) and International Study Group of Liver Surgery

(ISGLS) classifications.34–39 For patients undergoing

simultaneous pancreatectomy and hepatectomy, PPH and

PHH were combined into one complication due to overlap

in diagnostic criteria.

For statistical analysis, chi-square or Fisher’s exact tests

were utilized for comparing categorical variables and

Mann-Whitney U test or Kruskal-Wallis one-way analysis

of variance for comparing the medians of continuous

variables. Overall and progression-free survival were esti-

mated according to the Kaplan-Meier method and

differences observed among patient subgroups were

assessed by the log-rank test. Overall survival was
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calculated from the date of surgery to the date of death or

to the date of most recent follow-up for non-deceased

patients. Progression was defined as findings on imaging

consistent with recurrence or increased tumor burden with

or without pathologic confirmation. Progression-free sur-

vival was calculated from the date of surgery to the date of

progression or to the date of most recent follow-up for

patients who did not have progression. Two-sided p-values

were computed and p\ 0.05 was considered statistically

significant. All statistical calculations were performed

using R (version 4.0.0).

RESULTS

Short-Term Outcomes After Simultaneous Versus

Isolated Hepatectomy

From 2000 to 2020, 131 patients underwent pancreate-

ctomy with simultaneous hepatectomy and 74 patients (18

with synchronous metastases and 56 with metachronous

metastases) underwent isolated hepatectomy for metastatic

pNETs at Mayo Clinic Rochester (Fig. 1). Of the 74

patients who underwent isolated hepatectomy, 67 had

previously undergone resection of the primary tumor. The

remaining seven patients underwent hepatectomy for

symptomatic disease (n = 2) or debulking purposes only

(n = 5), while the pancreatic tumors were left in place due

to unresectability or necessitating an extensive resection

not considered worth pursuing in the presence of metastatic

disease. The characteristics of patients who underwent

simultaneous versus isolated hepatectomy are shown in

Table 1. No significant difference was found in age, sex,

race, comorbidity index, tumor functionality, presence of a

hereditary cancer syndrome, Ki-67 index, overall tumor

grade, or length of follow-up. Patients in the simultaneous

hepatectomy group were more likely to have 10 or more

liver lesions (54% versus 34%, p = 0.008), but no signifi-

cant difference was found in largest lesion size (median 42

versus 34 mm, p = 0.26) or prevalence of extrahepatic

disease (8.4% versus 8.1%, p = 0.99).

Major hepatectomy was performed in 55 patients (27%):

35 of 108 patients (32%) in the earlier half of the study

period and 20 of 97 patients (21%) in the latter half (p =

0.08). Overall, major hepatectomy was performed in 31

patients (24%) in the simultaneous hepatectomy group and

24 patients (32%) in the isolated hepatectomy group (p =

0.23). Resection of[90% of hepatic disease was achieved

in 123 patients (94%) in the simultaneous hepatectomy

group and 72 patients (97%) in the isolated hepatectomy

group (p = 0.34). A minimally invasive approach was

utilized in 8 patients (6.1%) in the simultaneous hepatec-

tomy group and 5 patients (6.8%) in the isolated

hepatectomy group (p = 0.99). Intraoperative ablation was

used in combination with resection in 58 patients (44%) in

the simultaneous hepatectomy group and 26 patients (35%)

in the isolated hepatectomy group (p = 0.26). Perioperative

outcomes of patients who underwent simultaneous versus

isolated hepatectomy are shown in Table 2. Patients

undergoing simultaneous hepatectomy had longer opera-

tive times (median 290 versus 219 minutes, p \ 0.001),

higher estimated blood loss ([ 1000 ml in 34% versus

12%, p = 0.002), and a higher rate of transfusions intra-

operatively or in the first 72 h after surgery (44% versus

27%, p = 0.028). The simultaneous hepatectomy group had

longer lengths of stay than the isolated hepatectomy group

(median 7 versus 6 days, p\ 0.001), but when compared

with the combined length of stay following both pancrea-

tectomy and hepatectomy in the isolated hepatectomy

group, median length of stay was shorter after simultaneous

hepatectomy (median 7 versus 14 days, p \ 0.001). No

significant difference was found in the rates of any major

complications (31% versus 24%, p = 0.43), grade B-C

Pancreatectomy with

simultaneous hepatectomy

(n=131)

Synchronous

metastases

(n=18)

Metachronous

metastases

(n=56)

Isolated hepatectomy (with or

without prior pancreatectomy)

(n=74)

Minor hepatectomy

(n=50)

Minor pancreatectomy

w/ minor hepatectomy

(n=89)

Major pancreatectomy

w/ minor hepatectomy

(n=11)

Minor pancreatectomy

w/ major hepatectomy

(n=30)

Major pancreatectomy

w/ major hepatectomy

(n=1)

Major hepatectomy

(n=24)

FIG. 1. Study cohort.

Diagram showing the number of

patients in the simultaneous

versus isolated hepatectomy

groups, as well as the different

combinations of

pancreatectomy and/or

hepatectomy for each group
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hepatectomy-specific complications such as PHBL (6.9%

versus 12%, p = 0.30), PPH/PHH (7.6% versus 5.4%, p =

0.77), and PHLF (0.8% versus 1.4%, p = 0.99), or

unplanned reoperations (5.3% versus 8.1%, p = 0.63).

Overall, mortality was low and similar across groups at 30

days (0.8% versus 2.7%, p = 0.30) and 90 days (1.5%

versus 2.7%, p = 0.62) from surgery.

Short-Term Outcomes After Different Combinations

of Simultaneous Pancreatectomy and Hepatectomy

Of the 131 patients who underwent pancreatectomy with

simultaneous hepatectomy, 89 patients (70%) underwent

minor pancreatectomy with minor hepatectomy, 11 patients

(8.4%) major pancreatectomy with minor hepatectomy, 30

patients (23%) minor pancreatectomy with major hepate-

ctomy, and 1 patient (0.8%) major pancreatectomy with

major hepatectomy (Fig. 1). Patient characteristics of the

TABLE 1. Characteristics of patients who underwent pancreatectomy with simultaneous hepatectomy compared with those who underwent

isolated hepatectomy for synchronous or metachronous metastases

Simultaneous hepatectomy (n = 131) Isolated hepatectomy (n = 74) p-value

Age (years) 56 (45–64) 57 (50–63) 0.62

Female sex 59 (45%) 36 (49%) 0.72

White racea 120 (93%) 70 (96%) 0.54

Charlson Comorbidity Index 7 (6–8) 8 (7–8) 0.14

Functional tumor 26 (20%) 12 (16%) 0.65

Hereditary cancer syndrome 10 (7.6%) 7 (13%) 0.39

Ki-67 C3%a 58 (84%) 24 (71%) 0.18

Overall grade C2a 86 (76%) 45 (67%) 0.26

10? liver metastases 71 (54%) 25 (34%) 0.008

Largest liver lesion (mm) 42 (22–65) 34 (19–61) 0.26

Extrahepatic disease 11 (8.4%) 6 (8.1%) 0.99

Follow-up (months) 48 (24–97) 57 (19–118) 0.81

Categorical variables are shown as number (percentage) and continuous variables as median (interquartile range)
aPatients with missing information on race (n = 3), Ki-67 (n = 102), and grade (n = 25) were excluded from the respective analyses.

TABLE 2. Perioperative outcomes of patients who underwent pancreatectomy with simultaneous hepatectomy compared with those who

underwent isolated hepatectomy

Simultaneous hepatectomy (n = 131) Isolated hepatectomy (n = 74) p-value

Major hepatectomy 31 (24%) 24 (32%) 0.23

Operative time (minutes)a 290 (247–366) 219 (171–262) \ 0.001

Estimated blood loss[1000 mla 44 (34%) 8 (12%) 0.002

Transfusion within 72 hours 57 (44%) 20 (27%) 0.028

Major complications (CD C3) 40 (31%) 18 (24%) 0.43

PHBL (grades B-C) 9 (6.9%) 9 (12%) 0.30

PPH or PHH (grades B-C) 10 (7.6%) 4 (5.4%) 0.77

PHLF (grades B-C) 1 (0.8%) 1 (1.4%) 0.99

Unplanned reoperation 7 (5.3%) 6 (8.1%) 0.63

Length of stay (days) 7 (6-11) 6 (4–8) \ 0.001

30-day mortality 1 (0.8%) 2 (2.7%) 0.30

90-day mortality 2 (1.5%) 2 (2.7%) 0.62

Categorical variables are shown as number (percentage) and continuous variables as median (interquartile range)

CD, Clavien-Dindo; PHBL, post-hepatectomy bile leakage; PPH, post-pancreatectomy hemorrhage; PHH, post-hepatectomy hemorrhage;

PHLF, post-hepatectomy liver failure
aPatients with missing information on operative time (n = 2) and estimated blood loss (n = 8) were excluded from the respective analyses
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first three groups are shown in Table 3. No significant

difference was found in age, sex, race, comorbidity index,

tumor functionality, presence of a hereditary cancer syn-

drome, primary tumor size, Ki-67 index, overall tumor

grade, or length of follow-up. The median size of the lar-

gest liver lesion was 35 mm in patients who underwent

minor pancreatectomy with minor hepatectomy, 22 mm in

those who underwent major pancreatectomy with minor

hepatectomy, and 65 mm in those who underwent minor

pancreatectomy with major hepatectomy (p\ 0.001). No

significant difference was found in number of liver lesions

(10 or more lesions in 27–63%, p = 0.12) or prevalence of

extrahepatic disease (0.0–17%, p = 0.19) between the three

groups.

Perioperative outcomes of patients who underwent

pancreatectomy with simultaneous hepatectomy stratified

by type of procedure are shown in Table 4. No significant

difference was observed for median operative time, fre-

quency of estimated blood loss [ 1000 ml, or rate of

transfusion intraoperatively or within 72 h from surgery

between the three groups. The rate of grade B–C PPH or

PHH was 4.5% after minor pancreatectomy with minor

hepatectomy, 27% after major pancreatectomy with minor

hepatectomy, and 10% after minor pancreatectomy with

major hepatectomy (p = 0.031). No significant difference

was observed for the rate of any major complications

(26–46%, p = 0.18) or other grade B-C hepatectomy- or

pancreatectomy-specific complications such as PHBL

(0.0–17%, p = 0.07), PHLF (0.0–3.3%, p = 0.32), POPF

(17–27%, p = 0.48), and DGE (4.5–18%, p = 0.07).

Additionally, rates of unplanned reoperation were similar

(4.5–9.1%, p = 0.53). Median length of stay was 7 days

after minor pancreatectomy with minor hepatectomy, 13

days after major pancreatectomy with minor hepatectomy,

and 12 days after minor pancreatectomy with major hep-

atectomy (p = 0.001). No significant difference was

observed in the rate of mortality at 30 days (0.0–1.1%, p =

0.99) or 90 days (0.0–9.1%, p = 0.21) from surgery.

Long-Term Outcomes After Simultaneous Versus

Isolated Hepatectomy

Five-year overall survival was 64% (95% CI 55–75)

after simultaneous hepatectomy and 65% (95% CI 54–78)

after isolated hepatectomy, and 10-year overall survival

was 45% (95% CI 34–58) after simultaneous hepatectomy

and 42% (95% CI 30–58) after isolated hepatectomy.

Median overall survival was 9.3 years (95% CI 6.3–12.3)

after simultaneous hepatectomy and 7.2 years (95% CI

6.0–13.2) after isolated hepatectomy. Two-year

TABLE 3. Characteristics of patients who underwent pancreatectomy with simultaneous hepatectomy stratified by types of procedures. One

patient who underwent major pancreatectomy with major hepatectomy was excluded from comparison

Minor pancreatectomy with minor

hepatectomy (n = 89)

Major pancreatectomy with minor

hepatectomy (n = 11)

Minor pancreatectomy with major

hepatectomy (n = 30)

p-

value

Age (years) 58 (46–63) 59 (51–66) 53 (44–66) 0.71

Female sex 41 (46%) 4 (36%) 13 (43%) 0.85

White racea 82 (93%) 11 (100%) 26 (90%) 0.63

Charlson

Comorbidity

Index

7 (6–8) 8 (7–8) 7 (6–8) 0.56

Functional tumor 16 (18%) 3 (27%) 7 (23%) 0.56

Hereditary cancer

syndrome

6 (6.7%) 2 (18%) 2 (6.7%) 0.34

Primary tumor size

(mm)

46 (29–70) 40 (38–49) 47 (31–74) 0.79

Ki-67 C3%a 38 (86%) 5 (71%) 14 (82%) 0.54

Overall grade C2a 60 (77%) 6 (75%) 19 (73%) 0.93

10? liver

metastases

48 (54%) 3 (27%) 19 (63%) 0.12

Largest liver lesion

(mm)

35 (20–60) 22 (14–28) 65 (56–107) \0.001

Extrahepatic disease 6 (6.7%) 0 (0.0%) 5 (17%) 0.19

Follow up (months) 48 (21–97) 38 (19–72) 53 (38–87) 0.33

Categorical variables are shown as number (percentage) and continuous variables as median (interquartile range)
aPatients with missing information on race (n = 2), Ki-67 (n = 62), and grade (n = 18) were excluded from the respective analyses
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progression-free survival was 26% (95% CI 19–35) after

simultaneous hepatectomy and 31% (95% CI 22–45) after

isolated hepatectomy, and 5-year progression-free survival

was 7% (95% CI 3–15) after simultaneous hepatectomy

and 15% (95% CI 8–27) after isolated hepatectomy.

Median progression-free survival was 9.0 months (95% CI

7.0–13.0) after simultaneous hepatectomy and 12 months

(95% CI 8.0–20.0) after isolated hepatectomy. Kaplan-

Meier survival curves are shown in Fig. 2 and were similar

for overall (p = 0.93) and progression-free (p = 0.21) sur-

vival. In total, 29 patients (14%) went on to have a second

hepatectomy: 14 (11%) in the simultaneous hepatectomy

group and 15 (20%) in the isolated hepatectomy group (p =

0.09).

DISCUSSION

pNETs with synchronous liver metastases are frequently

encountered and optimal management in patients with

resectable disease involves both resection of the primary

pancreatic tumor and debulking hepatectomy to improve

survival, as well as to provide symptomatic relief in the

case of functional disease.10–15 In most circumstances, the

preferred approach at our institution has been to address

both the pancreas and liver during the same operation,

therefore sparing the patient a second operation. However,

little has been published about the safety of these combined

procedures. In this study, we report a 21-year institutional

experience of performing pancreatectomy with simultane-

ous hepatectomy for metastatic pNETs and compare

outcomes with those of patients who underwent isolated

hepatectomy (with or without prior history of pancreatec-

tomy) for the same indication.

Several studies have reported the outcomes of patients

undergoing combined pancreatic and hepatic resections for

either biliary tract malignancies only or for any indication,

including pNETs and a variety of locally aggressive non-

hepatobiliary intra-abdominal malignancies.18–23 Those

that included patients undergoing distal pancreatectomy

with any type of hepatectomy or pancreaticoduodenectomy

with minor hepatectomy generally reported accept-

able morbidity and mortality rates following these

procedures, but unacceptably high rates after combined

pancreaticoduodenectomy and major hepatectomy, with

TABLE 4. Perioperative outcomes of patients who underwent pancreatectomy with simultaneous hepatectomy stratified by types of procedures

Minor pancreatectomy with minor

hepatectomy (n=89)

Major pancreatectomy with minor

hepatectomy (n = 11)

Minor pancreatectomy with major

hepatectomy (n = 30)

p-

value

Operative time

(minutes)

286 (248–361) 349 (294–457) 273 (224–360) 0.07

Estimated blood loss

[1000 ml

26 (29%) 6 (55%) 12 (40%) 0.18

Transfusion within

72 hours

40 (45%) 4 (36%) 12 (40%) 0.81

Major

complications

(CD C3)

23 (26%) 5 (46%) 12 (40%) 0.18

PHBL (grades B-C) 4 (4.5%) 0 (0.0%) 5 (17%) 0.07

PPH or PHH

(grades B-C)

4 (4.5%) 3 (27%) 3 (10%) 0.031

PHLF (grades B-C) 0 (0.0%) 0 (0.0%) 1 (3.3%) 0.32

POPF (grades B-C) 15 (17%) 2 (20%)a 8 (27%) 0.48

DGE (grades B-C) 4 (4.5%) 2 (18%) 4 (13%) 0.07

Unplanned

reoperation

4 (4.5%) 1 (9.1%) 2 (6.7%) 0.53

Length of stay

(days)

7 (6–8) 13 (6–17) 12 (7–17) 0.001

30-day mortality 1 (1.1%) 0 (0.0%) 0 (0.0%) 0.99

90-day mortality 1 (1.1%) 1 (9.1%) 0 (0.0%) 0.21

One patient who underwent major pancreatectomy with major hepatectomy was excluded from the comparison

Categorical variables are shown as number (percentage) and continuous variables as median (interquartile range).

CD, Clavien-Dindo; PHBL, post-hepatectomy bile leakage; PPH, post-pancreatectomy hemorrhage; PHH, post-hepatectomy hemorrhage;

PHLF, post-hepatectomy liver failure; POPF, postoperative pancreatic fistula; DGE, delayed gastric emptying
aPatients who underwent total pancreatectomy (n = 1) were excluded from the POPF denominator
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perioperative mortality rates of up to 21%. The one study

to focus specifically on combined pancreatic and hepatic

resections in patients with metastatic pNETs was published

by our group in 2002 and described the outcomes of 23

patients who underwent distal pancreatectomy with either

minor or major hepatectomy in the pre-2000 era.40 In that

cohort, major complications occurred in 18% of patients

and there was no perioperative mortality.

In the present study, we further expand on our institu-

tional data, including not only distal pancreatectomies but

all types of pancreatic resections, and add a comparison

with patients undergoing isolated hepatectomy for the same

indication. We found that compared with isolated hepate-

ctomy, pancreatectomy with simultaneous hepatectomy

was associated with longer operative times, higher esti-

mated blood loss, and higher transfusion rates. Patients

who underwent isolated hepatectomy had slightly higher,

although not statistically significant, rates of hepatectomy-

specific complications, unplanned reoperations, and peri-

operative mortality, which is likely due to the slightly

higher rate of major hepatectomy in this group. Patients

who underwent simultaneous hepatectomy had slightly

longer lengths of stay following surgery, but when com-

pared with the combined length of stay in patients who

underwent both isolated pancreatectomy and isolated hep-

atectomy, overall length of stay was significantly shorter

when the procedures were combined. Both groups had

good long-term survival with 5-year overall survival rates

of approximately 65% from surgery, which is similar to

what has previously been reported, and important when

considering aggressive resections for patients with meta-

static disease.12,13 While both groups demonstrated good

overall survival following surgery, the 5-year progression-

free survival rate was only 7–15%, demonstrating that

although these resections can improve symptoms and

prolong survival, they are almost never curative. Although

survival rates were similar, care should be taken when

comparing these groups as all patients in the simultaneous

hepatectomy group had synchronous metastases while

patients in the isolated hepatectomy group had a mixture of

synchronous and metachronous metastatic disease

The majority of our combined pancreatectomy and

hepatectomy cohort underwent minor pancreatectomy

(distal pancreatectomy or enucleation) with either minor or

major hepatectomy. A small subset underwent major pan-

createctomy (pancreaticoduodenectomy or total

pancreatectomy) with minor hepatectomy, but only one

patient underwent combined major pancreatectomy and

major hepatectomy. At our institution, patients requiring

both major pancreatectomy and major hepatectomy are

typically managed with staged procedures, which is sup-

ported by several studies reporting poor outcomes when

these procedures have been combined for other indica-

tions.18–20 When the different procedure combinations

were compared, we observed a significantly higher rate of

PPH or PHH after major pancreatectomy with minor hep-

atectomy compared with other combinations. Similarly, the

highest rates of any major complication and 90-day
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FIG. 2. Kaplan-Meier curves for overall and progression-free survival after simultaneous pancreatectomy and hepatectomy (n = 131) and

isolated hepatectomy (n = 74). Survival curves were similar for overall (p = 0.93) and progression-free (p = 0.21) survival
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mortality were seen after major pancreatectomy with minor

hepatectomy, although these differences were not statisti-

cally significant, possibly due to the small size of some of

the subgroups. Similar trends in overall complication and

perioperative mortality rates were observed by Tran et al.

in a recent analysis of combined pancreatic and hepatic

resections for all indications in the NSQIP database.19 This

suggests that for patients undergoing combined pancreatic

and hepatic resections, short-term outcomes are more sig-

nificantly affected by the extent of pancreatic resection

rather than the extent of hepatic resection. This can be

contrasted with data on combined primary tumor and

hepatic resections for metastatic colorectal cancer, where

both institutional and NSQIP data have shown that short-

term outcomes are more significantly affected by the extent

of hepatic resection.26,41

The study has several limitations. The retrospective

single-center design, with all resections performed at a

center with extensive experience with these operations,

means that our conclusions may not be applicable to every

institution. Furthermore, as Ki-67 was rarely reported prior

to the publication of the 2010 WHO classification for

neuroendocrine neoplasms of the digestive system, Ki-67

data is missing in approximately half of the study cohort

and overall grade reported in those patients may not be

fully comparable with the grading system currently in use.

Lastly, as all patients in the simultaneous hepatectomy

group had synchronous metastatic disease but the isolated

hepatectomy group included patients with both syn-

chronous and metachronous metastases, we acknowledge

that these groups may not be fully comparable. While we

believe that short-term outcomes can appropriately be

compared between the two groups, this must be considered

when comparing long-term survival.

CONCLUSION

In conclusion, combining minor hepatectomy with any

type of pancreatectomy and major hepatectomy with minor

pancreatectomy is safe and should be considered in all

patients presenting with pNETs with synchronous liver

metastases and resectable disease. Although not supported

directly by our data, we believe that patients who require

both major pancreatectomy and major hepatectomy are

best managed by staged procedures.
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