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Preface

The Tata Memorial Hospital has pioneered the cause
of EBM in oncology in India and has been conducting
the annual meeting on EBM in common cancers for
the past sixteen years. The 17th conference on
“Evidence Based Management of Cancers in IndiaEBM 2019” is being held from 1st March to 3rd
March 2019. Each year we have focused on different
aspect of cancer care; collated and published the best
available evidence in the form of”EBM book” which
is also easily accessible at our official website. This
year we will be focusing on Clinical Genomics in
Hemato-Oncology, Hepato-Pancreato-Biliary
Malignancies and Cancer associated thrombosis. This
helps busy clinicians from all over the country and
abroad to get updated on the best available evidence
in oncology in a span of 3-4 days, thereby translating
into better overall patient care. Renowned
international and national faculty members will cover

the above topics in a very focused and succinct
manner.
HPB malignancies remain an important issue in the
world of oncology mainly due to poor outcomes and
requires high level of surgical and medical expertise.
The emergence of multimodality treatment over the
last decade has resulted in a paradigm shift in the
management of HPB malignancies. At Tata Memorial
Centre, GI malignancies are second only to Head
&Neck malignancies with more than 9000 patients
being registered annually. With more than 40% of
these being HPB malignancies, we perform ~ 500
HPB oncological resections and are the single largest
center in India treating HPB malignancies. Evolution
and implementation of various neo-adjuvant
treatment protocols, especially in borderline
resectable pancreatic and gall bladder cancers have
helped us to stretch the surgical limits and keep us
in the forefront of oncological advancement.
Specialized multidisciplinary clinics in HPB like Liver
clinic and NET clinic oversee evidence based
standardization of treatment for all patients. The
MDT approach has resulted in vastly improved
outcomes for our patients. This EBM conference will
be led by a galaxy of national and international

authorities in the field of HPB malignancies. The goal
is to critically review and present the best available
evidence and evolve management practices, which
can be easily assimilated into clinical practice across
the country. This book outlines and discusses these
advances.

February 2019
Mumbai

Prof R A Badwe
Director,
Tata Memorial Centre

SECTION - I
Hepatocellular Carcinoma
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Hepatocellular Carcinoma

1. INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary malignancy of the liver. GLOBOCAN 2018 data
predicts liver cancer to be the fifth most common cancer
and the second most common cause of cancer related
death worldwide with an estimated 800,000 new cases of
HCC being diagnosed every year. HCC represents about
85-90% of primary liver cancers and constitutes a major
global health problem. There is a significant geographical
variation, with the highest incidence rates in East Asia and
north and western Africa, together accounting for about
80% of all cases. India is a low incidence region for HCC.
The estimated age standardized rate (ASR) of HCC in India
for men is 3.1 and for women is 1.4 while the agestandardized mortality rate for HCC in India for men is 2.8
and for women is 1.3 per 100,000 population per year
(Globocan 2018). While incidence of HCC increases with
advancing age (peak age of incidence=70 years), high
incidence regions are associated with younger age at the
time of diagnosis.
2

Risk factors:
Almost 80-90% HCC patients have a known risk factor.
Cirrhosis, chronic hepatatis B virus (HBV) and hepatitis C
virus (HCV) infection, alcohol consumption, and aflatoxin
exposure are important risk factors for HCC. Other causes
are non-alcoholic fatty liver disease (NAFLD), hereditary
hemochromatosis, alpha-1-antitrypsin deficiency,
autoimmune hepatitis, and tobacco use.
Cirrhosis
Cirrhosis of any cause is the most well known risk factor
for the development of HCC. Older age, male gender,
advanced liver disease, increased portal pressure or degree
of liver stiffness may all increase the risk of HCC in
cirrhosis.The annual incidence of HCC in patients with
cirrhosis is 1-8% and 70–90% of HCC have been reported
in cirrhotic livers.
Viral Infection
In most high incidence countries in Asia, the major risk
factor is HBV infection as compared to HCV infection in
Japan and western countries.The World Health
Organization (WHO) estimates the lifetime risk of HCC
among chronic HBV-infected patients to be 10–25%. The
risk of HCC in patients with chronic HBV infection is 15-20
fold higher as compared to those without infection.
Genotype C is associated with increased risk of HCC
worldwide while HBV genotype D is the predominant
genotype associated with HCC cases seen in India. Antiviral
therapy for chronic HBV patients may reduce but does not
eliminate the risk of HCC and these patients should be on
3

surveillance protocols. HCV infection is a common risk
factor in developed countries. The relative risk (RR) for HCC
in patients with HCV infection is estimated to be 17-fold.
Genotype 1b, 3 and 6 have been associated with a high
risk of HCC from various regions of the world. In patients
with chronic HCV infection, antiviral therapies resulting in
a sustained virological response (SVR) are recommended,
since they have been shown to prevent progression to
cirrhosis and HCC development.Meta-analyses have shown
an increased risk of HCC in patients with HBV/HCV coinfection.
Worldwide, an estimated 54% of HCC are HBV related, 31%
are HCV related and 15% may be related to other causes.
Aflatoxin exposure
Aflatoxin B1 contamination of food is an important risk
factor in the incidence regions of Asia and Africa especially
in those having chronic HBV infection.There is a synergistic
association between aflatoxin B1 and HBV in increasing
the risk of HCC.
Alcohol consumption
A recent systematic review and meta-analysis suggests a
moderately increased risk for HCC with a pooled RR of 1.16
(95% CI, 1.01-1.34) for heavy drinking (≥ 3 alcoholic drinks
per day).
There is a dose response relationship for quantity of
alcohol consumed and the risk for HCC with a RR of up to
1.81(95% CI, 1.50-2.19) for 100g alcohol intake per day.
4

Alcohol also acts synergistically with other risk factors for
chronic liver disease.
Metabolic Factors
In NAFLD, the reported HCC incidence is very
heterogeneous, ranging from 0.25% to 7.6%. In 50-60%
of patients with NAFLD, HCC may develop without
cirrhosis. Also as viral hepatitis declines in other
geographical regions due to vaccination and better antiviral
treatment options available, these etiologies will probably
contribute to an increasing number of HCC cases
worldwide.
Metabolic disorders like hemochromatosis, alpha 1
antitrypsin deficiency, primary biliary cirrhosis (PBC),
autoimmune hepatitis and some porphyrias are also
associated with a high incidence of HCC once cirrhosis
develops.
Tobacco and Coffee consumption
Tobacco is now considered a risk factor for HCC. A metaanalysis concluded that compared with non smokers, the
adjusted meta-RR was 1.51 [95% CI 1.37-1.67] for current
smokers and 1.12 (95% CI 0.78-1.60) for former smokers.
Meta-analyses have shown a consistently protective effect
of drinking coffee with regard to lowering HCC incidence
with a summary RR for HCC of 0.66 [95% CI 0.55-0.78] for
regular, 0.78 (95% CI 0.66-0.91) for low, and 0.50 (95% CI
0.43-0.58) for high coffee consumption .
The European Association for the Study of Liver (EASL)
guidelines encourage patients with chronic liver disease
to drink coffee to decrease liver related mortality and HCC
risk.
5

2. CLINICAL FEATURES :
Most patients have no specific symptoms related to HCC.
They are either incidentally detected or present with
symptoms related to chronic liver disease. Larger tumors
with hepatic or portal venous involvement may present
as sudden onset decompensation in a previously stable
patient. HCC in non-cirrhotic patients presents in a more
advanced stage due to lack of specific symptoms. Usually,
the patients present with upper abdominal pain, anorexia,
weight loss or a palpable lump. Overall, 10-15% of patients
present with symptoms of metastatic disease like
breathlessness, bone pain or focal neurological deficit.
Other symptoms that could be associated with this tumor
include
1.
2.

3.
4.

Obstructive jaundice due to invasion or compression
of the biliary tree
Intra-peritoneal bleeding due to tumor rupture:
presenting with features of hypovolemic shock and
sudden onset abdominal pain
Fever
Paraneoplastic syndromes like hypoglycemia,
erythrocytosis, hypercalcemia or diarrhea

3. DIAGNOSIS AND STAGING:
The diagnosis of hepatocellular carcinoma is
predominantly by imaging. The detection of a nodule >
1cm on screening ultrasound in a high-risk population, or
an ultrasound done for a symptomatic patient, prompts
further imaging.
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Triphasic Contrast Enhanced Computed Tomography
(CECT)
A triphasic contrast enhanced computerized tomography
or magnetic resonance imaging is the diagnostic modality
of choice for HCC. Characteristic features of HCC include
arterial enhancement with venous wash out. Since HCC
derives blood supply predominantly from the hepatic
artery, they are vividly enhancing in the early arterial phase
with an early washout. HCC’s become indistinct in the
portal phase and hypoenhancing in the venous phase
compared to the rest of the liver parenchyma.
Contrast Enhanced Magnetic Resonance Imagingm
(CEMRI)
HCCs are T1 variable, with intense arterial enhancement
on the administration of Gadolinium and early washout,
with the lesion becoming hypo-intense to the rest of the
liver in the venous phase. MRI is generally used as a second
imaging modality if the CT is inconclusive. It can be used
as a modality of choice in cirrhotic livers to be able to better
characterize multicentric disease. It is also preferred in the
setting of portal vein thrombosis to be able to differentiate
between a bland thrombus and a tumor thrombus.
The American college of Radiologist has published
guidelines for reporting CT and MRI and known as Liver
Imaging Reporting and Data System(LIRADS). This is a
comprehensive system for standardizing the terminology,
technique, interpretation, reporting and data collection of
liver imaging. It is consistent with and fully integrated into
American Association for the study of liver diseases
(AASLD) and National Comprehensive cancer care (NCCN)
guidelines.
7

Untreated observations without pathological proof in
patient at high risk for HCC
If cannot be categorized due to ................... LR-NC
image degradation or omission
If definite tumor in vein (TIV) ...................... LR-TIV
If definitely benign ....................................... LR-1
If probably benign ....................................... LR-2
Intermediate ................................................ LR-3
If probably or definitely malignant .............. LR-M
but not HCC specific
Arterial phase
hyperenhacement
(APHE)
Observation
size (mm)

No APHE

Nonrim APHE

<20mm >20mm <10mm 10-19mm

>19mm

LR-3

LR-3

LR-3

LR-3

LR-4

- Enhancing One
capsule

LR-3

LR-4

LR-4

LR-4

- Non>_Two
peripheral
washout
- Threshold
growth

LR-4

Count
additional
major
features

None

LR-5
LR-5

LR-4

LR-4

LR-5

LR-5

LR-4
LR-5

Observations in this cell are categorized based on addition one major
feature
LR-4- if enhancing capsule
LR-5- if non-peripheral washout or threshold growth
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Contrast Enhanced Ultrasound (CEUS)
CEUS has been recently adopted as an acceptable imaging
modality for diagnosis of HCC as per the EASL guidelines
2018.It makes use of a renal safe micro-bubble based
contrast agent. The imaging features are similar including
arterial hyper-enhancement and early washout. The
advantages of this modality being safety of repeated
examinations even in patients with deranged renal profile
and real time dynamic imaging.
Pathological Confirmation
Histopathological confirmation by means of an image
guided core biopsy is recommended in cirrhotic patients
only if two imaging modalities are inconclusive. In noncirrhotic patients or in patients planned for non-surgical
management, histological confirmation is a must.
Role of FDG-PET (Fluorodeoxyglucose Positron Emission
Tomography)
HCC is not a very FDG avid tumor with uptake in less than
40% cases. However, PET avidity is associated with higher
levels of AFP and multicentric disease. Therefore, though
it can prognosticate a tumor, it finds no role in the regular
staging work up of HCC.
Role of Bone Scan
Incidence of bone metastases in HCC is 6-10% with a high
propensity for soft tissue involvement. Unless the patients
have symptoms specific to bone involvement, a bone scan
is not advocated in the routine staging work up.

9

Role of Alpha Feto Protein (AFP) Estimation
AFP levels are elevated in approximately 50% of patients
with HCC. None of the guidelines mention elevated AFP
as a pre-requisite for the diagnosis of HCC. AFP elevation
corroborates the diagnosis of HCC and a higher level is
associated with loco-regionally advanced or metastatic
disease.
AFP levels are used in follow up after curative treatment
for detection of recurrence.

4. STAGING SYSTEMS:
The Barcelona Clinic Liver Cancer (BCLC) staging system
was introduced by the Barcelona Clinic Liver Cancer group
in 1993.
The initial classification comprised of 4 stages and was
considered superior to the other existing systems because
it took into account the patient as a whole and gave
recommendations for line of management as per stage
based on the best options available.
In 2003, an additional Stage 0 was added for very early
disease and chemoembolization was recommended as the
treatment modality for intermediate stage (Stage B)
disease. Sorafenib was recommended as the treatment
option for advanced disease (Stage C) in 2008.
Currently, the BCLC classification is used as a standard for
management of HCC in the United States and Europe.
However, it has a few shortcomings.
Most notably, the intermediate group (Stage B) is very
heterogeneous in terms of both tumor characteristics and
10

STAGE 0
1

RESECTION

2

RFA
MWA

3

STAGE A

STAGE B
TACE

STAGE C

STAGE D

Sorafenib
Lenvatinib
Regorafenib

RESECTION, TARE
Nivolumab
OLT, RFA, DOWNSIZE →OLT
MWA
TARE,TACE,
SBRT

Orthotopic
Liver
Transplantation (OLT)
for early
lesion
Best
supportive
care

TARE

Figure 1: BCLC HCC staging system (2018 modification).
Abbreviations: N, nodal metastasis; M, extrahepatic metastasis
OLT
TACE
TARE
RFA
MWA
SBRT

-

Orthotopic Liver Transplation
Trans Arterial Chemoembolisation
Transarterial Radioembolization
Radiofrequency Ablation
Microwave Ablation
Stereotactic Body Radiotherapy
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underlying liver condition to fall under one treatment
recommendation.
In 2014, the Hong Kong Liver Cancer classification was
proposed based on the results from a cohort of 3856
patients of HCC predominantly associated with HBV
infection in a single center. This system more effectively
dealt with the problems of heterogeneity in the BCLC B
and C groups and the rigid allocation of treatment options.
It allowed for more aggressive management with surgery
as an option for BCLC B and TACE as an option for BCLC C
groups. It is considered more suitable for the Eastern
population with predominantly HBV associated disease.
System

Tumor Characteristics

Liver Functions

Performance
Status

Size Nodes Mets PVT AFP CTP Alb Bil ALP Ascites
BCLC

++

++

++

++

HKLC

++

++

++

++

Okuda ++
CLIP

++

TNM

++

++ ++
++
++

++

++ ++

++

Comparison of Staging Systems
Mets: Metastasis, PVT: Porta Vein thrombosis, CTP: Child
Turcotte Pugh, Alb: Albumin, Bil: Bilirubin, CLIP cancer of
the liver Italian program.
Several systems have been devised for the staging and
prognostication of hepatocellular cancer. Most of these
incorporate performance status and the condition of the
12

Figure 2: Hong Kong Liver Cancer classification (HKLC).
EVM: Extrahepatic vascular invasion/metastasis;
ECOG: Eastern cooperative oncology group;
TACE: Transarterial chemoembolization
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underlying liver in addition to the tumor characteristics
because these factors significantly impact the choice of
treatment modality and outcome for the patient.

5. PREOPERATIVE ASSESSMENT AND WORK-UP:
Since cirrhosis is the commonest risk factor for HCC, most
patients with HCC have coexisting chronic liver disease
(CLD).The EASL guidelines recommend assessing optimal
surgical candidacy based on a composite assessment
including liver function, grade of portal hypertension,
extent of hepatectomy, acceptable volume of future liver
remnant (FLR), performance status and patients’ comorbidities.
All these should lead to an expected peri-operative
mortality <3% and morbidity <20% including a postsurgical
severe liver failure incidence of <5%.
1. A complete clinical examination:
Symptoms and signs of liver decompensation like jaundice,
ascites, encephalopathy, pallor due to gastrointestinal
bleeding from varices may be picked up on examination.
Only patients with compensated liver function should be
considered for further preoperative evaluation for liver
resection (LR).
2.

Assessment of liver function- Prognostic scores:

a. Child-Turcotte-Pugh (CTP) scoring system:
Child- Pugh (CTP) and Model for End-Stage Liver Disease
(MELD) are the two most commonly used scores for

14

assessment of preoperative liver function and for
prognostication in patients with CLD.
Each variable is scored 1-3 points which are added for a
maximum possible score of 15. Patients are divided into 3
risk classes as per the score- CTP-A: 5-6 points, CTP-B :7-9
total points, CTP-C: 10-15 points. Patients with Child-Pugh
score A are eligible candidates for resection while B and C
can be considered for liver transplant
Table 1: Child-Pugh scoring system:
Points

1

2

3

Ascites

None

Small or diuretic
controlled

Tense

Encephalopathy

Absent

Modified West-Heaven
Grade I-II

Modified
West-Heaven
Grade III-IV

Albumin

>3.5 g/dl

2.8-3.5 g/dl

Bilirubin

< 2 mg/dl 2-3 mg/dl

>3 mg/dl

Prothrombin
time (increase
above control)

<4

4-6

>6

INR

<1.7

1.7-2.3

>2.3

<2.8 g/dl

b. MELD score (Model for end stage liver disease)The MELD score has been shown to accurately predict
survival in patients with cirrhosis. It takes into account
serum bilirubin, international normalized ratio (INR) and
serum creatinine.
The EASL guidelines use the MELD score to stratify patients
with HCC and without portal hypertension undergoing LR
to a low risk group (MELD ≤9, 5% risk of liver
15

decompensation, 0.5% liver-related mortality) and an
intermediate risk group (MELD > 9, < 30% risk of liver
decompensation, 9% liver-related mortality).
Portal hypertension is not adequately assessed by the
MELD score and should be considered separately.
c. Other classifications:
Other classifications exist like the Paul Brousse Hospital
Classification. However, these are not used widely and have
not been validated in an independent large sample of
patients.
3.

Assessment of liver function- Quantitative liver
function tests
Quantitative liver function tests help in more precise assessment of the functional reserve and also prognostication.
Indocyanine green (ICG) retention test:
The ICG clearance/ retention test is a widely used
quantitative liver function test.
The plasma clearance rate of ICG is significantly lower in
cirrhotic patients and forms the basis for this test.
The results of ICG test are determined by serum sampling
and can be expressed as the percent ICG retained in the
circulation 15 minutes after bolus injection of 0.5 mg/kg
ICG (ICG-R15), the plasma disappearance rate (ICG-PDR),
and the elimination rate constant (ICG-k).
Clearance is considered to be impaired when ICG-R15 is >
15% which is a high risk factor for serious posthepatectomy complications.
16

Results of ICG retention test can be influenced by biliary
obstruction and hyperbilirubinemia. A high ICG-R15 also
indicates that the volume of non- tumorous liver resected
must be minimized.
Right hepatectomy is considered safe in patients with ICGR15 <10%; whereas left hepatectomy and right paramedian
or lateral sectorectomy can be performed in patients with
ICG-R15 of 10%-19%.
In patients with further worsening of ICG-R15, only a
sectionectomy or limited resection would be indicated.
Metabolic quantitative liver function tests:
Aminopyrine breath test (ABT), Bromosulphthalein (BSP)
retention test and Galactose elimination test are other
quantitative tests of liver function.
Most of these tests are indirect determinants of the
metabolic capacity of the liver but are easily affected by
the mass and function of liver cytochrome P450 and by
liver blood flow. They cannot be used to evaluate the safe
extent of LR and should be used in a research setting only.
4.

Assessment of liver function- Nuclear imaging tests:

a.

99mTc-galactosyl-human serum albumin (GSA)
scintigraphy and 99m-Tc- GSA SPECTGalactosyl human serum albumin (GSA) is an analogue of
asialoglycoprotein, which binds to asialoglycoprotein
receptors on hepatocyte membranes, followed by
receptor-mediated endocytosis. The liver is the only site
of 99mTc-GSA uptake.
17

99m-Tc- GSA SPECT can assess both liver function and
functional hepatocyte mass unlike 99mTc-GSA
scintigraphy.
b. Hepatobiliaryscintigraphy (HBS):
HBS measures the hepatic uptake and excretion of 99mTcmebrofenin and therefore can also visualize the biliary
system.
Compared to tests like ICG clearance test, these nuclear
imaging scans can measure both total and regional liver
function, enabling functional assessment for the FLR and
for preoperative prediction of postoperative complications.
However, these are not widely used.
5.

Assessment of portal hypertension

a. Hepatic venous pressure gradient (HVPG):
HVPG is the difference between the wedged and free
hepatic venous pressure and is the gold standard for
measuring Portal hypertension (PHT) which is defined as
a HVPG > 5 mmHg. Clinically significant portal hypertension
(CSPH; defined as HVPG >10 mmHg) significantly increases
the risk of 3- and 5-year mortality and of clinical
decompensation after surgery for HCC.
The EASL 2018 guidelines state that the role of PHT in
decision making for eligibility for LR of HCC should be
balanced with the extent of hepatectomy, liver function
indicators like the MELD score and the availability and
effectiveness of alternative HCC therapies.
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b. Surrogate markers of portal hypertension:
In centers where HVPG is not available, CSPH can be ruled
out by a platelet count >100,000, absence of esophageal
varices on endoscopy and absence of significant collaterals
on abdominal imaging.
6.

Assessment of FLR and planning the extent of
resection:

Computed tomography (CT) volumetry (CTV):
An important determinant of surgical outcomes is the
extent of resection which needs preoperative evaluation
to accurately estimate the liver volume to be resected and
to be preserved.
CTV is used for the preoperative volumetric assessment
of the liver especially in patients with CLD or cirrhosis
where the size of the FLR becomes an important prognostic
factor.
Three-dimensional (3-D) virtual hepatectomy simulation
softwares are now available which enables estimation of
the anatomic relationships between the tumors and
vessels in the liver. However, manual volumetric
estimation, can be a useful substitute if the software is
not available or in difficult situations.
CTV assesses the standardized liver volume (SLV), and
postoperative residual liver volume (future liver remnant
or FLR). The FLR-to-SLV ratio is used in patients with CLD
to predict the likelihood of PHLF after major LR. For a noncirrhotic patient, safe FLR is 25-30% whereas patient with
cirrhosis will require an FLR of >40%.
19

6. CURRENT SURGICAL STANDARDS:
Surgery is the mainstay of radical treatment of
hepatocellular carcinoma. It aims at both, extirpation of
the disease with clear margins while maintaining an
anatomically and functionally replete remnant.
Current indications for surgical resection as per BCLC:
BCLC Early stage disease: tumour size <3cm, Child Pugh A,
normal portal pressure.
In patients with portal hypertension or decompensated
liver disease, liver transplantation is recommended as the
treatment of choice for the tumor as well as the underlying
liver disease.
However, many hepatobiliary surgeons especially from the
Eastern countries find the BCLC criteria too restrictive
considering that surgery is the best treatment option for
HCC.
5-year survival rates of upto 39% have been achieved with
resection of large, multinodular HCC in the series by Ng
et al.
Data of 103 patients from Tata Memorial Centre, Mumbai
showed 3-year survival rates of 62.7% and 37.5% for
patients with BCLC B and C tumors respectively.
This study concluded that with good patient selection,
improved long-term survival can be achieved with
acceptable safety in most BCLC B and select BCLC C
patients, especially in those who are outside transplant
criteria or cannot be offered transplant due to logistic or
monetary reasons.
20

Other acceptable indications outside BCLC criteria may
include:
Large tumours with adequate FLR
Tumors in child B Cirrhotics (B7)
Tumors with vascular invasion limited to the side of
resection
Role of Neoadjuvant Therapy
Recurrences, post resection, in HCC tend to be
intrahepatic. Hence, many units adopted the use of trans
arterial chemo-embolization (TACE) prior to surgery in
resectable cases with the aim of decreasing in-liver
recurrences and a hope to prolong survival.
A systematic review of 18 studies, including 3 randomized
trials demonstrated that the use of TACE in the
neoadjuvant setting in resectable HCC was safe and
efficacious with a high rate of pathological response.
However, it did not improve survival.
Methods to improve FLR:
1) Portal Vein Embolization (PVE):
Portal vein embolization of the affected segment allows
for hypertrophy of the anticipated FLR allowing for more
extensive resection.
In general, there is a 30% increase in the FLR and 10%
increase in SLV at the end of 2 weeks following PVE.
2) Trans Arterial Chemo Embolisation (TACE):
TACE has been proposed as a complimentary adjunct to
PVE in the preoperative setting. In addition to embolizing
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the arterial supply to the tumour, it also blocks the small
arterio-portal shunts that attenuate the effect of PVE in
cirrhotic patients.
Studies have shown improvement not only in resectability
rates but also in disease free and overall survival with this
sequence.
3)

The Associating Liver Partition with Portal vein
ligation for Staged hepatectomy (ALPPS) procedure
has also been successfully used to increase FLR in
cirrhotic patients with HCC.

Anesthesia Concerns in Liver Surgery
Preoperative concerns:
1) Performance status
2) Functional liver remnant, Child Pugh status
3) Cardiac and pulmonary optimization
4) Chest physiotherapy
Peri-operative concerns:
1) Large bore peripheral iv access
2) Central Venous Pressure (CVP) and arterial lines in
major hepatic resections
3) Trans-esophageal echocardiography, cardiac output
monitoring in case of massive blood loss
4) Monitoring blood glucose level
5) Avoiding hypothermia and monitoring coagulation
profile
6) Restricted fluids and maintaining low CVP prior to and
during transection: maintaining adequate urine
output
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7)

Close communication with the surgical team:
hypotension due to loss versus inferior vena cava (IVC)
compression- timely and adequate blood replacement
Post-operative management:
1)

2)

3)
4)

Enhanced recovery protocol (ERAS): early enteral
feed, adequate analgesia. Paracetamol in therapeutic
dosage is safe if liver functions are maintained.
Monitoring liver enzymes, bilirubin, coagulation
profile, blood sugar level, electrolytes, hemoglobin
and platelet count so as to pick up early signs of post
hepatectomy Liver failure (PHLF) and institute
corrective measures
Preventing secondary infections is very important to
prevent post-operative morbidity and mortality.
Peptic ulcer and deep vein thrombosis prophylaxis,
chest physiotherapy.

Role of Portal triad clamping (Pringle Maneuver)
J. Hogart Pringle first described this procedure of porta
clamping in 1908.
Pringle’s maneuver involves clamping the porta to
decrease inflow to the liver during transection. Continous
Pringle can be performed for a maximum period of 40-45
minutes in non-cirrhotic patients (not preferred) whereas
more commonly intermittent Pringle for 10 min and
release for 5 minutes is practised.
Drawbacks:
Cannot control bleeding due to backflow from hepatic
veins.
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Risk of ischaemic-reperfusion injury to the healthy liver
especially when the FLR is low.
A Cochrane review has shown no benefit with Pringle
maneuver. Studies comparing Pringle’s maneuver with
SVHE (Selective vascular Hepatic exclusion where selective
inflow to the side to be resected is ligated) showed
decreased blood loss, decreased transfusion requirement,
post-operative complication rate and mortality with SVHE.
Anatomical versus Non anatomical Resection for HCC
Anatomical resection allows for better oncological
clearance. However, it may not always be possible due to
the location of the tumor and the need to preserve
parenchyma in cases with borderline FLR.
There is no randomized evidence, however, a meta-analysis
of non randomized data shows better survival outcomes
with anatomical resection.
Parenchyma preserving non-anatomical resections are
more suited for metastatectomies especially from
colorectal metastases.
The advent of accurate 3-D reconstruction and virtual
hepatectomies have made it possible to plan anatomical
resections in patients with borderline hepatic reserve by
delineating detailed segmental anatomy.
Approaches for Anatomical Liver Resection
1) Modified liver hanging maneuver: “Hanging
maneuver” originally described by Belghiti involved
passing a tape across the avascular space between
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2)

3)

the anterior surface of the IVC and the posterior
surface of the liver, exiting between the right and
middle hepatic veins.‘Hanging’ the liver in this fashion,
ensures safeguarding the IVC and provides the
shortest plane with least surface area during
parenchymal transection. This was a blind method
and was modified to the present technique where the
plane above IVC and between hepatic veins is created
under vision. Not suited for large tumors with
adherence to diaphragm / cava.
Anterior approach:Preferred for large right lobe
tumors precluding rotation of the right lobe for
complete mobilization. Liver transection is the first
step with intrahepatic control of vessels and without
mobilization of the liver. Useful for large tumors and
in tumors with suspected cava involvement.
Glissonian approach: Dissection at the hilar plate
along the sheaths surrounding the portal triads
provides extrahepatic access to the main pedicles
supplying each hemiliver and also individual sections,
minimizing ischemia to the remnant liver. Specially
used for sectionectomies.

Liver Transection Techniques / Devices
1) Kellyclysis or clamp-crush technique
2) Harmonic Scalpel - Energy device
3) Ligasure vessel sealing device-Energy device
4) Thunderbeat( bipolar + ultrasonic) -Energy device
5) Cavitron Ultrasonic Surgical Aspirator (CUSA)parenchyma transection device
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6)

Hydro-dissection (Waterjet) parenchyma transection device
7) Radiofrequency Dissecting Sealer (RFDS)
8) Vascular staplers - stapling devices
According to a Cochrane review (2016) comparing the
various techniques,there is no evidence to suggest
superiority of one technique or device over the other in
terms of decreasing blood loss, surgical time or morbidity
and mortality.
Role of Laparoscopic Surgery
The first International Position Statement on Laparoscopic
Liver Surgery given in Louisville in 2008 considered single
lesion, </= 5 cm in Seg 2 to 6 as suitable for laparoscopic
resection. Laparoscopic left lateral sectionectomy was
declared standard of care.
The second international consensus conference held in
Marioka, Japan in 2014, defined minor resections as those
in which two or fewer segments were excised. This
statement declared laparoscopic minor resections as
standard.
Major laparoscopic liver resections were considered
innovative procedures still in the learning phase.
Role of Intraoperative Ultrasound (IOUS)
IOUS is used to delineate the primary tumor, identify its
relation to major vessels and plan the transection line. It
is also used to identify multicentric disease in the
contralateral lobe. Laparoscopy with laparoscopic
ultrasound has been shown to avoid laparotomies in upto
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16% patients due to identification of unresectable or
metastatic disease.
Margin Status in Surgery for HCC
Most recurrences after resection of HCC occur within the
remnant liver. However, wide margins do not help decrease
these recurrences, since most are related to intrahepatic
metastases or multicentricity. In patients with limited
hepatic reserve, preservation of liver parenchyma should
take precedence over wider margins. However,
histologically positive margins should be avoided as they
increase the risk of post-operative recurrence. Even a 1mm
clear margin with intact tumor capsule is considered a safe
resection.
Role of Adjuvant Therapy
STORM, a phase III, randomized controlled trial studying
the benefit of Sorafenib in the adjuvant setting after
resection/ ablation of HCC showed no added survival
advantage. The 2018 EASL guidelines do not recommend
any neo-adjuvant or adjuvant therapy after curative
resection or ablation.
Liver Transplantation in HCC
Orthotopic Liver Transplantation (OLT) is a sound treatment
option for patients of early stage HCC with decompensated
liver disease because it not only extirpates the tumor with
the widest possible margin but also treats the underlying
liver pathology.
Milan Criteria: (Mazzaferro et al.1996) solitary tumor< 5
cm, or up to 3 nodules all < 3 cm, without vascular invasion
or extra-hepatic spread.
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University of California, San Francisco (UCSF) Criteria:
larger tumors up to or less than 6.5 cm for a solitary lesion
or up to 3 nodules with the largest lesion < 4.5 cm and
cumulative tumor size up to 8 cm.
Tumor vascular invasion and extra-hepatic metastases are
absolute contraindications for liver transplantation.
There is no randomized evidence for use of liver
transplantation over resection in HCC. Evidence from a
meta-analysis of retrospective data shows no significant
difference in outcomes. Therefore, the choice of treatment
modality is primarily guided by the level of underlying liver
dysfunction in an otherwise resectable lesion.
The main limitation of offering liver transplantation
remains the limited number of organs and the prohibitive
cost, leading to drop-outs. Good response to bridging
therapies like TACE and Radiofrequency ablation (RFA) have
shown to reduce the drop out rate and post transplant
recurrences.
Living Donor Liver Transplant (LDLT) has been proven to
be an equivalent option to OLT in patients meeting
transplant criteria. The advantage of LDLT is a practically
zero waiting period in the presence of a suitable donor.
The disadvantage is the possibility of donor morbidity.
Another available option to circumvent the problem of
limited donor availability in that of salvage transplantation.
In this, the patient undergoes curative resection first and
transplantation is reserved for post operative liver
decompensation or recurrence. However, primary liver
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transplantation has shown to have superior outcomes
compared to salvage in patients meeting transplant
criteria.

7. COMPLICATIONS FOLLOWING RESECTIONS
AS PER THE INTERNATIONAL STUDY GROUP
FOR LIVER SURGERY (ISGLS)
Complications associated with any major surgery are also
common post hepatic resection. Pulmonary complications
like atelectasis, pneumonia, effusions, catheter site
infections, surgical site infections complicated by ascites,
deep vein thrombosis and urinary tract infections are
relatively common.
There are three complications specific to liver surgery and
have therefore been defined and graded by the ISGLS for
appropriate documentation and management:
Post Hepatectomy Hemorrhage:
Drop in Hb> 3g/dl post operatively compared with post –
operative baseline level (immediately post surgery)
AND/OR




Any post operative transfusion of PRBCs (Packed Red
Blood Cells) for a falling Hb
Need for invasive re-intervention (embolization or
laparotomy) to stop bleeding
Evidence of bleed in abdominal drains

OR


Intra abdominal hematoma or active bleed on
abdominal imaging
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Grade B

Grade C

Transfusion need </= 2 PRBC

Grade A

> 2 PRBC

> 2 PRBC

Clinical condition Stable

Hypotension / Hemodynamic
tachycardia
instability, shock,
organ failure

Managed in

Surgical ward

HDU

ICU/OT

Radiology

Not required

Hematoma /
active bleed

Hematoma/
bleed / bleed
in drains

Management

Stop anticoag, PRBCs, FFP,
Angioembolization/
PRBCs
cryo, platelets re-laparotomy

Hospital Stay

Not prolonged Could be
prolonged

Prolonged

It does not include immediate postoperative transfusion
for inadequately replaced intra-operative losses (upto a
maximum of 2 PRBC).
It also does not define the timing or location of the bleed.
The incidence in major resections ranges from 1% to 8%.
It has been found that hemorrhage and need for postoperative transfusion not only affects perioperative
outcome but also long term prognosis for patients
undergoing hepatectomy for primary or secondary
malignancies.
Post Hepatectomy Bile Leak:
Drain fluid bilirubin or bilirubin concentration in
accumulated fluid collections > 3 times the serum bilirubin
concentration measured at the same time on or after
POD 3
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OR
Need for radiological intervention for biliary collection



OR


Need for re laparotomy for biliary peritonitis

The definition does not include the site of leak or the
volume of leak, which could be confounded by ascites.
After liver resection, bile leak can be from the transected
surface of the liver, from the bilio-enteric anastomosis or
from any inadvertent injury to a biliary radicle.
Incidence in hepatectomies without major reconstruction
is between 1.2 to 3.6%. In cases with a bilio-enteric
anastomosis, the incidence is higher, upto 8%.
Grade A

Grade B

Grade C

Clinical condition No change

Tachycardia,
fever

Hemodynamic
instability, sepsis

Intervention

None,
retain drain

Image guided
pigtail, ERCP
stenting,
PTBD

Re laparotomy:
clearing collections,
bilio-enteric
anastomosis

Antibiotics

No

maybe

yes

Managed in

Outpatient/
surgical ward

Surgical ward

ICU

Hospital stay

Not prolonged prolonged

prolonged

Grade A leaks with drains retained for more than 1 week
are classified as Grade B.
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Post Hepatectomy Liver Failure (PHLF):
A postoperatively acquired deterioration in the ability of
the liver (in patients with normal and abnormal liver
function) to maintain its synthetic, excretory and
detoxifying function, characterized by an increased INR (or
need for clotting factors to maintain normal INR) and
hyperbilirubinemia (according to the normal cutoff levels
defined by the local laboratory) on or after postoperative
day 5.
According to the study by Balzan et al, a serum bilirubin
above 50 mmol/L (3 mg/dL) and a prothrombin time of
less than 50% of baseline (INR above 1.7) on postoperative
day 5 predicts mortality and other complications in upto
70% patients. These are known as the “50-50 criteria”.
PHLF is a dreaded complication and the most common
cause for mortality post liver resections. It can complicate
upto 7% of major resections in healthy livers and upto 30%
in cirrhotics. The following are the risk factors known to
precipitate PHLF.
Patient Related Factors:

Obesity, DM, COPD, renal failure

Malnutrition

Chemotherapy Associated SteatoHepatitis

Hepatitis B, C

Cirrhosis due to any cause
Surgery Related Factors:

Small FLR

Blood loss >1200 ml
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Need for blood transfusion
Duration of surgery > 4 hours
Need for vascular reconstruction

Post operative Factors:

Post operative infections

Postoperative hemorrhage/ leak
PHLF may present with jaundice, ascitis, deranged
coagulation profile, hypoglycemia, encephalopathy,
decreased urine output or hemodynamic instability. The
factors potentiating PHLF include hypokalemia, metabolic
acidosis, paralytic ileus leading to nitrogen build-up, post
operative bleed or sepsis due to any cause.
Grade A

Grade B

Grade C

Definition

Abnormal lab
Parameters
No change in
clinical
managemen

Deviation
from regular
clinical
management
without
invasive
treatment

Deviation from
clinical management
and requiring
invasive treatment

Clinical
symptoms

None

Ascites, weight
gain, mild
respiratory
insufficiency,
confusion

Hemodynamic
instability,
respiratory failure,
renal failure,
encephalopathy

Managed in

Ward

HDU

ICU

Interventions

None

Non invasive:
FFP, albumin,
diuretics, NIV,
USG, CT

Invasive:
intubation,
hemodialysis,
inotropes, IV glucose
for hypoglycemia

Mortality

0%

12%

50%
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The management of PHLF is a joint effort by the surgeons,
intensivists and the hepatologists. It mainly involves
supporting the function of the liver, maintaining
hemodynamics and renal function, correcting metabolic
derangements and preventing nitrogen build-up. If PHLF
is secondary to hemorrhage, bile leak or infection, the
source needs to be aggressively and urgently controlled.
There is a role for liver transplantation in cases of fulminant
PHLF. Liver support systems like the Molecular Adsorbent
Recirculating System (MARS), Prometheus and the bioartificial liver are being investigated to act as a bridge
between the onset of acute liver failure and
transplantation.

8. LIVER DIRECTED THERAPIES
The Interventional Radiology treatment options that are
available for locoregional management of Hepatocellular
Carcinoma includes Tumor Ablation (Radiofrequency
Ablation &Microwave Ablation) and Embolisation
(Transarterial embolization using bland particles,
chemotherapy or radioemitter labeled particles).
BCLC stage 0:
Ablation also provides excellent results for single lesions
<2 cm (T1 stage) in patients with preserved liver function.
Rates of 5-year survival range from 60% to 80%.
Though no trial been conducted to compare the efficacy
of surgery versus ablation, case–control and modeling
studies have found ablation to be non-inferior and more
cost effective for patients with very early-stage HCCs
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The survival for patients with single HCC lesions <3 cm
treated with resection versus RFA has not been addressed
in an RCT. A recent multicenter retrospective report
included 544 Child-Pugh class A patients with single HCC
lesions <3 cm from 15 centers, and there were similar
complication rates, recurrence rates, and 4-year survival
rates.
Recommendations

Level of Evidence
Recommendation

In patients with very early stage HCC (BCLC-0)
Moderate
radiofrequency ablation in favourable locations
can be adopted as first-line therapy even in
surgical patients

Strong

Microwave ablation showed promising results
for local control and survival

Low

Moderate

Ethanol injection is an option in some cases
where thermal ablation is not technically
feasible, especially in tumours <2 cm

High

Strong

BCLC Stage A
Patients with BCLC stage A are treated with resection and
transplantation.
Patients who are not suitable for surgery because of comorbidities should be considered for treatment with
ablation. Whenever ablation is not feasible Stereotactic
Body Radiotherapy (SBRT) can be considered. This
recommendation is based from 5-year local control of SBRT
in medically inoperable tumours and patients undergoing
SBRT as a bridge to liver transplant.
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Recommendations

Thermal ablation with radiofrequency is
the standard of care for patients with
BCLC A tumours not suitable for surgery

Level of Evidence
Recommendation

High

Strong

Neoadjuvant therapies in Liver Transplantation and
downstaging within Milan criteria:
Among the neoadjuvant treatments, ‘‘bridging” describes
treatment of accepted transplant candidates within Milan
criteria while on the waiting list, while ‘‘downstaging”
describes treatment used to bring patients whose tumor
burden is outside accepted criteria for transplantation to
within acceptable criteria.
Patients with HCC who are candidates for liver transplant
are at risk of tumor progression without any cancer
directed therapy.
There have been studies and meta-analyses on loco
regional treatment options that have demonstrated
significant advantages of neoadjuvant therapies in reducing
the drop-out rate due to tumour progression.
Neoadjuvant protocols include use of ablation and trans
arterial therapies and stereotactic radiation in various
combinations, especially when expected waiting time is
above six months.In patients wherein SBRT was used as a
bridge to transplant, 27-30% complete pathological
response is reported in liver explants and 4 and 5 year
survival of 100% is reported.
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Recommendations
In LT candidates with HCC, pre-transplant
(neoadjuvant) loco-regional therapies are
recommended if feasible

Level of Evidence
Recommendation
Low

Strong

• Reduces the risk of pre-LT drop-out
• Lowers post-LT recurrence – particularly if
CR or PR is achieved

Combination of TACE and RFA:
In patients with HCC, the combination of TACE and RFA is
associated with significantly higher Overall Survival (OS) and
recurrence-free survival, than RFA monotherapy, without
a significant difference in major complications. This benefit
is more important in HCC larger than 3 cm in diameter.
BCLC Stage B (Intermediate):
TACE (transarterial chemoembolization) is the standard of
care for patients with HCC of BCLC stage B.
Conventional TACE (c-TACE) involves intra-arterial infusion
of chemotherapy (usually doxorubicin or cisplatin or
mitomycin), frequently mixed with lipiodol to increase
exposure of the tumor to the drug, followed by
embolization of the feeding vessel(s) with agents such as
gelatin sponge or particles. This causes cytotoxicity and
ischemia.
Randomized controlled trials have shown that TACE
increases survival time. The median survival time was 28.7
months for patients receiving c-TACE vs 17.9 months for
control patients in a BCLC trial and 18 months vs 9.2
months in a trial in Hong Kong, when patients with portal
vein invasion were excluded.
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A cumulative meta-analysis showed that c-TACE increased
the proportions of patients that survived 2 years, and
established it as the treatment for intermediate-stage HCC.
A metaanalysis reported improvement in 1,3 and 5-year
progression free survival and overall survival with addition
of SBRT to TACE. In Tata Memorial Centre series the use of
SBRT (after TACE progression) or standalone for patients
with medical contraindications was associated with 18-21
month survival.
Transarterial chemoembolization of hepatocellular
carcinoma with portal vein tumour thrombus (PVTT).
TACE can be an effective and safe treatment option for
HCC with segmental portal vein tumour thrombosis
(sPVTT) in patients with preserved hepatic function.
In a study, performing TACE for HCC with sPVTT there was
significantly improved OS, but the severe adverse effect
incidence was not significantly altered.
Another meta-analysis concluded that even main portal
vein thrombosis should not be considered an absolute
contraindication TACE and that TACE is a safe treatment
option for a selected population of HCC patients with portal
vein thrombosis.
Recommendations

Level of Evidence
Recommendation

TACE is recommended for patients with BCLC
stage B and should be carried out in a
selective manner

High

Strong

The use of drug-eluting beads has shown
similar benefit to conventional TACE and
either of the two can be utilized

High

Strong
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Recommendations

Level of Evidence
Recommendation

SBRT is recommended for patients who have
residual disease or focal progression after TACE

Low

Moderate

TACE should not be used in patients with:
• Decompensated liver disease
• Advanced liver and/or kidney dysfunction
Extrahepatic spread

High

Strong

TACE with PVTT
(portal vein tumoral thrombus)
Superselective TACE in selected patients with
preserved liver function

Low

Moderate

Low

Moderate

SBRT with PVTT
-Stereotactic Body Radiotherapy in patients
with 1-3 lesions

BCLC Stage C (Advanced HCC):
Sorafenib is the standard systemic therapy for HCC. It is
the treatment option for patients with HCC of BCLC stage C.
Sorafenib is a tyrosine kinase inhibitor that reduces tumor
cell proliferation and angiogenesis
The most frequent adverse events are hand-food-skin
reactions; asthenia; diarrhea; and arterial hypertension the
incidence of which is higher in Asians. Up to 30% of the
patients have to discontinue treatment because of adverse
events.
Selective Internal Radiation Therapy (SIRT) or
Transarterial Radioembolization (TARE)
Selective internal radiation therapy (SIRT) also called radioembolization is defined as the infusion of radioactive
substances such as 131-Iodine-labelled Lipiodol or microspheres containing yttrium-90 (Y90) or similar agents into
the hepatic artery.
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Currently, the most popular technique uses resin or glass
microspheres coated with Y90, a ß-emitting isotope.
Patients undergo preliminary angiography of the hepatic
artery, and protective coiling of extrahepatic branches if
necessary.
In the same session, 99Tc macroaggregated albumin is
injected into the hepatic artery using the same catheter
position chosen for the scheduled SIRT session to look at
the lung shunt fraction. Lung shunt fraction of > 30% is a
contraindication for the procedure.
In patients with HCC developed on chronic liver disease,
whole-liver treatment in one session is discouraged.
Because of the minimally embolic effect of Y 90
microspheres, treatment can be safely used in patients
with portal vein thrombosis.
Cohort studies reporting long-term outcomes showed a
median survival time of 16.9 months to 17.2 months for
patients at intermediate stages and 10 months to 12
months for patients at advanced stages with portal vein
invasion.
Recommendations
TARE/SIRT using yttrium-90 microspheres has
been investigated in:
•

Patients with BCLC-A for bridging to
transplantation or medically inoperable
patients

•

Patients with BCLC-B in addition to or
salvage after TACE.

•

Patients with BCLC-C with upto 3 focal lesions.

40

Level of Evidence
Recommendation
Moderate

Compared to TACE, SIRT induces less toxicity, provides
significantly longer time to progression and better tumor
control, and maintains higher quality of life, although it
does not provide longer survival.
SBRT for Hepatocellular Cancer
Stereotactic body radiationtherapy (SBRT) involves highly
precise delivery of high dose of radiation in 3-6 fractions
and is a means of non surgical ablation of the liver tumor
while sparing the normal liver parenchyma. Prospective
Phase II studies investigating role of Liver SBRT report 9095% 3-5 year local control in small sized HCC and 80-85%
control in intermediate size HCC. A recent series from Tata
Memorial centre demonstrates 61% survival at 1 year in
patients with large tumours (7-15 cm) who were not a
candidate for surgery or TACE.
In the last decade SBRT has been used across all clinical
stages (BCLC A-C) in patients with hepatocellular cancer
with very encouraging outcomes and has been included
as a therapeutic option with moderate efficacy (pending
confirmation in phase III randomized trials). Two Phase III
randomized trials are currently using performance of SBRT
either as a standalone treatment modality or in
combination with TACE. Another multicentric phase III trial
is investigating the impact of addition of SBRT to sorafenib
in intermediate and advanced stage tumours (BCLC B
and C).
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9. SYSTEMIC TREATMENT:
Current era – targeted therapy
First line therapy
Sorafenib is a tyrosine kinase inhibitor that inhibits tumorcell proliferation and tumor angiogenesis along with
increasing the rate of apoptosis in a number of animal
models.
Based on initial results in phase II study, Sorafenib at 800mg
(400mg PO BD) was studied in a randomized phase III trial
versus best supportive care in the seminal SHARP study.
The 602 patients study showed an improvement in median
OS from 7.9 months in the best supportive care arm to
10.7 months with Sorafenib (P<0.001).
This study, though with limited improvement in survival,
established Sorafenib as the 1st line standard of care
therapy in advanced HCC.
Post the advent of Sorafenib, a number of targeted agents
have being evaluated in studies to improve survival with
Sorafenib as a comparator arm. Till date, the only other
molecule which has been found comparable to Sorafenib
is Lenvatinib, an inhibitor of VEGF receptors 1-3, FGF
receptors 1-4, PDGF receptor α, RET, and KIT.
Though the tyrosine kinase inhibitors (TKIs) have now
occupied centre stage in the management of advanced
HCC, certain pre-conditions need to be kept in mind. It is
important to note that Sorafenib and Lenvatinib are
primarily indicated for patients who would be classified
as BCLC C or were initially BCLC A or B and have progressed
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on liver directed therapy with no further feasibility of liver
directed therapy.
Second line therapy
A number of small molecules and anti-VEGF agents have
recently shown promise and survival benefit in patients
post progression or intolerance on Sorafenib. The advent
of these molecules in patients with advanced HCC means
that OS is improving with proper sequencing of treatment
options.
Immunotherapy
Nivolumab, a fully human IgG4 monoclonal antibody and
programmed cell death protein-1 (PD-1) immune
checkpoint inhibitor, has been evaluated in a phase I/II
open-label, non-comparative, dose escalation and
expansion trial (CheckMate 040).
Tremelimumab, a monoclonal antibody blocking CTLA-4,
has also shown a good safety profile and antitumour
activity in clinical trials in advanced HCC, both as a single
agent as well as when being combined with LDT.
Expanded use of Sorafenib beyond the advanced setting
– use in intermediate stage HCC
While traditional use of Sorafenib has been in the advanced
setting or post progression on liver directed therapy (LDT),
its relative efficacy in advanced HCC led to a number of
studies which evaluated the combination of LDT with
intervening Sorafenib in intermediate stage HCC (BCLC B)
as a means to improve survival.
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Initial studies, including the large SPACE study failed to
show a benefit with such an approach.
A well conducted meta-analysis of 4 clinical trials, totalling
887 patients, suggested that while the combination of
TACE plus Sorafenib as compared to TACE plus placebo
alone improved time to progression (TTP) but not OS, or
response rates in early or intermediate stage HCC.
In contradistinction to these results, a recently published
phase II study from South East Asia compared TACE plus
Sorafenib versus TACE alone with a newly defined coprimary endpoint of progression free survival (PFS), which
was the time to unTACEable (untreatable) progression,
TACE failure, or death. The study showed improvement in
PFS, ensuring that combining TACE with Sorafenib remains
a viable option.
BCLC Stage D (Terminal Stage)
BCLC Stage D patients are those with end stage disease,
severe liver dysfunction and poor performance status (PS
3-4).
Patients with HCC of BCLC Stage D have no treatment
options, either because of their extensive tumor or
advanced liver disease. Their prognosis is poor with median
survival being 3-4 months and they should receive the best
supportive care including management of pain, nutrition
and psychological support.
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10. FOLLOW UP AND SURVEILLANCE GUIDELINES
The EASL 2018 HCC guidelines recommend that
implementation of screening programs to identify
populations at increased risk of HCC should be improved.
Follow up of HCC
1. Follow up interval
The EASL guidelines recommend follow-up after liver
resection with curative intent because of high rates of
treatable recurrences.
Follow-up intervals are not clearly defined but can be 3-4
monthly in the first year.
The timing of initial treatment response evaluation as per
treatment used are:
Resection—4 weeks, Liver transplantation—3 months,
Percutaneous ablation—4 weeks and TACE—4 weeks.
2. Follow up investigations
The INASL recommendations ask for dynamic CT or MRI
studies for treatment response evaluation using modifiedRECIST criteria.
The follow-up of patients who underwent curative
treatments should consist of clinical evaluation for liver
decompensation and imaging every 3 months for the first
2 years and routine surveillance every 6 months thereafter.
INASL recommends tumor markers such as alphafetoprotein (AFP) for treatment response evaluation or
follow-up if the level was high at primary diagnosis, and if
the level decreased after treatment but rises again
especially in none or difficult to measure lesions.
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The NCCN guidelines recommend imaging (multiphasic
abdominal/ pelvic MRI or multi-phase CT scan) and AFP
every 3-6 monthly for 2 years and then every 6-12 monthly
for HCC treated with curative intent.
Surveillance for HCC
1. High risk groups where surveillance is recommended
These patients are considered to be at a sufficiently
high risk for developing HCC, so they should be
enrolled in a screening and surveillance program.
The following are categories of adult patients in whom
surveillance is recommended.
a. Cirrhotic patients, Child-Pugh stage A and B
b. Cirrhotic patients, Child-Pugh stage C awaiting
liver transplantation
c. Non-cirrhotic hepatitis B virus (HBV) infected
patients at intermediate or high risk of HCC
d. Non-cirrhotic advanced liver fibrosis (F3)
patients, regardless of etiology, depending on an
individual risk assessment.
2. Tests for surveillance:
There is uncertainty regarding which surveillance tests
should be used. It is well established that US should
be part of surveillance, but opinion is divided whether
the addition of tumor markers like AFP can yield
incremental benefit.
a. Ultrasonography (USG)
Most consensus guidelines recommend sixmonthly abdominal USG for surveillance. It is
relatively inexpensive, non-invasive and widely
available, and hence an attractive screening tool.
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b.

c.

Advanced imaging exams like CT scan and MR
demonstrate higher sensitivity, but have not
been evaluated in trials and are currently
recommended only for characterization of
lesions found on a screening USG.
Alpha-fetoprotein (AFP)
The AASLD guidelines report that there is
insufficient evidence for or against the addition
of AFP every 6 months to screening algorithms.
Because of its poor sensitivity and specificity, AFP
alone is not recommended except where USG is
unavailable or cost is an issue. The Asia Pacific
Association for the Study of Liver (APASL)
guidelines recommend the cut-off value of AFP
should be set at 200 ng/mL for surveillance
programs when used in combination with USG
while the cut-off value of AFP can be set at lower
value in a population with hepatitis virus
suppression or eradication. [29]
Computed Tomography (CT) andMagnetic
resonance imaging (MRI)
None of the guidelines recommend CECT or MRI
for routine use as a surveillance tool.
A CT scan or an MRI is presently indicated only
for further characterizing nodules > 1 cm in size
which are detected on screening USG.

3. Interval for surveillance:
The recommendation for surveillance at six-month
intervals is based on the expected tumor growth rate as
the median doubling time of an HCC lesion is 117 days
[range 29-398 days].
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SECTION - II
BILIARY TRACT CANCER
A. Cholangiocarcinoma

1. OVERVIEW AND NOMENCLATURE
Cholangiocarcinoma (CCA) is a tumour arising from
the epithelium of the bile ducts and is further
classified as intrahepatic, perihilar (also referred to
as Klatskin’stumor), or distal cholangiocarcinoma
based on the tumour location.

Intrahepatic cholangiocarcinoma (IHCC) includes
tumours arising from second-order or more proximal
bile ducts, without involvement of the hepatic duct
confluence (Liver Cancer Study Group of Japan).

Perihilarcholangiocarcinomas (PHCC) are defined as
cholangiocarcinomas that involve the perihilar bile
duct defined as the duct located topologically
between the right side of the umbilical portion of the
left portal vein and the left side of the origin of the
right posterior portal vein (for tumors with a
significant liver mass, the center must be located
between these portal landmarks).

Distal tumors include any extrahepatic location
beyond the common hepatic duct, although they
essentially are periampullary tumors.

Intrahepatic, perihilar, and distal tumor locations are
seen in approximately 10%, 60%, and 30% of
cholangiocarcinomas, respectively.
Epidemiology and Risk factors
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Although the incidence of all forms of CCA seems to
be increasing but over the past 30 years, the mortality
trend seems to be increasing in IHCC and slightly
decreasing in PHCC and distal CCA.

The established risk factors of cholangiocarcinoma
include
1. Primary sclerosing cholangitis (PSC)
2. Choledochal cysts.
3. Parasitic infections –Liver fluke infestations
(Opisthorchis viverrini and Clonorchis senensis)
4. Hepatolithiasis (intrahepatic stones),
5. Toxins like zthorium dioxide, asbestos etc.
6. Cirrhosis and HBV and HCV infection,
Potential risk factors may include alcohol consumption,
smoking, diabetes, inflammatory bowel disease, and
genetic polymorphisms.


No surveillance guidelines exist in CCA except for PSC.
Growth Patterns

Growth patterns include polypoid, nodular (nodularsclerosing), scirrhous-constricting, and diffusely
infiltrative.

The nodular and scirrhous-constricting types tend to
infiltrate surrounding tissues and are difficult to
resect. The diffusely infiltrating type spread linearly
along the ducts.

The Liver Cancer Study Group of Japan has
distinguished 3 different histologic subtypes of IHCCs
which include mass-forming, periductal infiltrating,
and intraductal type.

2. CLINICAL FEATURES


Common symptoms of CCA are jaundice (84-90%),
weight loss (35%), abdominal pain (30%), nausea and
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vomiting (12-25%), and fever (10%) depending upon
location of the tumor.
In all circumstances, most cholangiocarcinomas are
usually not diagnosed in an early stage since patients
are asymptomatic.

Evaluation and Diagnostic Work up
Intrahepatic Cholangiocarcinoma (IHCC):

The nonspecific and aggressive presentation of IHCC,
makes the initial diagnosis challenging.

IHCCs are commonly diagnosed incidentally on crosssectional imaging that is also used to stage the tumor
and determine the tumor resectability.

Determining diagnosis beforehand has significant
treatment implications given that the tumor biology
is different from hepatocellular carcinoma and
metastatic adenocarcinoma.

Carbohydrate antigen 19-9(CA 19-9) is nonspecific and
is elevated in both benign & malignant diseases,
however it may serve as an ancillary test in patients
with PSC with a suspicious intrahepatic lesion, where
a value greater than 100 U/mL has a sensitivity and
specificity of 89% and 86%, respectively. α-Fetoprotein
(AFP) is controversial and has a role in differentiating
IHCCs from hepatocellular carcinoma.

Cross-sectional imaging with computed tomography
(CT) or magnetic resonance imaging (MRI) can aid in
the diagnosis when used in conjunction.

Characteristic findings of IHCC on CT include:
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Thin rim like contrast enhancement on both arterial
and portal venous phases with areas of low
attenuation within the tumor with areas of high
attenuation scattered throughout, on both phases
and delayed contrast enhancement on portal venous
phase, a finding which also correlates with poor
prognosis.
Characteristic findings of IHCC on MRI include the
following:
hypointensity on T1-weighted imaging and
hyperintensity on T2-weighted imaging with
peripheral enhancement, progressive concentric
filling, and contrast pooling on delayed images in
contrast-enhanced MRI.
MRI is also useful in defining venous and arterial
involvement by tumour, and cholangiopancreatography is a noninvasive method of obtaining
cholangiograms.
The utility of Fluro-deoxy glucose Positron emission
tomography (PET) is unclear in the initial diagnosis
and staging of suspected IHCC with a sensitivity and
specificity greater than 85% in some studies, however
findings need to be carefully interpreted in the
presence of infectious or inflammatory processes.
Some studies suggested that FDG-PET may upstage
disease in up to 20%-30% of patients.
Patients who present with a hepatic lesion, biopsyproven to be adenocarcinoma with an unknown
primary lesion, represent special diagnostic cases.
Biopsy may show adenocarcinoma suggestive of
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pancreatico biliary origin (CK-7, CK20, CDX2) or may
show poorly differentiated carcinoma that does not
stain for any surface markers. In these patients the
aim is to discern primary IHCC from secondary
metastases, and patients should undergo a thorough
evaluation to identify a potential primary lesion. These
evaluations should include cross-sectional imaging of
the chest, abdomen, and pelvis, upper and lower
endoscopy, mammography, and gynecologic
evaluation as indicated.
Perihilar Cholangiocarcinoma (PHCC):

If cholangitis is absent, the work-up of the jaundiced
patient starts with laboratory investigations and cross
sectional imaging.

CA19-9 levels are not accurate in the setting of
jaundice or cholangitis, but is relevant in the
evaluation after biliary decompression. In addition,
10% of patients may be Lewis antigen non-producers
and thus will not secrete CA 19-9. An elevated
immunoglobulin G4 (IgG4) level may suggest
eosinophilic cholangiopathy (lymphoplasmacytic
cholangiopathy).

High-quality cross-sectional imaging before bile duct
instrumentation is the single most important and
accurate step in the diagnostic algorithm. Depending
on institutional expertise this may be accomplished
with thin slice, high-resolution CT or magnetic
resonance
imaging/magnetic
resonance
cholangiopancreatography (MRI/MRCP). The
diagnostic and staging accuracy of both modalities
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significantly diminish after biliary stent placement as
a result of decompression and imaging artefacts.
The goals of cross-sectional imaging are to evaluate
for local, regional, and distal extent of disease.
The 4 specific factors that must be assessed by
preoperative imaging are:
(1) metastatic disease,
(2) ductal involvement,
(3) vascular involvement, and
(4) extent of hepatic atrophy.
The advantages of MRI with MRCP include a clearer
delineation of the intrahepatic extension of the
tumour within the bile ducts and higher diagnostic
specificity as MRI is better able to diagnose some nonmalignant aetiologies of hilar obstruction. Both have
accuracy of 80% in predicting resection.
PET is not routinely used during diagnosis and staging
of hilar cholangiocarcinoma. Sensitivity for the
detection of regional and distant metastases is low.
In addition, PET lacks specificity for evaluation of local
tumor (particularly sclerosing variant) and nodal
metastases.
Diagnosis of hilar cholangiocarcinoma can be elusive.
However, before considering definitive treatment,
diagnosis requires presence of a malignant appearing
stricture and at least 1 of the following:
(1) endoluminal biopsy or cytology positive for
cholangiocarcinoma;
(2) polysomy by fluorescent in situ hybridization;
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(3) mass lesion on cross-sectional imaging at the
location of the malignant appearing stricture; or
(4) CA 19-9 greater than 100.
Resection, but not transplantation, can be performed
based on malignant appearing stricture alone, on an
individual case-by-case basis.
Many patients will undergo biliary drainage during the
preoperative preparatory phase.
In patients without suspicion for a benign cause of
hilar biliary obstruction (e.g. Mirizzi syndrome,
eosinophilic cholangiopathy, intrahepatic gallstones,
liver flukes, etc.), preoperative pathologic
confirmation is not required prior to resection
although confirmation is mandatory prior to
chemotherapy or radiation in most instances.
Endoscopic retrograde cholangiopancreatography
(ERCP) with brushings may be used to establish a
tissue diagnosis—30% sensitivity; risks include
cholangitis. Percutaneous transhepatic biliary
drainage (PTBD) can be performed with blind
brushings.
SpyGlass Direct Visualization System is a new
endoscopic technology allowing visualization of the
bile duct and thus more focused, directed biopsy;
sensitivity is higher than blind brushings.
Endoscopic ultrasound (EUS) directs US beams from
the lumen of the stomach or duodenum; EUS-directed
needle biopsy requires passage through peritoneum,
with concerns for tumor seeding. This modality is not
often used for hilar tumors.









Invasive procedures for diagnostics should only be
performed under the direction of the multidisciplinary
team that will be providing treatment of the patient.
Because of the fibrotic nature of these tumours,
endobiliary washing/brushing yields a definitively
positive result only in approximately 40% of patients
with hilar CCA.
Use of fluorescent in situ hybridization (FISH) targeting
pericentromeric regions of chromosomes 3, 7 and 17
can significantly enhance the sensitivity of brush
biopsy. Trisomy and tetrasomy are indeterminate
criteria for malignancy. Polysomy is diagnostic of
malignancy, with sensitivity of 50% and specificity of
>95%.
When resection is undertaken with a presumptive
diagnosis of hilar CCA, a benign aetiology is identified
in approximately 10% of cases.

3. STAGING
Intrahepatic cholangiocarcinoma (IHCC)

Population-based studies and basic science literature
have demonstrated that IHCCs are pathologic entities
with a more aggressive tumour biology and distinct
phenotype than hepatocellular carcinoma. Tumour
size as defined by the previous staging classification
has no prognostic value, whereas vascular invasion,
number of tumors, and extent of lymph node invasion
have significant prognostic significance. Based on
these findings, the AJCC revised the previous
classification system to construct the 7th edition
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staging classification, the first novel staging system
for patients with IHCCs.
The recently published 8th edition has subdivided T1
category to T1a and T1b based on size cutoff of 5 cm,
removed periductal invasion from the T4 category and
downstaged T4 tumors and regional lymph nodes
from stage IV to IIIB. The 8th edition AJCC is being
validated in new studies.

Perihilar Cholangiocarcinoma (PHCC):

Bismuth and Corlette described their criteria for
categorizing perihilar bile duct cancers in 1975.
However, it did not describe the involvement status
of vessels, status of liver parenchyma, metastasis and
lymphnode involvement. Therefore, it was not as
helpful when liver resection and vascular resection/
reconstruction were considered.
Type I
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Distal to the hepatic duct confluence

Type II

Extend to and involve the confluence

Type IIIA

Confluence and the proximal right hepatic
duct

Type IIIB

Confluence and the proximal left hepatic duct

Type IV

Bilateral proximal hepatic ducts upto
segmental bile ducts

In 2000, the Liver Cancer Study Group of Japan
proposed a classification according to cancer growing
pattern, mass forming, periductal infitration and
intraductal growing. This was more about cancer
biological behaviour, with better prognosis attributed
to mass forming and intraductal growing. The value









of this classification in surgical assessment regarding
resectability was limited.
Subsequent classification by Jarnagin et al.
incorporated vascular involvement, resulting lobar
atrophy, and extension to secondary biliary radicles.
This system is a useful framework for defining the
resectability of hilar lesions but describes the
characteristics of only the primary hilar tumour.
However, this classification did not include lymphnode
and metastasis status, and did not consider liver
transplantation as an option of treatment.
The Mayo Clinic classification system includes
additional factors such as the size and multifocality
of the primary tumour, the nodal and extraregional
metastatic burden, and clinical features such as
jaundice and performance status.
In 2011, an international working group based on a
consensus from the European Hepato-PancreatoBiliary Association, published a new & most complete
staging/classification system that not only included
information about bile duct, hepatic artery and portal
vein, but also tumor biological growing form, liver
resection related information such as liver volume,
remnant volume and, background liver disease
history. This system seems very complicated with
some information not easily and accurately obtainable
before resection.
The clinical usefulness of American Joint Committee
on Cancer (AJCC, TNM staging classification) to predict
survival lacked consistency. The seventh edition of the
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AJCC allows for a better overall prediction of survival
because of a refined T-stage with better stratification
of prognosis for resected patients. However, in
validation studies the newly released classification of
American Joint Committee on Cancer 8th edition
staging system demonstrated a poor to moderate
ability to predict prognosis of patients undergoing
liver resection for perihilar cholangiocarcinoma, which
was only slightly better than the previous edition.
Bismuth Corellete is still the most commonly used and
more practical staging system in clinical use.

4. PRE-OPERATIVE MANAGEMENT:
Intrahepatic cholangiocarcinoma (IHCC)

Resectability in IHCC is defined as the ability to resect
tumor to negative margins while preserving adequate
functioning liver with intact arterial, portal venous,
and hepatic venous flow, and biliary-enteric drainage.

IHCC may cause biliary obstruction when the tumor
grows towards the liver hilum. Biliary drainage may
be required in the preoperative setting with resectable
disease.
Perihilar Cholangiocarcinoma (PHCC):

Cholangitis and any organ dysfunction must be
addressed before resection of hilar cholangiocarcinoma.

Systemic antibiotics and biliary drainage should be
used before resection and reconstruction of biliary
system to minimize perioperative risk of biliary sepsis
and liver dysfunction.
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Preoperative biliary drainage (PBD)

A widely debated subject concerns the use and route
of preoperative biliary decompression in the
jaundiced patient. The proponents cite improved liver
function which may decrease postoperative liver
insufficiency and death, whereas detractors cite
increased infection rates, seeding along the
percutaneous catheter tract, delay in therapy, and lack
of studies demonstrating efficacy.

There is clear consensus that PBD is indicated in
patients with cholangitis, patients undergoing
preoperative anti-neoplastic therapy, patients with
hyperbilirubinaemia-induced malnutrition, hepatic
insufficiency or renal insufficiency, and patients
undergoing PVE.

A recently published meta-analysis on PBD in hilar
cholangiocarcinoma revealed no clinical benefit and
there were significant increases in postoperative
adverse events, mainly infectious complications,
which represent the most common complications
after PBD. Another recent multicenter retrospective
study showed that PBD did not decrease
postoperative morbidity and mortality in hilar
cholangiocarcinoma. However, in a subgroup analysis,
PBD was noted to significantly decrease postoperative
mortality in patients undergoing right hepatectomy
by reducing postoperative liver failure.
Under certain special indications such as right
lobectomy for Bismuth type IIIA or IV hilar
cholangiocarcinoma, or preoperative portal vein
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embolization with chemoradiation therapy, PBD
should be strongly recommended.
Endoscopic naso biliary drainage (ENBD) may not be
a suitable option for initial PBD in hilar
cholangiocarcinoma. ENBD is preferred over PTBD as
there is no risk of tract seeding and less invasiveness.
The risk of tract seeding after PTBD has recently been
reported to be lower than that reported in previous
studies. ENBD is less effective than PTBD in advanced
hilar cholangiocarcinoma, in which there is a
separation of the intrahepatic ducts.
Although the optimal preoperative bilirubin level is
still a matter of debate, the shortest possible duration
of PBD is recommended. A PBD duration of less than
2 wk would be more favorable in these jaundiced
patients. A preoperative bilirubin level of less than 3
mg/dL was recommended by Makuuchi et al and
Nimura et al. In a recent single center study, a total
preoperative bilirubin level of more than 3 mg/dL was
a negative factor affecting overall survival.

Pre-operative portal vein embolization (PVE)

Portal vein embolization (PVE) is used to increase the
size of the future liver remnant (FLR) and has been
shown to be effective in inducing lobar hypertrophy
with minimal risk. A meta-analysis published in 2008
reviewed 37 publications involving 1140 patients
undergoing PVE in preparation for major hepatectomy
and found that the FLR increased by an average of
8–27% with no mortality and with morbidity of less
than 3%.
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If the FLR after PVE is ≤20% or the degree of
hypertrophy is ≤5%, liver resection should be
considered high-risk and is contraindicated.
Portal vein embolization of the segment IV branch
improves the hypertrophy of segments II and III.
Biliary drainage should be established before PVE in
the case of biliary dilatation of the FLR.
Following indications of pre-operative PVE have been
mentioned:
1. FLR < 25 % for normal liver. (For cholestatic liver
in Perihilar Cholangiocarcinoma Nagino et al has
recommended FLR < 40%);
2. Any major hepatectomy in presence of injured
liver – PSC, Steatosis, Chemotherapy;
3. Concomitant extra - hepatic surgery or complex
hepatectomy.

5. CURRENT SURGICAL STANDARDS
Intrahepatic cholangiocarcinoma (IHCC)
Staging Laparoscopy

Staging laparoscopy has been demonstrated to reduce
unnecessary laparotomy for patients with
hepatopancreaticobiliary malignancies. However, in
the largest series of staging laparoscopy for IHCC (53
patients), the sensitivity of staging laparoscopy was
only 55%.

Unresectability is often determined by local
involvement of vascular supply or biliary drainage of
the future liver remnant, which may not be evident
71

on laparoscopic exploration, contributing to the low yield
for laparoscopy. However, staging laparoscopy does
prevent laparotomy in patients with peritoneal deposits.
Resection

R0 resection (resection of both gross and microscopic
disease) is the aim of curative intent surgery and is
associated with favorable outcomes but is achieved
in only 45% to 96% of attempted resections.

R0 resection only improves survival in cases where
regional lymphatic spread has not already occurred
and has been confirmed in 2 multi-institutional
studies.

Five-year overall survivals after resection range from
17% to 44%, with median survivals of 12 to 43
months.

Multifocal IHCC is considered unresectable by some
experts. Nevertheless, other experts report favorable
long-term outcomes in selected patients with typically
two to three lesions, with a 5-year overall survival (OS)
of 20%.

Because IHCCs are locally invasive tumors, vascular
invasion is a relatively common occurrence, and
vascular resections are required in 9% to 14% of
hepatectomies.

Recent studies have reported favorable outcomes of
portal vein reconstructions. However, tumor invasion
of the main hepatic artery and bilateral hepatic artery
involvement remain contraindications for resection
in most Western centers. Hepatic artery
reconstruction is associated with a high risk of
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postoperative mortality as well as poor oncologic
outcomes.
Lymphadenectomy

The lymphatic drainage of the liver is generally
predictable, and the left lobe of the liver generally
drains toward the lesser curve and cardia of the
stomach, whereas the right lobe drains to the
hepatoduodenal ligament. In a study mapping the
lymphatic drainage of patients with left-sided IHCC,
46% of tumor deposits were identified in the
hepatoduodenal ligament, where right sided tumor
metastases normally occur.

Although lymphatic involvement is a clear prognostic
factor, there is no evidence that routine
lymphadenectomy confers any survival benefit.
Although this finding has been observed in only small
single-institution studies, most large series
demonstrate that routine lymphadenectomy is rarely
performed in practice.

Lymphadenectomy with surgical resection is
recommended for staging purposes and should be
carefully done in patients with grossly positive
lymphatic disease, but spread beyond the regional
lymph node basins is a contraindication to resection.

Lymphadenectomy may be selectively done in
centrally placed tumors which will require bile duct
excision as a part of procedure and spared in
peripherally located tumors.
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Orthotopic Liver transplant (OLT)








In one of the earliest experiences with OLT for IHCC
at the University of Pittsburgh, investigators observed
similar tumor-free survival and recurrence rates in a
small retrospective series of patients who underwent
hepatectomy versus OLT.
In a retrospective review of United Network for Organ
Sharing database from 1987 to 2005, 1-year and 5year survival for 280 patients who underwent OLT for
ICCs were 74% and 38%, respectively.
Nearly all of these studies included some form of
adjuvant or neoadjuvant therapy in conjunction with
OLT.
Based on these mixed data and the potential
likelihood for high tumor recurrence in patients with
IHCCs, OLT for IHCC should only be considered in the
context of clinical trials.

Perihilar Cholangiocarcinoma:

Despite staging refinements, upto 29%, patients are
found to be unresectable or metastatic on
laparotomy. Although routine use of staging
laparoscopy is still controversial, it can potentially
avoid non therapeutic laparotomy.

Only patients in whom both arterial and portal inflow
to the hepatic remnant can be preserved, should
proceed with resection. Individualized patients with
limited vascular involvement of the inflow to the
hepatic remnant, particularly involvement of the PV,
are selected for concomitant resection and
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reconstruction at experienced and high-volume
cholangiocarcinoma centers.
The role of arterial resection and reconstruction is
controversial, and consistent success has been
reported only at select high-volume centers.
Complete tumor extirpation usually consists of
complete hepatoduodenal ligament lymphadenectomy (including cystic, pericholedochal, periportal
and retroportal, hepatic artery, hilar, and superior
pancreaticoduodenal lymph nodes), resection of the
entire extrahepatic bile duct from the hepatic hilus
to the pancreas with the attached gallbladder, and
concomitant liver resection of the ipsilateral hepatic
lobe.
The biliary system is subsequently reconstructed using
a Roux-en-Y hepaticojejunostomy.

Extent of liver Resections, caudate lobectomy and margin
status

Over the last two decades, complex and aggressive
surgical resections were made possible with
acceptable morbidity and mortality rates by major
advances in patient selection, radiologic assessment,
surgical techniques, and perioperative care.

The main aim of the aggressive surgical approach is
to obtain R0 resection.

Bile duct resection combined with major hepatic
resection has now been increasingly accepted as a
standard surgical treatment for hilar
cholangiocarcinoma.
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The surgical approach to Bismuth type I and II hilar
cholangiocarcinoma should be determined according
to preoperative cholangiographic features. For
nodular and infiltrating hilar cholangiocarcinoma,
right hepatectomy is essential for cure, for papillary
tumor local resection with or without limited hepatic
resection is adequate. (Ikeyama et al)
A retrospective study, evaluated surgical outcomes of
bile duct resection alone and combined major liver
resection in 52 patients with Bismuth type I and II
hilar cholangiocarcinoma. It revealed that
concomitant liver resection had a higher curability,
lower local recurrence rate, and better overall survival
with a similar postoperative morbidity and mortality.
In addition, the authors found that cancer recurred
in three patients out of the six R0 resectional papillary
tumors treated by bile duct resection alone.
Central hepatectomy resecting segment 5 and
segment 4b/extended 4b resection should be the
primary choice for type I and II tumors. This operation
is adequate for both negative resection margins and
good exposure.
There are still controversies on the optimal extent of
hepatic resection to achieve a high percentage of R0
resection for hilar cholangiocarcinoma.
Combined major liver resection represents an
aggressive surgical approach to remove a large
volume of hepatic parenchyma. This approach has
widely been advocated as a prime choice of surgical
treatment for hilar cholangiocarcinoma, especially in









patients with advanced tumors. However, the major
drawback of combined major liver resection is the
small postoperative liver remnant which is associated
with high surgical morbidities and mortalities.
Kawasaki et al. showed an in-hospital mortality rate
as low as 1.3 % could be achieved after extended,
mainly right, hepatectomy with routine preoperative
biliary drainage and hemihepatic PVE.
Nimura and Miyazaki advocated using minor central
hepatic resection in carefully selected patients to
preserve as much as possible of the functional liver
volume. A large amount of liver parenchyma resected
in combined major liver resection is free of tumor and
it is not necessary to resect this liver tissue.
Minor central liver resection can be performed in
patients with type I, type II, type IIIa, and type IIIb
tumors and even for type IV tumors. Although there
are some concerns that minor central liver resection
may decrease the rate of curative surgical resection,
the Japanese surgeons have shown clearly that
surgical curability and postoperative survival rates in
selected patients with minor central hepatic resection
were not compromised and surgical morbidity/
mortality rate was significantly lower than that in the
combined major liver resection group.
The decision of whether right- or left-sided
hemihepatectomy is indicated is made according to
the predominant site of the lesion. In general, right
hemihepatectomy can be applied to type IIIa tumors
and IV tumors when the lesion is predominantly
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located in the right hepatic duct; whereas left
hemihepatectomy can be applied to type IIIb tumors
and IV tumors with left-sided predominance.
As hilar cholangiocarcinoma has a high chance to
invade the biliary branches or directly infiltrate the
parenchyma of the caudate lobe routine caudate lobe
resection should be carried out for curative treatment
of hilar cholangiocarcinoma. Better R0 resection rates
and higher cumulative survival rates are achieved by
concomitant caudate lobe resection.
Nimura et al. reported in 1990 that 98 % of caudate
lobe resections were histologically confirmed to be
tumor positive. However, other authors reported that
the caudate lobe was involved in hilar
cholangiocarcinoma in 32.4±7.1 % (mean±standard
deviation). However opinion remains that it should
be routine practise as at least one third of patients
had the caudate lobe involved by hilar
cholangiocarcinoma.
The most important factor affecting long-term
survival in the surgical treatment of hilar
cholangiocarcinoma is whether the tumor has been
completely resected on histological examination (R0
resection).
Several reports have suggested that the long-term
survival after R0 and R1 were not significantly
different. However, Endo et al and Sayema et al
showed that wide resection margins (margins greater
that 5 mm) were associated with better disease free
and overall survival as compared to patients with R1
resection.



When a positive resection margin is diagnosed
intraoperatively using frozen section examination,
further resection is recommended if technically
possible to achieve wide resection margins. Ribero
et al demonstrated that the survival of patients who
had a secondary R0 resection was similar to that of
the primarily R0-resected patients, and they were
significantly better than those patients with R1
resection. However, few retrospective studies have
shown survival benefit for patients with R1 resection
when compared to no resection at all.

6. LIVER TRANSPLANT




Before considering transplant as treatment, diagnosis
requires presence of a malignant appearing stricture
and at least 1 of the following:
(1) endoluminal biopsy or cytology positive for
cholangiocarcinoma
(2) polysomy by fluorescent in situ hybridization
(3) mass lesion on cross-sectional imaging at the
location of the malignant appearing stricture
(4) CA 19-9 greater than 100.
Candidates for transplantation should not have
medical conditions that preclude transplantation and
must not have active/uncontrolled infections. In
addition, the following criteria preclude neoadjuvant
therapy and transplantation.
1. Intrahepatic, gallbladder, or distal cholangiocarcinoma (below the level of the cystic duct)
2. Primary tumor greater than 3 cm in radial
diameter (perpendicular to the duct)
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3.
4.

5.

6.

Any nodal or distant metastases
Any surgical attempt at exploration for resection
or transperitoneal tumor biopsy or FNA,
including endoscopic ultrasound-directed
aspiration (EUS) of the tumor. Conversely, EUS/
FNA of suspicious regional lymph nodes should
be performed to exclude nodal metastases
Previous treatment with radiotherapy or
chemotherapy that precludes full-dose
neoadjuvant therapy
History of other malignancy within 5 years



Patients with following unresectability criteria are
candidates for neoadjuvant chemoradiation and liver
transplantation
1. Bilateral ductal extension to the secondary (or
segmental) biliary radicles.
2. Encasement or occlusion of the main PV (or
common hepatic artery) proximal to its
bifurcation.
3. Unilateral involvement of secondary (or
segmental) biliary radicles with contralateral
vascular involvement.
4. Lobar atrophy with involvement of contralateral
secondary (or segmental) biliary radicles.
5. Lobar atrophy with involvement of contralateral
PV or hepatic artery



Neoadjuvant therapy (Mayo Protocol) includes
external beam radiotherapy (EBRT) administered to
a total dose of 4500 cGy (in 30 fractions of 150 cGy
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twice daily for 3 weeks) with a continuous infusion of
5-fluorouracil (5-FU) given for the duration of EBRT.
An endoluminal brachytherapy boost is then delivered
through transcatheter iridium-192 seeds. The strategy
for delivery has changed from the administration of
2000 cGy over 24 h using low-dose brachytherapy to,
most recently, high-dose brachytherapy of 1200–1600
cGy in two to four fractions. An EBRT boost of 1500
cGy in 10 fractions twice daily for 1 week is also
acceptable. Patients remain on oral capecitabine at
2000 mg/m2 of body surface area (BSA) in two divided
doses for 2 weeks in every 3-week period until
transplantation. Operative exploration with routine
biopsy of hepatic artery and pericholedochal lymph
nodes plus any suspicious lesion is performed near
the anticipated time of transplantation, and
transplantation may involve either a deceased or living
donor allograft.


The indications and rationale for liver transplantation
differ between patients with PSC and those with de
novo hilar CCA outside the setting of PSC, nonalcoholic steatohepatitis (NASH), or even occasionally
hepatitis C viral infection.



In patients with unresectable de novo hilar CCA,
survival falls short of that seen in patients with PSC.
From the start of therapy, 5-year patient survival
ranges from 35% to 55% among these de novo
patients compared to 55% to 65% for patients with
PSC.
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Outcome and survival

Hepatectomy has increased 5-year overall survival
rates up to 20% to 40% among patients with resected
hilar cholangiocarcinoma, with some centers
reporting more than 50% 5-year survival among
margin-negative patients.

Unresectable patients who complete neoadjuvant
protocol and transplantation demonstrate up to 65%
5-year recurrence-free survival. These patients report
better health-related quality of life than liver
transplant recipients receiving organs for diagnoses
not related to cholangiocarcinoma. However, up to
30% of transplant candidates drop out from the
transplant protocol before transplantation.
Neo-adjuvant, adjuvant treatment and ablative
approaches

Preoperative chemoradiotherapy cannot be
considered a standard approach to treatment of
cholangiocarcinoma. However, it has been used in
patients with large, locally advanced unresectable
intrahepatic cholangiocarcinomas and prior to
Orthotopic liver transplantation (OLT) in unresectable
hilar cholangiocarcinomas.

Neoadjuvant therapy is often not an option for
patients with potentially resectable extrahepatic
cholangiocarcinoma, the majority of whom are
jaundiced and have a poor functional status at
presentation. However, the potential benefit of this
approach for selected patients has been suggested in
two small series with improvements in margin
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negative resections and five year survival rates.These
promising results support need for randomized
controlled trials.
Consensus-based guidelines for adjuvant therapy
after resection of bile duct cancer are less definitive
in view of lack of data.
NCCN guidelines suggest fluoropyrimidine or
gemcitabine-based
chemotherapy,
or
fluoropyrimidine-based chemoradiotherapy for
patients with resected, margin-negative extrahepatic
cholangiocarcinoma and for patients with positive
margins with invasive disease or positive regional
nodes, fluoropyrimidine-based chemoradiotherapy
followed by additional fluoropyrimidine
or gemcitabine chemotherapy is recommended.For
patients with negative regional nodes, observation,
is an acceptable option.
For patients with IHCC with positive margins options
include reresection, ablation, fluoropyrimidine or
gemcitabine-based chemoradiotherapy, or
fluoropyrimidine or gemcitabine-based chemotherapy while no therapy is recommended for R0
resection.
Guidelines from the European Society of Medical
Oncology (ESMO) include radiotherapy, chemoradiotherapy, or chemotherapy alone to patients based on
the best available evidence in Multidisciplinary Tumor
Board (MDT) meetings in view of lack of level I
evidence and only after a risk-benefit assessment.
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For patients with unresectable IHCC, nonsurgical
methods of tumor ablation that may provide
adequate local palliation include stereotactic
radiotherapy,
chemoradiation,
systemic
chemotherapy either alone or in combination with
radiation radiofrequency ablation (RFA), hepatic
intraarterial chemotherapy, particle embolization with
and without intraarterial chemotherapy, and
radioembolization using yttrium-90 [Y90]-tagged glass
or resin microspheres that are delivered selectively
to the tumor via the hepatic artery.

Role of Radiotherapy in PHCC

Significant proportions of patients with
cholangiocarcinoma present with locally advanced
disease and are unresectable at presentation.

Though doublet chemotherapy (gemcitabinecisplatin) forms the current standard of care, radical
radiation (50-60 Gy in 25-28 fractions over 5-5.5
weeks using conformal or intensity modulated
radiotherapy) with or without concurrent weekly
chemotherapy (gemcitabine 300 mg/m 2) and/or
brachytherapy is associated with equivalent survival.

Several studies have supported the use of
radiotherapy in IHCC with a median survival ranging
from 7-15.3 months with conventional fractionated
doses of radiation (45-50 Gy).

Median Survival of 15 months and maximum survival
of >24 months has been reported with studies using
stereotactic ablative radiotherapy.
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In patients with unresectable Klatskin’s tumours a
median survival of 7–12 months can be obtained by
chemoradiation and improved local control is
reported with increasing dose of radiation. More
recently, hypo-fractionated stereotactic body
radiation (SBRT) with sequential systemic
chemotherapy has shown a median survival of 35.5
months (4-year survival of 30%).
At Tata Memorial Centre a phase III randomized trial
of radical chemoradiation and systemic chemotherapy
(NCT02773485)is prospectively assessing the benefit
of addition of radiation on overall survival.

7. SYSTEMIC THERAPY IN ADVANCED DISEASE





Patients should be enrolled in clinical trials.
Patients with a good performance status and a normal
bilirubin level, gemcitabine and cisplatin combination
is preferred, against gemcitabine alone, while in
patients with good performance and
hyperbilirubinemia despite stenting non gemcitabine
based therapy is used like a fluoropyrimidine
plus oxaliplatin.
Patients with adequate preserved performance status
should be considered for second line therapy in case
of Gemcitabine/cisplatin failure in the form of
FOLFOX, capecitabine plus oxaliplatin, a fluoropyrimidine alone, capecitabine plus irinotecan
(XELIRI), or GEMOX plus bevacizumab.
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8. PALLIATION OF JAUNDICE
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For palliation of jaundice in patients who have
unresectable cholangiocarcinoma that is established
either radiographically or laparoscopically, guidelines
recommend the placement of endoscopically placed
stents rather than surgical bypass.
For patients with unresectable hilar cholangiocarcinoma found during exploratory laparotomy,
biliary-enteric surgical bypass rather than endoscopic
stenting to relieve jaundice can be considered, if
feasible.
Successful palliation of jaundice and rates of early
cholangitis are lower, with a percutaneous, rather
than endoscopic approach to biliary drainage as per
retrospective series and two trials conducted in
patients with malignant hilar obstruction. However
bile leaks and bleeding and patient inconvenience are
drawbacks. As a result, in most institutions, an initial
endoscopic attempt at drainage is usually preferred,
if possible.
Unilateral stenting is adequate for hilar strictures but
this risks cholangitis so most endoscopists
recommend bilateral stenting.
Plastic stents should be used initially to achieve
drainage while the diagnostic work-up is ongoing.The
high occlusion rate of plastic stents (average 42
percent) can be reduced by changing the stents every
three to six months. An alternative approach is to wait
for a complication before changing the stent since
many patients will die of their disease before their





stents become obstructed. However, patients are at
risk to develop cholangitis when the stent becomes
obstructed. The preferred approach for patients who
are expected to live beyond a few months is to replace
the plastic stent with a metal one as soon as it is
feasible.
Covered metal stents are only used for distal biliary
strictures because, with hilar tumors, deployment
may inadvertently result in occlusion of a major
hepatic duct.
Stenting can be combined with endobiliary
brachytherapy as it allows arrest of tumour growth
and provides sustained palliation of symptoms.
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APPENDIX I : TNM STAGING (AJCC 8TH EDITION):
LIVER
Primary tumor:
Tx

Primary tumor cannot be assessed

T0

No evidence of primary tumor

T1

Solitary tumor d”2cm, or >2cm without vascular invasion

T1a

Solitary tumor d”2cm

T1b

Solitary tumor >2cm without vascular invasion

T2

Solitary tumor >2cm with vascular invasion, or multiple
tumors, none >5cm

T3

Multiple tumors, at least one of which is >5cm

T4

Single tumor or multiple tumors of any size involving a
major branch of portal vein or hepatic vein, or tumor(s)
with direct invasion of adjacent organs other than gall
bladder or with perforation of visceral peritoneum

Regional lymph nodes:
Nx

Regional lymph nodes cannot be assessed

N0

No regional lymph node metastasis

N1

Regional lymph node metastasis

Distant metastasis
cM0 No distant metastasis
cM1 Distant metastasis
pM1 Distant metastasis, microscopically confirmed
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Prognostic stage groups
Stage

T

N

M

IA

T1a

N0

M0

IB

T1b

N0

M0

II

T2

N0

M0

IIIA

T3

N0

M0

IIIB

T4

N0

M0

IVA

Any T

N1

M0

IVB

Any T

Any N

M1

TNM staging (AJCC 8th edition) : Intrahepatic bile ducts
Primary tumor:
Tx

Primary tumor cannot be assessed

T0

No evidence of primary tumor

Tis

Carcinoma in situ (Intraductal tumor)

T1

Solitary tumor without vascular invasion d”5cm or >5cm

T1a

Solitary tumor d”5cm without vascular invasion

T1b Solitary tumor >5cm without vascular invasion
T2

Solitary tumor with intrahepatic vascular invasion, or
multiple tumors, with or without vascular invasion

T3

Tumor perforating visceral peritoneum

T4

Tumor involving loca; extrahepatic structures by direct
invasion
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Regional lymph nodes:
Nx

Regional lymph nodes cannot be assessed

N0

No regional lymph node metastasis

N1

Regional lymph node metastasis

Distant metastasis
M0

No distant metastasis

M1

Distant metastasis

Prognostic stage groups
Stage

T

N

M

0

Tis

N0

M0

IA

T1a

N0

M0

IB

T1b

N0

M0

II

T2

N0

M0

IIIA

T3

N0

M0

IIIB

T4

N0

M0

IIIB

Any T

N1

M0

IV

Any T

Any N

M1
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TNM staging (AJCC 8th edition) Perihilar bile duct
Primary tumor:
Tx

Primary tumor cannot be assessed

T0

No evidence of primary tumor

Tis

Carcinoma in situ/ high grade dysplasia

T1

Tumor confined to bile duct with extension upto the muscle
layer or fibrous tissue

T2

Tumor invades beyond the wall of the bile duct to
surrounding adipose tissue Or Tumor invades adjacent
hepatic parenchyma

T2a

Tumor invades beyond the wall of the bile duct to
surrounding adipose tissue

T2b Tumor invades adjacent hepatic parenchyma
T3

Tumor invades unilateral branches of the portal vein or
hepatic artery

T4

Tumor invades the main portal vein or its branches
bilaterally, or the common hepatic artery; or unilateral
second-order biliary radicals with contralateral portal vein
or hepatic artery involvement

95

Regional lymph nodes
Nx

Regional lymph nodes cannot be assessed

N0

No regional lymph node metastasis

N1

One to three positive lymph nodes, typically involving
the hilar, cystic duct, common bile duct, hepatic artery,
posterior pancreatico-duodenal and portal vein lymph
nodes

N2

Four or more positive lymph nodes from the sites
described for N1

Distant metastasis
cM0 No distant metastasis
cM1 Distant metastasis
pM1 Distant metastasis, microscopically confirmed

Prognostic stage groups
Stage

T

N

M

0

Tis

N0

M0

I

T1

N0

M0

II

T2a-b

N0

M0

IIIA

T3

N0

M0

IIIB

T4

N0

M0

IIIC

Any T

N1

M0

IVA

Any T

N2

M0

IVB

Any T

Any N

M1
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APPENDIX II - MODEL HISTOPATHOLOGY
REPORT (HCC/IHCC)
Macroscopy:
The specimen should be received in fresh state. Examine
the external surface. Ink the raw surface which is the
resection surface.
The specimen is serially sliced, perpendicular to the
parenchymal resection plane at an interval of 5mm and
immersed in 10% neutral buffered formalin for 24-48
hours.
Upon adequate fixation, sample various tumor areas (with
capsule, with adjacent liver) and the parenchymal cut
margin.
The following parameters need to be recorded while
grossing a liver specimen with clinical diagnosis of
Hepatocellular carcinoma (HCC)/ Intrahepatic
Cholangiocarcinoma (ICC)








Type of specimen depending on segments removed
Size and weight of the specimen
Number of tumor nodules (Solitary or multiple) and
size of the largest nodule
Multiple tumor nodules: Satellitosis, multifocal tumor,
intrahepatic metastases
Tumor sections: At least three tumor sections need to
be taken to account for heterogeneity
Capsular invasion
Vascular invasion in portal/ hepatic vein
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Distance from the hepatic parenchymal cut margin
and/or bile duct cut margin
 Invasion into adjacent organs
 Gross pathology of adjacent liver: Bile stained/
Fibrotic/ Cirrhotic
 Lymph node dissection
In case neoadjuvant Trans-arterial Chemoembolisation
(TACE) has been given, a slice of tumor representing the
maximum tumor diameter is sampled in a grid fashion and
submitted.
Histopathology reporting:
Hepatocellular carcinoma:


Grading

Edmondson and Steiner grading system:
Grade 1

Small tumor cells resembling normal liver, arranged in
trabecular pattern with minimal cytologic atypia and
minor nuclear membrane irregularity

Grade 2

Cells in prominent acinar pattern with prominent
nucleoli, hyperchromasia and some degree of nuclear
membrane irregularity

Grade 3

Cells in less prominent acinar pattern with more
pleomorphic nuclei with angulation, frequent giant cells

Grade 4

Loosely cohesive tumor cells having scant cytoplasm
with marked nuclear hyperchromasia, inconspicuous
giant cells
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Histologic grade according to AJCC TNM 8th edition:
Gx

Grade cannot be assessed

G1

Well differentiated

G2

Moderately differentiated

G3

Poorly differentiated

G4

Undifferentiated












Histologic pattern: Trabecular/ Acinar/ Solid/
Scirrhous/ Pseudoglandular/ Steatohepatic/ Clear
cell/ Fibrolamellar/ Sarcomatoid (Sarcomatoid variant
is associated with poor prognosis)
Microscopic vascular invasion, suspected when a
tumor nodule is within a portal area and at site
appropriate for portal vein along with presence of
distinct lumen and endothelium; it is an indicator of
poor prognosis
Status of hepatic resection margin
Pathology of adjacent liver: Premalignant changes
(Small cell change/ Large cell change/ Low grade
dysplasia/ High grade Dysplasia)/ Cirrhosis/ Fibrosis/
Hepatitis (active/ chronic)/ Steatosis (macro/ micro):
Cirrhotic changes in adjacent liver are associated with
poor survival doe to compromised function of residual
liver
In case of neoadjuvant TACE, the percentage of
response (in the form of necrosis, foamy
macrophages, hyalinisation) needs to be seen on each
slide from the grid submitted and the average
response needs to be calculated.
Involvement of lymph nodes
99

Intrahepatic Cholangiocarcinoma/
Combined Hepatocellular and Cholangiocarcinoma:
 Grading:
Gx

Grade cannot be assessed

G1

Well differentiated

G2

Moderately differentiated

G3

Poorly differentiated











Growth pattern: Mass forming (Expansile mass,
usually at periphery of liver)/ Periductal infiltrating
(Seen in Perihilar Cholangiocarcinoma) / Intraductal
Papillary (More favourable prognosis)
Histology: Adenocarcinoma/ Adenosquamous /
Squamous / Mucinous / Signet ring cell/ Clear cell /
Lymphoepithelioma-like/ Sarcomatoid
Microscopic vascular invasion
Perineural invasion
Bile duct margin
Pathology of adjacent liver: Cirrhosis/ Fibrosis/
Primary sclerosing cholangitis
Involvement of lymph nodes

Model Histopathology Report (PHCC)
Macroscopy:
The specimen should be received in fresh state. Examine
the external surface. Ink the bile duct cut margin and the
raw surface of the liver wedge, which is the resection
surface.
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The specimen is immersed in 10% neutral buffered
formalin for 24-48 hours.
Upon adequate fixation, give transverse serial cuts of the
duct.
Macroscopic identification of tumor is difficult as there
may be extensive fibrosis (due to cholangitis/ stenting) or
the tumor may be diffusely spreading.
Cholangiocarcinoma of large bile ducts has been divided
into Perihilar (proximal to the cystic duct, including right
and left hepatic duct) and Distal (distal to the cystic duct).
The following parameters need to be recorded while
grossing an Extrahepatic Biliary tract excision specimen:


Length of the ducts
 Size of liver wedge and gall bladder
 Location of the tumor
Location of the tumor in the bile duct has to be mentioned
according to Bismuth Corlette system:
Type I

Distal to the hepatic duct confluence

Type II

Extend to and involve the confluence

Type IIIA

Confluence and the proximal right hepatic duct

Type IIIB

Confluence and the proximal left hepatic duct

Type IV

Bilateral proximal hepatic ducts upto segmental
bile ducts





Tumor dimensions
Distance from resection margins
Lymph node dissection
101



Grading:

Gx

Grade cannot be assessed

G1

Well differentiated

G2

Moderately differentiated

G3

Poorly differentiated
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Histology: Adenocarcinoma/ Adenosquamous /
Squamous / Mucinous / Signet ring cell/ Clear cell /
Lymphoepithelioma-like/ Sarcomatoid
Precursor lesions: Biliary Intraepithelial neoplasia
Vascular invasion of hepatic artery or main portal vein:
Invasion of vessel wall is also considered as it decides
operability
Perineural invasion: Very common and poor
prognostic indicator
Bile duct cut margin involvement
Involvement of lymph nodes: Micrometastasis and
subcapsular metastases are frequent; so unless
macroscopically visible, whole node should be sliced
and sub,itted for histopathology

SECTION - II
BILIARY TRACT CANCER
B. Gall Bladder Cancer
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1. INTRODUCTION
Gall Bladder Cancer (GBC) is the fifth most common
malignancy of the gastrointestinal tract, accounting for
80% to 90% of biliary tract cancers.
GBC shows a marked ethnic as well as geographical
variation in its incidence. Worldwide incidence is low in
many European countries and U.S.A, relatively high in
central European countries, and very high in Eastern Asia
and South America.
The highest incidence of GBC among men and women is
reported to be 10.1 and 22.4 per 100,000 persons
respectively in Chile.
According to GLOBOCAN 2018, worldwide 219 420 cases
were diagnosed with GBC. 25,999 GBC cases were
diagnosed in India alone, accounting for 12% of the total
GBC burden.
In India, incidence data from National Cancer Registry
Program (NCRP) indicates substantial variation by
geographical region. Rates are high among the North and
North-Eastern population compared to the rest of the
population, with a female preponderance in all
geographical regions. Though the overall age-adjusted
incidence rates of GBC in India are low, high incidence is
reported in Kamrup, Cachar district, Delhi, Dibrugarh
district, Sikkim state, Kolkata, Tripura, Manipur and
Mizoram.
It is two times higher in women than men and is the leading
digestive cancer in women in northern India cities with an
incidence as high as 22/1,00,000.
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The incidence of GBC increases after the age of 45 years
and is maximum at the age of 65 years.

2. EPIDEMIOLOGY & RISK FACTORS
The risk factors for GBC are summarized in Table1.
Well performed case control studies suggest that a history
of gall stones, obesity, infection with Salmonella and
Helicobacter species (H.billis, in particular) are major risk
factors for developing GBC.
The role of heavy metals, high consumption of mustard
oil (possibly adulterated) and fresh water fish (possibly via
infection by liver fluke –Opisthorchis) are suggested to
increase the risk of GBC. However, these findings require
further confirmation.
The recent large scale genome wide association study has
revealed that genetic susceptibility might play an
important role in GBC. It was observed that region
7q21.12 on chromosome 7 harbouring ABCB4 and ABCB1.
genes may be responsible for increasing the risk of GBC.
The polymorphism in SNPs rs1558375 and rs17209837 has
been associated with increase in risk of GBC.
Further, heritable estimation found that common variants
were associated with substantial variation in risk
of GBC (sibling relative risk 3·15 [95% CI 1·80-5·49]).
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Table 1: Summary of riskfactorsfor GBC reported from
world wide epidemiological studies
Risk Factors

Effect Direction

History Of Gallstones And Cholecystitis

↑↑

Family History Of Gallbladder Cancer

↑↑

Place Of Birth

↑↑

Helicobacter Infection

↑

Typhoid Carrier State

↑↑

Liver Flukes
Obesity
Mustard Oil

↑
↑↑
↑

Reproductive And Hormonal Factors
High Parity And High Number Of Pregnancies
Late Menarche
Duration Since Last Birth

↑↑
↑
↑↑

3. CLINICAL FEATURES
GBC may be diagnosed preoperatively, intra-operatively
at the time of surgical exploration for abdominal symptoms
attributable to another disease process, or postoperatively
as an incidental detection.
Almost 50 percent are diagnosed as ‘incidental gall bladder
cancer’. The presentation in preoperative period is
generally non-specific.
The typical symptoms are right upper quadrant pain or
discomfort.
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In advanced stages, patients may present with anorexia,
weight loss, jaundice, ascites or palpable mass.

4. INVESTIGATIONS
Blood investigations - Deranged liver function test is seen
usually in locally advanced disease.
Role of tumor markers –Carcinoembyronic antigen (CEA)
and carbohydrate antigen (CA 19-9) are commonly used
markers, though these are not specific for GBC.
CA 19-9 with a cut-off value of > 20 IU/ml has sensitivity
and specificity of approximately 79%.
Elevated CA 19-9 at the time of diagnosis may portend
poor prognosis.
Imaging –
Ultrasound (USG):
Suspicious features of GBC on USG
1.
2.

asymmetric wall thickening or calcification,
presence of mass lesion, liver infiltration or
metastases.
The sensitivity of USG in advanced stage is 84.6% and the
overall accuracy is 90.5%
Computed Tomography (CT) Scan:
Contrast-enhanced CT is the best modality to define locoregional extent of disease as well as distant metastasis.
1.

GBC can appear as mass protruding into the lumen
or completely filling it.
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2.
3.
4.
5.
6.
7.

Focal or diffuse thickening of the gall bladder wall with
enhancement.
Liver infiltration/ metastasis.
Bile duct involvement.
Lymphadenopathy.
Adjacent organ involvement.
Peritoneal disease.

Magnetic Resonance Imaging (MRI) and Magnetic
Resonance Cholangiopancreatography (MRCP):
MRCP is especially indicated in patients with jaundice to
ascertain level of obstruction of the bile duct and to plan
drainage procedure.
GBC appears on MRI as a hypo- or isointense mass or wall
thickening in T1 in relation to the liver and is usually
hyperintense and poorly defined in T2 sequences.
Assessment of local extent and lymphadenopathy is best
performed in T2 with fat suppression and post contrast
T1 images.
Endoscopic ultrasonography (EUS):
Early lesions can be better delineated with endoscopic
ultrasound using doppler or contrast enhancement. But
the technique is highly user dependant with limited
availability.
[18F]-2-deoxy-D-glucose (FDG) Positron Emission
Tomography(PET):
18-FDG positron emission tomography (PET)-CT can detect
occult peritoneal, omental and/or lymph node metastases
with sensitivity of 56%.
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There is an emerging role of FDG PET scans in incidental
gall bladder cancer with 78% sensitivity and 80% specificity
in detecting residual disease and has been a useful tool to
stratify patients with incidentally diagnosed GBC for
effective treatment.
FDG PET CT scans should be done at least 4-6 weeks after
any surgical intervention to avoid false positives.
Biopsy and Cytology:
Fine Needle Aspiration Cytology (FNAC) is not indicated in
lesions that are deemed resectable on imaging.
Percutaneous FNAC and core needle biopsy should be
performed for masses or metastatic lesions in patients that
are being considered for non surgical treatment options.

5. TNM STAGING (AJCC 8TH EDITION)GALL BLADDER
Primary tumor:
Tx

Primary tumor cannot be assessed

T0

No evidence of primary tumor

Tis

Carcinoma in situ

T1

Tumor invades the lamina propria or muscular layer

T1a

Tumor invades the lamina propria

T1b Tumor invades the muscular layer
T2

Tumor invades the perimuscular connective tissue on the
peritoneal side, without involvement of the serosa (visceral
peritoneum) Or Tumor invades the perimuscular
connective tissue on the hepatic side, with no extension
into the liver
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T2a

Tumor invades the perimuscular connective tissue on the
peritoneal side, without involvement of the serosa (visceral
peritoneum)

T2b Tumor invades the perimuscular connective tissue on the
hepatic side, with no extension into the liver
T3

Tumor perforates the serosa (visceral peritoneum) and/
or directly invades the liver and/or one other adjacent
organ or structure, such as stomach, duodenum, colon,
pancreas, omentum or extrahepatic bile ducts

T4

Tumor invades the main portal vein or hepatic artery or
invades into two or more extrahepatic organs or structures

Regional lymph nodes
Nx

Regional lymph nodes cannot be assessed

N0

No regional lymph node metastasis

N1

Metastasis to one to three regional lymph nodes

N2

Metastasis to four or more regional lymph nodes

Metastasis
cM0

No distant metastasis

cM1

Distant metastasis

pM1

Distant metastasis, microscopically confirmed
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Prognostic stage groups
Stage

T

N

M

0

Tis

N0

M0

I

T1

N0

M0

IIA

T2a

N0

M0

IIB

T2b

N0

M0

IIIA

T3

N0

M0

IIIB

T1-3

N1

M0

IVA

T4

N0-1

M0

IVB

Any T

N2

M0

IVB

Any T

Any N

M1

6. TREATMENT
Early GBC (pTis and pT1a GBC):
Early gall bladder cancer is suspected preoperatively in only
30% - 40% on imaging.
In 60–70 % it is discovered incidentally on histopathological
examination of cholecystectomy specimen performed for
presumed benign pathology.
Simple cholecystectomy with negative cystic duct margin
is sufficient for pTis and pT1a GBC is with a cure rate of
close to 100%. Therefore, no additional resection is
necessary for these patients.
pT1b GBC
Due to increased incidence of nodal metastases (3.8%25%) with T1b disease, a radical resection is warranted
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that includes cholecystectomy with enbloc hepatic bed
resection (2-3cm wedge resection or segment IVb+V),
negative cystic duct margin and complete peri-portal
lymphadenectomy. (Stations 8,12,13)
T2 disease
T2 disease has lymph node metastasis in 20–62% cases.
Location of tumor on hepatic side carries poor prognosis
due to higher rates of nodal positivity and vascular
invasion. In these patients radical cholecystectomy is the
treatment of choice.
SEER database of early GBC has also shown a survival
benefit with extended surgical resection and lymph node
dissection in pT2 GBC.
Incidental GBC
Defined as GBC diagnosed on histopathology after a
cholecystectomy is performed for a suspected benign
pathology.
The incidence of incidental GBC is 0.35% - 2% and has
better prognosis compared to non-incidental disease.
The incidence of finding residual disease at any site can
be as high as 37.5% in T1 tumors, 56.7% in T2 tumors, and
77.3% in T3 tumors and management is guided by the
stage of the disease.
Revision surgery for incidental GBC should be performed
whenever feasible and as early as possible. There is no
upper time limit for revision surgery.
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Locally advanced non metastatic GBC - T3 or above, Node
positive
The recurrence rates following surgical resection for T3
and T4 disease are upwards of 50%. Surgery for such
disease may entail extensive liver resection or additional
organ resection with increase in morbidity and doubtful
survival benefit. These “High risk “GBC can be offered
neoadjuvant therapies with an aim to downsize/
downgrade to improve resectability. Such an approach also
tests the biology of potentially aggressive tumours.
Neo-adjuvant chemotherapy (NACT)
The use of NACT in 37 locally advanced GBC using
gemcitabine/cisplatin or gemcitabine/oxaliplatin by Sirohi
et al in 2015 showed encouraging results with a response
rate of 67% following NACT and 46% patients undergoing
R0 resection. Patients who underwent surgery had a
significantly better overall survival (median not reached
vs 9.5 months) and progression-free survival (25.8 vs 5.6
months).
The criteria for patient selection were standardised as
“TMH Criteria” and further work on this approach was
published in 2018. One hundred and sixty patients
receiving NACT based on clinic-radiological criteria
suggesting high risk disease (TMH criteria) were evaluated.
Patient undergoing curative surgery had a statistically
superior OS (49 vs. 7 months; p = 0.0001) and Event Free
Survival (EFS) (25 months vs. 5 months (p = 0.0001) as
compared to those who did not.
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Table 2 TMH criteria for Locally advanced /
Borderline Resectable GBC used as an indication for
Neoadjuvant Chemotherapy
TUMOR
(T3-T4 tumors)






Contiguous Liver involvement > 2cm and
< 5 cm
Involvement of bile duct causing
obstructive jaundice
(Type I/II block on MRCP/ERCP/PTBD )
Radiological / Endoscopic involvement of
antropyloric region of stomach,
duodenum, hepatic flexure of colon or
small intestine

NODE
(N1 station)



Radiological suspicion of lymph node
involvement N1
 Hepatic artery (Station 8),
 Hepatoduodenal ligament
(Station 12),
 Retropancreatic/retroduodenal
(Station 13)
Size > 1cm in short axis, round in
shape, and heterogeneous
enhancement on CT/PET scan.

VASCULAR
(T4 tumors)



impingement/ involvement
(<180 degree angle) of one or more of
the following blood vessels:
 Common Hepatic Artery and Right &
Left Hepatic artery
 Main Portal vein and Right &
Left Portal vein

INCIDENTAL



GBC Residual/Recurrent mass in
GB fossa /liver bed
N1 nodes as per nodal criteria.
Involvement of bile duct causing OJ
(Type I/II Block)
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Neoadjuvant chemo-radiation
A single arm prospective phase II study from TMH by
Engineer et al, evaluated concurrent chemoradiation using
helical tomotherapy (dose of 57 Gy over 25 fractions to
the gross tumor and 45 Gy over 25 fractions to the
surrounding nodes) with intravenous gemcitabine (300
mg/m (2)/week × 5 weeks) in down staging locally
advanced carcinoma gallbladder.
The study showed an improvement of resectability rate
to 56% and an OS of 47% at 5 years for patients undergoing
R0 resection following neoadjuvant treatment.
Neoadjuvant approach is feasible and might benefit
patients in terms of increased resectability as well as
increased OS.
A trial evaluating neoadjuvant chemoradiation versus
neoadjuvant chemotherapy in potentially resectable GBC
is currently recruiting in TMH – POLCAGB.

7. CURRENT SURGICAL STANDARDS:
Staging Laparoscopy:
Staging laparoscopy should ideally be performed all in
patients with resectable/ locally advanced GBC or
incidental GBC before proceeding to radical surgery in
order to rule out distant metastases since chances of
peritoneal dissemination are high in this cancer.
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Lymph Node dissection
The incidence of LN involvement varies by T-stage,
approximating 12%, 31% and 45% in patients with T1b, T2
and T3 tumors, respectively.
Inter-aortocaval nodal (Station 16) sampling forms the first
step of lymphadenectomy. Presence of positive station 16
lymph node indicates non-regional lymph nodal
metastasis.
A standard portal lymphadenectomy for gallbladder cancer
beyond T1a includes nodes in the porta hepatis,
gastrohepatic ligament, and retroduodenal space. (Station
8,12,13).
Atleast six lymph nodes should be harvested during surgery
for accurate staging as per AJCC 8th edition.
Extent of liver resection
The goal is to obtain R0 resection with negative margins.
The size of the wedge liver resection depends on the
pathologic depth of the tumor and stage of disease,
ranging from limited segment IVB and V wedge resections
to formal anatomic resections. No study has established
superiority of formal segment IVB/V over wedge resection
of gall bladder bed.
The routine performance of a major hepatectomy
compared with a partial hepatectomy (non-anatomic
resection of the gallbladder bed or a formal segment IVb/
V resection) has not been associated with improved
survival.
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Bile duct resection
Routine bile duct resection has no impact on survival and
is not associated with higher lymph node yield.
Extra-hepatic bile duct resection should be performed:
1.

When there is inability to achieve negative cystic duct
margin
2. For bulky nodal disease involving hepatoduodenal
ligament, to achieve adequate nodal clearance
3. GBC involving the neck and cystic duct with direct
infiltration of bile duct
Routine bile duct resection should be avoided to prevent
additional morbidity.
Additional Organ resection
In well-selected patients, the resection of other organs,
including the stomach, colon, and duodenum, in the
absence of distant metastatic disease, may be resected to
ensure R0 resection.
Port site resection
Routine excision of port sites at the time of revision surgery
is no longer recommended. The presence of port site
metastasis correlates with peritoneal disease. There is no
survival benefit with excision of port sites.
Role of minimal invasive surgery
Minimally invasive radical cholecystectomy is fraught with
the inherent risk of gall bladder perforation and peritoneal
dissemination.
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Laparoscopic approach is not longer a contraindication
when performed at highly specialized centre.
The da Vinci robotic surgical system (dVSS) has resolved
many technical problems associated with conventional
laparoscopic approach and has shown equivalent perioperative and short term oncological results as compared
to open radical cholecystectomy. However long term
outcomes need to be ascertained.

8. ADJUVANT THERAPIES
The role of adjuvant therapy has gained ground in the last
decade with the recognition of cancers being systemic
diseases from the outset.
Recurrence rates in GBC post-surgical resection alone are
high (5-year recurrence rates: Stage I – 50%, stage II – 70%,
stage III – 80-90%)
Adjuvant therapy may entail chemotherapy (CT) alone,
chemoradiation (CTRT) or chemotherapy and
chemoradiation, respectively.
Available experience is primarily for biliary tract cancers
(BTC) as a whole with evidence from the West. A majority
of major studies have about 15-20% of patients with GBC
as part of the BTC spectrum.
Adjuvant chemotherapy
There are two well planned studies in the current era which
have evaluated adjuvant chemotherapy in GBC/BTC.
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The randomized phase III trial PRODIGE 12-ACCORD 18
(UNICANCER GI) evaluated adjuvant gemcitabineoxaliplatin versus surveillance in 196 patients with resected
localized biliary tract cancer. Median RFS was 30.4 (95%
CI: 15.4-45.8) vs 22.0 months (95% CI: 13.6-38.3) (p=0.31)
suggesting no statistical benefit of adjuvant chemotherapy
On the other hand, the BILCAP trial evaluating adjuvant
single agent capecitabine versus observation in operated
BTC showed a significantly improved survival with adjuvant
chemotherapy in terms of survival (per protocol analysis 53 months vs. 36 months; p = 0.028). It is significant to
note that the BILCAP study was not statistically significant
on an intention to treat analysis. The BILCAP study
comprised 18% patients with GBC.
While the results of these two large trials are potentially
contradictory, current recommendations for adjuvant
chemotherapy also take into accounts the results of the
meta analyses by Horgan et al, Ma et al and Ghidini et al.
The meta analyses specifically suggest a benefit for
adjuvant chemotherapy, maximally in patients with R+
resections, lymph node positivity and stage II and above
disease.
Gemcitabine-cisplatin is a regimen with proven efficacy in
the advanced setting. Small phase 2 as well as retrospective
studies have shown the efficacy of this regimen, with a
current study, ACCTICCA-1, evaluating this combination in
comparison to single agent capecitabine in a randomized
phase III study.
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Currently, adjuvant chemotherapy would be considered
in the following situations –
Patients with stage T2 and above disease (there is
equipoise on the benefit of adjuvant therapy in T1b
node negative cancers)

Patients with node positive disease
A single recommended regimen for adjuvant
chemotherapy to be used is yet undecided, but acceptable
regimens would be single agent capecitabine and
gemcitabine based regimens (single agent gemcitabine,
gemcitabine- cisplatin etc.)


Adjuvant chemoradiation
No randomized studies establishing the role of adjuvant
radiotherapy (RT)/CTRT in resected GBC, though multiple
retrospective data and national databases have been
evaluated to provide outcome data.
The single arm SWOG S0809 phase II trial, which evaluated
the role of chemotherapy and chemo-radiation in patients
with resected BTC (24% GBC; n=79) is one of the major
trials in the modern era which has shown good outcomes
with adjuvant chemoradiation (Median OS - 35 months).
Indications for adjuvant chemoradiation would be similar
to those for adjuvant chemotherapy, with a possible stress
on the increased requirement of adjuvant radiotherapy in
margin positive resections.
Either capecitabine or gemcitabine may be used
concurrently with RT in case concurrent adjuvant
chemoradiation is used.
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Adjuvant Radiotherapy
The role of adjuvant radiotherapy alone has not been
evaluated in a prospective setting in resected GBC and
there is a possibility that trials with this modality may not
take place in the near future, given the results with
systemic treatment or combined modality treatment
The analysis of SEER data by Wang et al, comprising 4180
patients over the course of 15 years (1988-2003), with 780
patients undergoing RT, showed that RT may benefit
patients with >T2 disease and node positive disease.

9. METASTATIC GBC
A majority of patients with GBC present with unresectable
or metastatic disease (70%-90%). Systemic chemotherapy
is the only recommended treatment.
Systemic chemotherapy – first line therapy
The current standard of care for advanced/metastatic GBC
is the combination of gemcitabine-platinum, though other
combination regimens are often used with varying levels
of evidence and efficacy.
The seminal ABC-02 study,randomized patients between
gemcitabine-cisplatin and gemcitabine in a Phase II/III
study. The study conducted in 410 patients, showed a
median OS of 11.7 months among the 204 patients in the
cisplatin–gemcitabine group and 8.1 months among the
206 patients in the gemcitabine group (hazard ratio, 0.64;
95% confidence interval, 0.52 to 0.80; P<0.001). Along with
the BT-22 study, this trial established gemcitabine-cisplatin
as the standard of care in advanced BTC/GBC.
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Evidence also exists for other gemcitabine based
combinations with oxaliplatin and capecitabine as first line
therapy in advanced GBC. There are no comparative
published trials comparing these regimens, but usage is
essentially individual or institution based.
Second line therapy
A majority of patients with advanced GBC will progress
clinically and radiologically after a median duration of 6-8
months of first line chemotherapy. Post progression, there
are no firm recommendations regarding the optimum
therapy to be used.
Available evidence has suggested the use of chemotherapy
as second line treatment in patients with a long progression
free survival on initial treatment with maintained
performance status.
The commonly used treatment regimen as second line
treatment in Tata Memorial Hospital is the CAPIRI
(capecitabine-irinotecan) combination.
Targeted therapy and immunotherapy
Clinical studies of target-oriented agents (in combination
with chemotherapy) have been attempted for improving
the outcomes of advanced GBC. The results of these
studies have been disappointing with no significant
improvements in survival as compared to chemotherapy
alone. Targeted therapies (like cetuximab, bevacizumab
etc.)in combination with chemotherapy are not
recommended outside of a clinical trial.
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10. ROLE OF PALLIATION
Pain relief:
Analgesics, including non-opioid and opioid drugs, for pain
form the basis of pain relief, as in other tumors.
Biliary obstruction:
Drainage of biliary system to alleviation of jaundice and
improve quality of life by Endoscopic retrograde
cholangiopancreatography (ERCP)/ percutaneous
transhepatic biliary drainage (PTBD) followed by insertion
of Self-expanding metal stents (SEMS). Surgical bypass is
rarely carried out nowadays.
Gastric outlet obstruction due to duodenal infiltration or
nodal compression may require nasojejunal tube insertion
under fluoroscopy guidance or gastrojejunostomy.

11. FOLLOW UP
3 monthly for the first 2 years followed by 6 monthly for
the next three years and then annually with CA 19-9 levels
and USG. CT or PET SCAN can be done if recurrence is
suspected.
Screening and Prevention
At present, there are no evidence-based approaches to
control GBC either by primary or secondary prevention.
Although, the history of gallstone appears to be a strong
risk factor for carcinogenesis of GBC, absolute risk to
develop gallbladder malignancy among patients with
gallstone remains low.
Prophylactic removal of the gallbladder in patients with
gallstone is currently not recommended.
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12. PATHOLOGY
The specimen should be received in fresh state. Examine
the external surface. Ink the cystic duct cut margin and
the raw surgical surface of the liver wedge.
The specimen is opened up by avoiding cutting through
the tumor and fixed in 10% neutral buffered formalin.
Upon adequate fixation, the distance of the tumor from
bile duct cut margin and hepatic parenchymal cut margin
is measured.
The tumor is to be sampled keeping in mind its relation to
the serosa as well as its relation to the liver. Document
the location of the tumor with respect to the liver
(peritoneal side or hepatic side).
Sample the gall bladder wall extensively as depth of tumor
is the most important factor which decides staging; also
to document the presence of intraepithelial neoplasia in
the adjacent gall bladder mucosa.
The following parameters need to be recorded while
grossing a gall bladder specimen:
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Specimen dimensions
Length of cystic duct
Location of the tumor: Peritoneal side/ Hepatic side
along with gross invasion of liver
Distance of tumor from hepatic resection margin and
cystic duct cut margin
Lymph node dissection

Histopathology:
 Grading (AJCC TNM 8th edition)
Gx

Grade cannot be assessed

G1

Well differentiated

G2

Moderately differentiated

G3

Poorly differentiated













Type of tumor: Adenocarcinoma (Intestinal type,
pancreaticobiliary type)/ Adenosquamous/
Squamous/ Sarcomatoid/ Mucinous/ Signet ring cell/
Clear cell
Neuroendocrine tumors of gall bladder are rare and
are staged like other gall bladder cancers
Precursor lesions: Polypoid adenomas/ Flat Biliary
intraepithelial neoplasia/ Intracystic papillary
neoplasms
Vascular invasion
Perineural invasion: Ductal structures may be present
in the perineural space, which might mimic invasive
tumor
Status of cystic duct cut margin: If cut margin is
involved, resection of the biliary tree needs to be done
Involvement of lymph nodes
Note- assessment at frozen section:- Sometimes a
specimen of gall bladder is received for frozen section
suspecting a malignancy. The gall bladder is opened,
a tumor mass, whether polypoid or generalized
thickening of the wall is noted. Two to three sections
are taken with full thickness of the wall to assess,
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whether there is malignancy and how deep it is
invading in the gall bladder wall. Often, a polyp while
sectioning gets fragmented and poses a challenge to
assess the invasion in the wall. The muscular layer
invasion is critical to decide about the extent of
surgery and either architectural abnormality or
desmoplastic stromal response involving the
muscularispropria layer of the gall bladder is looked
for.Microsatellite instability (MSI) testing is
recommended in unresectable cases, according to
NCCN guidelines Version 3. 2018.
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SECTION - III
Tumors of the Pancreas
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Overview

Pancreatic neoplasms are clinically characterized as those
of the exocrine and endocrine pancreas. Tumors of
exocrine pancreas are of two types, the ductal and the
non-ductal tumors. The WHO (2010) classification of
pancreatic neoplasms categorizes these tumors according
to the cell of origin and histology.
Ductal Pancreatic Tumors
Pancreatic ductal adenocarcinoma is the most frequent
type of pancreatic neoplasm.
60-70% of pancreatic ductal adenocarcinomas are found
in the head of the gland while, the remainder occur in the
body and/or tail. Histologically, most ductal
adenocarcinomas are well to moderately differentiated.
Adenosquamous carcinoma and undifferentiated
(anaplastic) carcinoma (including osteoclast-like giant cell
tumours), mucinous noncystic adenocarcinoma and signetring cell carcinoma are considered variants of ductal
adenocarcinoma because most of these carcinomas, even
poorly differentiated ones, contain some foci showing
neoplastic glands with ductal differentiation. They
comprise 2-7% of ductal adenocarcinomas.
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Non-ductal Pancreatic Tumors
Non-ductal pancreatic neoplasms also called the acinar cell
carcinomas constitute 1–2% of all pancreatic neoplasms.
They are less malignant tumors compared with ductal
adenocarcinoma and thus have a better prognosis. As the
name suggests, they arise from the exocrine pancreatic
acinar cells and produce pancreatic enzymes, similar to
non-neoplastic acinar cells.
Endocrine tumors of the Pancreas
The tumors of the endocrine pancreas are a distinct entity
with respect to biology, treatments and prognosis. They
are uncommon but not rare, constituting 2–5% of primary
pancreatic tumors. Traditionally designated ‘islet cells
tumors,’ they may occur at any age but are more common
in the middle-aged or older adults.
Noninvasive precursors to pancreatic cancers
Pancreatic neoplasms having the potential to progress to
malignant tumors or the ductal dysplasia – carcinoma in
situ. These include:
a.
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PanIN: This is the most common neoplastic precursor
to invasive adenocarcinoma of the pancreas. They are
microscopic (<5 mm diameter) and are not directly
visible by pancreatic imaging. Low-grade (PanIN 1) are
very common with increasing age and high-grade
PanINs or severe ductal dysplasia or carcinoma in situ
(PanIN 3) are usually present in pancreatic tissue in
patients with invasive cancer. Resected pancreas from
individuals with a strong family history of pancreatic
cancer, usually have multifocal PanINs.

b.

Pancreatic neoplasms: Intraductal papillary mucinous
neoplasms and mucinous cystic neoplasms may
progress to invasive cancer.
i.

ii.

Intraductal papillary mucinous neoplasms
(IPMNs):
In case of intraductal papillary-mucinous
carcinoma, the invasive component either
corresponds to a usual ductal adenocarcinoma
or to mucinous noncystic carcinoma.
IPMNs are classified on the basis of the amount
of cytological and architectural dysplasia, as
either low-grade, intermediate-grade, or highgrade dysplasia (carcinoma in situ). Cure rates are
very high after resection if they do not have an
associated invasive pancreatic cancer. Most small
asymptomatic lesions in branch ducts have low
malignant potential, but if left alone, these
lesions can progress to incurable invasive cancers
Mucinous cystic neoplasm (MCNs): A less
frequent precursor to pancreatic cancer is the
mucinous cystic neoplasm, which is composed
of mucin-producing epithelial cells and ovariantype stroma Mucinous neoplasms, mucinous
cystic neoplasms do not communicate with
pancreatic ducts. Mucinous cystic neoplasms
arise predominantly in women; about a third of
these neoplastic precursors have an associated
invasive carcinoma.
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Periampullary Tumors
Periampullary tumors are a complex of tumors which are
centered at or around 1 cm of the ampulla of Vater, and
include the ampullary, distal bile duct, pancreatic and
duodenal cancers. Of the periampullary tumors ,
pancreatic head cancers constitute 60%, ampullary cancer
account for 15–25% and the duodenal and distal bile duct
cancers make up 10% each. The distinction into these
tumors is best determined at gross anatomic and
histological examination and is relevant for prognostication
of the tumors. Preoperative evaluation, preparation for
surgery and surgical management of these tumors mimics
that of pancreatic head cancer. Prognosis associated with
these primaries is better as compared to head cancers.
Duodenal Cancer and ampullary cancers have relatively
better prognosis as compared to distal bile duct cancers
and pancreatic head cancer among all periampullary
cancers.
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Epidemiology, Risk Factors &
Clinical Presentation

Worldwide, pancreatic cancer accounts for more than 200
000 deaths every year. Total deaths from pancreatic cancer
are currently increasing and are predicted to be the second
leading cause of cancer death in the USA by 2030.
Incidence is lowest among populations in India, Africa, and
southeast Asia, but under-diagnosis in regions with poorer
access to healthcare might bias these estimates.
The incidence of pancreatic cancer in India is 0.5– 2.4 per
100,000 men and 0.2–1.8 per 100,000 women.
Pancreatic cancer is a disease of elderly, with most cases
occurring in patients between 60 and 80 years of age.
However, in India, the disease has an earlier age of onset
with a median age of 52-55 years at presentation. The
incidence of pancreatic cancer also differs between the
sexes, being 50% higher in men than in women.
Risk factors:
Cigarette smoking - 75% increased risk that persists at least
10 years after smoking cessation.
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Diabetes

– 30% excess risk of pancreatic cancer.

Age

– Risk is almost 20 times higher for individuals
older than 50 years as compared to younger
persons.

Alcohol

– Major risk factor for pancreatitis however,
studies have failed to support its association
with pancreatic cancer.

Familial

– About 10% of cases of pancreatic cancer are
familial, however the genetic basis remains
unknown.
Pancreatic cancer is associated with several
genetic syndromes, but these account for a
few cases of familial pancreatic cancer
(Table 1).

Obesity

– There is a positive association between
pancreatic cancer and obesity, specifically
high body-mass index (BMI) and centralized
fat distribution.

Chronic – Substantially increases lifetime risk of
pancreatitis pancreatic cancer.
Clinical presentation:
Patients with early stage disease generally do not have
any symptoms. At a later stage, the most common
presenting symptoms are pain, jaundice, and weight loss.
Pancreatic cancer is associated with 12 alarm symptoms
namely - weight loss, abdominal pain, nausea and
vomiting, bloating, dyspepsia, new-onset diabetes,
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changes in bowel habit, pruritus, lethargy, back pain,
shoulder pain, and jaundice.
Back pain, lethargy and new-onset diabetes were identified
as unique features of pancreatic cancers. Unexplained
superficial thrombophlebitis, which may be migratory
(classic Trousseau’s syndrome) is sometimes present and
reflects the hyper-coagulable state that frequently
accompanies pancreatic cancer.
Also, the initial presentation varies according to tumor
location. Compared with tumors in the body and tail of
the gland, pancreatic head tumors more often present with
jaundice, steatorrhea, and weight loss.
Table 1: Inherited disorders with increased risk of
pancreatic ductal adenocarcinoma
Familial breast and ovarian cancer, BRCA2
Familial atypical multiple mole melanoma syndrome, CDKN2A
(P16)
Peutz-Jeghers syndrome, STK11 (LKB1)
Hereditary pancreatitis, PRSS1; SPINK1
Hereditary non-polyposis colorectal cancer (Lynch syndrome)
Familial pancreatic cancer, PALB2
Ataxia-telangiectasia (biallelic), ATM 11
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Evaluation and staging of Pancreatic
and Periampullary Cancers

The diagnostic evaluation of a patient with suspected
pancreatic cancer includes serologic evaluation and
abdominal imaging. Additional testing is then directed
based upon the findings of the initial testing as well as
patient’s clinical presentation and risk factors.
All patients presenting with jaundice or epigastric pain
should have an assay of serum aminotransferases, alkaline
phosphatase, and bilirubin to determine if cholestasis is
present. In addition, patients with epigastric pain and a
history suggestive of acute pancreatitis should also be
evaluated with a serum lipase.
a)
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Tumor marker – Carbohydrate Antigen 19-9
(CA 19-9)
The reported sensitivity and specificity rates of CA 199 for pancreatic cancer range from 70 to 92, and 68
to 92 percent, respectively. Serum levels of CA 19-9
(both at initial presentation and in the postoperative
setting) have some value as a prognostic marker and
as an indicator of disease activity in patients with
initially elevated levels.

The magnitude of the preoperative CA 19-9 level also
predicts the presence of occult metastatic disease and
helps select patients for staging laparoscopy in order
to avoid futile laparotomies.
Serial monitoring of CA 19-9 levels (once every one
to three months) is useful to follow patients after
potentially curative surgery and for those who are
receiving chemotherapy for advanced disease.
Rising CA 19-9 levels usually precede the radiographic
appearance of recurrent disease.
High CA 19-9 levels in presence of jaundice, should
be interpreted with caution, as impaired metabolism
in liver also cause increase in levels.
Causes of raised CA 19-9 levels.
Benign conditions

Malignant conditions





Pancreatic cancer



Gastric cancer
Bile duct cancer



Obstructive jaundice/
Cirrhosis of liver
Pancreatitis
Gallstones/Cholecystitis

b)

Imaging modalities -

1.

Transabdominal ultrasonography





Ultrasonography is often the initial diagnostic test
performed. The sensitivity and specificity of ultrasound
for pancreatic cancer range from 75% to 89% and from
90% to 99%, respectively.
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2.

CECT Scan

Contrast enhanced multi-detector computed tomography
(MDCT) is the present imaging modality of choice.
The following CT findings aid in the diagnosis of pancreatic
cancer1:
•

Hypo-attenuation (sensitivity 75% and specificity
84%);
• Ductal dilatation (50% and 78%);
• Ductal interruption (45% and 82%);
• Distal pancreatic atrophy (45% and 96%);
• Pancreatic contour anomalies (15% and 92%); and
• Common bile duct dilation (5% and 92%).
For comprehensive imaging of a suspected pancreas
cancer, the patient is usually scanned in several dynamic
phases of contrast injection (termed a “Pancreas protocol”)
Overall accuracy of MDCT for diagnosis of pancreatic
cancer is about 90%. MDCT has an accuracy of 85–95% in
determining resectability.
Radiological (CT Scan) criteria for resectability (NCCN)
Resectability Arterial
Status

Venous

Resectable

No tumor contact with
the superior mesenteric
vein (SMV) or
portal vein (PV) or ≤180°
contact without vein
contour irregularity
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No arterial tumor contact
with, celiac axis (CA),
superior mesenteric artery
(SMA), or common hepatic
artery (CHA).

Resectability Arterial
Status
Borderline
Resectable

Venous

Pancreatic head/
uncinate process:
• Solid tumor contact with
CHA without extension to
CA or hepatic artery
bifurcation allowing for safe
and complete resection and
reconstruction.
• Solid tumor contact with
the SMA of ≤180°
• Solid tumor contact with
variant arterial anatomy
(ex: accessory right hepatic
artery, replaced right hepatic
artery, replaced CHA, and the
origin of replaced or accessory
artery) and the presence and
degree of tumor contact
should be noted if present,
as it may affect surgical
planning.
Pancreatic body/tail:
• Solid tumor contact with
the CA of ≤180°
• Solid tumor contact with
the CA of >180° without
involvement of the aorta and
with intact and uninvolved
gastroduodenal artery
thereby permitting a modified
Appleby procedure

Solid tumor contact with
the SMV or PV of >180°,
contact of ≤180° with
contour irregularity of
the vein or thrombosis of
the vein but with suitable
vessel proximal and distal
to the site of involvement
allowing for safe and
complete resection and
vein reconstruction.
• Solid tumor contact
with the inferior vena
cava (IVC).
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Resectability Arterial
Status
Unresectable Distant metastasis
Head/uncinate process:
• Solid tumor contact with
SMA >180°
• Solid tumor contact with
the CA >180°
Body and tail:
• Solid tumor contact of
>180° with the SMA or CA
• Solid tumor contact with
the CA and aortic involvement

3.

Venous

Head/uncinate process:
• Unreconstructible
SMV/PV due to tumor
involvement or occlusion
• Contact with most
proximal draining jejunal
branch into SMV Body
and tail:
• Unreconstructible
SMV/PV due to tumor
involvement or occlusion

MRI

The sensitivity (83–85%) and specificity (63%) of
gadolinium-enhanced MRI are similar to the sensitivity
(83%) and specificity (63–75%) of MDCT.
Magnetic resonance cholangiopancreatography (MRCP)
allows the non-invasive delineation of the pancreatic duct
and biliary tract. This technique has almost replaced
invasive endoscopic retrograde cholangiopancreatography
(ERCP) for diagnosis of small pancreatic masses, although
its disadvantage is that it does not permit tissue sampling2.
4. PET Scan
FDG-PET plus CT has no obvious advantage for diagnosing
pancreatic cancer compared with contrast enhanced
MDCT. There are several limitations of PET in diagnosing
pancreatic cancer, including possible false-negative results
in hyperglycemia and possible false-positive results in
inflammatory masses caused by pancreatitis. MDCT with
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angiography or MRI/MRCP should constitute the first
imaging modality in suspected pancreatic
adenocarcinomas.
Sensitivity, specificity and diagnostic accuracy of
various imaging modalities in pancreatic cancer
USG

CECT

MRI /MRCP

PETCT

EUS

Sensitivity

88%

90%

93%

89%

91%

Specificity

94%

87%

89%

70%

86%

Diagnostic
accuracy

91%

89%

90%

84%

89%

Radiological investigations: Initial evaluation and
restaging of pancreatic cancer
CT pancreatic protocol
with IV contrast

Recommended

Contrast-enhanced MRI abdomen

Recommended

MRI abdomen without IV contrast

To use only in specific
situations

FDG-PET/CT skull base to mid-thigh To use only in specific
situations
CT abdomen without IV contrast

Not recommended

USG transabdominal

Not recommended

c)

Endoscopic techniques:
ERCP
With availability of MDCT and dynamic contrast MRI,
ERCP for diagnosis has almost become obsolete. ERCP
definitely has a therapeutic role in pancreatic head
cancers with biliary obstruction and a very high
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jaundice (>15 mg/dL) or symptomatic jaundice (fever,
features of cholangitis).
Endoscopic ultrasonography
Endoscopic ultrasonography has a very high sensitivity
and specificity for diagnosis of pancreatic cancer. Also,
EUS-guided fine-needle aspiration has a high
diagnostic accuracy of more than 85–90% for
pancreatic cancer.
In summary,
MDCT with angiography or MRI/MRCP should
constitute the first imaging modality in suspected
pancreatic adenocarcinomas. EUS is recommended
for assessing lesions not clearly detected, but
suspected, on CT/MRI and in tumors considered
‘borderline resectable’ on MDCT to assess vascular
involvement and obtain a tissue diagnosis. PET-CT in
locally advanced lesions may help rule out distant
metastases.3
d)

e)

146

Diagnostic and Staging Laparoscopy:
There is no evidence to support diagnostic and staging
laparoscopy as a routine for all patients. While EUS is
useful when CT findings are equivocal or in whom a
tissue diagnosis is desired, diagnostic and staging
laparoscopy should be reserved for patients clinically
suspected of harboring advanced disease despite
clinical and imaging findings to the contrary.
Tissue diagnosis:
As per ISGPS consensus guidelines, preoperative
tissue diagnosis is not always mandatory in a patient

with suspicious solid pancreatic mass on CT scan.
However, tissue diagnosis should be confirmed in
patients with suspicion of autoimmune pancreatitis,
BRPC patients undergoing neoadjuvant treatment and
in metastatic PDAC.
In patients, with a small resectable periampullary
lesion, it is justified to proceed with a pancreaticoduodenectomy after exhausting endoscopic avenues
to obtain a tissue diagnosis.
The consequence of resection without histological
diagnosis is to accept that a proportion of patients
would undergo resection for benign disease
(approximately 5%) and this risk can be undertaken
provided that pancreatic head resection could be
accomplished with acceptable morbidity and
mortality.
Staging
The AJCC staging criteria for adenocarcinoma of the
pancreas that follow the tumor/node/metastasis (TNM)
system are widely used and have been validated
extensively. (AJCC 8th ed., 2017)
Primary Tumor (T)
TX

Primary tumor cannot be assessed

T0

No evidence of primary tumor

Tis Carcinoma in situ
This includes high-grade pancreatic intraepithelial neoplasia
(PanIn-3), intraductal papillary mucinous neoplasm with
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high-grade dysplasia, intraductal tubulopapillary neoplasm
with high-grade dysplasia, and mucinous cystic neoplasm
with high-grade dysplasia.
T1

Tumor ≤2 cm in greatest dimension

T1a Tumor ≤0.5 cm in greatest dimension
T1b Tumor >0.5 cm and <1 cm in greatest dimension
T1c Tumor 1–2 cm in greatest dimension
T2

Tumor >2 cm and ≤4 cm in greatest dimension

T3

Tumor >4 cm in greatest dimension

T4

Tumor involves cealiac axis, superior mesenteric
artery and/or common hepatic artery, regardless of
size

Regional Lymph Nodes (N)
NX

Regional lymph nodes cannot be assessed

N0 No regional lymph node metastases
N1 Metastasis in one to three regional lymph nodes
N2 Metastasis in four or more regional lymph nodes
Distant Metastasis (M)
M0 No distant metastases
M1 Distant metastasis
Stage Grouping
Stage 0

Tis N0 M0

Stage IA T1 N0 M0
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Stage IB T2 N0 M0
Stage IIA T3 N0 M0
Stage IIB T1, T2, T3 N1 M0
Stage III T1, T2, T3 N2 M0 or T4 Any N M0
Stage IV Any T Any N M1
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Principles of management of
Pancreatic Cancer

Treatment of pancreatic cancer varies according to the
stage, often requiring a multimodal approach ranging from
surgery, chemotherapy, and radiation therapy to symptom
relief and palliative care. In addition to the stage, baseline
performance status, comorbidities, and goals of care
should be taken into consideration before planning the
treatment.
During the evaluation process, non- metastatic patients
are categorized into resectable, borderline resectable, or
unresectable tumors based on the CT scan features
depending on the abutment or involvement of major
vascular structures around pancreas.
Primary surgical resection should only be offered to
patients with resectable tumors who have a performance
status and comorbidity profile that are appropriate for a
major abdominal operation. Following resection, all
patients are offered adjuvant chemotherapy. Patients who
undergo R1 resection are considered for addition of
adjuvant radiotherapy in selected cases.
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Tumors with venous involvement of the superior
mesenteric vein or portal vein, gastroduodenal artery
encasement up to the hepatic artery, and tumor abutment
of the superior mesenteric artery of less than or equal to
180° are considered as ‘borderline resectable’. Although
some of these patients will prove to be resectable with
initial surgery, the likelihood of an incomplete (R1)
resection is high. The management of these borderline
resectable pancreatic cancers (BRPC) is still evolving and
the current approaches include:
1.

Surgery first followed by adjuvant chemotherapy +/radiotherapy
2. Neo-adjuvant chemotherapy (NACT) followed by
surgery
3. Neo-adjuvant chemo-radiotherapy (NACT - RT)
followed by surgery
The decision about whether a patient is offered a resection
should not be based on anatomic criteria alone. The
biological behavior of the cancer and the ability of the
patient to withstand the physiological stress of complex
and demanding surgery should play a very important role
in the decision making process.
The recent International consensus on definition and
criteria of BRPC has defined patients with BRPC according
to three distinct dimensions - Anatomical (A), Biological (B),
Conditional (C).
These refinements in the various definitions and their
worldwide adoption is expected to ensure standard
reporting of outcomes that would ultimately help in
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establishing the best possible treatment approaches
including use of neo-adjuvant therapies for BRPC.
In general, presently the preferred approach is attempted
downstaging with neoadjuvant chemotherapy or
chemoradiotherapy and then reassessment for curative
resection.
Management of patients with borderline resectable or
locally advanced diseased with elevated serum bilirubin
with poor nutritional and overall performance status is
particularly challenging. These patients are generally not
considered fit to receive any cancer directed therapy at
least at presentation. An individualized decision must be
made with regard to suitability for neoadjuvant therapy
and the specific approach to be used.




The first step is to relieve jaundice via endoscopic
retrograde pancreatography (ERCP) and placement of
a short self-expanding metal stent (SEMS). If ERCP is
not feasible due to technical considerations, a
transhepatic drainage should be performed. When
adequate biliary drainage is achieved (Serum bilirubin
less than 3 mg%), consideration could be given to
dose-adjusted FOLFIRINOX or gemcitabine /
nabpaclitaxel with close monitoring of toxicities.
For patients with poor performance status (>2), the
first priority is to improve general condition by
alleviating symptoms. Such patients are best
subjected to single agent Gemcitabine chemotherapy.

Tumors with more than 180° encasement of superior
mesenteric artery, celiac axis, un-reconstructable superior
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mesenteric vein or superior mesenteric-portal vein
confluence occlusion, or direct involvement of the inferior
vena cava and aorta are considered unresectable cancers.
These patients are managed initially with chemotherapy
(palliative intent) with or without radiotherapy.
Principles of Surgery:
The nature and extent of surgery depends on the location
of the tumor in pancreas and relationship to the adjacent
blood vessels. The primary goal of surgery is to achieve
complete (R0) resection with regional lymphadenectomy.
For tumors in head and uncinate process,
Pancreaticoduodenectomy (pylorus preserving or classical
whipple’s) is performed.
For tumors of body and tail, distal Pancreaticosplenectomy
(RAMPS – radical antegrade modular pancreaticosplenectomy) is performed.
In cases with doubtful involvement of pancreatic or bile
duct cut margins after resection, a frozen section analysis
should be performed. Margins should be revised if found
to be involved.
Principle of Chemotherapy:
Systemic chemotherapy is used in all stages of pancreatic
cancer, in the form of neo-adjuvant therapy (in resectable
and borderline resectable tumors), as adjuvant therapy
(post resections) and as palliative therapy (in locally
advanced and metastatic tumors).
A biopsy confirmation of pancreatic adenocarcinoma must
be obtained before initiating treatment in all cases.
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Principles of Radiation therapy:
Radiation (RT) can also be used in patients with resectable,
borderline resectable and locally advanced/metastatic
disease. It is used concurrently with gemcitabine or 5flurouracil based chemotherapy, with chemotherapy drugs
acting as radio-sensitizers.
When used in resectable/borderline resectable disease
preoperatively or as an adjuvant therapy after resection,
the main goal of RT is to sterilize the vascular margins.
Chemoradiation can also be given as second-line therapy
in patients with locally advanced unresectable disease after
initial chemotherapy, when there is isolated local
progression.
Finally, it can be used in metastatic setting for palliation of
intractable refractory pain.
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Table a:
FOURINOX 4: preferred. If not considered fit, then Gen SA or Gen nab
padoitaocel 2 to 3 CTRT Cape/Gem with 55 to 60 Gy over 25#

Table b:
FOURINOX
SA Capecitabine
SA Ge
Gexxcitabine +
NAB Paclitaxel / Manoxel

Table c:
Gemcitabine +
Nab Pacilitaxel
Gemcitabine SA
SA Capecitabine
FOUR / CAPXXX

Neoadjuvant approaches in borderline
resectable pancreatic cancer (BRPC)

Borderline resectable pancreatic cancers (BRPC) as a
terminology and functional definition has undergone
major changes in terms of concepts as well as management
strategies in the last few years. Early work started in 2001
where patients with marginally resectable disease with
treated with pre-operative chemoradiation, though more
mainstream acceptance of such a concept was seen from
2006 onwards when this was incorporated into commonly
used guidelines.
A major reason for categorizing BRPC as a separate
anatomical cohort from purely resectable pancreatic
cancers was because of






High risk of a margin positive resection due to tumorvessel (artery/vein) abutment
Increased complexity of resections due to vascular
resections and reconstruction
Increased risk for radiologically occult distant
metastases

Several current anatomical definitions for BRPC exist,
though the commonly used ones include the MD Anderson
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Cancer Center (MDACC), the Americas Hepato-PancreatoBiliary Association/Society of Surgical Oncology/Society for
Surgery of the Alimentary Tract (AHPBA/SSO/SSAT) and the
National Comprehensive Cancer Network (NCCN).
However, there is growing evidence to suggest that BRPC
as an entity encompasses more than simple anatomical
definitions – biological and patient related factors may
have an important role to play in defining BRPC.
The International Association of Pancreatology (IAP)
international consensus on the definition and criteria of
BRPC (BR-PDAC - borderline resectable pancreatic ductal
adenocarcinoma, as referred to by IAP), defined patients
according to 3 distinct dimensions –






Anatomic- Tumor that is at high risk for marginpositive resection (R1 or R2)
Biological- When there are findings that raise the
possibility (but not certainty) of extra-pancreatic
metastatic disease (high Serum Ca 19-9 levels /
radiologically suspected but unproven metastases)
and includes a serum carbohydrate antigen (CA) 19–
9 level more than 500 units/ml
Conditional- When patient has a high risk for
morbidity or mortality after surgery because of hostrelated factors including performance status and comorbidities with Eastern Cooperative Oncology Group
(ECOG) performance status >=2

While such a definition is logical and an extension of the
nature pancreatic cancer, most common practices revolve
around the anatomical definitions of BRPC.
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Management of BRPC – Overview
The use of neoadjuvant therapy (NAT) in most solid tumors
is based on downstaging disease to resectability,
adequately addressing micro-metastases, reducing the
possibility of margin positive resections as well evaluating
the biology of these tumors in terms of chemo-sensitivity.
There is enough evidence to show that PDAC is a systemic
disease where surgery has to be a component of
multimodality management, as opposed to being curative
in isolation. It is with this background that NAT is being
evaluated in BRPC.
While level 1 evidence is lacking, there are atleast two well
conducted large scale metanalysis (comprising 959 patients
and 3484 patients, respectively) comparing a NAT first
versus surgery first approach which clearly suggested the
following with respect to BRPC:









Overall resection rates are superior with a surgery first
approach, but R0 resection rates improve with
neoadjuvant therapy.
OS rates are potentially superior with a NAT approach
Resection (includingR0) rates in the BRPC patients
after NAT are similar to upfront resectable PDAC
patients
OS rates for BRPC approximate those for resectable
PDAC after NAT
Patients with BRPC should be included in NAT
protocols

Commonly used neoadjuvant treatment includes either
chemotherapy or chemotherapy plus radiotherapy.
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Evidence for neoadjuvant chemotherapy (NACT) alone
in BRPC
A majority of the early evidence with chemotherapy in
BRPC was with single agent gemcitabine or gemcitabinebased combinations, since the drug was of proven efficacy
in the advanced/metastatic setting. One of the larger
prospective phase II studies evaluated 43 patients (18
patients with BRPC) receiving neoadjuvant gemcitabinecapecitabine and showed good tolerance with a resection
rate of 61%. The focus has now shifted to evaluating
gemcitabine-Nab-paclitaxel or leucovorin -fluorouracil irinotecan – oxaliplatin (FOLFIRINOX) as NACT. This is
provisionally based on their superiority over single agent
gemcitabine in advanced PDAC as well as the improved
survival and resection rates seen with FOLFIRINOX in the
more extensive locally advanced pancreatic cancers (LAPC).
One of the earliest reports of FOLFIRINOX in BRPC
evaluated 12 patients treated with FOLFIRINOX, of whom
7 patients underwent successful R0 resection. Building
upon this, further studies, albeit small, using FOLFIRINOX
as NAT have shown impressive R0 resection rates upto
90.9% with a reasonable toxicity profile in carefully
selected patients. Another small study of 23 patients with
BRPC receiving neoadjuvant FOLFIRINOX also showed a
resectability rate of 87% with impressive median OS of 34.3
months. While FOLFIRINOX is an efficacious regimen, not
all patients will be candidates for such an intensive
regimen. Gemcitabine-Nab-paclitaxel is a reasonably well
tolerated and efficacious regimen in PDAC. A small phase
II study of 25 patients with BRPC/LAPC treated with
gemcitabine-Nab-paclitaxel showed resectability rates of
68% with a median OS of 19-21 months.
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Evidence for neoadjuvant chemoradiation and sequential
chemotherapy with chemoradiation in BRPC
Radiotherapy (RT) has been incorporated into neoadjuvant
therapy to increase resectability rates, potentially sterilize
surgical margins and improve treatment responses. It is
often sequenced pre- or post- chemotherapy so as ensure
treatment of micrometastatic disease in PDAC. One of the
largest retrospective studies evaluating 268 patients (80
patients with BRPC) using pre-operative gemcitabineradiotherapy showed a resection rate of 54% with R0
resection rates of 98%. Interestingly, the cohort of BRPC
when compared to the resectable cohort in the study
showed similar loco-regional recurrence rates, but
markedly more distant recurrence rates, emphasizing the
systemic nature of PDAC. A multi-institutional phase II
study using RT with Gemcitabine-oxaliplatin as
radiosensitizer (39 patients with BRPC) showed a 61.5%
resection rate with a median OS of 18.5 months, though
such a combination radiosensitizer is not commonly used
(25). Commonly used radio sensitizers in PDAC are either
gemcitabine or capecitabine/5 – fluorouracil.
More recent trends in the neoadjuvant approach for PDAC
have focussed on using systemic chemotherapy for
induction followed by chemoradiation. One of the earliest
and largest studies was from the MD Anderson Centre,
which examined a cohort of 160 BRPC patients
predominantly treated with a combination of
chemoradiation (EBRT concurrent with 5-fluorouracil,
paclitaxel, gemcitabine, or capecitabine) and
chemotherapy (gemcitabine or gemcitabine based
combinations). They showed resection rates of 41% with
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a marked difference between resected and unresected
patients (40 months vs. 13 months; p < 0.001) (26). The
prospective feasibility of using preoperative chemotherapy
(modified FOLFIRINOX) followed by chemoradiation (EBRT
with capecitabine) was evaluated by the prospective,
multicenter, single-arm trial by the Alliance for Clinical
Trials in Oncology (Trial AO21101). They showed an
encouraging resection rate (15/22; 68.2%) and median OS
of 21.7 months .
Two recently published studies have further strengthened
the belief that NAT is the way forward in BRPC. A
prospective multicenter randomized Phase 2/3 trial
evaluating
gemcitabine-based
neoadjuvant
chemoradiation treatment (54 Gray external beam
radiation) followed by surgery or upfront surgery followed
by chemoradiation, showed for the first time prospectively
that mOS (21 months vs 12 months, p = 0.028) and R0
resection rates (51.8% vs 26.1%, p = 0.004) were improved
with NAT. This despite the fact that an older regimen of
gemcitabine-EBRT was used in the neoadjuvant setting and
current studies would use more efficacious regimens
(FOLFIRINOX, gemcitabine-nab-paclitaxel, SBRT) (28). The
second and larger phase III study (PREOPANC-1, full results
awaited) using gemcitabine-EBRT followed by gemcitabine
also showed an improved R0 resection rate and OS with
NAT.
Evidence for sequential neoadjuvant chemotherapy
(NACT) and Stereotactic body RT (SBRT) in BRPC
The possibility of reducing the time of RT (while still using
ablative doses) with early addressal of systemic disease
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using NACT has made SBRT an attractive option in BRPC.
While most of the early data was in the setting of LAPC,
there is now retrospective data in BRPCs as well, to support
the use of SBRT. One of the largest studies is a retrospective
series comprising 159 patients (110 with BRPC), who were
treated with a combination of docetaxel-gemcitabinecapecitabine for three 21 days cycles followed by SBRT (2830Gy/ 5 days). The resection and margin negative (R0) rate
for BRPC patients who completed NAT was 51% and 96%,
respectively, with a median OS of 19.2 months. Other
smaller series have also confirmed the feasibility and
potential efficacy with such an approach. The ALLIANCE
A021501 study, a phase II trial randomizing BRPCs between
neoadjuvant mFOLFIRINOX followed by surgery versus
mFOLFIRINOX followed by SBRT and then surgery is an
ongoing trial that is best positioned to answer the role of
efficacious chemotherapy combined with SBRT in
improving outcomes in BRPC.
Other approaches evaluated in BRPC
The use of hyper fractionated RT, proton therapy, intraoperative RT and immunotherapy have been used with
varying success in PDAC/BRPC and can be considered in
the context of a clinical trial.
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Current Surgical Standards in
Pancreatic Cancer and Periampullary
Cancers

Role of Staging Laparoscopy (SL)
Staging laparoscopy can detect occult metastases and can
therefore avoid unnecessary laparotomy which would
delay initiation of systemic chemotherapy. In general, 10–
36% of patients can be spared an unnecessary laparotomy
by staging laparoscopy in pancreatic cancer. Staging
laparoscopy is still considered a routine in pancreatic body
and tail region lesions, in view of high incidence of occult
metastasis in tumors in this location. Selective use is likely
to provide acceptable yield to justify staging laparoscopy
in pancreatic head lesions.
In a study published by De Rosa A et al, the most reliable
surrogate markers for selecting patients for SL to predict
unresectability in patients with CT defined resectable
pancreatic cancer were CA 19.9 e”150 U/mL and/or
tumour size >3 cm.
As such, staging laparoscopy should be included in patients
with resectable pancreatic tumors with high risk for occult
metastases (very high CA 19.9, large primary tumors,
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extensive loco regional lymphadenopathy) and borderline
resectable tumors.
Conventional Versus Pylorus-Preserving
Pancreaticoduodenectomy (PPPD)
PPPD is associated with a better gastrointestinal quality
of life (nausea, diarrhoea and postoperative weight gain)
and lower reflux. On the other hand, pylorus preservation
has been shown to be associated with greater incidence
of delayed gastric emptying (DGE). Many RCTs have
compared these two techniques. Current evidence
suggests no relevant differences in mortality, morbidity,
and survival between the two operations.
Pylorus-Resecting Pancreaticoduodenectomy (PRPD)
Versus Pylorus-Preserving Pancreaticoduodenectomy
Since preservation of pyloric ring in PPPD contributes to
DGE, pylorus-resecting technique was evolved whereby
pyloric ring is excised. A recent meta-analysis has compared
PRPD and PPPD and found that the former is associated
with a longer operative duration, increased blood loss and
transfusion requirement but decreased incidence of DGE.
However, since detailed comparison is currently lacking,
the type of procedure is left to be decided by the institution
and individual protocols.
Pancreaticojejunostomy (PJ) Versus Pancreaticogastrostomy (PG)There has been much debate regarding
the preferred type of pancreatico-enteric anastomoses.
Current evidence suggests that there exists no difference
in the rate of overall and clinically significant post-operative
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pancreatic fistula (POPF), morbidity, mortality, reoperation,
and intra-abdominal sepsis between PG and PJ .
Role of Pancreatic Duct Stenting
POPF is the main determinant for postoperative outcomes
after PD, and therefore, use of stents to divert pancreatic
juices away from the anastomoses have been traditionally
used. The existing evidence suggests that the use of
external stents might reduce the POPF rate, morbidity and
hospital stay after PD whereas there is insufficient evidence
to support the use of internal stents.
Isolated Versus Dual (Roux)-Loop Reconstruction
Separation of pancreatic anastomoses from biliary and
enteric anastomoses has been proposed as a technique
to prevent activation of pancreatic enzymes and thereby
ensure better healing of pancreatic anastomoses.
However, in a large recent meta-analysis it was shown that
Dual-loop (Roux-en-Y) reconstruction with isolated
pancreatico-jejunostomy is not superior to single-loop
reconstruction regarding pancreatic fistula rate or other
relevant outcomes.
Standard versus Extended Lymphadenectomy
ISGPS has defined the extent of standard
lymphadenectomy in pancreatic cancer. Standard
lymphadenectomy during pancreaticoduodenectomy (PD)
includes suprapyloric and infrapyloric nodes,
anterosuperior group along the common hepatic artery,
lymph nodes along the bile duct and cystic duct, nodes on
the anterior and posterior aspect of the superior and
166

inferior portions of the head of the pancreas and those
along right lateral superior mesenteric artery (Stations 5,
6, 8a, 12b1, 12b2, 12c, 13a, 13b, 14a right lateral side,
14b right lateral side, 17a, and 17b).
Standard lymphadenectomy during left-sided
pancreatectomy in patients with pancreatic ductal
adenocarcinoma includes lymph nodes around the celiac
artery, splenic hilum, splenic artery and inferior margin of
pancreas (Stations 9, 10, 11, 18).
Extended lymphadenectomy during PD with resection of
lymph nodes along the left side of the superior mesenteric
artery (SMA) and around the celiac trunk, splenic artery,
or left gastric artery has showed no survival benefit
compared with a standard lymphadenectomy. Additionally,
dissection of lymph nodes to the left of SMA has is also
associated with significant post-operative diarrhoea and
morbidity. At present there is no evidence to support the
role of extended lymphadenectomy in PD, and as such is
not recommended.
Extended and multivisceral resections - According to the
ISGPS pancreatectomy is defined as “extended” when it
involves resection of an adjacent organ (more than half of
stomach, small bowel beyond first jejunal vessel, colon,
kidney, adrenal gland, part of liver), vessel (celiac artery,
SMA and their branches, IVC, PV, SM, IMV) or part of
diaphragm, in continuity with the primary resection. A
systematic review by Niccolo et al, suggests that
multivisceral resections (MVRs) are feasible in selected
cases and may increase the number of R0 resections. MVRs
are associated with a morbidity and mortality higher than
167

standard PD, however median survival was not significantly
different. Another retrospective review has shown that
MVR in setting of distal pancreatectomy, but not Whipple’s,
were specifically associated with increased morbidity,
especially increased re-exploration rates.
Thus, an extended resection is justified if it ensures a R0
resection and if it can be performed at an acceptable
morbidity and low mortality since it is associated with longterm survival. Currently, extended pancreatectomy can be
recommended in carefully selected patients within
specialized centres.
Vascular Resections
BRPC with reconstructible venous involvement should be
managed with venous resection if it ensures an R0
resection. Vein reconstructions are classified as follows







Type 1: partial venous excision with direct closure
(venorraphy) by suture closure
Type 2: partial venous excision using a patch
Type 3: segmental resection with primary venovenous anastomosis
Type 4: segmental resection with interposed venous
conduit and at least two anastomoses.

Many studies and two Meta analyses have reported no
difference in the rates for mortality or perioperative
morbidity compared with standard PD. However, one large
meta-analysis has reported slightly increased rates of
perioperative complications for patients undergoing
venous resection.
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Though the vein can be resected and reconstructed,
arterial resections are not routinely recommended in case
of pancreatic head carcinoma. Mortality and morbidity
associated with major arterial resection in PD is significant
and survival benefit may not justify subjecting these
patients to such morbid resections. The benefit of arterial
resection has been demonstrated for tumors of the body
and tail requiring a DP with celiac artery resection.
However, such an approach is controversial and not
recommended as a standard. Arterial involvement should
be ruled out early in the course of surgical exploration.
Such “artery first” approach can be accomplished by
combinations of the six described techniques, i.e.
posterior, medial or uncinate-first, inferior infracolic or
mesenteric, left posterior, inferior supracolic and superior
approaches. In a prospective comparative study from Tata
Memorial Hospital, the uncinate process first approach was
found to be comparable to combined uncinate process and
SMA first approach in terms of operative time, blood loss,
number of lymph nodes retrieved, margin positivity and
operative morbidity.
Resection margins
Surgery with R0 resection is the only potentially curative
treatment for pancreatic cancer. The definition of R1
margin varies according to the pathology reporting
protocol specific to a region. Tumor clearance with R0
margins should be considered for all seven margins namely
anterior, posterior, medial, superior mesenteric vein
groove, superior mesenteric artery, pancreatic transaction,
bile duct, and enteric. In case of venous involvement, the
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following classification of depth of venous vessel invasion
should be mentioned which extends from superficial
invasion wall invasion to luminal invasion.
Pancreatic resection in metastatic disease
Technically R0 resection can be achieved in pancreatic
cancer by complete resection of the primary and hepatic
and/or pulmonary metastatectomy. Feasibility of R0
resection of the primary and the isolated/oligo metastatic
single extra pancreatic site, response to neoadjuvant
chemotherapy and good general condition of the patient
have been proposed as criteria to use this approach
selectively in few patients. Although technically feasible,
there is no clear evidence to demonstrate an overall
survival benefit of the performance of metastatectomy in
patients with resectable pancreatic cancer and cannot be
recommended as a routine.
Significance of PD in peritoneal lavage cytology positive
cases
Positive peritoneal cytology in pancreatic adenocarcinoma
is an adverse prognostic marker. However according to a
retrospective study long term survival can be achieved in
resectable pancreatic tumors even though cytology is
positive for malignant cells. This has been confirmed in
another study from Japan where it was shown that
resectability is a much stronger determinant of survival
than cytology status.
Minimally Invasive Surgery for Pancreatic cancer
Feasibility and safety of laparoscopic and robotic
pancreatic surgery including PD and distal
170

pancreatectomies (DP) have been demonstrated in
experienced canters.
In LEOPARD trial, comparing Minimally invasive DP (MIDP)
with open surgery, MIDP was reduces time to functional
recovery. MIDP was associated with less delayed gastric
emptying and better quality of life without increasing costs
and reduced time to functional recovery. Overall rate of
complications was not reduced. Consensus is in favour of
MIDP which suggests equal outcomes and early recovery
and lower blood loss.
Minimally invasive PD for pancreatic cancer is slowly
becoming popular, though it has a steep learning curve.
Review of 27 published articles regarding laparoscopic PD
concluded similar morbidity and mortality rates as
compared to open PD, and oncologic outcomes
comparable to open PD in terms of consistent negative
margin resection rates and lymph node retrieval. In a trial
by Palanivelu et al. comparing open and Laparoscopic PD
in periampullary cancer patients, MIPD was associated
with similar oncologic outcome and shorter hospital stay.
However, recent LEOPARD 2 trial was terminated due to
unacceptably high mortality in laparoscopy group. MIPD
needs to wait for more robust data and randomised
studies.
Robotic surgery offers many advantages over laparoscopic
surgery including articulation of instruments with almost
540° of motion, elimination of surgeon tremor and
binocular enhanced three-dimensional vision. It is
associated with less fatigue and provides for more accurate
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movements needed for resection and suturing of delicate
tissues. In a study by Nassour et al robotic PD was
associated with a similar 30-day overall complication rate
to laparoscopic PD.
Current evidence doesn’t support routine use of MIPD and
it should only be performed by experienced surgeons at
high volume centres.
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Management of Post Pancreatectomy
Complications

Today, mortality after pancreatic resections has decreased
to less than 5% yet these procedures remain associated
with substantial postoperative morbidity, ranging from
30% to 60%. In general, the development of high-volume,
pancreatic centers have been credited with the dramatic
improvement of outcomes after pancreatic resections. The
ISGPS (International Study Group of Pancreatic Surgery)
established standardized definitions and clinical grading
systems for the most common complications, including
postoperative pancreatic fistula (POPF), postpancreatectomy hemorrhage (PPH), bile leak, chyle leak
and delayed gastric emptying (DGE) [4-8]. This has enabled
unbiased comparisons of intraoperative techniques &
management decisions and led to development of risk
assessment models.
Pancreatic Fistula
POPF is the most common complication after pancreatic
resection. In 2005, a consensus definition of POPF by the
International Study Group of Pancreatic Fistula was
proposed.

173

A recent pooled analysis of these studies showed that the
incidence of POPF after pancreaticoduodenectomy (PD)
was between 22% and 26%, whereas in distal
pancreatectomy it was more than 30%. Although POPF
occurs more frequently after distal pancreatectomy, it is
associated with a lesser average complication burden
compared with PD. The highest rate of POPF follows
middle-segment pancreatectomy, which ranges from 20%
to 60%, because of the creation of 2 pancreatic remnants
and thus, 2 potential sites for fistula development. POPF
contributes significantly to mortality after pancreatic
resections.
Table – 1: The 2005 ISGPS classification and
grading of POPF
Grade
Clinical condition
Specific treatment*
US / CT (if obtained)

A

B

C

Well

Often well

Ill appearing / bad

No

Yes / No

Yes

Negative Negative /
Positive

Positive

Persistent drainage
(after 3 weeks)

No

Usually yes

Yes

Re-operation

No

No

Yes

Death related to POPF#

No

No

Possibly yes

Signs of infection

No

Yes

Yes

Sepsis

No

No

Yes

Re-admission

No

Yes/ No

Yes/No

*

Includes partial (peripheral) or total parenteral nutrition. Antibiotics,
enteral nutrition, somatostatin analogue and / or minimal invasive
drainage
# With or without a drain insitu.
This classification was later revised in 2016
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Since the advent of the ISGPF and standardization of fistula
nomenclature, there has been a systematic investigation
of risk factors, in an attempt to improve outcomes.
Numerous articles showed that fistula risk encompasses
endogenous, perioperative, and intraoperative factors,
including age, gender, body mass index (BMI), diabetes
mellitus, cardiovascular comorbidities, disease pathology,
Table – 2: The revised 2016 ISGPS classification and
grading of POPF
Biochemical leak

Increased amylase
acitivity > 3 times
upper limit
insituttional normal
serum value

Grade B POPF

Grade C POPF

All features of
biochemical leak plus
any of the below

All the features Grade B
POPF and/or any of the
below

Persisting
peripancreatic drain
> 3 weeks

Reoperation for POPF

Clinically relevant
change in the
management of POPF

POPF related organ
failure*

POPF percutaneous or
endoscopic specific
interventions for
collections

POPF related death

Angiographic
procedures for POPF
related bleeding
Signs of infection
related to POPF
without organ failure

Post-operative organ failure is defined as the need for re-intubation,
hemodialysis, and / or ionotropic agents > 24 hours for respiratory,
renal or cardiac insufficiency, respectively.
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neoadjuvant therapy, use of prophylactic somatostatin
analogs, pancreatic duct caliber, pancreatic remnant
texture, anastomotic technique, use of trans-anastomotic
stent, intraoperative blood loss, operative time, and
routine drain placement.
Table – 3: Fistula Risk Score for prediction of
CR – POPF after PD
Risk Factor
Gland Texture

Pathology

Pancreatic Duct
Diameter, mm

Intra-operative
blood loss, ml

Parameter

Points

Firm

0

Soft

2

Pancreatic Adenocarcinoma or
pancreatitis

0

Ampullary, Duodenal, Cystic,
Islet Cell

1

≥5

0

4

1

3

2

2

3

≤1

4

≤ 400

0

401-700

1

700 – 1000

2

>1000

3

Fistula Risk Zones
Negligible

0

Low

1-2

Intermediate

3-6

High

7-10
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The Fistula Risk Score (FRS) is a system for the prediction
of clinically relevant POPF
(CR-POPF) i.e. Grade B / C POPF after PD. It was developed
using an extensive multivariate analysis of all known risk
factors for fistula (54 variables in total). The predicted CRPOPF rates for negligible risk, low risk, moderate risk, and
high risk are 0%, 6.6%, 12.9%, and 28.1%, respectively. This
scoring system has been recently validated externally. In
2017, the Dutch pancreatic cancer group developed and
validated an alternative Fistula Risk Score (a-FRS) that
considers body mass index (BMI) instead of blood loss and
pathology for predicting CR-POPF.
Furthermore, risk adjustment through the FRS has been
used in assessing the value of various mitigation strategies,
for instance, guidelines for selective drainage based on CRPOPF risk have been developed [Algorithm 1]. Based on
the trial reanalysis, a clinical care protocol was proposed
whereby drains are recommended for moderate/high-risk
FRS patients but may be omitted in patients with
negligible/low risk.
Management
Along with the drain effluent appearance and the
measurement of drain fluid amylase, the suspicion of POPF
begins whenever there is a deviation in the normal clinical
course of a patient who has just undergone partial
pancreatic resection. Presence of tachycardia, fever and
delayed gastric emptying in the postoperative period are
often the first indicators of POPF. Contrast-enhanced CT
(preferred), or transabdominal ultrasound should be
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performed at such instance and, can show collections in
contiguity with the pancreatic remnant and the possible
disruption of pancreatic anastomosis, if any. Decision
regarding conservative versus re-operative management
depends largely on hemodynamic stability of the patient
and the extent of POPF/number of collections on the CT
scan.
Conservative management
1. Nutritional support: This has been regarded as the
key element of conservative therapy, because most
POPF patients are in a hyper-catabolic state. In
patients with POPF, enteral nutrition (EN) therapy
seems to offer important benefits over total
parenteral nutrition (TPN).
2. Somatostatin analogs: Their role is questionable at
present. Commonly used drugs are octreotide and
pasireotide.
3. Antibiotics: In cases of clinical deterioration and/or
signs of infection, including abdominal pain and
distension with impaired bowel function, DGE, fever
(>38_C), high serum leukocyte count, increased Creactive protein, and purulent drain effluent,
antibiotic therapy is required. Selection of empiric
antibiotic therapy should be based on institutionspecific bacterial growth spectrum and resistance.
4. Image-guided drainage: Percutaneous drainage of
peripancreatic fluid collections/abscesses subsequent
to a POPF is the most common indication for
interventional radiology after pancreatic resection
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[30]. Multiple studies have shown that more than 85%
of patients were managed successfully with
percutaneous drainages without the need for
reoperation.
Re-operative Surgical Management: Although most POPFs
can be managed non-operatively, some require reoperative surgical intervention and are thus classified as
ISGPF grade C.
In general, an operative intervention has to be considered
in cases of clinical deterioration despite maximal
supporting care, infected intra-abdominal collections
inaccessible to percutaneous or endoscopic drainage,
suspected peritonitis due to visceral perforation, and

Computed tomography showing percutaneous drainage of
pancreatic anastomotic leak.
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Algorithm for Management of Patients with POPF
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drainage limb necrosis. Serious bleeding from pseudoaneurysms can further complicate POPF, ongoing bleeding
after failure or contraindication of radiologic endovascular
procedures mandates emergency re-laparotomy and
operative bleeding control. A flow chart illustrating
comprehensive management plan is depicted in Figure 3.
Pancreatic stump management at re-laparotomy
encompasses multiple surgical options, including
debridement and wide drainage of the peri-pancreatic
region (with or without bridge stenting of the main
pancreatic duct), attempted repair of the site of leakage,
construction of a new pancreato-enteric anastomosis
(usually ill advised), resection of the pancreato-enteric
anastomosis with remnant closure, and completion
pancreatectomy. The choice is often dictated by
intraoperative findings and a patient’s physiology.
Whatever the surgical approach, it has been shown that
subsequent operations were required in approximately
50% of patients with redo-operations.
Post – Pancreatectomy Hemorrhage
With reported rates between 3% and 10% in most series,
PPH constitutes an uncommon but potentially devastating
complication, accounting for a substantial proportion of
mortality after pancreatic resection. The ISGPS
classification grading system (grades A, B, and C) is based
on the time of onset (early or late), site of bleeding
(intraluminal or extraluminal), and severity (mild or
severe). The most common reason for late onset PPH (i.e
between weeks 2 to 4 following pancreatoduodenectomy)
is underlying POPF (grade B/C) and the common site is
gastroduodenal artery stump.
181

Table – 4: ISGPF consensus definition and grading
system of post-pancreatectomy hemorrhage
Grade

Time of Onset and Severity
Early (≤24 h)

A

Mild, intraluminal or
extra-luminal

B

Severe, intraluminal or
extra-luminal

C

Clinical
Condition

Therapeutic
Consequences

Late (> 24 h)
Well

No

Mild, intraluminal or
extra-luminal

Often well /
intermediate,
rarely life
threatening

Transfusion of
fluid/ blood,
intermediate/
ICU,
therapeutic
endoscopy,
embolization,
and relaparotomy
for early PPH

Severe,
intra-luminal
or
extra-luminal

Severely
impaired and
life
threatening

Localization of
bleeding,
angiography
and
embolization,
endoscopy or
re-laparotomy,
and ICU

Management
Early hemorrhage, within 24 hours from the index
operation, generally derives from a technical failure or an
underlying coagulopathy and, if severe, is best managed
with re-exploration, because a surgically correctable source
of bleeding is likely to be found. After definitive reintervention, the subsequent postoperative course is, in
most cases, uneventful.
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Severity of Post Pancreatectomy Hemorrhage
Mild

Severe

Blood loss

Decrease in hemoglobin Decrease in hemoconcentration by
globin concentration
< 3g/dl
by ≥ 3 g/dl

Volume
resuscitation /
blood transfusion

Volume resuscitation or
blood transfusions
(2-3 units packed cells
within 24 hours of end
of operation or
1-3 units if later than
24 hour of operation)

Clinically significant
impairment
(eg – tachycardia,
hypotension, oliguria,
and hypovolemic
shock) and need for
blood transfusion
(>3 units packed cells)

Need of invasive
(interventional /
operative) treatment

No (endoscopic
treatment of
anastomotic bleeding
may occur provided
the other conditions
apply)

Yes

Late PPH is a highly threatening complication (mortality is
up to 41% in some series) and has a complex pathogenesis,
which includes surgical trauma (including vascular
skeletonization during lymphadenectomy), vascular
erosion secondary to anastomotic leakage or intraabdominal abscess, pseudoaneurysm formation, and
intraluminal ulcerations. In the setting of a delayed
hemorrhage, surgical access to the bleeding vessel is often
difficult because of the overlying anastomosis as well as
the presence of postsurgical adhesions.
For these reasons, interventional procedures (angiography
or endoscopy depending on the location of the bleeding,
intraluminal or extraluminal) are emerging as first line
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treatment options for late PPH. Open surgery is generally
reserved for hemodynamically unstable patients or when
an associated septic complication is present.
Delayed massive arterial hemorrhages may be preceded
by mild, self-limiting bleeds (the so-called herald bleed) in
approximately one-third of cases. Despite not being

Flow chart for the management of hemodynamically stable
patients with PPH
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immediately life-threatening to the patient, sentinel bleeds
prompt evaluation by an abdominal CT scan to exclude
the presence of vascular lesions, such as arterial
pseudoaneurysms.
Bile leaks
The common causes for bile leakage are the hepaticoenterostomy site or injury to the bile ducts. Leaks after
biliary reconstruction range from 0.4 – 8%. The
International Study Group of Liver Surgery as defined
biliary leaks as discharge of fluid with an increased bilirubin
concentration (i.e. 3 times the serum bilirubin
concentration) via intra-abdominal drains on or after
postoperative day 3 or as the need for radiologic
intervention (i.e., interventional drainage) and relaparotomy for biliary collections and biliary peritonitis,
respectively. A three grade system was proposed based
on the impact of this complication on the patient’s clinical
management.
ISGLS grading of bile leakage after hepatobiliary and
pancreatic surgery
Grade

Description

A

Bile leakage requiring no or little change in patients
clinical management

B

Bile leakage requiring a change in patients clinical
management (eg – additional diagnostic and
interventional procedures) but manageable without
relaparotomy, or a Grade A bile leakage lasting for > 1
week

C

Bile leakage requiring a re-laparotomy

185

Chyle leak
According to the ISGPS consensus definition, it is the
output of milky colored fluid from drain, drain site, or
wound, on or after postoperative day 3, with a triglyceride
content ≥ 110 mg/dl or ≥ 1.2 mmol/L. It may occur in up
to 10% patients after pancreatic resections and is divided
into three grades based the need for management strategy
and/or associated complications [Table 6]. In the event of
any other simultaneous complications, such as
postoperative pancreatic fistula, both grading systems
should be used in combination.
ISGPS grading system for isolated chyle leak after
pancreatic resection
Therapeutic
consequence
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Grade A

Grade B

Grade C

None or oral
dietary
restrictions*

Nasoenteral
nutrition with
dietary
restriction*
and / or TPN,
percutaneous
drainage by IR,
maintenance
of surgical
drains, or
drugs
(eg octreotide)
treatment

Other invasive
in-hospital
treatment•,
admission to
the intensive
care unit, and
/ or mortality#

Grade A

Grade B

Grade C

Discharge
with (surgical)
drain or
re-admission#

No

Possibly

Possibly

Prolonged
hospital stay#

No

Yes

Yes

*No fat diet with/without medium chain triglyceride.
•Interventional radiology (excluding percutaneous drainage) like
lymphatic embolization / sclerosis
or reoperation requiring peritoneo-venous shunts
#Related directly to the chyle leak

Management
In most cases, initial non-interventional measures with
dietary restrictions (a diet restricted in long chain
triglycerides or a no-fat diet with MCT supplementation)
is successful. If these measures do not lead to decreased
output after a few days, total parenteral treatment (TPN)
may be considered. Percutaneous catheter drainage of
collection or chylous ascites is advised only in case of
clinical symptoms. If TPN treatment fails, more invasive
options should be considered. Three strategies have been
described: sclerotic (i.e lymphatic) embolization;
peritoneovenous shunt; and lymphangiographic
delineation of site of chyle leak for operative ligation.
However, data on these strategies is limited and success
rates seem poor.
Delayed Gastric Emptying
Despite being self-limiting in most cases, DGE is a
potentially serious event that may lead to patient
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discomfort, prolonged hospitalization, higher readmission
rates, and increased hospital costs. The pathogenesis of
DGE still represents a medical conundrum. Decreased
plasma motilin levels as a consequence of duodenal
resection and pylorospasm secondary to operative
devascularization and/or denervation have traditionally
been considered possible triggers of postoperative
gastroparesis after PD. Furthermore, the performance of
standard Whipple versus pylorus-preserving PD, antecolic
versus retrocolic gastric/duodenal reconstruction, handsewn versus stapled duodeno-jejunostomy, Billroth I versus
II reconstruction, pancreatico-gastrostomy versus
pancreatico-jejunostomy, and other operative details, such
as use of pancreatic stent, length of the gastrojejunostomy, performance of a Braun entero-enterostomy,
portal vein resection, operative time, and blood loss, have
been investigated as putative risk factors. In addition,
patient characteristics (i.e, female gender, preoperative
heart failure, high BMI, pulmonary comorbidities, and
smoking history) have also been proposed to influence the
occurrence of DGE. Unfortunately, none of these has been
rigorously studied or accepted.
On the other hand, there is general agreement that
perturbation of the operative bed by localized
inflammation from a second complication might be a key
contributor to the development of DGE. DGE is associated
with POPF, intra-abdominal abscesses, and postoperative
sepsis. The 2007 ISGPS classification and grading system
has been validated by several studies demonstrating its
feasibility and correlation with clinical course. DGE
assessment is solely based on how it is treated and,
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therefore, is more arbitrary and open to interpretation.
The influence of institution specific clinical pathways has
led to a great variability in the reported DGE incidence,
ranging from 13.8% to more than 40%, even when the
ISGPS definition is applied. Eisenberg and colleagues
recently re-classified DGE as either primary (when primary
gastric dysmotility was strongly suspected) or secondary
to a concomitant abdominal complication. The decision
of whether DGE should be classified as primary or
secondary was arbitrary, however, and was mainly based
on the temporal association with the onset of the second
complication.
ISGPF consensus definition and grading system of
delayed gastric emptying (DGE)
DGE
Grade

Nasogastric
Tube
required

Unable to
tolerate
solid diet by
Postoperative
day

Vomiting /
Gastric
Distension

Use of
Prokinetics

A

4 – 7 days or
re-insertion
> POD 3

7

±

±

B

8 – 14 days or
re-insertion
> POD 7

14

+

+

C

>14 days or
re-insertion
> POD 14

21

+

+

Management
Treatment remains mainly symptomatic, based on
nasogastric decompression and fasting.
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1.

2.

3.
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Pharmacotherapy: Erythromycin has been proposed
to augment gastric motility by binding to motilin
receptors and triggering phase III of the gastric
migratory motor complex. The prophylactic use of
somatostatin analogs has been studied prospectively
in a randomized placebo-controlled trial and was
shown to have no beneficial effect on DGE.
Enteral feeding: The specific impact of enteral feeding
in DGE management is still largely undefined. Some
studies supported the positive effects of EN on DGE
prevention and treatment whereas others have not
shown any major advantages. Given the observed
strong association between DGE and other
complications, especially POPF, many investigators
claimed that POPF preventing strategies may be the
key to mitigate DGE.
Expectant Management: Majorities of DGE is selflimiting and generally have minor effects on
postoperative recovery. Only a rare group of patients
with DGE (1%– 5%) require a long course of
hospitalization (weeks) with extended parenteral
feeding (TPN) and/or interventional measures
(endoscopy and percutaneous endoscopic
gastrostomy/jejunostomy tube placement). Chronic
sequelae of DGE are exceedingly rare.

Adjuvant therapy in pancreatic
adenocarcinoma (PDAC)

While a surgical approach remains the cornerstone of
therapy for resectable PDAC, available evidence clearly
suggests that PDAC is a systemic disease, mandating
multimodality management beyond surgery alone.
Adjuvant therapy appears to reduce mortality in
approximately one- third of resected patients. Current
recommendations for adjuvant therapy have been based
on the benefits seen with improving regimens of
chemotherapy, though there is select older data suggesting
some benefit with chemoradiation as well.
Adjuvant chemotherapy
The seminal study which suggested a benefit for adjuvant
chemotherapy, was the ESPAC-1 study, published in 2004.
The study, showed a survival benefit in terms of 5 year
survival for adjuvant bolus Fluorouracil (5-FU) (21% vs 8%;
p=0.009) as compared to patients not receiving
chemotherapy. Incidentally, the same study showed a
potential survival detriment in patients who received
adjuvant chemoradiation, though there were a number
of criticisms regarding this conclusion in terms of study
conduct and radiotherapy techniques.
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The CONKO-001 study evaluated single agent gemcitabine
versus observation in resected PDAC. There was a
significant but modest 5-year survival benefit (20.7% vs
10.4%; p=0.01) for gemcitabine. A similar, but smaller trial
(n=119) conducted in Japan evaluating single agent
gemcitabine also showed a disease-free survival (DFS)
benefit, but no OS benefit in PDAC. While there is no direct
head-to-head comparison between 5 FU and gemcitabine
as adjuvant therapy, the better tolerance of gemcitabine
(significant toxicities; 7.5% for gemcitabine vs. 14.4% for
5FU, and no significant differences in efficacy) as opposed
to 5-FU as shown in the ESPAC III trial ensured that
gemcitabine was considered as standard in resected PDAC.
Three studies in the current era have suggested that single
agent gemcitabine should no longer be considered as
standard for adjuvant in resected PDAC patients who are
fir for chemotherapy. The first was the JASPAC-1, which
compared gemcitabine with S1 in Japanese population in
a non-inferiority design trial. The study reported a better
5 year survival rate of (44.1% vs. 24%) in S1 arm compared
with gemcitabine (24%), though the study was not
designed to show superiority. Two points to note in this
study would be its applicability to only Japanese patients
and the high rates of R0 resection in both arms of the study
(86% and 88% R0 resection rates). The second study is the
ESPAC-4 study, which showed a modest benefit for the
combination of capecitabine-gemcitabine compared with
gemcitabine alone. At a median follow-up of 43 months in
the study, there was a marginal yet statistically significant
survival benefit favouring combination therapy (28 vs 25.5
months, HR 0.82, 95% CI 0.68-0.98). As anticipated,
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incidence of Hand-foot-syndrome (7% vs 0), diarrhoea (5%
vs 2%) and neutropenia (38% vs 24%) was significantly
more frequent in the combination group.
An intensive three drug regimens, FOLFIRINOX (oxaliplatinirinotecan-leucovorin-infusional FU) has shown survival
benefit in patients with metastatic PDAC as compared to
single agent gemcitabine alone. Building on this, the
preliminary results of the GI PRODIGE 24 trial comparing
modified FOLFIRINOX with gemcitabine was recently
shared in the annual 2018 ASCO meeting. At median
follow-up of 30.5 months, median DFS and OS was
significantly better with modified FOLFIRINOX (21.6 versus
12.8 months, HR 0.59, 95% CI 0.47-0.74) and (54.4 versus
34.8 months, HR 0.66, 95% CI 0.49-0.89). The authors have
suggested the use of this regimen as standard in Western
patients with maintained ECOG PS and fitness post surgery.
It should be noted that most side-effects like diarrhoea
(19 vs 4%), sensory neuropathy (9% vs 0%) and fatigue
(11% vs 5%) were more frequent in FOLFIRINOX group.
The broader applicability of such an intensive regimen
needs to be examined before it can be administered to all
patients.
Adjuvant Chemoradiation
Chemoradiation following surgery has slowly fallen out of
use, considering the systemic nature of PDAC as well the
primarily systemic nature of recurrences (as opposed to
loco-regional) seen in resected PDACs.
Two large studies evaluating adjuvant chemoradiation have
shown no unequivocal benefits with such an approach.
The first study is an old phase III Trial of the EORTC
Gastrointestinal Tract Cancer Cooperative Group, which
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compared infusional 5-FU and radiotherapy with
observation in 218 PDAC and periampullary cancers. Other
is the previously referenced ESPAC-1 trial followed a 2x2
factorial design randomising resected R0/R1 pancreatic
cancer to adjuvant chemotherapy, chemoradiotherapy, or
chemoradiotherapy followed by chemotherapy or
observation alone. While a clear benefit with adjuvant
chemotherapy was reported, there was no reported
survival benefit with adjuvant chemoradiotherapy (median
survival 15.5 months vs 16.1 months; HR 1.18 [95% CI 0.901.55])(14). The authors suggested that adjuvant
chemoradiation may have a detrimental effect on survival
when used as adjuvant in resected PDAC.
While the benefits of adjuvant chemoradiation is suspect,
feasibility and safety has been established. The randomized
EORTC-40013-22012/FFCD-9203/GERCOR phase II study
compared the feasibility of gemcitabine based
chemoradiation (gemcitabine for two cycles followed by
weekly gemcitabine with concurrent radiation-50.4 Gy) to
four cycles gemcitabine. Completion rates of adjuvant
chemoradiation was 73.3% and the regimen was
reasonably tolerated.
Given the improvements in survival with adjuvant
chemotherapy, the utility of addition of chemoradiation
to chemotherapy remains suspect. A meta-analysis of nine
trials evaluating adjuvant strategies in resected pancreatic
cancers reported that chemoradiation was associated with
poorer OS compared with even single agent chemotherapy
regimens, putting into question whether pursuing adjuvant
long course radiation in resected PDAC is useful.
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Future trends
Though an R0 resection remains the key in resectable
PDAC, emerging evidence suggests that neoadjuvant
chemotherapy or chemoradiation may benefit even
patients with resectable cancers. The preliminary data from
the PREOPANC-1 study using preoperative
chemoradiotherapy
(gemcitabine-radiotherapy)
significantly improved survival outcome in (borderline)
resectable pancreatic cancer patients as compared to
immediate surgery. Another emerging area showing
promise is the use of stereotactic body radiotherapy
(SBRT), either in the neoadjuvant or adjuvant setting in
resectable and borderline resectable PDAC.
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Selected important studies evaluating adjuvant
therapy in resected PDAC
Study
name

Study
type

Number of Arms of study
patients

ESPAC 1

2x2
289
factorial
design

Chemotherapy – 5
FU/LV bolus
Chemoradiation
– 20Gy RT
plus 5 FU
Combination –
Chemoradiation
plus chemotherapy

Chemoradio0.05
therapy vs. No
chemoradiotherapy15.9 mo. vs
17.9 mo.
Chemotherapy
vs. no
chemotherapy - 0.009
20.1 mo. vs.
15.5 mo.

CONKO001

Phase III 368
RCT

Gemcitabine vs.
observation

20.7% vs. 10.4% 0.01
( 5 yr. OS)

ESPAC 3

Phase III 486
RCT

Observation
(stopped) vs.
gemcitabine vs.
bolus 5 FU/LV

23 mo. ( 5 FU)
vs 23.6 mo.
(gemcitabine)
(median OS)

JASPAC 1

Phase III 385
non
inferiority

S1 vs gemcitabine

44.1% vs 24.4% P, non(5 yr. OS)
inferiority
ority
<0·0001,
p<0·0001
for
superiority

ESPAC 4

Phase III 732
RCT

Gemcitabinecapecitabine vs
gemcitabine

28.0 vs
25.5 mo.
(median OS)

P=0.032

mFOLFIRINOX vs.
gemcitabine

54.4 mo. vs
34.8 mo.
(median OS)

HR = 0.66
(95% CI,
0.490.89)

Unicancer Phase III 493
GI
RCT
PRODIGE
24/
CCTG PA.6
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Overall survival p value
comparisons

0.94

Management of advanced/
metastatic pancreatic cancer

Patients with advanced pancreatic adenocarcinoma (PDAC)
have a limited life-expectancy with current available
treatment modalities. Untreated, the malignancy is
uniformly fatal with a median survival of 3-4 months.
Palliative care is as important as other therapies and
include pain management and endoscopic measures to
relieve obstructive jaundice, gastric outlet obstruction.
Chemotherapy
Early studies
Early studies evaluating chemotherapy in advanced PDAC
used 5-fluorouracil (5-FU), but with limited benefits. 5-FU
was widely replaced with single agent gemcitabine when
a randomized controlled trial (RCT) showed an
improvement in ‘clinical benefit response’ and additionally,
showed a small statistical difference in median OS (5.65
months vs. 4.41; p=0.0025). Combination therapy, usually
gemcitabine- or FU based regimens with platinums, have
shown better outcomes albeit with added risk of
chemotherapy induced toxicity(1). S1, an oral 5-FU
analogue, has also shown non-inferiority to gemcitabine
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in a randomized phase III RCT, though this drug is currently
unavailable in India.
Evidence for chemotherapy in patients with ECOG
performance score (PS) 3-4 or poorly controlled comorbid
condition is lacking. The general recommendation is to
provide best supportive care with chemotherapy being
considered in selected patients.
Chemotherapy in the current era
Four studies evaluating combination chemotherapy in the
current era have shown potential superiority over single
agent gemcitabine. Gemcitabine-capecitabine was
compared to single agent gemcitabine in a phase III RCT
comprising 533 patients and the results suggested a
progression free survival benefit for the combination (5.3
months vs 3.8 months; p=0.004) and a trend towards OS
benefit (7.1 months vs. 6.2 months; p=0.08). Gemcitabineerlotinib as a combination has also shown feasibility, but
the limited benefits and lack of cost-effectiveness over
gemcitabine alone has seen this regimen fall out of favor
in the recent past.
Albumin-bound paclitaxel particles (nab-paclitaxel) had
shown antitumor activity as a single agent and synergistic
activity in combination with gemcitabine in animal models.
Based on this preclinical data, a phase III RCT comprising
861 patients showed an OS benefit for gemcitabine-nabpaclitaxel as opposed to single agent gemcitabine alone
(8.5 months vs 6.7-month p<0.001) with an associated
increase in and response rates (23% vs 7%) as well. A
biweekly modification of this regimen has shown similar
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outcomes with a decrease in incidence of neuropathy and
can be considered in clinical practice.
The regimen that has shown the maximum survival benefit
in the modern era has been the FOLFIRINOX (FU/LV,
irinotecan and oxaliplatin) combination. When compared
with single agent gemcitabine, the combination
FOLFIRINOX regimen a statistically significant improvement
in OS in the ACCORD phase III RCT (11.1 vs 6.8 months;
p<0.001)). While this difference of approximately 4 months
is significant in advanced PDAC, it also came at the cost of
increased grade 3/4 side-effects (neuropathy 9% vs 0;
febrile neutropenia 5.4% vs. 1.2%). The increased incidence
of side effects mandates that the regimen be considered
in fit patients with controlled comorbidities and frequent
access to monitoring. To ensure the benefits of multi-agent
chemotherapy while balancing adverse effects, available
evidence also suggested that modified FOLFIRINOX
regimens (reduced doses, removal of bolus 5FU etc.) have
potentially equal efficacy to the initial regimen used.
ASCO recommends that in those with ECOG PS 0-1,
combination chemotherapy is preferred over single agent
gemcitabine. Ongoing palliative care and supportive
measures (i.e., stenting, management of jaundice etc.)
should be continued concurrently with chemotherapy.
Chemotherapy as second line therapy
Second line chemotherapy post progression on first line
treatment has previously shown limited benefits in
prolonging OS compared with best supportive therapy in
patients with ECOG PS 0-2, preserved organ function and
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controlled comorbidities. The first randomized phase III
RCT to show a definite benefit for second line
chemotherapy is the NAPOLI-1 study, where the
combination of nanoliposomal irinotecan plus 5FU/LV
modestly improved OS as compared 5FU/LV alone (6·1
months vs. 4.2 months p=0·012) (16). Other regimens like
FOLFOX , FOLFIRI and gemcitabine have also been used as
second line therapy in advanced PDAC.
Locally advanced PDAC (LAPC)
Locally advanced, but non-metastatic PDACs have a
marginally improved survival compared to metastatic PDAC
(18). Such patients are essentially treated with
chemotherapy, but a percentage (1%-28%) may be
resectable post chemotherapy or chemo-radiation based
on response to treatment. Once resected, these patients
probably survive longer than patients who cannot be
resected, though there is significant selection bias when
evaluating such outcomes.
One of the major studies evaluating chemoradiation in this
setting has been the SCALLOP trial, which compared
gemcitabine-radiotherapy (Gem-RT) with capecitabineradiotherapy (Cap-RT) post 12 weeks of induction
gemcitabine-capecitabine combination chemotherapy.
There was a trend towards superiority for the Cap-RT arm,
but this was not statistically significant (17.6 months vs.
14.6 months; p=0.185) (19). However the benefit of
radiotherapy in the context of LAPC was called into
question with the results of the LAP07 trial. Using the
gemcitabine-erlotinib chemotherapy backbone, they
compared continuation of chemotherapy with
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chemoradiation and failed to show a survival benefit for
the chemoradiation arm (16.5 months vs. 15.2 months; p
=0.83). When this is superimposed with the impressive
resection rates and survivals seen with the use of effective
regimens like FOLFIRINOX in LAPC (median OS - 24.2
months, resection rates – 28%), the role of chemoradiation
further recedes.
SBRT is an attractive radiotherapy modality that may be
considered in select cases of LAPC, once further evidence
is available (21). A host of other local ablative therapies
have been evaluated in LAPCs, and they should be used
judiciously in combination with chemotherapy.
Targeted therapy
Pancreatic cancers express EGFR and by that virtue are
susceptible to inhibition with erlotinib or cetuximab.
However trials have failed to show any clinical benefit with
addition of EGFR directed therapy in PDAC. BRCA 1 and
BRCA 2 deficient PDAC are theoretically more sensitive to
platinum and may benefit with FOLFOX or similar regimen.
Efficacy of PARP inhibitors in PDAC is currently being
evaluated prospectively.
Immunotherapy
Testing for mismatch repair (MMR) proteins to ascertain
microsatellite instability (MSI) is recommended in patients
with advanced cancers due to the ‘tumor agnostic’ nature
of this biomarker. However, dMMR status is rare in PDAC
(<1%), though patients with dMMR can be considered for
Pembrolizumab.
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Supportive care for progressive disease, including specific
palliative measures.
Palliation of obstructive jaundice by biliary drainage:
Most patients have tumours in the head of the pancreas
which can frequently present with jaundice due to biliary
obstruction caused by the tumour or rarely, nodal
compression. Jaundice can develop in upto 81% patients
with PC during the course of disease if not intervened. It
can also be associated with other symptoms like pruritus
or nausea. Biliary decompression palliates the jaundice and
can be performed endoscopically, percutaneously or
surgically. Endoscopic Retrograde Cholangio
Pancreatography (ERCP) and stent placement is the
procedure of choice for biliary decompression in patients
with unresectable PC with obstructive jaundice (OJ).
a.

Endoscopic Retrograde Cholangio Pancreatography
(ERCP)
Endoscopic biliary drainage is effective in >80% of cases,
with lower morbidity than surgery. two types of stents are
available for placement in the bile duct for biliary
decompression- plastic and self-expanding metal stents
(SEMS). SEMSs are associated with an increased patency
than standard 10Fr plastic stents when used for the
palliation of malignant OJ. The choice of metal or plastic
stents also depends on the expected survival of the patient.
The ESGE guidelines recommend that initial insertion of a
plastic stent will be most cost-effective if patient life
expectancy is shorter than 4 months; if it is longer than 4
months then initial insertion of a SEMS is more costeffective. Covered metal stents can have a longer patency
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as they can resist tumour ingrowth however they have
higher migration rates due to inability to anchor to the
duct wall.
ERCP fails in 5%–10% of cases due to inaccessible papilla
or inability to cannulate the papilla. In this situation,
nonsurgical options that have provided technical success
rates of >80% include repeat attempt at ERCP,
percutaneous trans-hepatic biliary drainage (PTBD)
(followed by a rendezvous if possible) and Endosonography
(EUS) guided drainage (26).
b. Endosonography guided Biliary drainage
Conventionally, patients have been undergoing PTBD after
a failed ERCP. However, adverse events can occur in upto
33% patients including bleeding, bile leak and recurrent
infection. Also catheter- related morbidity due to the
external drainage may worsen the patient’s quality of life.
Endosonography guided Biliary drainage (EUS-BD) is now
an alternative option for patients with advanced PC
following a failed ERCP.
EUS-BD has many advantages over a PTBD. It is minimally
invasive and can be done after a failed ERCP in the same
session. It does not involve any external drainage which
may impair the patient’s functionality. The reported
adverse event rates are lower, and the hospital stay may
be shorter than with PTBD. It also maintains internal biliary
drainage and may be more physiological. However, an EUSBD should be performed by endoscopists at tertiary care
centers with advanced training in both EUS and ERCP. A
recent meta-analysis concluded that after a failed ERCP,
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EUS-BD may be preferred over PTBD if adequate advanced
endoscopy expertise and logistics are available. EUS-BD is
associated with significantly better clinical success, lower
rate of post-procedure adverse events, and fewer reinterventions.
3. Palliation of Gastroduodenal Obstruction
Gastric outlet obstruction (GOO) occurs in approximately
15-20% of patients with PC. GOO can cause persistent
nausea and vomiting, pain, inability to eat, and impair the
quality of life (30). GOO can be palliated endoscopically
by placement of self-expanding metal stents (SEMS) which
is preferred to surgical bypass in many patients with PC.
SEMS placement is effective in patients who have a short
life expectancy (less than two to 6 months) while surgical
bypass should be considered for patients with longer life
expectancies because it offers better long-term symptom
relief.
4. Palliation of pain- Celiac Plexus Neurolysis
Abdominal pain is a common and disabling symptom in
upto 90% patients with advanced disease (34). Patients
can be treated with both opioid as well as non-opioid
analgesics for the pain but in some patients, pain control
may not be adequate and there may be drug-related
adverse effects especially significant nausea and
constipation (35). Celiac plexus neurolysis (CPN) is an
alternative treatment for pain relief in these patients. This
can be performed percutaneously under ultrasound or CT
guidance, endoscopic ultrasound (EUS)-guided (EUS-CPN),
or intraoperatively. CPN involves chemical ablation of the
celiac plexus by local injection of alcohol or phenol (34).
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The common complications are diarrhea (upto 38%) and
orthostatic hypotension (upto 44%) due to unopposed
parasympathetic action.
Pain relief was seen in 80% (95% CI = 74.47-85.22) patients
with PC with EUS-CPN in a meta-analysis.
5. Other measures for palliation
EUS guided radiofrequency ablation involves a highfrequency alternating electromagnetic current, delivered
via a dedicated wire-catheter, which induces tissue
hyperthermia and coagulative necrosis of the pancreatic
tumours. Although demonstrated to be technically feasible
and safe in humans with unresectable disease, larger
studies are required to confirm benefit.
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Cystic Tumors of Pancreas

Pancreatic cysts are diagnosed with increasing frequency
because of the widespread use of cross-sectional imaging.
Pancreatic cystic neoplasms (PCNs) account for more than
50 percent of pancreatic cysts even in patients with a
history of pancreatitis. PCNs are categorized using the
World Health Organization histologic classification and
there are four major subtypes of PCNs, which have varying
malignant potential namely serous (SCN), mucinous
(MCN), intraductal papillary mucinous (IPMN) and solid
pseudopapillary epithelial neoplasms (SPEN).
Evaluation
Imaging modality of choice: MRI versus MDCT
Cystic tumors of pancreas are encountered in
approximately 2.6% of abdominal MDCT and 20% of MRI
examinations. This difference is due to the higher contrast
resolution of MRI which increases its sensitivity but not
specificity. The reported accuracy of characterization of
cystic pancreatic lesions is comparable with both MDCT
and MRI. MDCT is often the preferred imaging modality
owing to its high spatial and temporal resolution, speed
of acquisition, wide availability, and ease of interpretation.
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MDCT has the additional advantage of depicting
calcifications within cysts, which can be difficult to
recognize on MRI.
On the other hand, MRI offers an advantage when
evaluating small cystic lesions (d” 3 cm). MRI is better than
CT in assessment of septa and pancreatic duct
communication in small cystic lesions. In addition, MRI/
MRCP is very sensitive for identifying whether a patient
has single or multiple PCN, with the latter favouring a
diagnosis of multifocal side-branch IPMN. Also, patients
with cystic tumors of pancreas may require lifelong followup with imaging, in which case, MRI definitely scores better
as compared to CT considering the radiation risks
associated with repeated CT imaging.
In general, MRI is the preferred method for the
investigation of patients with PCN and can be replaced or
substantiated with MDCT in the following case scenarios:
a.

b.
c.

For the detection of cyst calcification, and for
differentiating pseudocysts associated with chronic
pancreatitis from PCN.
For assessment of vascular involvement, metastasis
and peritoneal disease.
When there is suspicion of postoperative recurrence
with malignant transformation.

Role of PET scan
PET (positron emission tomography) has the potential
advantage of detecting metastasis of invasive pancreatic
cystic neoplasms. However, it has not been effective in
detecting carcinoma in situ and borderline malignant
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lesions. PET/CT has its own limitations in the evaluation
of cystic pancreatic lesions which include higher cost, falsenegative results for borderline and in-situ tumors, and
false-positive up-take in areas of lesion-associated
pancreatitis and post biopsy changes. In view of above,
PET/CT is not recommended in the routine evaluation of
cystic lesions of pancreas except under diagnostically
challenging circumstances.
Endoscopic Ultrasonography: When and Why?
Endoscopic ultrasonography (EUS) is considered as an
adjunct to other imaging modalities. It is the preferred
technique to detect signs suggestive of aggressiveness of
cystic lesions, such as internal septations, solid mass, mural
nodules, vascular invasion and lymphatic metastases.
Another advantage is the ability to sample tissue for
cytological/histological analysis. The addition of FNA to
EUS increases its diagnostic accuracy in differentiating
benign and malignant lesions, which can significantly
impact management strategies.
In 2006, the International Association of Pancreatology
developed Sendai guidelines and in 2012, the updated
Fukuoka guidelines defined certain criteria and
recommended selective use of EUS based on cyst size
(>2cm) and presence of worrisome features.
Cyst fluid analysis
Cyst fluid CEA level is currently considered the most
accurate in differentiating mucinous from non-mucinous
cystic lesions, with a cut-off value of 192 mg/mL associated
with a diagnostic accuracy of 79%, however, this value may
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be variable among laboratories. Also, CEA does not
differentiate between benign and malignant cysts. Cyst
fluid cytology has better accuracy than EUS morphology
or CEA level in detecting malignant cystic lesions. Cytology
can also be used to detect MUC-containing cells (in case
of IPMN and MCN), glycogen-rich cuboidal cells (in case
of SCT), and branching papillae with myxoid stroma in the
case of a solid pseudopapillary neoplasm (SPN).
Worrisome features on Imaging and Clinical history
in a PCN
Clinical
Pancreatitis
Imaging
Cyst size of ≥ 30 mm
Enhancing/thickened cyst wall
Presence of mural nodules
Dilatation of main pancreatic duct (5-9 mm)
Distal glandular atrophy
Lymphadenopathy

Recently, molecular markers have been suggested as an
adjunct to EUS guided cyst fluid analysis for cytology and
tumors markers to accurately diagnose mucinous cysts and
identify early malignancy within lesions. Various markers
have been studied and the list continues to grow including
K-ras, GNAS, miRNA, TP53 etc. Amongst all, K-ras remains
the most widely studied and utilized due to its specificity
for mucinous lesions.
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Cyst fluid amylase level can be useful in excluding a
pseudocyst from other types of pancreatic cysts, with a
cyst fluid amylase level of < 250 IU/L having a specificity
of 98% for excluding a pseudocyst. However, cyst fluid
amylase levels are also elevated in both IPMNs and MCNs
and cannot be used to differentiate these two types.
“String sign”, a subjective measure of viscosity, has also
been used in conjunction with objective markers in
evaluation of mucinous pancreatic cystic lesions.
Pancreatoscopy
IPMNs spread longitudinally along the pancreatic duct and
are associated with a high risk of malignant transformation.
Pancreatoscopy may be used in selected cases to provide
information on the location and extent of main duct (MD)IPMN and can be useful in differentiating chronic
pancreatitis from MD-IPMN. Peroral pancreatoscopy with
intraductal ultrasonography has a 100% sensitivity in
differentiating benign and malignant IPMNs. Intraoperative
main pancreatic duct (MPD) pancreatoscopy combined
with frozen section of intraductal biopsies may be helpful
in establishing the extent of IPMN involvement of the MPD
and assist surgical decision-making about the extent of
resection required. However, further studies are required
before establishing its definite role in routine patient care.
Management
The management strategy for pancreatic cystic neoplasms
largely depends on two important factors, i.e. symptoms
and the risk of malignancy. Cysts larger than 4 cm are more
likely to produce symptoms such as pain, obstructive
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jaundice etc. Overall, the risk of malignancy in incidentally
detected pancreatic cysts is low.
Various guidelines for management have continued to
evolve over past couple of decades. With increasing
experience and evidence, guidelines have become more
conservative with a better understanding that the risk of
malignancy in an asymptomatic cyst is very low.
It is crucial to recognize mucinous or non-mucinous cyst
in the beginning as most serous tumors do not require
any surveillance and hence it can be cost saving.
Surgical referral is recommended in presence of high risk
stigmata which include, presence of obstructive jaundice,
mural nodule or solid component within the cyst, MPD
diameter of e” 10mm and cytology suspicious for or
positive for malignancy
Recommendation for surgical referral (High risk
stigmata):
Cysts with complications/symptoms (e.g. Pain, Obstructive
jaundice, Pancreatitis)
Pancreatic duct diameter of e” 10 mm
Mural nodules or solid component within the cyst
Cytology suspicious or positive for malignancy
Cysts with significant malignant potential (MCN; s /IPMN;s &
SPEN’s)

Also, in addition to the above factors, the malignant
potential of a cyst also depends on the cyst type. Serous
cystic tumors have a very low risk for developing
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malignancy, whereas the risk is moderate to high in MCN’s,
SPEN’s & some IPMN’s (up to 70 percent for main duct
IPMN).
In general, surgery is indicated for cysts with :
positive cytology
complications (e.g., pancreatitis)

features concerning for malignancy

significant malignant potential - MCN’s, main duct
IPMN’s, and SPEN’s.
The management of branch duct IPMN’s continues to
evolve. In addition to the symptoms & risk of malignancy,
the decision to recommend surgery should take into
account factors such as the patient’s age and general health
(see algorithm). Alternative treatments are also being
studied, including endoscopic cyst ablation methods in
which the cyst is injected with ethanol or
chemotherapeutic agents during endoscopic ultrasound
(EUS). However, these techniques are largely
investigational.



Mucinous Cystic Neoplasms (MCNs)
The criteria for resection of MCNs are size > 4 cm, presence
of symptoms or high risk features (mural nodule)
irrespective of size. The recommended procedure is an
oncologic resection with standard lymphadenectomy with/
without splenectomy. Unresected MCNs should have a lifelong surveillance as long as they are fit for surgery. MCNs
during pregnancy may grow fast and rupture, and
therefore should be closely observed.
212

Intraductal Pancreatic Mucinous Neoplasm (IPMN)
The preferred surgical approach for IPMN is an oncological
resection with standard lymphadenectomy. Frozen section
is indispensable in these lesions and should always be
ordered for the resected margin. In case of benign or lowgrade dysplasia resection margins can be left as such
whereas resection margins should be revised with
additional surgery in case of high grade dysplasia or
invasive carcinoma. In cases of multifocal BD-IPMN each
lesion should be evaluated for surgical resection as a single
entity. In cases of entire length of MPD dilatation
pancreatectomy with frozen section analysis of resection
margins should be done, and further resection (even up
to total pancreatectomy) done in case of positive margins,
presence of mural nodule or positive family history. Mixed
Type-IPMN carries a risk of malignant transformation that
is comparable to MD-IPMN, and resection is therefore
advised in patients who are fit for surgery.
In candidates unfit for surgery, EUS guided ablative
procedures can be attempted but only as part of a clinical
trial as they are not yet considered as standard of care
and there are no reliable markers to assess efficacy of
ablation. Lifelong surveillance is recommended following
resection of an IPMN as long as the patient is fit and is
willing to undergo surgery if indicated.
Serous Cystic Neoplasm (SCN)
SCN is almost entirely a benign entity with slow growth
and should be operated only if symptomatic. Routine
surveillance for SCNs is advised only if symptomatic or if
diagnosis is uncertain.
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Solid Pseudopapillary Neoplasm (SPN)
Solid pseudopapillary neoplasm (SPN) of pancreas is a rare
tumor in which aggressive surgical approach with radical
resection is recommended and is associated with favorable
outcomes even in cases of locally advanced or metastatic
disease.
Role of Parenchyma-sparing Pancreatectomy
Parenchyma-sparing pancreatectomy (PSP) has been
considered as a surgical option for a subset of pancreatic
cystic lesions, as it preserves the exocrine and endocrine
function of the gland. However, it is a non-oncological
procedure and is not routinely recommended. PSP can be
attempted in cases of symptomatic SCNs, mucinous
neoplasms without worrisome features or BD-IPMNs
without high risk features and which are symptomatic.
However, PSP is associated with higher early morbidity and
longer hospitalization, but fortunately, this does not
translate into higher mortality.
Role of Chemotherapy
At present no recommendation can be made regarding role
of neoadjuvant therapy in malignant MCN, IPMN or SPN,
though few case reports do exist. Adjuvant systemic
chemotherapy is recommended for IPMN with an
associated invasive carcinoma with or without positive
lymph node status, as they have more aggressive biological
behaviour. Adjuvant systemic therapy for MCN associated
invasive carcinoma is similar to sporadic pancreatic
adenocarcinoma. Systemic palliative chemotherapy may
be considered for recurrent unresectable or metastatic
disease in the setting of IPMN or MCN, on similar lines
with pancreatic adenocarcinoma.
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Pancreatic Neuroendocrine Tumors
(p-NET)

p-NETs are a part of broad spectrum of tumors labelled as
Gastro-Entero-Pancreatic Neuroendocrine Tumors (GEPNET) that secrete plethora of hormones, resulting in clinical
syndromes. They comprise 1% to 2% of all pancreatic
neoplasms and are divided into functioning (F-p-NET) or
non-functioning (NF-p-NET) forms. Over the last few
decades, the age-adjusted incidence of NETs has increased
from 1.9 to 5.25 cases per 100,000 people between 1973
and 2004. This rising incidence is multifactorial; likely
attributed to an ageing population, advances in imaging
and diagnostic endoscopy resulting in improved detection
and an increased awareness of the disease, in both the
medical and the general population.
Most p-NETs are sporadic in nature occurring between the
sixth and eighth decades with slight preponderance in
males. However, they can also have hereditary association
with multiple endocrine neoplasia (MEN) 1, Von Hippel
Lindau (VHL), Neurofibromatosis type 1 (NF-1), Tuberous
Sclerosis and the Carney complex. More than 2/3rd of pNETs are NF- p-NETs followed by functional tumours like
insulinomas, gastrinomas, glucagonomas, VIP (Vasoactive
intestinal polypeptide) omas and somatostatinomas in that
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order. F-p-NETs are relatively diagnosed at an earlier age
due to associated specific hormonal syndromes. Mean age
of presentation for F-p-NETs is 55 years as compared to 59
years for NF-p-NETs.
Molecular Biology, Classification, Grading and PathologyMajority p-NETs have sporadic occurrence. Molecular
profiling is essential, for understanding the development
and progression of these tumors. Table lists the commonly
mutated genes in sporadic as well as germline p-NETs.
Biologic aggressiveness of NETs is determined by degree
of differentiation and the rate of proliferation. The rate of
proliferation is defined as the number of mitoses per 10
high-power microscopic fields (hpf) or per 2 mm2 (mitotic
rate), or as the percentage of tumour cells that
immunolabel positively for the Ki-67 antigen (Ki-67 index).
Sr.No

Gene

1

ATRX

2

DAXX

3

MEN 1

Incidence

Type

43%

Sporadic
p-NET

Function
Re-modelling
of Chromatin;

Remarks
Results in invasion
and metastasis

DNA packaging
within cell
nucleus
44%
Sporadic
(Sporadic) &
Germline
p-NET

4

mTOR

5

Aberrant TKI
expression

–

6

VEGF overexpression

–

Menin is
involved in
histone
methyltransferase
complex;
Re-modelling
of chromatin

Gastrinoma
(50-60%)

Insulinoma
(20-30%)

Results in invasion
and metastasis
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Sr.No

Gene

Incidence

Type

Function

Remarks

7

Hypermethylation of
RASSF1
promoter

83%

8

Hypermethylation of
CDKN2A

9

VHL

10-20%
develop
p-NET

Germline

Solitary,
NF-p-NET

10

NF-1

10%
develop
p-NET

Germline

Duodenal
somatostatinomas

11

TSC1/TSC2

<1%
develop

p-NET

11

p53

12

Rb

Commonly in
Metastatic tumors

Commonly seen in
Gastrinomas

Germline

Neuroendocrine
carcinoma

WHO classification of Pancreatic Neuroendocrine Tumors
Ki-67 index Mitotic index
Well-differentiated NETs
Neuroendocrine tumor (NET) G1

< 3%

< 2/10 hpf

Neuroendocrine tumor (NET) G2

3 – 20%

2 – 20/10 hpf

Neuroendocrine tumor (NET) G3

> 20%

> 20/10 hpf

> 20%

> 20/10 hpf

Poorly differentiated NETs
Neuroendocrine carcinoma
(NEC) G3
Small cell type
Large cell type
Mixed neuroendocrine-nonneuroendocrine neoplasm (MiNEN)
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NETs at the lower range of proliferative index are more
like G2 NETs rather than aggressive carcinoma. The WHO
grading defines G3 NET as a separate group of tumors
which behave more like NETs rather than NECs
(Neuroendocrine Carcinoma). These tumors evolve from
lower grade NET, usually have Ki-67 index between 20 50% and mitotic counts less than 20 / 10 hpf. The other
extreme of G3 tumors are poorly differentiated NECs with
p53 and RB1 mutations. These tumors are divided into
small cell and large cell types; they do not have lower grade
component and must have Ki-67 index >20% (usually
>50%). Mixed Neuroendocrine Neoplasms (MiNEN)
recognizes that mixed tumors may occasionally be welldifferentiated and may have non-endocrine component
other than adenocarcinoma. To qualify as MiNEN, each
component must be present for at least 30% of the tumor
volume. Histopathological reporting of these tumors
requires the WHO grading as well as the AJCC - TNM
staging.
AJCC – TNM (8th edition) staging for Pancreatic
Neuroendocrine Tumors
T - stage
T1

Size < 2cm

T2

Size 2 to 4 cm

T3

Size > 4 cm; Duodenal or Bile duct involvement

T4

Adjacent organ or SMA and / or
Celiac artery involvement
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N – stage
N0

No regional lymph node involvement

N1

Regional lymph node involvement

M – stage
M0

No distant metastasis

M1a

Metastasis confined to Liver

M1b

Atleast one involved extra-hepatic organ

M1c

Both hepatic and extrahepatic metastasis

Clinical Presentation – Patients with functional tumors
develop symptoms determined by the hyper secreted
hormones. On the other hand, non-functional p-NETs have
symptoms due to local compression and/or due to
metastasis, such as abdominal pain, distension and
obstructive jaundice. In addition, increasing percentage of
p-NETs are diagnosed in asymptomatic patients receiving
diagnostic evaluation for unrelated problems.
Functional syndromes associated with p-NET
Tumor /
Syndrome

Symptoms

Associated Incidence
peptide
(per million
per year)

Insulinoma /
Hypoglycemia
syndrome

Confusion, sweating,
dizziness, weakness,
unconsciousness, relief
with eating

Insulin

1-2

Gastrinoma/
Zollinger Ellison
syndrome

Diarrhoea with or without Gastrin
severe peptic ulceration

1-2

Glucagonoma

Necrolytic migratory
erythema, weightloss,
diabetes milletus,
stomatitis, diarrhoea

0.1
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Glucagon

Tumor /
Syndrome

Symptoms

Associated Incidence
peptide
(per million
per year)

VIPoma / Verner Profuse watery diarrhea Vasoactive
Morrison
and marked hypokalemia, intestinal
syndrome
hypochlorhydria
polypeptide

0.1

Somatostatinoma Cholelithiasis, weightloss, Somatostatin <0.1
diarrhea, steatorrhea,
diabetes milletus,
achlorhydria
ACTHoma

Cushing’s syndrome

ACTH

<0.1

PTHrPomas /
pNETs causing
hypercalcemia

Symptoms due to raised
calcium

PTHrP

<0.1

GRFoma

Acromegaly

GRF

Unknown

Carcinoid
syndrome

Dry flushing, Palpitations, Serotonin
diarrhea, abdominal pain,
wheezing, carcinoid heart
disease, pellagra

<50 total
cases. More
common in
NETs of
jejunum /
ileum.

Diagnosis - The diagnosis of a p-NET is based on the clini-cal
symptoms, biochemical tests, imaging modal-ities and
most importantly, histopathology.
Biochemistry – Estimation of hormones such as
Chromogranin (Cg) A, B, pan-creatic polypeptide and
urinary 5- Hydroxy Indole Acetic Acid (5-HIAA) levels are
useful baseline tests when NET is suspected. Plasma CgA
is the most widely used marker, and is found elevated in
88-100% of p-NETs. However, the diagnostic accuracy is
only moderate. The diagnostic sensitivity of CgA is less than
50% in patients with small tumors, and increases to 60100% in patients with metastases. Therefore, serum CgA
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is used to reflect tumor burden, evaluate therapeutic
response, and predict survival outcomes for p-NETs.
Chronic PPI use, chronic atrophic gastritis, renal failure,
liver cirrhosis, inflammatory bowel disease and
malignancies like hepatocellular cancer, pancreatic cancer
are also known to falsely elevate CgA levels. Estimation of
other markers like plasma neuron-specific enolase (NSE),
pancreatic polypeptide (PP), pancreastatin and subunits
of human chorionic gonadotropin are limited due to the
similar phenomenon in the application of CgA .
Computed tomography (CT) and Magnetic Resonance
Imaging (MRI) – CT and MRI are the most common imaging
modalities used for p-NET diagnosis. CT has a mean
sensitivity and specificity of 73% and 96% respectively for
the p-NET primary; while mean sensitivity and specificity
is 82% and 92% respectively for liver metastases NETs have
rich blood supply and enhance in early arterial phase. 2D
/ 3D image reformatting can display the vascular anatomy
and contribute to surgical planning. When MRI techniques
are chosen, the sensitivity and specificity is 93% and 88%
for the detection of p-NET, while the mean detection rate
is 82% for the liver metastases.
Endoscopic Ultrasound (EUS) - EUS provides high resolution
imaging of the pancreas and is suitable to detect small
size (2-5 mm) p-NETs with mean detection rates of over
90%. Furthermore, EUS can guide fine-needle aspiration
for cytology or core biopsy and provide histologic
diagnosis.
Functional Imaging techniques - Most p-NETs (about 70%)
express high levels of somatostatin receptors, mainly
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somatostatin receptor type 2 (SSTR2), and therefore can
be imaged with a radiolabeled form of octreotide such as
111-In-DTPA-octreotide
and
99mTc-EDDA/
hydrazinonicotinyl-Tyr3-octreotide (also known as
somatostatin receptor scintigraphy, SRS). SRS provides for
scanning of the whole body and allows detection of
metastases outside the abdominal region. Furthermore,
it can offer functional information and contribute to
selection of appropriate candidates for somatostatin-based
therapies. The sensitivity of SRS has been improved by
addition of single photon emission computed tomography
(SPECT). However, SRS is limited by the expression of
somatostatin receptors and has lower sensitivity in sub
centimeter lesions. Poorly differentiated p-NETs and
insulinomas are less likely to be detected; also, SRS does
not provide any information on anatomy and surgical
resectability. Nowadays, hybrid imaging modalities like PETCT with somatostatin analogs like 68Ga-SSA and 18F-DOPA
are used more frequently due to lower radiation dose,
greater diagnostic accuracy and patient convenience. With
increasing proliferation (higher Ki-67 index), SSTR
expression decreases and the tumors may not have uptake
on SRS. In such situations, an 18F-FDG PET/CT scan may
prove invaluable in diagnosis. It has been seen that both
these methods are complimentary for the diagnosis of
higher grade NETs and NEC. An increased 18-FDG uptake
correlates well with loss of differentiation, higher grade
and adverse biological behavior in NET. Besides an
improved sensitivity when using hybrid imaging (FDG and
SRS PET), such imaging can also be used in post-therapy
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assessment following peptide receptor radionuclide
therapy (PRRT) to evaluate for tumour de-differentiation
or the “flip-flop” phenomenon. However, higher costs of
the hybrid imaging limit its availability to few centers and
selective use for defined indications may improve utility
of this approach.
Immunohistochemistry (IHC) – Chromogranin A and
Synaptophysin are the two main IHC markers detected by
staining of neurosecretory granules and synaptic vesicles
respectively. Chromogranin A positivity reduces with the
increasing grade of the p-NET. Poorly differentiated NECs
may not express chromogranin and may express
synaptophysin only. However, synaptophysin lacks
specificity and may also be positive in tumours like acinar
cell carcinoma or pseudopapillary tumours. F-p-NETs also
show expression of peptides such as insulin, gastrin,
glucagon, VIP and somatostatin.
Management –
Treatment options of p-NETs range from curative surgery
to palliation with medical therapies including somatostatin
analogs, chemotherapy and targeted treatments. Multidisciplinary teams (MDT) play a key role in guiding
treatment of patients with p-NETs.
Surgery - It remains the only curative strategy for p-NETs.
Because of the wide range of biological behavior and
recurrence risk, surgical treatment should be considered
for both, functional and nonfunctional forms. Aggressive
resection has been shown to improve overall survival
compared to the unresected group with similar tumour
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burden. In addition to radical surgery, cytoreductive
surgery has also been recommended for control of
secretion of activated hormones and improvement of the
survival of patients with advanced p-NET [25, 26]. In pNET with liver metastasis, partial hepatectomy and nonradical operations are also performed. Lymph node
involvement in p-NETs ranges from 30% to 40% and
lymphadenectomy is recommended in gastrinomas and
all non-gastrinomas with size > 20mm.
Unlike functional and advanced p-NETs, small nonfunctional tumors present an indolent behavior (only 6%
of tumors less than 2 cm will be metastatic at diagnosis).
Hence a conservative strategy been recommended by
some. The ENETS recommend that both surgical treatment
and observation are suitable for asymptomatic sporadic
nonfunctional p-NET d” 2 cm.
However, pathological confirmation is essential before
optimal treatment strategy is decided.
Treatment of Liver metastasis
Resection is the first choice for patients with resectable
metastatic liver disease. However, Trans arterial chemo
embolization (TACE), Trans arterial Radio Embolization
(TARE) and thermal ablation (Radio frequency, Microwave)
are also other commonly used modalities. Liver
transplantation (LT) has been successfully used with
curative intent in highly selected patients with resected
primary, with no extra-hepatic disease, well–differentiated
NET with low Ki-67 index and having demonstrated 6month disease stability before LT. Extent of liver
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involvement less than 50% was suggested previously,
however, unresectable disease would be primarily
considered for liver transplantation.
Palliative medical treatment –
The treatment options include somatostatin analogs, IFNá, systemic chemother-apy, targeted treatments including
everolimus, sunitinib and peptide receptor targeted
radiotherapy. For patients with functional tumors, the
clinical symptoms can be extremely unpleasant or even
life threatening. Supportive treatment with loperamide,
cholestyramine, fluids, rehydration salts, steroids, PPIs (in
gastrinomas), zinc salts (for skin lesions in glucagonoma),
diazoxide or verapamil (in Insulinoma) can be very helpful.
Somatostatin analogs (SSA) – Octreotide and Lanreotide
are the two SSAs currently used in clinical practice. Apart
from symptom control, they also exhibit anti-proliferative
and potentially anti-cancer effects. In 2009, the PROMID
trial demonstrated that octreotide LAR (long acting
release) had a significant improvement in median time to
progression compared to placebo (14.3 months vs 6
months). The CLARINET randomized trial also proved
significant improvement in progression free survival with
Lanreotide. These trials have established the role of SSA
as the initial therapy in unresectable NETs for symptomatic
relief and prolongation of survival.
Interferon-alpha – It is an immune modulator and is used
to treat both functional and nonfunctional NETs. It has
been demonstrated to be effective at controlling hormonal
symptoms and has most commonly been used either in
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combination with somatostatin analogs or on its own for
refractory symptoms. While this combination may be used
in slow growing, low proliferative index tumours, the high
incidence of side – effects limit the usage of interferonalpha.
Chemotherapy – Systemic chemotherapy is generally
reserved for patients with limited treatment options.
Streptozocin is the most commonly studied drug and its
various combinations with doxorubicin, with 5-FU and
doxorubicin, with 5-FU and cisplatin, with capecitabine and
cisplatin have been tried. All these combinations have a
partial response rate of 35-39% with median overall
survival between 2 and 3 years. Temozolomide has been
evaluated with capecitabine in a non-randomized
retrospective series and demonstrated a response rate of
70%, median PFS of 18 months, and 92% patients were
alive at 2 years in the series. The response to chemotherapy
in p-NET is influenced by tumor grade. High grade, poorly
differentiated NETs should be treated with chemotherapy
and maximum evidence is for cisplatin-etoposide
combination, with median PFS and median OS ranging
between 1.8-10.9 months and 5.8-13.5 months,
respectively. The largest study in GI-NEC, the NORDIC NEC
study showed a median OS of 11 months in patients
receiving palliative chemotherapy (predominantly
etoposide-platinum regimens) as opposed to best
supportive care. The same study also showed that Grade
3 NEC tumours with Ki-67 index < 55% were less responsive
to platinum-based chemotherapy but still had better
prognosis and survival compared to the chemo-responsive
tumors with index >55%.
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Targeted therapy – p-NETs are highly vascularized
neoplasms and express an abundance of vascular
endothelial growth factor (VEGF) and platelet-derived
growth factor (PDGF) receptors. They also exhibit
mutations in the mTOR signaling pathway. Clinical studies
have been designed to target these pathways and two
pivotal phase III randomized placebo-controlled trials
demon-strated improved PFS with everolimus and
sunitinib, in patients with advanced progressive p-NETs.
The RADIANT – 3 trial showed a significantly improved PFS
with everolimus compared to placebo (11.4 months Vs 4.6
months). Majority of patients experienced disease
stabilization rather than objective response and tolerated
the treatment well. Everolimus has also been combined
with octreo-tide LAR and has shown to improve PFS (by
5.1 months) in patients with advanced NETs associated
with carcinoid syndrome compared with octreotide LAR
and placebo. Sunitinib is a multikinase inhibitor and when
given as continuous daily dosing in well-differentiated
progressive p-NETs, it doubled the PFS from 5.5 to 11.4
months compared to placebo. It is a well-tolerated drug
and improved the quality of life scores, delaying the onset
of symptoms. Sorafenib and pazopanib have also been
investigated in the treatment of p-NETs and appear to have
similar anti-tumor activity to sunitinib in phase II trials.
The ENETS guidelines recommend usage of targeted
therapies in patients who have progressed on or are not
amenable to treatment with SSA or chemotherapy.
Peptide Receptor Radionuclide Therapy (PRRT) – Many
NETs express SSTRs and this property has been exploited
to develop radiolabeled somatostatin analogs as
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treatment. PRRT is a form of systemic radionuclide based
treatment. Currently the two most commonly used radio
ligands are 90Y-DOTA-Tyr3-octreotide (90Y-DOTATOC) (and
its modifications like 90Y-DOTATATE and 90Y-DOTANOC) and
177Lu-DOTA-Tyr3-octreotate ( 177Lu-DOTATATE). Recent
studies with PRRT in NET have utilized 177Lu-DOTATATE
because of the lower radiation exposure to normal tissue
with this radio-ligand, and thereby reduced side effects.
Response rates with 177Lu-DOTATATE range between 29%36.5% with OS of 46 -55 months. The NETTER – 1, phase
III randomized trial has firmly established the role of PRRT
in the management of NET. PRRT with 177Lu-DOTATATE is
generally well tolerated and its commonest adverse events
include renal insufficiency (0.4%-1.9%) and bone marrow
suppression (9.5%-11%). It is usually administered for four
cycles at an interval of 6-10 weeks. An expert MDT should
consider each case individually as the exact timing and
indication of PRRT still remains unclear.
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Follow up in pancreatic cancer
patients

Most guidelines rely on low-level evidence and expert
opinion while recommending surveillance after surgical
resection. Surveillance requires that treatment options
should be available if the disease recurs and treatment of
recurrent disease should slow progression and improve
outcomes. Also it should take into account the patterns of
recurrence.
1. Aims of surveillance
Pancreatic cancer (PC) is associated with a poor 5-year
survival rate of about 5%. Of the 15-20 % patients who
are candidates for potentially curative resection, 66–92%
will develop recurrent disease. Surveillance aims to pick
up these recurrent cases earlier. Surveillance visits may
also comfort patients who have fear of cancer recurrence
causing anxiety and impairing the quality of life.
2.

Tools for surveillance

a. Tumor markers- Ca 19-9
Serum carbohydrate antigen 19-9 (CA19-9) is the only
tumor marker used routinely in the surveillance of PC. CA
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19-9 is not specific for PC and can be elevated in other
tumors of the upper gastrointestinal tract, ovarian cancer
and colorectal cancer. It can also be elevated in biliary
obstruction, cholangitis and benign conditions like thyroid
disease. On the other hand, CA19-9 may not be elevated
in small malignant tumors of the pancreas.
The median sensitivity of CA 19-9 for diagnosis of PC is
79% (70-90%) and median specificity 82% (68-91%) in
symptomatic patients. CA 19-9 elevation in non-malignant
jaundice results in a fall in specificity.
In patients who have completed curative intent treatment,
elevating levels of CA19-9 postoperatively may predict
recurrence. If elevated at baseline, they may have some
role in monitoring response to therapy along with imaging.
Clinical or radiologic post-operative recurrence is often
preceded or associated with elevated CA 19-9 serum levels
by 2-6 months.
CA 19-9 has been also been used as a prognostic marker
before and after surgical resection. The adjusted
preoperative CA 19-9 value can predict the risk of
recurrence after curative resection of pancreatic cancer.
In one study, patients whose postoperative CA 19-9 values
normalized by 3 to 6 months (< 37 U/ml) had longer DFS
(24 vs. 10 months, p < 0.04) and median survival (34 vs.
13 months, p < 0.04).
However, the ASCO recommendations for tumor markers
state that CA 19-9 determinations by themselves cannot
provide definitive evidence of disease recurrence without
seeking confirmation with imaging studies for clinical
findings and/or biopsy.
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b. Radiological investigations for surveillance
An abdominal CT scan is the imaging modality of choice
for radiologic surveillance after curative intent resection.
A large SEER database study demonstrated no significant
survival benefit among patients who received scans on a
routine basis. Guidelines for the optimal frequency of
imaging during surveillance are consensus based and not
evidence based.
3. Benefit of surveillance
In a retrospective study, 66.1% of patients undergoing
resection for PC between 1998-2008 developed
recurrence. 54.6% of cases of recurrent PC were detected
prior to the onset of symptoms using a standardized clinical
and radiographic surveillance strategy. Symptomatic
recurrence was associated with more advanced disease,
poor performance status and less frequent subsequent
therapy. Thus a standardized surveillance strategy may
result in improved survival but prospective trials
confirming this are lacking.
4.

Guidelines recommendations about investigations
and surveillance interval
The NCCN guidelines for follow-up after resection for PC
recommend a history and physical examination every 3–6
months for 2 years and then every 6-12 months. NCCN
guidelines also suggest CA19-9 levels and CT scan of the
abdomen and pelvis after surgical resection at the same
time intervals, as a category 2B recommendation (based
on lower-level evidence, NCCN consensus).
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The ESMO guidelines state that ‘considering the poor
prognosis of the disease upon diagnosis of a recurrence,
there is no evidence that regular follow-up after initial
therapy with curative intent has any impact on the
outcome’. It recommends that follow-up visits should
concentrate on symptoms, nutrition, and psychosocial
support.
The French guidelines state that surveillance may be useful
after curative surgical resection to detect recurrence at
an early stage and propose clinical examination, serum
CA19-9 measurement when elevated at diagnosis, and
thoraco-abdomino-pelvic MDCT, every 3 months during
2–3 years, then every 6–12 months up to 5 years based
on expert opinion.
For patients on treatment, these guidelines recommended
same investigations at differing follow up intervals which
are: every 2 months for neoadjuvant or induction setting,
every 3 months for adjuvant setting and every 2-3 months
for advanced setting.
5. Summary
Presently there is a wide variation in individual and
institutional practice regarding follow up of patients with
pancreatic cancer. PC is associated with high recurrence
rates and near-absence of curative intent options in a
recurrent setting although treatment of metastatic PC also
results in improved survival with newer treatment
regimens in fit patients. There are no prospective studies
showing a benefit of surveillance in PC and also, the
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optimal surveillance intervals and frequency of imaging
along with cost effectiveness have not yet been clarified.
In the absence of studies, most current guidelines offer
consensus based follow up 3-6 monthly involving clinical
examination, CA 19-9 and CT scans.
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