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Abstract

West Bengal,

One of the most common sites of gastrointestinal neuroendocrine tumour is the pancreas. They are known as Pancreatic neu-

roendocrine tumour (PNET). The previous incidence rate of 0.43/100,000 has more than doubled in last few decades. Most of the

PNETSs are clinically silent and show slight male preponderance. 10% of PNETs are functional, associated with genetic syndromes

and represent as cystic lesion on radiology. Proper pre-operative work up including endocrine testing, tumour marker study and

imaging is necessary to establish the diagnosis. Since they have malignant potential, surgery is the treatment of choice for resectable

tumours among the various treatment modalities available. We are presenting a case of 50 years old lady having multiple soft tissue

lesions involving distal CBD, head, body and tail of pancreas. She underwent spleen preserving total pancreatectomy with Roux-en-Y

hepaticojejunostomy and gastrojejunostomy. Post-operative recovery was uneventful and glycaemic control was achieved with phar-

macotherapy. We will discuss the various aspects of PNETs in this report.
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Abbreviations

PNET: Pancreatic Neuroendocrine Tumour; MEN: Multiple Endo-
crine Neoplasia; VHL: Von Hippel Lindau, NF1: Neurofibromatosis
1; TSC: Tuberous Sclerosis Complex; WHO: World Health Organisa-
tion; LFT: Liver Function Test; CBD: Common Bile Duct, MPD: Main
Pancreatic Duct; CECT: Contrast Enhanced Computed Tomography;
USG: Ultrasonography; MRCP: Magnetic Resonance Cholangio Pan-
creaticography; GA: General Anaesthesia; SC: Subcutaneously; POD:
Post-Operative Day

Introduction

PNETSs were formerly known as islet cell tumours. In 2010 the
WHO renamed them as PNET. The incidence of these tumours is
0.43 per 100,000. The tumour exhibits a slight male preponder-
ance (55% males and 45% females) [1]. PNET comprises < 3% of

all pancreatic tumours and 7% of NET [2].

Almost 90% of PNETSs are non-functional they produce symp-
toms such as jaundice, pancreatitis, abdominal pain, back pain,
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nausea, vomiting and weight loss due to mass effect and may mimic
adenocarcinoma. They may also be diagnosed incidentally on im-

aging studies [3].

Surgery is the treatment of choice for resectable tumours. Al-
though rarely performed patients with multiple lesions throughout
the pancreas may need total pancreatectomy for complete onco-
logical clearance. Pylorus and spleen preserving total pancreatec-
tomy is based on the principles of two surgeries namely, pylorus
preserving pancreaticoduodenectomy and spleen preserving distal

pancreatectomy (Extended Warshaw procedure).
Case Report

A 50-year-old lady presented with a one-year history of in-
termittent upper abdominal pain, dyspepsia, loss of appetite and
weight loss. She denied any history of fever, jaundice, hematemesis
or malena. She had no medical comorbidities other than hypothy-
roidism for which she was not on regular medication. She denied
any past surgeries and family history of malignancy. General and
systemic examination was unremarkable. Routine blood investiga-
tions including LFT was within normal limit TSH was 1.43 Ca 19-9
was 60.44 U/ml.

Various modes of radiological imaging were used to arrive at the
final diagnosis USG done on 27/4/19 revealed an isoechoic solid
SOL (37 X 27 mm) in the body of the pancreas. The MPD was how-
ever not dilated. MRCP done on 15/9/19 confirmed a 29 x 23 x
22 mm hypo enhancing mass lesion in the body of pancreas and a

further 16 x 13 mm lesion in the body distal to the aforesaid mass.

CECT whole abdomen done on 29/9/2019 revealed 10 X 11 mm
soft tissue lesion involving the distal CBD and ampullary region
causing upstream dilatation of the CBD and MPD. The maximum
diameter of CBD and MPD were 8 mm and 8.5 mm respectively.
Lobulated arterial phase enhancing lesions measuring 27 X 27 mm
was seen at the junction of neck and body and another 7 X 7 mm
lesion at the junction of body and tail. The larger lesion showed
cystic changes and was involving the MPD. The was no significant

peripancreatic or periportal lympthadenopathy.

Tumor marker CA 19-9 was 60.44U/ml. All preanesthetic in-
vestigations were within normal limit. She was investigated for
thyroid and parathyroid diseases but no such abnormality was

detected. Spleen preserving total pancreatectomy with Roun-en-Y
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hepaticojejunostomy and gastrojejunostomy was performed under
GA on 31/9/2019.

Figure 1: CT scan image of mass lesions involving head and body

of pancreas.

Figure 2: CT scan image showing bulky tail of pancreas and
dilated MPD.

Figure 3: Post-operative specimen of spleen preserving total
pancreaticoduodenectomy showing mass lesion at the junction
of head and body with a bulky tail. (anterior and posterior view

respectively).
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Post operatively glycemic control was achieved with IV insu-
lin infusion and multiple episodes hypoglycemia was effectively
managed. She was discharged on POD 11 with good glycemic con-
trol with 20 mg teneligliptin before breakfast and 6 units insulin
Glargine SC at bedtime. Pancreatin 25000 U was given orally every

day.

Histopathological examination of the operative specimen had
the following findings. Two separate tumours were identified, the
larger one measuring 4.5 x 2.0 x 1.0 cm and the smaller one mea-
suring 0.1 x 0.5 x 0.5 cm. the primary tumour was at least 0.1 mm
away from the closest pancreatic surface. There was a small nodule

at the tail as well.

(a) On microscopic examination the tumor showed nests, cords,

trabeculae and ribbons of monomorphic cells.

(b) Cells showing stippled chromatin, inconspicuous nucleoli and
scanty cytoplasm.

Figure 4: Haematoxylin Eosin images of PNET.

The separate nodule in the tail also shows a tumour of similar

morphology. No lymphovascular emboli was seen.

IHC confirmed that the cells were positive for CK (Perinulear dot
like) synaptophysin, chromogranin and negative for betacatenin
and TFE3. Ki67 LI is <2. All these findings were confirmatory of

grade 1 multifocal Neuroendocrine tumour of pancreas.
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She was followed up in the surgical and endocrinology clinic.
Her FBS on 31/10/19 one month after surgery was 169.2 mg/dl.
On follow up her hypogycaemic medications were changed to Hu-
minsulin (Regular human insulin 30%+ Isophane insulin 70%) 12
U SC 20 minutes before breakfast and 1 g Metformin at bed time.
Her fasting and post prandial sugars on 24/12/19 3 months after
surgery were 212 mg/dl and 264.9 mg/dl respectively. She did not
complain of steatorrhea or features of malabsorption. On the con-
trary she had satisfactory weight gain.

Discussion

pNETSs forms one end of a spectrum of a diverse group of tumors
referred to as pancreatic neuroendocrine neoplasms pancreatic
neuroendocrine carcinomas forms the other end of the spectrum.
According to the National Cancer Institute Surveillance Epidemi-
ology and End Results (SEER) there has been a 2-fold increase in
incidence in the last 2 - 3 decades which is attributable to increased
awareness amongst surgeons and advances in radiological imaging
studies [3,4].

Majority of pNETS are sporadic in nature, only 10% arise in
association with genetic syndromes such as Multiple endocrine
neoplasia type I (MEN1) and type IV (MEN4), Von Hippel-Lindau
disease (VHL), Neurofibromatosis type I (NF1), or Tuberous scle-
rosis complex (TSC). The most common type of pNET in MEN1 is a
non-functional tumour [5-8]. PNETSs are the most common under-
lying cause of MEN1 associated mortality, and these patients have a
reduced life expectancy of 69 years compared to 77 years for MEN1
patients without a pNET [5,9,10].

Previously it was thought that pNETS arose from hormone se-
creting pockets of cells of the pancreas called islets of Langerhans.
However recent studies suggest that pluripotent stem cells of the
pancreatic ductal or acinar system give rise to pNETS [11]. These
tumors exhibit genetic differences from pancreatic adenocarci-
noma. KRAS gene mutation which is seen in adenocarcinoma is
absent in pNETSs. PNETS exhibit MEN1 in 44% of tumours, DAXX
in 25% of tumours, ATRX in 18% of tumours, and mTOR pathway
genes in 16% of tumors [12].

In the last 10 - 15 years the classification and staging system of
pNETS has undergone a number of changes. Presently the WHO,
European Neuroendocrine Tumor Society (ENETS) and American
Joint Committee on Cancer (AJCC) have each suggested staging sys-
tem for pNETS. (Table 1 shows the AJCC Staging system) [13-15].
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2010 AJCC staging system for pNETs

Stage | Tumor | Node | Metastasis 5?;1%; ssr:lifll:;l
1A T1 NO MO Stage 1A 96%
IB T2 NO MO Stage IB 92%
1A T3 NO MO Stage I1A 76%
IIB T1-3 N1 MO Stage I1IB 73%
111 T4 Any N MO Stage I1I -
I\ AnyT | AnyN M1 Stage IV 56%

Table 1: Survival data from Ellison TA., et al. SMA: Superior Mes-
enteric Artery; AJCC: American Joint Committee on Cancer; pNETSs:
Pancreatic Neuroendocrine Tumors. T1: < 2 cm But Limited to
the Pancreas; T2: > 2 cm but Limited to the Pancreas; T3: Tumor
Extends Beyond the Pancreas But Not Involving the celiac axis
or SMA; T4: Tumor Involves Celiac Axis or SMA; NO: No Regional
Lymph Node Metastases; N1: Regional Lymph Node Metastases;
MO: No Distant Metastases; M1: Distant Metastases.

90% of pNET nonfunctional. Patients generally present with

compression symptoms such as jaundice, weight loss, abdominal
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pain, palpable mass, nausea/emesis, pancreatitis, or back pain.
A differential diagnosis of pancreatic adenocarcinoma must be
borne in mind. Some asymptomatic tumors are detected inciden-
tally cross sectional imaging. Almost 60% patients present with
metastatic or while 21% have locally advanced disease [1]. 10% of
pNETs are functional. The presenting symptoms of functional tu-
mors depend on hormone hypersecretion (Table 1 showing com-

mon functional PNETS and their symptoms).

Tumor markers play a key role in the diagnosis and prognosti-
cation of nonfunctional pNETS. These are chromogranin A (CgA),
neuron-specific enolase (NSE), pancreatic polypeptide, pancreast-
atin and human chorionic gonadotropin. CgA is the most sensitive
of these, with elevated levels present in 72 - 100% of patients but
it has limited specificity of 50 - 80% [16-18]. Use of proton-pump
inhibitor, impaired renal function, liver disease, and inflammatory
bowel disease can all increase CgA leading to false positive results.
CgA increases in patients with metastatic disease. Elevated CgA
levels are hence more useful in assessing response to therapy. The
sensitivity of NSE is low at 30 - 40%, but its specificity is almost
100%. Hence a combination of CgA and NSE levels yields better
results [19].

Name of tumor (syndrome) OO G Signs or symptoms AR
y syndrome g ymp functional pNETs
Insulinoma Insulin Symptoms ofhypoglycemla_(weakness, sweating, trem- 35 - 40%
ors, palpitations, confusion, visual changes, etc.)
Gastrinoma (Zollinger-Ellison) Gastrin Abdominal pain, refractory. peptic ulcer disease, secre- 16 -30%
tory diarrhea
Dermatitis (migratory necrolytic erythema), diabetes o
Glucagonoma Glucagon mellitus, diarrhea, DVT (4D syndrome <10%
. Profuse watery diarrhea, dehydration, hypokalemia, o
VIPoma (Verner-Morrison) VIP achlorhydria (WDHA syndrome) <10%
Somatostatinoma Somatostatin Diabetes mellitus, cholelllth1a51s, steatorrhea, anemia, <5%
weight loss

Table 2: Common functional pNETSs and their syndromes.

Computed tomography (CT), magnetic resonance imaging
(MRI), somatostatin receptor scintigraphy (SRS), positron-emis-
sion tomography (PET), and endoscopic ultrasonography (EUS)aid
in diagnosis of pNETS. In case of failure of these modalities angiog-
raphy with selective arterial stimulation and venous sampling may
be used. If the tumor cannot be located prior to surgery, surgeons
have to depend on bimanual palpation with intra-operative ultra-

sound to locate the tumour.

Triple-phase contrast CT is the most commonly used imaging
modality. PNETs are best visualized during the arterial phase. They
usually appear as spherical, hyper-dense, and hyper-vascular mass
that rarely obstruct the pancreatic duct. Almost 10% pNETS pres-
ent as a cystic lesion with smooth margins and peripheral enhance-

ment on both arterial and portal phases [21,22].
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PNETs are usually well visualized on MR. Again, pNETs are best
visualized during the arterial contrast phase. MR is useful when le-
sions are too small to be detected on CT. In detecting and follow-
ing liver metastases, MR has been suggested to be superior to CT
[22-24].

Functional pNETs other than insulinoma and nonfunctional
pNETs express somatostatin receptors hence radiolabeled soma-
tostatin analogs are used to locate these tumors when imaging
modalities fail. SRS is also useful in evaluating the burden of meta-
static disease [22,25].

PNETS are usually well differentiated with low metabolic rate
hence not well visualized by standard PET imaging with ®*F-Fluoro-
deoxyglucose (FDG) [26,27]. However poorly differentiated pNETs
can be detected. Combination of PET with CT images yields better
results with sensitivities of 94 - 100% [28].

EUS is an invaluable tool in the evaluation of pancreatic head
lesions. But it has limited use for lesions in the tail and results are
operator dependent. However, EUS guided biopsies aid in tissue di-
agnosis EUS has the added benefit of being able to tattoo smaller
lesions for easier intraoperative identification, facilitating laparo-

scopic resection [29-31].

The first total pancreatectomy was performed on a dog in 1898
in Breslau, Germany by Minkowski [32]. but only after the discovery
of insulin in 1921 it could be performed safely on humans. Arthur
William Mayo-Robson stated in his speech at a medical congress in
Paris in 1901 [33]. that Theodore Billroth from Vienna performed
the first total or near total pancreatectomy in 1884 with good re-
sults. The first true elective total pancreatectomy is reported to be
performed in 1942 by Eugene Rocky of Portland, Oregon but un-
fortunately the patient did not survive beyond 15 days due to CBD
leakage leading to biliary peritonitis [32]. Three weeks from this
event, James Priestly, while operating on a patient who was suffer-
ing from recurrent hypogycaemic episodes could not locate the tu-
mor and hence performed total pancreatectomy [34]. The patient

lived for 29 years after the surgery and later died of cholangitis.

The major complications of this procedure included severe met-
abolic problems such as brittle insulin dependent diabetes mellitus
and loss of pancreatic exocrine function leading to malabsorption.
The resultant diarrhea and weight loss lead to cachexia, which
compromised quality of life and restricted normal physical activ-

ity. Carbohydrate absorption could not be estimated due to steator-
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rhea and short transit time thus making the titration of the dos-
age of insulin more challenging. The patients often suffered from
hypogylcaemia and hypoglycaemic coma. Steatorrhea also lead to
malabsorption of fat-soluble vitamins, vitamin D deficiency caused
osteopathy and osteoporosis. Due to these intractable complica-
tions total pancreatectomy started losing is popularity as a viable

option for the treatment of pancreatectomy.

Several recent studies have however proved beyond doubt that
total pancreatectomy bears same morbidity and mortality as par-
tial pancreatectomy provided the operative time is comparable.
According to a study conducted by Muller, et al. on 147 patients
the morbidity and mortality of elective total pancreatectomy were
36% and 4.8% respectively. They did not find any statistical differ-
ence in comparison to partial pancreatectomy [35]. Another retro-
spective study by Epelboym,, et al. on 77 patients also had similar
results [36].

Indications of total pancreatectomy

e  Malignant tumors of the head of pancreas encroaching onto
the left pancreas in which is difficult to secure a tumor free
resection margin in spite of extended resection.

e  Recurrent malignancy in the remnant pancreas.

e  Cancer surgery with resection of celiac trunk.

e Leaking pancreatico-jejunostomy following Whipples or
similar surgery. The surgery is then known as rescue pan-
createctomy.

e  Multifocal potentially malignant IPMN throughout the pan-
creas.

e  Multifocal neuroendocrine tumor which are mostly a com-
ponent of MEN.

e  Multiple metastatic deposits of multiple melanoma and re-
nal cell carcinoma.

e Pancreatic cancers with high grade of penetration, such as

hereditary pancreatic cancers.

With advent of newer pharmacological agents, it is now pos-
sible to handle complications of total pancreatectomy much more
efficiently. Treatment of pancreatic exocrine insufficiency aims at
providing adequate lipase in the duodenal lumen at the time of
gastric emptying. This is achieved by administration of enzymes in
the form of enteric coated microspheres which prevents inactiva-
tion of lipase by gastric acid. Steatorrhea is now effectively con-
trolled with such drugs [37]. Barbiet,, et al. studied 56 patients for
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the short- and long-term effects of total pancreatectomy of which
30 patients had weight loss with an average of 9 kg (2 - 14). Four
of them had a median weight gain of 13 kg (4 - 22 kg). Majority of
patients passed stool twice daily. Day to day activity of 7 patients
was hampered by night time stool and of 5 patients by persistent
diarrhea. The average daily intake of pancreatic enzymes was 6
capsules (3-18) each containing 25,000 units and 5 patients took
other medications such as loperamide and diosmectite for intesti-
nal transit [38].

Diabetes Mellitus occurring after total pancreatectomy differs
considerably from type 1 and 2 diabetes. Ketoacidosis and severe
hyperglycemia are rarely encountered unlike type 1 DM. Pancrea-
togenic diabetes is highly insulin sensitive unlike type 2 DM which
is insulin resistant and exhibits relative insulin deficiency. Large
proportion of absorbed glucose undergoes insulin independent
metabolism making pancreatogenic DM distinct from Type 1 and
2 DM. These patients may suffer from unexpected hypoglycemia
unrelated to food intake or physical activity. This type of diabetes is
often referred to as ‘brittle diabetes’. Pancreatic exocrine deficiency
causing malabsorption and slow transit also affects glycemic con-
trol. Deficient pancreatic glucagon secretion in these patients leads
to elevated levels of gluconeogenic precursors such as lactate and
alanine in such patients [37]. In contrast to type 1 diabetes these
patients have elevated serum insulin level with minimal or no re-
sponse to food intake. Glucagon deficiency and increased sensitiv-
ity to insulin results in hypoglycemia in response to exogenous in-
sulin administration. Such an iatrogenic hypoglycemia may require
hospitalization, can cause irreparable brain damage and can even
cause death [39,40]. In recent times better understanding of patho-
physiology of T3cDM has led to more effective control of this com-
plication. Comparable Hbalc levels have been recorded between

Type 1 Diabetes and pancreatectomized patient.

Conclusion

As we have discussed, PNETs are most common neuroendocrine
tumours having a better survival rate and lower recurrence rate
following adequate treatment. Since, 90% PNETs are sporadic and
non-functional, proper assessment and management is required
due to malignant potential of the tumour. An approach including
multi-disciplinary therapy is suggested for post-operative manage-
ment. With the help of surgical expertise and advanced pharmaco-
therapy we can expect better outcome in terms of quality of life and

survival benefit.
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