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Abstract

Pancreatic ductal adenocarcinoma (PDAC) accounts for more than 90% of pancreatic cancers. Whilst most patients pres-
ent with locally advanced or metastatic disease, a minority are candidates for curative-intent resection. This review covers
the aspects of PDAC which are relevant to the surgeon. Firstly, an up-to-date overview of epidemiology, risk factors and

pathogenesis are provided. Secondly, presentation, diagnosis

and staging are covered, including a summary of the most re-

cent staging guidelines. The review will then focus on the historical background of the pancreatico-duodenectomy (PD), the
modern procedure and post-operative care. Finally, short sections provide the reader with an update on histological staging

and adjuvant treatment.
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Introduction

Most cases of pancreatic ductal adenocarcinoma (PDAC) affect
the head of the pancreas. Around 80% of patients present with
locally advanced or metastatic disease. Unfortunately, there are
no surgical treatment options available to this group of patients.
About 20% present with resectable disease. In these patients, cura-
tive-intent surgical resection in the form of pancreatico-duodenec-
tomy (PD) may be an option. This operation is high-risk and is
associated with considerable morbidity. However, it remains the
only treatment option which provides the possibility of long-term
survival. This review covers the aspects of PDAC which are rele-
vant to the surgeon.

Epidemiology

PDAC is the 11th most common cancer worldwide. The total
number of cases is increasing [1]. Globally, 338,000 cases were
diagnosed in 2012 and 458,000 cases were diagnosed in 2018 (an
increase of 35.8%) [2,3]. During this time, the global population
increased from 7.1 to 7.6 billion (an increase of 7.0%). Much of
this rise is due to population aging which is set to continue [4].
Other contributory factors include increasing rates of type II di-
abetes mellitus and obesity [1]. Incidence rates are higher in the
Western world (Figure 1) and are roughly equal between the sexes
[2]. PDAC is very rare in those under fifty-five years and incidence

is highest in those over seventy years [1].
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Figure 1: Estimated age-standardised incidence rates (ASR) for
pancreatic cancer worldwide in 2018 (both sexes and all ages) (re-
produced from: gco.iarc.fr [5]).
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Since prognosis is so poor, mortality rates for PDAC are similar
to incidence rates; PDAC has the lowest survival of all common
cancers [2]. The main factor which influences outcome is tumour
stage at time of diagnosis [6]. One-year survival has improved in
recent decades, in the UK this has increased from 10% to 22% be-
tween 1971 and 2011. However, over the same time span, five- and
ten-year survival rates remain relatively unchanged.
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Risk factors

Non-modifiable risk factors include increasing age, male sex,
black ethnicity, non-O blood group, family history, and type one
diabetes mellitus [7]. The presence of allergies is protective [2].
Modifiable risk factors include smoking, high alcohol consump-
tion, chronic pancreatitis, and obesity [7]. The International Agen-
cy for Research on Cancer has concluded that smoking is causally
associated with PDAC [8]. Indeed, lifetime risk is nearly twice as
high in smokers. Risk increases with number of cigarettes smoked
per day and duration of smoking [9]. There is limited evidence to
suggest that a diet high in red or processed meat may be associated
with PDAC(10). Studies have also suggested an association with
Helicobacter pylori and hepatitis C infection [11,12].

Pathogenesis

Most patients develop PDAC sporadically and are not known to
have a genetic predisposition [13]. It is generally accepted that
PDAC develops following a series of stepwise mutations; three
precursor lesions have been identified [7]. Acinar-to-ductal meta-
plasia (ADM) is the process whereby acinar cells transition to epi-
thelial cells when exposed to certain stimuli, such as cellular injury
or chronic inflammation [14]. ADM results in acinar cells acquir-
ing characteristics more typically associated with progenitor cells.
As such, they are more prone to pro-oncogenic “hits” (the pro-
cess whereby mutations in proto-oncogenes are activated) which
results in the development of PDAC precursor tumours. The most
common PDAC precursor tumours are pancreatic intra-epithelial
neoplasms (PanINs) [15]. Other described malignant precursors
include intraductal papillary mucinous neoplasms (IPMNs) and
mucinous cystic neoplasms (MCNs). It is widely accepted that this
is the initial phase of PDAC development. The lifetime risk of a
single PanIN developing into a detectable PDAC is 1.3-1.5% [16].

Following the initial hit, further hits to tumour suppressor genes
(TSGs) ultimately result in the development of malignancy [17].
Several genes have been identified which exhibit the most frequent
alterations/mutations in PDAC. These include the proto-oncogene
KRAS, as well as the TSGs TP53, CDKN2A, and SMAD4 [18].
Whilst KRAS has been found to exhibit a mutation in over 90%
of PDAC tumours, mutations in numerous other genes have been
identified in certain subsets of PDAC tumour [19]. The extensive
heterogeneity of PDAC is one of the reasons traditional cancer
therapies have such limited efficacy [20]. A key feature of PDAC
is its early progression to metastatic disease [21]. The proponents
of this behaviour are not well understood since the genetic com-
position of most metastases is comparable to that of the primary
tumour [22].

Presentation

The signs and symptoms typically associated with PDAC are not
clinically apparent in the early stages of disease so diagnosis is
challenging. Jaundice and weight loss are the most common pre-
senting complaints. Jaundice is more common with right sided
lesions since they are more likely to cause biliary obstruction. In
reality, despite what is taught in medical schools, less than 25% of
patients present with Courvoisier’s sign (a palpable gallbladder in
the presence of painless jaundice) [23]. Unexplained weight loss
can be the result of anorexia or malabsorption due to pancreatic
exocrine insufficiency (PEI), or a combination of the two [23]. PEI

can also result in steatorrhea [23].

Whilst not typically a symptom associated with PDAC, around
two thirds of patients experience abdominal pain [23, 24]. This is
often in the epigastrium and it is not uncommon for pain to radiate
through to the back, as is typical with pancreatitis. This may indi-
cate that disease has involved the coeliac plexus. Some patients
will present with back pain alone [23]. Less common forms of pre-
sentation include new diabetes mellitus and venous thromboembo-
lism [25]. Occasionally, peripancreatic oedema or a large tumour
can result in gastric outlet obstruction [23].

Diagnosis

Almost half of PDAC patients present acutely and just 13% are
diagnosed via the two-week wait (2WW) pathway. Most patients
who present acutely will undergo routine blood tests (full blood
count (FBC), urea and electrolytes (U&Es), liver function tests
(LFTs), C-reactive protein (CRP), clotting screen, and serum am-
ylase/lipase). If there is bile duct obstruction, the LFTs will reflect
this. Otherwise, blood tests are likely to be largely normal unless
disease is advanced. Transabdominal ultrasound scan (USS) may
be requested at this point. This modality is readily available, inex-
pensive, non-invasive, and does not use ionizing radiation. How-
ever, it is operator-dependent and reliability may be reduced by
over-lying bowel gas, or if the patient is overweight [26]. Whilst
ultra-sound is useful for quickly identifying biliary obstruction,
the retroperitoneal position of the pancreas means it is difficult to
visualise with any level of detail. If PDAC is suspected, USS does
not allow for accurate staging.

If PDAC is suspected, urgent pancreatic protocol computed to-
mography (CT) should be requested [27]. This includes arterial,
late arterial, and venous phases [28]. Triphasic CT is advised as the
difference in contrast enhancement between tumour and parenchy-
ma is highest during the late arterial phase [28]. In addition to its
diagnostic benefits, CT is the preferred modality for staging [28].
Future software developments may allow for the three-dimension-
al reconstruction of CT data so that even greater detail is provided
on the anatomical relationship between the tumour and adjacent
structures [29].

Figure 2: “Double duct sign” on magnetic resonance imaging. An
obstructing pancreatic ductal adenocarcinoma within the pancreat-
ic head has resulted in the dilatation of the bile duct (short arrow)
and the pancreatic duct (long arrow) (reproduced from: qims.ame-
groups.com [30]).
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Where CT is not possible due to contrast allergy, magnetic reso-
nance imaging (MRI) with gadolinium infusion can be used for
diagnostic and staging purposes [31]. MRI can also be a useful
adjunct [32]. Adenocarcinomas are typically hypointense on
T1-weighted images and hyperintense/isointense on T2-weighted
images [33]. MRI has greater contrast resolution than CT and is
superior when assessing small tumours or metastases [34]. MRI
can also examine the biliary system without the need for addition-
al invasive examinations (Figure 2). Drawbacks include cost and
availability.

If there is diagnostic uncertainty following CT, UK guidelines
recommend the use of positron emission tomography (PET/CT)
[27]. This was originally used to differentiate pancreatic cancer
and chronic pancreatitis [35]. Most malignant cells are hypermet-
abolic when compared with the normal pancreatic parenchyma
[35]. Hence, the uptake of radiotracer, e.g. 18F-FDG, is greater
in cancer cells. PET/CT takes advantage of this to provide a close
depiction of the biologic behaviour of the tumour. Whilst PET/CT
is limited in its ability to assess for locoregional lymphadenopathy
and vascular invasion, it outperforms all other modalities in the
detection of distant metastases (Figure 3) [35].

Figure 3: PET/CT image of an occult liver metastasis. In this case,
the CT image (left) did not pick up the liver metastasis which is
pointed out by the arrow on the PET/CT image (right) (reproduced
from: citeseerx.ist.psu.edu [36]).

Endoscopic ultrasound (EUS) is a further important imaging
modality which allows tissue sampling. In conventional mode,
PDAC:s appear as an irregular heterogenous, hyperechoic mass,
whereas on Doppler mode they are hypervascular [33]. EUS has
better diagnostic yield for diagnosing early pancreatic tumours
than both CT and MRI. EUS is able to identify pancreatic lesions
as small as 2 mm in diameter [37]. Additional techniques such as
elastography and contrast-enhancement further improve diagnos-
tic accuracy [33]. However, EUS is expensive, operator-depen-
dent, invasive, and cannot be used in isolation.

Screening

Screening for PDAC is not currently recommended for the general
population. The reasons for this are multiple. Firstly, overall inci-
dence is low; an individual’s lifetime risk of PDAC is around 1%
[38]. Secondly, there are no simple, safe, inexpensive, and non-in-
vasive test with appropriate sensitivity [13]. Thirdly, no definite
pre-malignant state has been defined which can be treated [13].
The International Cancer of the Pancreas Screening Consortium
(ICPSC) group does recommend individuals with certain familial
syndromes are screened. However, the details surrounding this are
complex and remain a source of debate [39]. Whilst screening the
general population is not-recommended, various campaigns have
aimed to raise awareness and encourage patients to seek medical

attention early [7].

Biomarkers

Extensive efforts have been made to identify biomarkers which aid
in the diagnosis and treatment of PDAC [13]. Serum cancer (or car-
bohydrate) antigen 19-9 (CA 19-9) is currently the only biomarker
which has been approved. CA 19-9 has a low positive predictive
value so it is unsuitable for screening purposes, and its diagnos-
tic performance in isolation is modest [13]. Furthermore, 10% of
the population are non-secretors of CA 19-9 and it is unable to
differentiate between benign and malignant disease in those with
obstructive jaundice [40]. However, it is useful when considering
a response to treatment and disease recurrence [41]. Although no
other appropriate biomarkers are currently available, the situation
is evolving. A recent study identified a biomarker signature of nine
metabolites with an accuracy of 90% and a negative predictive val-
ue of 99% in differentiating chronic pancreatitis from PDAC [42].
Further exploratory studies have postulated that micro-ribonucleic
acid (RNA) panels, circulating tumour cells, circulating tumour
deoxyribonucleic acid (DNA) and/or exomes could be used as ear-
ly diagnostic tools in the future [43].

Staging and resectability status

If a patient with PDAC has not undergone pancreatic protocol CT,
a scan should be carried out which covers the chest, abdomen, and
pelvis [27]. UK guidelines recommend that PET/CT is offered to
patients with locally advanced disease who are considering treat-
ment. If further information is required, MRI is the modality of
choice for suspected liver metastases and EUS may provide further
information regarding tumour and node staging [27]. If resectional
surgery is being considered but small-volume peritoneal or liver
metastases are suspected, diagnostic laparoscopy is indicated [44].

Primary tumour stage (T) [ Tx | Cannot be assessed

TO [ No evidence of primary
tumour

Tis | Carcinoma in situ

Tl |<2cm*

T2 |>2cm but <4cm*

T3 |>4cm*

T4 | Involvement of SMA or coe-
*greatest dimension liac axis
Regional lymph nodes Nx | Cannot be assessed
N) NO | No evidence of nodal involve-

ment

N1 | 1-3 regional lymph node

metastases
N2 | > 3 regional lymph node
metastases
Metastases (M) Mx | Cannot be assessed
MO | No evidence of metastases
M1 | Distal metastases present

Figure 4: Table summarising the 2017 (8th edition) [UCC/AJCC
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TNM staging system for PDAC (adapted from Shin et al, 2020[45].

The TNM staging system (officially known as the Tumour Node
Metastasis classification system of malignant tumours) from the
Union for International Cancer Control (UICC) is the most com-
monly used staging system for PDAC (Figure 4) [46]. The Amer-
ican Joint Committee on Cancer (AJCC) publishes its own cancer
staging manual which is based upon this system. This standardised
method is used to assess the extent of disease and guide treatment.
It is important for determining whether a patient’s disease is re-
sectable or not (Figure 5) [47]. The resectability of a tumour is
dependent of its location in the pancreas, involvement of local
vessels and/or lymph nodes, and the presence of metastases [48].
It is important to note that exocrine and endocrine tumours of the
pancreas are now staged using different systems.

Biliary drainage

Obstructive jaundice can result in coagulopathy which increases
the risk of intra-operative haemorrhage. Jaundice is also thought
to increase the risk of peri-operative infective complications [49].
As such, surgical candidates traditionally underwent biliary drain-
age prior to resectional surgery. Indeed, Whipple first described a
2-stage procedure for this very purpose [50]. UK guidelines now
recommend against this unless there is a clear indication or the
patient is enrolled in a trial [27]. This remains controversial. A
recent Cochrane review found no strong evidence for or against
pre-operative biliary drainage [51]. In contrast, a recent multi-cen-
tre randomised trial concluded that morbidity was higher in those
who underwent biliary drainage [52].

Vessel Primary resectable Borderline resectable Unresectable
PV/SMV | No contact < 180° without vein | Contact > 180° < with deformity of vein | Unreconstructable obstruction
contour irregularity thrombosis but allowing safe and com- Contact with most proximal draining
plete resection jejunal branch
Contact with IVC
CHA No arterial tumour contact Contact without extension to CA or HA Contact with extension to CA or CHA
bifurcation bifurcation
CA No arterial tumour contact No contact (head) Contact > 180°
Contact < 180° (body and tail) Any contact with aorta
SMA No arterial contact Contact < 180° Contact > 180°
Contact with 1st jejunal SMA branch
Contact with aorta

Figure 5: Table summarising the criteria which define resectability status of pancreatic ductal adenocarcinoma (adapted from: jncen.
org [53]. PV = portal vein, SMV = superior mesenteric vein, CA = coeliac axis, CHA = common hepatic artery, SMA = superior mes-

enteric artery, [IVC = inferior vena cava, HA = hepatic artery.

In some patients, it may be necessary to relieve biliary obstruction
prior to surgery. The preferred approach is endoscopic via endo-
scopic retrograde cholangiopancreatography (ERCP) [52]. This
includes patients with severe pruritis, acute cholangitis, or renal
dysfunction secondary to jaundice This may also be the case for
patients whose resection is delayed to allow for neoadjuvant ther-
apy or those who require optimisation. ERCP involves upper gas-
trointestinal endoscopy and intubation of the duodenum [54]. The
endoscopist locates, and canulates, the ampulla. Contrast can then
be injected, and fluoroscopy used to image the pancreaticobiliary
tree. A stent can then be deployed to the area of obstruction to al-
low the passage of bile and pancreatic juice. For preoperative bil-
iary drainage, metal stents are generally preferred to plastic stents
since they are associated with a lower complication rate [55].
Aside from the management of obstructive jaundice, ERCP +/-
sphincterotomy can also be used to manage choledocholithiasis,
inflammatory structures, and surgical complications such as leaks.
ERCP is an effective and safe tool but its potential complications
must be considered. These include sepsis secondary to cholangi-
tis, pancreatitis, duodenitis, haemorrhage (usually only following
sphincterotomy), and perforation of the bile duct, pancreatic duct,
or duodenum [56]. A serious complication following ERCP may
prevent a patient from undergoing resection.

If ERCP fails, percutaneous transhepatic cholangiography (PTC)

can be utilised. In this technique, a needle is passed via the skin,
abdominal wall, and liver under ultrasound guidance. The biliary
tree is catheterised and contrast is injected to allow fluoroscopic
delineation of the anatomy. As with ERCP, an expanding metal
stent can be deployed to relieve biliary obstruction. PTC is inva-
sive and can be complicated by sepsis, haemorrhage, and pneumo-
thorax (if the thoracic cavity is inadvertently breached) [55].

Neoadjuvant treatment

Neoadjuvant therapy (NAT) refers to any treatment, usually che-
motherapy and/or radiotherapy, which is given prior to resection.
NAT has been introduced with great success in the management
of oesophageal, gastric and rectal cancers [57]. NAT aims to treat
occult micrometastases and down stage primary tumours. Since
morbidity is high following resection, NAT increases the chance a
patient successfully completing a course of chemotherapy and can
be used as a tool to select patients with a favourable tumour pro-
file who are more appropriate surgical candidates. UK guidelines
currently advise against the use of NAT in those with resectable
disease unless the patient is enrolled in a clinical trail [27]. Whilst
the guidelines are the same for those with borderline resectable
disease, this is evolving and trials are ongoing [58].

Surgical treatment
Resectional surgery is the only treatment option which can pro-
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vide long-term survival. Unfortunately, most patients present with
unresectable disease. Surgical approach is dictated by tumour lo-
cation. Surgical options include pancreatico-duodenectomy (PD,
Whipple’s procedure), distal pancreatectomy (+/- splenectomy),
and total pancreatectomy (+/- splenectomy). PD is the most com-
monly performed, since PDAC most commonly affects the head
of the pancreas.

The origin of the PD procedure remains controversial. Some re-
ports claim that a version of the procedure was carried out by Co-
divilla in Italy as early as 1898 [59]. Codivilla’s patient died on
the eighteenth post-operative day and this led to the thinking that
the duodenum was essential for human survival. It was French-
men, Desjardin, in 1907, and Sauve, in 1908, who first suggested
that excision of the human duodenum was feasible. However, they
only attempted this in cadavers [59]. In 1900, the Englishman, Sir
Arthur Mayo-Robson, had attempted to excise a cylindrical seg-
ment of duodenum but his patient died on the operating table [60].
The German, William Koerte, attempted the same procedure four
years later but his patient also died [60]. In 1912, also in Ger-
many, Walter Kausch performed an incomplete duodenectomy
with partial pancreatectomy [60]. He left part of the duodenum
in situ and fashioned a pancreatico-duodenostomy as he believed
the patient could not survive if the entire duodenum was excised.
In 1918, the American, Lester Dragstedt, was able to demonstrate
that duodenectomy was compatible with survival in dogs [61]. Al-
most twenty years later, in 1935, the Iran-born American, Allen
Whipple, described a total duodenectomy as part of a two-stage
operation [50]. Whilst the technique has been modified greatly, the
pancreato-duodenectomy is often referred to as the Kausch-Whip-
ple procedure to this day. Some historians argue that this is perhaps
unfair since numerous individuals were instrumental in the devel-
opment of the modern procedure. Although Whipple popularised
the procedure in the 1930s, it wasn’t until the 1980s that it was
commonly performed.

Panceatico-duodenectomy is one of the most complex routine op-
erations caried out by general surgeons. It is most commonly per-
formed to treat cancers of the pancreatic head, duodenum, ampul-
la, of distal bile duct. Rarely, it may be performed in patients with
severe chronic pancreatitis or severe pancreatic trauma. Whilst
various modifications exist, the classic approach involves en-bloc
removal of the antrum of the stomach, the first and second parts of
the duodenum, the head of the pancreas, the distal bile duct, and
the gallbladder [62]. In the pylorus-preserving PD, a cuff of duode-
num and the antrum are left in situ to preserve the pyloric sphincter
[62]. Regardless of the technique used, PD is a major operation
and mortality remains around 1-3% [63]. General complications
include chest infection, haemorrhage, myocardial infarction, ar-
rythmias, stroke, venous thromboembolism, ileus, wound infec-
tion/dehiscence, and incisional hernias [64]. Procedure-specific
complications include post-operative pancreatic fistula (POPF),
biliary tree injury, bile leak, anastomotic leak, intra-abdominal
sepsis, acute pancreatitis, delayed gastric emptying (DGE), and
chyle leak[63,65]. Longer term complications specific to PD in-
clude anastomotic structure, malnutrition, pancreatic endocrine
and/or exocrine insufficiency, and low mood/impaired quality of
life [63]. Overall morbidity is in the region of 40%. It is possible
that morbidity and mortality figures have been under-estimated
due to publication bias.

A nasogastric (NG) tube and urinary catheter are placed once the
patient is anaesthetised. The initial incision depends on the sur-
geon’s preference. Modifications of a right subcostal (extended
Kocher), bilateral subcostal (rooftop), or upper midline laparoto-
my are most-commonly used. After examining for extra-pancreat-
ic disease, the surgeon will mobilise the hepatic flexure of the co-
lon and “Kocherize” the duodenum to expose the retroperitoneum.
The lesser sac is then opened before cholecystectomy is carried
out. The common hepatic duct is divided before the lymph nodes
adjacent to the porta are excised [66]. The gastroduodenal artery
is divided and the surgeon proceeds to divide the distal stomach,
or first part of the duodenum. The pancreas is divided in front of
the portal vein and the specimen extracted and sent for histological
examination [66].

The reconstructive phase of the operation can then take place;
the surgeon proceeds to form a pancreatico-jejunostomy (PJ), or
pancreatico-gastrostomy (PG), hepato-jejunostomy (HJ), and gas-
tro-jejunostomy (GJ) (Figure 6). A drain is typically placed adja-
cent to the PJ/PG and HJ prior to closure. Providing there are no
intra-operative complications, post-operative management is guid-
ed by the Enhanced Recovery after Surgery (ERAS) protocol [67].
The NG tube, urinary catheter, and surgical drains are removed
as soon as is reasonable [67]. Early oral diet and mobilisation are
encouraged [67]. In recent years, PD has been performed laparo-
scopically and with robotic assistance in some centres. Although
some studies have suggested minimally invasive approaches may
result in reduced length of hospital stay, reduced intra-operative
blood loss, and more extensive lymph node dissection, uptake has
been modest due the associated challenges and costs. Open PD
remains the standard of care [68].

Figure 6: Anatomy following pancreatico-duodenectomy. A =
hepato-jejunostomy, B = pancreatico-jejunostomy, C = gastro-je-
junostomy (illustration provided by John Peter Ovens).

Histological examination and pathologic staging

A minimum of twelve lymph nodes must be sent with the specimen
for staging to be considered accurate. PDAC is rarely diagnosed
early and hence it is usual for a tumour to be 2-4cm (pT2) at time
of examination, and invasion of adjacent structures is common.
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PDAC tumours are typically a firm, poorly defined mass of off-
white colour. PDAC is made up of abnormal tubular glands which
mimic small pancreatic ducts, but a high level of heterogeneity is
seen [69]. The circumferential resection margin (CRM) consists of
the anterior, posterior, and medial pancreatic surfaces. A resection
margin is considered clear is there is no evidence of metastatic
disease within 1 mm of the cut surface [69].

Adjuvant treatment

Adjuvant chemotherapy has become the gold standard following
resectional surgery whilst adjuvant chemoradiotherapy is not rec-
ommended [70]. Adjuvant chemotherapy improves survival rates
by targeting early micro-metastatic disease [71]. UK guidelines
recommend that patients be given sufficient time to recover fol-
lowing PD before adjuvant therapy is administered [27]. This is
commenced once they are deemed fit enough to tolerate six cycles.
First-line therapy is gemcitabine plus capecitabine, and gemcit-
abine alone can be considered in those not fit enough to tolerate
combination chemotherapy [27]. The ESPAC-4 trial demonstrat-
ed that combination therapy significantly improves median over-
all survival [70]. Prognosis remains poor and some patients are
unable to complete adjuvant treatment due to toxicity or disease
recurrence.
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