Ann Surg Oncol
DOI 10.1245/s10434-014-4145-0

ORIGINAL ARTICLE – ENDOCRINE TUMORS

Consensus Recommendations for the Diagnosis and Management
of Pancreatic Neuroendocrine Tumors: Guidelines
from a Canadian National Expert Group
Simron Singh, MD, MPH1, Chris Dey, MD2, Hagen Kennecke, MD3, Walter Kocha, MD4, Jean Maroun, MD5,
Peter Metrakos, MD6, Tariq Mukhtar, PhD7, Janice Pasieka, MD8, Daniel Rayson, MD9, Corwyn Rowsell, MD10,
Lucas Sideris, MD11, Ralph Wong, MD12, and Calvin Law, MD1
1

Department of Medicine, Odette Cancer Centre – Sunnybrook Hospital, University of Toronto, Toronto, ON, Canada;
Department of Medical Imaging, Sunnybrook Health Sciences Centre, University of Toronto, Toronto, ON, Canada; 3BC
Cancer Agency, Vancouver, BC, Canada; 4London Regional Cancer Centre, London, ON, Canada; 5The Ottawa Hospital,
Ottawa, ON, Canada; 6McGill University Health Centre, Royal Victoria Hospital, Montreal, QC, Canada; 7Havas Life
Toronto, Toronto, ON, Canada; 8Department Surgery and Oncology, University of Calgary, Calgary, AB, Canada; 9Queen
Elizabeth II Health Sciences Center, Halifax, NS, Canada; 10Sunnybrook Health Sciences Centre, Toronto, ON, Canada;
11
Hopital Maisonneuve-Rosemont, Montreal, QC, Canada; 12St. Boniface General Hospital, Winnipeg, MB, Canada
2

ABSTRACT Pancreatic neuroendocrine tumors (pNETs)
are rare heterogeneous tumors that have been steadily
increasing in both incidence and prevalence during the past
few decades. Pancreatic NETs are categorized as functional
(F) or nonfunctional (NF) based on their ability to secrete
hormones that elicit clinically relevant symptoms. Specialized diagnostic tests are required for diagnosis.
Treatment options are diverse and include surgical resection, intraarterial hepatic therapy, and peptide receptor
radionuclide therapy (PRRT). Systemic therapy options
include targeted agents as well as chemotherapy when
indicated. Diagnosis and management should occur
through a collaborative team of health care practitioners
well-experienced in managing pNETs. Recent advances in
pNET treatment options have led to the development of the
Canadian consensus document described in this report. The
discussion includes the epidemiology, classification,
pathology, clinical presentation and prognosis, imaging
and laboratory testing, medical and surgical management,
and recommended treatment algorithms for pancreatic
neuroendocrine cancers.

The panel members in this study included representatives
from medical and surgical oncology, pathology, and interventional radiology. The recommendations outlined in this
document are based on evidence from the published literature and the collective experience of the authors. Please
see Table 1 for all minimal consensus recommendations.
Pancreatic neuroendocrine tumors (pNETs) are a rare
heterogeneous group of neoplasms derived from the diffuse
neuroendocrine system and arising from pancreatic islet
cells.1,2 The American Joint Committee on Cancer (AJCC)
stages pNETs similar to pancreatic adenocarcinomas but
differentiates them in terms of cellular origin, incidence,
clinical presentation, therapeutic options, and prognosis.3,4
Pancreatic NETs can be broadly classified as functional
(F-pNETs) or nonfunctional (NF-pNETs) based on their
ability to elicit clinical symptoms due to inappropriate
neuropeptide hormone secretion.2 The two most common
types of F-pNETs are insulinomas and gastrinomas, with
other types including glucagonomas, somatostatinomas,
VIPomas, GRHomas, ACTHomas and PTHrp-omas.5 The
management of F-pNET syndromes is specifically addressed elsewhere.6–8
EPIDEMIOLOGY
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Increasing pNET incidence has been reported across
multiple jurisdictions.2,9 According to the Surveillance,
Epidemiology, and End-Results (SEER) 17 registry data, the
age-adjusted annual incidence of pNETs in the United States

Surgical management

Appropriate cross-sectional imaging via triphasic CT and/or MRI is recommended for all patients

Imaging and laboratory
testing

An experienced multidisciplinary team is required to assess the appropriateness of sequential or simultaneous resections of primary and metastatic tumors.

Metastatic NF-pNETs
Low-grade, indolent, metastatic tumours should be considered for resection of the primary tumour as well as debulking non-diffuse liver disease

Non-curative debulking of a locally advanced pNET may be considered in appropriately selected patients

Locally advanced disease with vascular invasion does not preclude the option for aggressive resections provided reasonable vascular reconstruction is possible
and circumstances favor a positive risk–benefit ratio.

Locally advanced pNETs should be considered for surgical resection in the appropriate clinical setting. Surgical oncologic principles as per pancreatic
adenocarcinoma should be applied

Locally advanced NF-pNETs

Enucleation can be considered in well-selected situations

Localized NF-pNETs
Surveillance of pNETs is reasonable if the tumor is a small solitary lesion (B 2 cm) that has demonstrated stability over time (2B)

Measurement of CgA is recommended for all patients

SRS is recommended at the time of diagnostic workup and/or preoperatively

EUS is a preferred route for a diagnostic biopsy of a pancreatic mass

Prognostic factors to be considered when assessing pNET patients include tumor grade, tumour size, pace of clinical disease progression, disease stage, Ki67
values, and performance status

Clinical presentation and
prognosis

Multiple biopsies may be considered if results are discordant with clinical behavior and where additional information will influence clinical management (2B)

Diagnosis should be confirmed with core biopsy if possible (1)

Synaptophysin, chromogranin-A, and Ki67 immunohistochemistry are the minimal immunohistochemistry staining

Every pathology report should include the entire CAP checklist plus Ki67 measured at the point of highest proliferation (1)

pNETs should be classified according to tumor grade based primarily on Ki67 index and mitotic count and staged according to the AJCC parameters (1)

Both the 2010 WHO and ENETS are acceptable classification systems (1)

Classification

Pathology

Minimal consensus recommendations (level of consensus)

Section

TABLE 1 Minimal consensus recommendations
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Moderately to Rapidly Progressive Disease

Medical Management

WHO World Health Organization, ENETS European Neuroendocrine Tumor Society, AJCC American Joint Committee on Cancer, CAP College of American Pathologists, CT computed
tomography, MRI magnetic resonance imaging, EUS endoscopic ultrasound, SRS somatostatin-receptor scintigraphy, CgA chromogranin A, NF-pNET nonfunctional pancreatic neuroendocrine
tumor, NEC neuroendocrine carcinoma, PRRT peptide receptor radionuclide therapy, MIBG metaiodobenzylguanidine

Levels of consensus are defined as 1 (uniform consensus based on high-level evidence that the recommendation is appropriate) 2A (uniform consensus based on lower-level evidence, including
clinical experience, that the recommendation is appropriate), 2B (nonuniform consensus, but no major disagreement, based on lower-level evidence, including clinical experience, that the
recommendation is appropriate), 3 (major disagreement that the recommendation is appropriate. All recommendations in this statement are category 2A unless otherwise indicated

PRRT is an option for those patients with octreotide or MIBG-avid disease; good to excellent performance status; adequate renal, hepatic, and bone marrow
function; at least moderate bulk progressive disease; and progressive disease despite consideration and attempts to use other potentially less toxic therapies
(2B)

The choice of agent should be based on patient preference, comorbidities, toxicity profiles, tolerance and availability. Sequential therapy should be considered
Use of somatostatin analogs is a clinical option if stabilization of the tumor is a primary goal (2B)

Both everolimus and sunitinib are considered effective and acceptable therapies (1)

For those cases in which stabilization is the primary goal, targeted therapy is a recommended treatment option

Indolent to moderately progressive disease

Adjuvant therapy may only be considered in surgically resected (R0) G3 pancreatic NECs, with treatment similar to small cell carcinoma (chemotherapy) (2B)

For G3 patients (especially with a high Ki67 index), platinum-based chemotherapy is the preferred treatment. Possible second line options include
temozolamide ± capecitabine

Clinical and radiologic pace of disease progression is a critical factor in the decision to recommend non-curative medical therapy
For Grade 1 or 2 disease with unequivocal evidence of significant disease progression, systemic chemotherapy with a temozolamide or a streptozocin-based
regimen can be considered

Minimal consensus recommendations (level of consensus)

Section

TABLE 1 continued
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TABLE 2 Comparison of 2000 and 2010 WHO classifications of
pancreatic neuroendocrine tumors (pNETs)

Staging

Tumour
grade

2000 WHO
nomenclature

Low

WellNET G1
differentiated
neuroendocrine
tumor (grade 1)

Tumor-node-metastasis (TNM) staging systems have
been developed by both ENETS and AJCC, which provide
a relatively consistent approach to pNET staging.4,15–17
Strosberg et al.4 validated the AJCC system in a study that
analyzed survival outcomes for 425 patients with pNETs
(77 % with NF-pNETs). They reported 5-year overall
survival rates as a function of AJCC disease stage: 92 %
for stage 1, 84 % for stage 2, 81 % for stage 3, and 57 %
for stage 4 (P \ 0.001). Tumor grade also was observed to
provide important prognostic information, with 5-year
overall survival rates of 75 % for low-grade tumors, 62 %
for intermediate-grade tumors, and 7 % for high-grade
tumors. It is recommended that clinicians consider this
validated AJCC system when staging pNETs.

2010 WHO 2010 WHO grading
nomenclature characteristics
Mitotic count \ 2
per 10 highpower fields
(HPF) and/
or B 2 % Ki67
index

Intermediate WellNET G2
differentiated
neuroendocrine
tumor (grade 2)

Mitotic count 2–20
per 10 highpower fields
(HPF) and/or
3–20 % Ki67
index

High

Mitotic count [ 20
per 10 highpower fields
(HPF) and/
or [ 20 % Ki67
index

Neuroendocrine
NEC G3
carcinoma
(grade 3), large
or small cell
type

WHO World Health Organization

is 0.32 per 100,000.10 The peak incidence occurs between the
ages of 70 and 79 years, with the rates significantly
increasing after the age of 40 years.11 An estimated 70 to
80 % of pNETs are nonfunctional in nature, and 64 % of
patients present with metastatic disease at diagnosis.2,10,11
Recent population-based data examining the incidence
of all NET subtypes in Ontario showed a rate of 2.46 per
100,000 (95 % confidence interval [CI] 2.13–2.83) in 1994,
which rose to 5.86 per 100,000 (95 % CI 5.40–6.35) in
2009. Pancreatic NETs accounted for approximately 10 %
of the total cases (0.55 per 100,000 in 2009), with the
incidence rate increasing sixfold during this period.12
CLASSIFICATION
The 2000 World Health Organization (WHO) classification scheme for NETs (including pNETs) made a clear
distinction between well-differentiated NETs and poorly
differentiated neuroendocrine carcinomas (NECs) of the
small or large cell type.13 In 2010, WHO updated its
classification schemas by adapting a European Neuroendocrine Tumor Society (ENETS) grading system that
places considerable emphasis on proliferation and is stage
independent. It is based on both mitotic count and Ki67
index, resulting in three categories: NET G1, NET G2, and
NEC (large and small cell types) (Table 2).14 The 2010
WHO guidelines further state that addition of the WHO
2000 staging information is optional and may be included
in parentheses for clinicians who wish to classify the lesion
further [e.g., NEC G3 (well differentiated) and NEC G3
(poorly differentiated)].14

PATHOLOGY
In an effort to improve the consistency and completeness of pathology reports, the College of American
Pathologists (CAP) created standardized templates that
assist pathologists in providing clinically useful and relevant information when reporting results of surgical
specimen examinations.18 It is recommended that all
pathology reports use the CAP pNET reporting protocol
(Table 3).
Immunohistochemistry
Immunohistochemistry staining for chromogranin A,
synaptophysin, Ki67, and cytokeratin markers should be
performed on all suspected pNET tumors.19–22 As a
nuclear, nonhistone protein, Ki67 is active during mitosis
used to assess the ratio of proliferating cells in a given cell
population.23–26 The Ki67 index should be determined by
examination of 2,000 tumor cells within areas of greatest
immunohistochemical labeling (proliferation).27 If 2,000
cells are not available, as many cells as possible should be
counted, with caveats disclosed during reporting.
Biopsy
Core biopsies should be obtained whenever possible for
accurate assessment of the required histologic and immunohistochemical parameters. Given the reliance on Ki67,
mitotic rate, and histologic differentiation for management
decisions, biopsies of both the primary and metastatic
tumors should be considered. A recent study suggested that
the Ki67 labeling index may change during the disease
course and may differ between primary tumor and metastases (S. Singh, unpublished data).28 Multiple biopsies may

Canadian Consensus Guidelines on pNETs
TABLE 3 Overview of elements required by the CAP protocol for
pancreatic neuroendocrine tumors (pNETs)

TABLE 3 continued
CAP protocol for pNETs

CAP protocol for pNETs
Microscopic tumor extension (select all that apply)
Specimen (select all that apply)

Cannot be determined

Tumor invades duodenal wall

Head of pancreas

Adjacent large vessels

No evidence of primary tumor

Body of pancreas

Portal vein

Tumor is confined to pancreas

Tumor invades peripancreatic soft
tissues

Tail of pancreas

Superior mesenteric vein

Tumor invades ampulla of Vater

Duodenum

Other large vessel (specify)

Tumor invades common bile duct

Stomach

Other (specify)

Common bile duct

Not specified

Margins (select all that apply)

Gallbladder

Cannot be determined

Cannot be assessed

Distal margin (distal duodenal)

Margins uninvolved by tumor

Uncinate process (retroperitoneal)
margin (nonperitonealized
surface of the uncinate process)

Spleen

Distance of tumor from closest
margin mm or cm

Procedure
Excisional biopsy (enucleation)

Partial pancreatectomy, pancreatic
body
Pancreaticoduodenectomy (Whipple
resection), partial pancreatectomy Partial pancreatectomy, pancreatic
tail
Pancreaticoduodenectomy
(Whippleresection), total
pancreatectomy

Tumor invades other adjacent
organs or structures (specify)

Margin(s) involved by tumor

Bile duct margin

Proximal margin (gastric or
duodenal)

Pancreatic resection margin

Other (specify)

Lymph-vascular invasion

Not specified

Not identified

Indeterminate

Present

Tumor site (select all that apply)
Pancreatic head

Other (specify)

Perineural invasion

Uncinate process

Cannot be determined

Not identified

Pancreatic body

Not specified

Present

Pancreatic tail

Indeterminate

Pathologic staging (pTNM)

Tumor size

TNM descriptors (required only if Regional lymph nodes (pN)
applicable) (select all that apply)

Greatest dimension:
cm (specify size of largest tumor if multiple tumors are present)

m (multiple primary)

pNX: Cannot be assessed

Cannot be determined

r (recurrent)

pN0: No regional lymph node
metastasis

y (posttreatment)
Tumor focality
Unifocal

Cannot be determined

Multifocal (specify number of
tumors)

Not specified

pN1: Regional lymph node
metastasis
No nodes submitted or found
Primary tumor (pT)
pTX: Cannot be assessed

Histologic type and grade

pT0: No evidence of primary
tumor

Not applicable
Well-differentiated neuroendocrine tumor; GX: Grade cannot be assessed

pT1: Tumor limited to the
pancreas, 2 cm or less in
greatest dimension

Well-differentiated neuroendocrine tumor: G1 (low grade)
Well-differentiated neuroendocrine tumor: G2 (intermediate grade)

pT2: Tumor limited to the
pancreas, more than 2 cm in
greatest dimension

Other (specify)
For poorly differentiated (high-grade) neuroendocrine carcinomas, the
CAP protocol for carcinoma of the pancreas should be used

pT3: Tumor extends beyond the
pancreas but without
involvement of the celiac axis
or the superior mesenteric artery

Mitotic ratea (select all that apply)
Not applicable
\2 mitoses/10 HPF
Specify mitoses per 10 HPF

[20 mitoses per 10 HPF
Specify mitoses per 10 HPF

Number of lymph nodes examined
Specify:
Number cannot be determined
(explain)
Number of lymph nodes involved
Specify:
Number cannot be determined
(explain)
Distant metastasis (pM)
Not applicable
pM1: Distant metastasis

pT4: Tumor involves the celiac axis
or the superior mesenteric artery

Cannot be determined

C2–20 mitoses/10 HPF
Specify mitoses per 10 HPF

CAP College of American Pathologists, HPF high-power fields, TNM
tumor-node-metastasis
a

Determination of Ki67 index is strongly recommended
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be considered if results are discordant with clinical
behavior and where additional information will influence
clinical management.
Clinical Presentation and Prognosis
Pancreatic NETs are commonly discovered incidentally,5,10,29 with abdominal or back pain, anorexiacachexia, obstructive jaundice, weight loss, and peptidespecific functional syndromes representing common
symptomatic clinical presentations.2,6,9, 30–32 Tumor stage
and grade are independent prognostic factors for pNETs,
with 5-year overall survival rates of 57 % for stage 4 disease.4,11 The SEER data from 1973 to 2004 showed an
overall median survival of 42 months among all patients
with G1/G2 pNETs.10 Additional prognostic factors to
consider in the assessment of pNET patients include tumor
size, pace of clinical disease progression, Ki67 values, and
performance status.33–39
IMAGING AND LABORATORY TESTING

radiolabeled somatostatin analogs to somatostatin receptors
on the surface of NETs. The overall reported sensitivity is
60–90 % for pNETs, depending on the type and size of the
tumor, and SRS is recommended at the initial diagnosis for
all patients with suspected NETs.31,47 In addition, SRS also
is relevant as a preoperative diagnostic method and as a
means of determining eligibility for PRRT. The role of
SRS in disease follow-up assessment and surveillance is
not clearly established.
Positron emission technology (PET) is not routinely recommended in the diagnosis of pNETs due to low uptake in this
indolent disease. The combination of [18F]-fluorodeoxyglucose (FDG) and PET may be useful in the diagnosis of poorly
differentiated disease or well-differentiated disease with high
proliferation rates or rapid clinical progression.47–49
As a positron emitter, 68Ga can be tightly linked to
different somatostatin/chelator complexes (DOTATOC,
DOTATATE, DOTANOC). Findings show that 68Ga
imaging offers higher spatial resolution and image quality
than octreoscan.50,51 Although 68Ga generators are difficult
to access for clinical use in Canada, this imaging method is
encouraged when available.

Imaging
Anatomic Imaging

LABORATORY WORKUP

CT and MRI Appropriate cross-sectional imaging is
recommended for all patients. Triphasic computed
tomography (CT) is indicated in the initial diagnosis and
follow-up evaluation of primary tumors and their distant
metastases.40–42 Magnetic resonance imaging (MRI)
technology offers greater sensitivity and specificity in the
detection of both pancreatic mass and liver metastases,
making it appropriate for surgical planning, particularly for
the assessment of smaller lesions.40,41

Chromogranin A

EUS
Endoscopic ultrasound (EUS) in conjunction with
fine-needle aspiration (FNA) cytology (preferably core
biopsy) is a particularly useful diagnostic tool with a
reported sensitivity of 81 to 98 % and a specificity of 99 to
100 % for the diagnosis of pancreatic lesions, including
pNETs.43–46 Lesions smaller than 2 cm that clearly demonstrate classical pNET characteristics on MRI or CT scan
may not require a biopsy. The biopsy does, however, provide
confirmation of a low-grade pNET, allowing for surveillance of this small lesion in selected cases. Any concerns that
the lesion may be an adenocarcinoma mandates a biopsy.
Functional Imaging
SRS Somatostatin-receptor scintigraphy (SRS) is a
functional imaging method that measures the binding of

Chromogranin A (CgA) is a glycoprotein stored and
secreted from neuroendocrine cell vesicles.21 Findings
have shown that CgA has considerable utility as an intracellular tumor marker in histopathology studies, with a
number of antibodies commercially available for different
epitopes.20 Circulating CgA levels are reportedly elevated
in both functional and nonfunctional pNETs, making this
protein a recommended diagnostic biomarker.52 However,
CgA elevations should be interpreted with caution because
they can occur in other conditions such as ingestion of
proton pump inhibitors (PPIs), chronic renal insufficiency,
liver dysfunction, other carcinomas, and rheumatoid
arthritis.52 Expression of CgA also can be rapidly
decreased upon treatment with SSAs, suggesting that serial
measurements may offer greater accuracy and clinically
relevancy than a single measurement.52 The risk of falsepositives associated with analyzing circulating CgA levels
suggests that tests should be conducted under reasonable
clinical suspicion of disease and cross-examined with
appropriate imaging and biopsy/immunohistochemical
studies (including CgA immunohistochemical testing).52
Recent studies also have shown that CgA is an important
prognostic marker, with higher levels related to inferior
prognosis.53
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Pancreatic Polypeptide
Pancreatic polypeptide is particularly elevated in the
presence of NETs originating in the gut mucosa and pancreas.54 Measurement of circulating levels may offer a
diagnostic sensitivity of 57 % in NF-pNETs and 63 % in
F-pNETs. Notably, when this marker was analyzed in
conjunction with CgA, the diagnostic sensitivity in NFpNET patients increased to almost 95 %.55
Pancreatstatin
Pancreastatin, a peptide fragment of CgA, has recently
demonstrated its potential as a diagnostic marker. Raines
et al.56 examined CgA, gastrin, and pancreastatin levels in
patients who used PPIs (n = 30) compared with levels in a
separate control group (n = 30). Chronic PPI use resulted in
significant increases in CgA and gastrin compared with control subjects. In contrast, the pancreastatin levels in nonusers
and chronic PPI users were identical. Rustagi et al.57 further
validated its utility by demonstrating that mean pancreastatin
levels were significantly higher in NET patients than in nonNET patients. Interestingly, 29 % of the NET patients with
elevated pancreastatin levels had normal CgA levels. The
sensitivity and specificity were respectively 64 and 100 % for
pancreastatin compared with 43 and 64 % for CgA.
SURGICAL MANAGEMENT
General Principles for Surgical Management of pNETs
Pancreatic NETs should ideally be managed in a multidisciplinary setting. In choosing the appropriate therapy,
physicians should adopt an individualized, patient-focused
medical management strategy at centers with an interest in
the disease, expertise in treating it, and a multidisciplinary
approach to patient care.58
Surgery with curative intent should be considered in all
cases if clinically appropriate and technically feasible.
Enucleation for small (B2 cm) G1 pNETs is an acceptable
approach. Larger G1 and G2 pNETs and NECs require the
same oncologic principles as those applied to pancreatic
adenocarcinomas (Figs. 1, 2, 3).
Localized NF-pNETs
Due to the rise in incidentally discovered small NFpNETs, a growing body of literature suggests safety in their
surveillance.59, 60 Patients with NF-pNETs 2 cm in size or
smaller demonstrated to have low Ki67 and no evidence of
invasion or metastatic disease can be considered for surveillance. This would include both anatomic imaging and

biochemical monitoring initially every 6 months to ensure
stability. Management decisions may be aided by definitive
biopsies that can differentiate G1/G2 and G3 tumors. As
previously discussed, Ki67 measurements on EUS-FNA
samples should be interpreted with care. Once stability is
confirmed, less frequent anatomic and functional biochemistry is required (every 12 months).
If surveillance criteria are not met, then removal of
localized NF-pNETs (B2 cm) often is performed via enucleation, resection, or both, with comparable outcomes.
Both of these procedures can be performed laparoscopically, but distal pancreatic resection is more frequently
performed laparoscopically than enucleation. The surgical
approach, either laparoscopic or open, should be based on
the same indications, namely, the location of the tumor and
its relationship to vital structures, the size of the lesion, and
the body habitus of the patient. Pancreas-related complications can occur with either approach.61–64
Currently, data do not conclusively indicate that a different
treatment algorithm should be considered for pNETs located
in the head than for those located in the tail of the pancreas.
However, surgical experience with other tumor types suggests
that aggressive surgery (e.g., pancreaticoduodenectomy) in
the head of the pancreas may result in long-term detrimental
effects on patient quality of life. Surgeons are recommended
to consider less invasive options if possible.
It is recommended that larger pNETs and G2/NEC
lesions be treated with formal oncologic resection procedures such as pancreaticoduodenectomy or distal/central
pancreatectomy, with all grossly palpable lymph nodes
considered for resection and pathologic analysis. Overall
postoperative complication rates of 24–30 % and low inhospital mortality rates of 1–5 % have been reported.65, 66
Splenic preservation should be attempted whenever possible providing oncologic principles are not compromised.
Locally Advanced NF-pNETs
Aggressive resections (e.g., multivisceral) of locally
advanced G1/G2 pNETs can be technically feasible and have
been reported to result in promising disease-free and overall
survival rates for appropriately selected candidates.67–76 It is
recommended that surgical oncologic principles as per
pancreatic adenocarcinoma be applied, including reasonable
vascular reconstitution and management decisions aided by
definitive biopsies, which can differentiate G1/G2 and G3
tumors. Noncurative debulking may be considered for
appropriately selected patients to aid with other therapies or
to provide palliative relief of symptoms (see later).
Venous resections due to tumor invasion of the superior
mesenteric/portal vein can be safely performed to maximize the chance of an R0 resection.73, 77–79 Arterial
resections are largely limited to tumor invasion of the
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FIG. 1 Treatment algorithm for
single localized nonfunctional
pancreatic neuroendocrine tumors
(NF-pNETs)

hepatic artery at the level of the gastroduodenal artery
origin.78 Patient selection is of critical importance and
should be made in a multidisciplinary context.
Metastatic NF-pNETs
Data suggest a limited role for surgical debulking in
pNET due to the lack of hormone-based symptoms.78
However, in certain situations, surgical resection of the
primary tumor in the face of metastatic disease may be of
benefit.
Palliative pancreaticoduodenectomy may be appropriate
for selected G1/G2 patients who have a head-based pNET
and an indolent pace of systemic disease progression in
order to prevent duodenal obstruction, bleeding, or celiac
plexopathy.78 A recent report suggests that aggressive
surgery (resection or C90 % debulking) of hepatic metastases in pNET patients may result in significant long-term

survival in select cases.80 Simultaneous resection of the
primary tumor and cytoreduction of hepatic metastases
may be appropriate for highly select patients as well.68, 69,
75, 81, 82
An experienced multidisciplinary team should
assess the appropriateness of such sequential or simultaneous resections.
A meta-analysis of 1,469 NET patients treated with
hepatic resection demonstrated high 5- and 10-year overall
survival rates of 70 and 42 %, respectively, with symptomatic improvement demonstrated by 95 % of the
patients. Inferior outcomes were reported among the
patients with high-grade tumors, extrahepatic disease and
incompletely resected tumors, indicating that nonsurgical
methods (e.g., preoperative systemic therapy) should be
reserved for these patients.83 Another study comparing
outcomes of NET patients treated with intraarterial therapy
(IAT) versus hepatic resection found that surgery was
associated with superior outcomes only for the patients
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FIG. 2 Treatment algorithm for
locally advanced nonfunctional
pancreatic neuroendocrine tumors
(NF-pNETs)

with bulky tumors who were symptomatic, whereas
asymptomatic patients with bulky tumors survived equally
long when treated with either surgery or IAT.84
Peritoneal Carcinomatosis
Physicians should consider cytoreductive surgery in the
exceptional cases of limited visceral disease, small-volume
peritoneal disease, and resectable primary and peritoneal
carcinomatosis. Hyperthermic intraperitoneal chemoptherapy (HIPEC) is not recommended for pNETs due to a lack
of high-quality evidence or effective chemotherapeutic
agents studied in this setting.85–87
Liver Transplantation
Liver transplantation in the treatment of pNETs remains
controversial. It is recommended that liver transplantation

be considered only in highly select cases, with the patient
fulfilling stringent eligibility criteria including the meeting
of all standard criteria for liver transplantation, radiographic evidence of disease stability for a minimum of
6 months, low-grade disease without extra hepatic
involvement, and age younger than 55 years.31, 88

Hepatically Directed Locoregional Therapies
Embolization (bland, chemo-, and radio-) and ablation
(radiofrequency, microwave, and cryo-) are additional cytoreductive techniques acceptable for the treatment of
locally advanced and metastatic pNETs with hepatic
dominant disease.89, 90 A recent international, multicenter
study observed that surgical treatment (resection, ablation,
or a combination thereof) of NET liver metastases provided
a median 5-year overall survival of 74 %.84
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FIG. 3 Treatment algorithm for
unresectable or metastatic
nonfunctional pancreatic
neuroendocrine tumors (NFpNETs)

MEDICAL MANAGEMENT
Adjuvant Therapy
Currently, no evidence exists to support the use of
adjuvant therapy in cases of fully resected pNETs. Consideration should be given for surgically resected (R0)
high-grade G3 lesions. Extrapolation from the adjuvant
treatment of small cell lung cancer may be considered
(adjuvant chemotherapy treatment ± prophylactic cranial
irradiation).
Moderately to Rapidly Progressive Disease
Chemotherapy Clinicians have observed that pancreatic
NETs are more responsive to systemic chemotherapy than
non-pNETs and typically are considered for patients with
progressive disease (G3 and rapidly growing G1/G2
tumors). Alkylating agents, including streptozocin and
temozolomide, are particularly active in pNETs, whereas
platinum combination therapy can be used for G3 and NEC
disease.
Streptozocin (STZ) monotherapy was one of the first
chemotherapeutic agents approved to demonstrate benefit
for patients with metastatic pNETs, albeit with considerable renal and hematologic toxicity.91 Subsequent
studies with STZ ? doxorubicin and STZ ? fluorouracil

demonstrated high response rates of 40–70 % and prolonged progression-free survival (PFS).92, 93 However,
streptozocin currently is not easily obtained on the Canadian market.
In 2011, a single-arm retrospective review investigating
the use of oral temozolamide ? capecitabine therapy
observed a 70 % objective response rate with a median
PFS of 18 months and an overall survival of 92 % at
2 years.94 This combination has not been tested in a randomized, phase 3 clinical trial to date, and it is unknown
whether temozolamide monotherapy is as effective. Based
on this limited data and with the observation of excellent
tolerance, this regimen often is considered as an option for
those with progressive or symptomatic disease.
Platinum-based therapy remains the standard first-line
option for patients with high-grade or G3 pNETs.95 Commonly used regimens include cisplatin ? etoposide,
carboplatin ? etoposide, and carboplatin ? paclitaxel. A
recent study reported that 53 % of patients with metastatic
poorly differentiated neuroendocrine carcinoma experienced a major response, with a 3-year survival rate of
24 %, when a carboplatin ? etoposide ? paclitaxel regimen was used.96
The combination of cisplatin ? etoposide remains the
standard of care for patients who have high-grade or G3
pNETs, with an observed 41.5 % objective response for a
duration of 9.2 months (4.5–23.5). Interestingly, recent
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data from GI-NEC (G3) patients have shown that patients
with a Ki67 of 55 % or more may be more responsive to
etoposide and cisplatin therapy than those with a Ki67
lower than 55 %.97
Currently, no phase three trials have investigated second-line chemotherapeutic options for high-grade or G3
NETs. However, Welin et al.98 examined the effects of
temozolamide ± capecitabine or capecitabine ? bevacizumab in 25 patients with poorly differentiated
endocrine carcinoma (10 with pancreas as the primary site).
Of these 25 patients, 24 received cisplatin ? etoposide as
first-line therapy. This regimen demonstrated a 33 %
response rate with a median response duration of
19 months. The median progression-free survival for all
the patients was 6 months, and the median overall survival
time was 22 months.
Indolent to Moderately Progressive Disease
Targeted Therapy For cases with disease stabilization as
the primary goal, targeted therapy is a recommended
treatment option. Everolimus, an oral inhibitor of the
mammalian target of rapamycin (mTOR), and sunitinib, a
multi-targeted tyrosine kinase inhibitor represent novel
targeted agents for advanced pNETs.
A recent phase 3 clinical trial (RADIANT-3) examining
the use of everolimus in 410 patients with advanced-, low-,
or intermediate-grade pNETs showed a median PFS of
11 months with everolimus versus 4.6 months with a placebo (HR, 0.35; 95 % CI 0.27–0.45; P \ 0.001).99 Adverse
events (C30 % of patients) associated with everolimus
were stomatitis, rash, diarrhea, and fatigue.99 The grade 3
or 4 adverse events occurring in at least 5 % of the patients
were anemia, hyperglycemia, and stomatitis.99
Another phase 3 trial of 171 patients with advanced
well-differentiated pNETs documented a median PFS of
11.4 months for sunitinib compared with 5.5 months for a
placebo (HR, 0.42; 95 % CI 0.26–0.66; P \ 0.001).100
Adverse events (C30 % of patients) included diarrhea,
nausea, asthenia, vomiting, and fatigue.100 Grade 3 or 4
adverse events occurring in at least 5 % of the patients with
sunitinib were diarrhea, asthenia, fatigue, neutropenia,
abdominal pain, hypertension, and palmar-plantar
erythrodysesthesia.100
Currently, no data have been used to compare everolimus with sunitinib or to assess the sequencing of these
agents. The choice of agent should be based on patient
preference, comorbidities, toxicity profiles, tolerance, and
availability. Substitution of one agent for the other in the
context of toxicity or intolerance can be reasonably considered, as can the sequencing of these two agents in the
context of disease progression.

Somatostatin Analogs
Somatostatin analogs are indicated for the treatment of
secretory NETs. A small randomized, controlled trial
(PROMID) demonstrated an improvement in time to tumor
progression when octreotide long-acting-release 30-mg IM
was compared with placebo for metastatic midgut
tumors.101 Extrapolation of data from the PROMID trial
was occasionally considered for pNET tumor stabilization.
This application of SSAs was recently validated through
CLARINET trial results in which NET patients (including
pNETs) randomized to lanreotide showed a significant
improvement in PFS compared with placebo.102
PRRT
Peptide receptor radionuclide therapy delivers radioisotopes in a targeted fashion and is considered a standard
systemic approach among patients with octreotide avid
disease.2, 31 The predominant isotopes used in PRRT are
177
Lu and 90Y, with reported response rates ranging from
10 to 30 %.103–106 In particular, the use of 177Lu-octreotate
has been shown to offer a partial response of 36 % in NFpNET patients 3 months after the last administration.103
Grade 3 hematologic and renal toxicities are typically
reported in 5 to 40 % of patients.103, 104, 106
Toxicity of this therapeutic group remains an important
consideration because bone marrow toxicity and treatmentrelated myelodysplastic syndrome may limit future treatment options.107 As an option, PRRT can be used for
patients with metaiodobenzylguanidine (MIBG)/octreotide
avid disease; good to excellent performance status; adequate renal, hepatic, and bone marrow function; at least
moderate bulk disease; and progressive disease despite
consideration or attempted use of other potentially less
toxic therapies.104
Interferon Alpha
Alpha-IFN monotherapy or alpha-IFN ? somatostatin
analogs may be offered to improve tumor response and to
treat secretory symptoms. However, longer-term use is
limited by adverse effects including myalgias, depression,
and hematologic toxicities.2, 108–110 Some practitioners
have observed improved tolerance with low-dose regimens
(e.g., 3 million units squared three times per week).
CONCLUSION
A multidisciplinary, collaborative, and experienced team
of caregivers optimizes the management of patients with
pNETs. Ideally, all patients should have the benefit of a
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careful clinical review before treatment decisions are finalized. The range of treatment options described in this report
should be considered at each clinical decision point because
for many patients, different options may be relevant and of
considerable benefit at different times in the disease process.
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