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Pancreatic cancer: Progress made

VLAD V. SIMIANU, NICHOLAS J. ZYROMSKI, ATTILA NAKEEB & KEITH D. LILLEMOE

Department of Surgery, Indiana University School of Medicine, Indianapolis IN, USA

Abstract

Pancreatic cancer remains a deadly disease. Despite advances on many fronts, surgeons play a leading role in the diagnosis
and management of pancreatic cancer. Preoperative staging is best provided by “pancreas-protocol” abdominal CT, although
endoscopic ultrasound and diagnostic laparoscopy can add value in selected patients. Surgical resection, which remains the
only curative option, is now accomplished with uniformly low perioperative mortality in high-volume centers (<3%),
although complications remain frequent. Unfortunately, the long-term prognosis for pancreatic cancer remains poor with
5-year survival rates only 15-23% with median survival of 13 to 18 months. Recent data from randomized trials have sup-
ported the role for adjuvant chemotherapy and questioned the traditional role of radiation. Early diagnosis and targeted

multimodality treatments would appear essential to optimizing the results of surgical therapy.

Pancreatic adenocarcinoma is one of the most deadly
malignancies worldwide. In the United States alone,
it is estimated that 42 470 new cases would be diag-
nosed in 2009, and an estimated 35 240 would die
that same year [1]. Resistance to both chemotherapy
and radiation [2] has rendered pancreatic cancer
largely a surgical disease. The role of the surgeon in
offering complete resection remains pivotal and cur-
rently the only potentially curative option. Unfortu-
nately, only 15-20% of patients diagnosed with
pancreatic adenocarcinoma are candidates for resec-
tion, and even after complete (RO) resection the
5-year survival is only 15-20% [3,4]. This poor prog-
nosis, attributable to delayed presentation, tumor
biology, complexity of surgical intervention, and
paucity of multimodality therapy, has engrained a
pessimistic mindset in many clinicians, leading to an
underutilization of surgery despite recent evidence
challenging these long-established beliefs [5].
Progress in the last decade has specifically
shown decreased peri-operative mortality and
acceptable complication rates after surgical resec-
tion [3,4]. These advances have been attributed to
a shift of complex surgery to regional and referral
centers [6]. This manuscript will briefly review
pathology and presentation of patients with

pancreatic adenocarcinoma and focus on the cur-
rent management of this disease (Figure 1).

Pathology

Tumors of the pancreas can arise from many pancre-
atic cell lines, and are classified according to gross
appearance, hormonal function, and the cell type of
origin. Ductal epithelium gives rise to at least 75% of
all non-functioning pancreatic cancer, despite com-
prising a disproportionately small component (<10%)
of the pancreatic cell volume. Current thinking sug-
gests that pancreatic adenocarcinoma arises from pre-
cursor proliferations of the ductal epithelium, also
termed intraepithelial neoplasia, which accumulate
genetic changes as they propagate [7]. Recent evidence
further suggests that dedifferentiation of acinar cells to
epithelial cells may contribute to pancreatic carcino-
genesis [8]. A number of variants of pancreatic ductal
adenocarcinoma exist, including adenosquamous car-
cinoma and acinar cell carcinoma. These make up a
minority of pancreatic malignancies and behave com-
parably to pancreatic adenocarcinoma.

It is estimated that 65% of pancreatic adenocar-
cinomas arise in the pancreatic head, 15% in body
and tail, and 20% involve the gland diffusely. The
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Clinical history of painless jaundice
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Figure 1. Algorithm depicting the management of pancreatic cancer.

location of the tumor contributes to the clinical pic-
ture. Carcinoma of pancreatic head obstructs the
common bile duct and leads to jaundice and chronic
obstructive pancreatitis. Pancreatic adenocarcinoma
is aggressive, invading surrounding organs and infil-
trating into vasculature, lymphatics and the perineu-
ral sheath. Studies in the last decade have shown that
lymphatic and perinerual invasion are independent
prognostic factors of poor survival [3,4]. Metastasis
to the liver, peritoneal cavity, lungs and invasion of
major visceral vessels represent evidence of advanced
disease and preclude surgical resection.

Cystic pancreatic lesions may be benign pseudo-
cysts related to prior pancreatitis or true cystic neo-
plasms. Many cystic tumors are asymptomatic and
are being recognized with increasing frequency owing
to widespread use of abdominal imaging for other
reasons [9]. Two forms of cystic neoplasms have clear
malignant potential — mucinous cystadenomas and
intraductal papillary mucinous neoplasms (IPMN).
The management of benign IPMN is complex due
to their malignant potential and is dictated by symp-
toms and tumor size [10].

Operative palliation
Chemotherapy / Radiotherapy

Many factors influence the epidemiology of pan-
creatic cancer; the most prominent of these are
increasing age and tobacco smoke. Most cases of
pancreatic cancer are sporadic, with only approxi-
mately 10% following a hereditary pattern [11].
Recent progress in molecular genetics has uncovered
avenues for novel identification and screening factors
in persons at risk [11].

Diagnosis and clinical staging
Clinical presentation

Early diagnosis of pancreatic cancer is difficult
because of non-specific symptomatology and inac-
cessibility of the pancreas to clinical exam. Biliary
obstruction manifesting as jaundice is the most com-
mon presentation, and is accompanied by dark urine,
acholic stools and pruritis. Most clinicians adhere to
the dogma that painless jaundice after the 5™ or 6™
decaude of life is pancreatic cancer until proven oth-
erwise. Vague abdominal pain relates to ductal
obstruction or invasion of the neural plexus. Back
pain is an ominous sign. Recent data suggest a



temporal relationship between new-onset diabetes
mellitus as a harbringer of pancreatic malignancy
[12], suggesting that this manifestation could guide
the identification of asymptomatic and early-stage
pancreatic cancer. The physical findings of pancre-
atic cancer include jaundice, a palpable gallbladder,
hepatomegaly, and ascites in advanced cases. Periph-
eral adenopathy usually signifies advanced disease
and portends a poor prognosis.

Laboratory workup

Biliary obstruction is reflected by an elevation of
serum bilirubin and alkaline phosphatase.The absence
of bile salts due to biliary obstruction can result in a
prolonged international normalized ratio (INR) due
to malabsorption of vitamin K. Malnutrition develops
from fat and protein malabsorption and tumor
cachexia and is reflected by hypoalbuminemia.

Carbohydrate antigen 19-9 (CA 19-9) is a
tumor marker that has a specificity greater than
95% for pancreatic adenocarcinoma when serum
concentration is >200 U/mL [13]. This marker is
useful for both diagnostic and follow-up after ther-
apy. Of note, CA19-9 is associated with the Lewis
Antigen (Ag), and therefore the 5% of the popula-
tion who do not produce Lewis Ag will not mani-
fest elevation of CA 19-9 even in the face of
widespread disease [13].

Radiologic imaging

Non-invasive imaging is the mainstay for both the
diagnosis and staging of pancreatic cancer. Transab-
dominal ultrasonography is inexpensive and rapid,
but is operator dependent. It is most useful in dem-
onstrating a dilated biliary tree in jaundiced patients
but is otherwise of limited value in patients with
pancreatic cancer [14].

Abdominal computed tomography (CT), with
specific “pancreas protocol” contrast administration
to depict both arterial and venous phases, is the
modality of choice for identifying pancreatic tumors
and hepatic metastases (Figure 2). Resectibility can
be predicted by contrast CT in up to 80% of patients
in the absence of extrapancreatic disease, a patent
superior mesenteric-portal venous confluence, and
absence of invasion into the celiac axis or superior
mesenteric artery (SMA) [14].

Magnetic resonance imaging (MRI) of the
abdomen is more costly than CT imaging and suf-
fers from motion artifact and lack of bowel opaci-
fication. Generally, MRI offers little advantage over
CT scanning for the diagnosis of pancreatic cancer,
though the role and indications for magnetic
resonance cholangiopancreaticography (MRCP)
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continue to expand. Magnetic resonance imaging
with MRCP is currently indicated for non-invasive
diagnostic imaging to evaluate the biliary and pan-
creatic ducts and may be the optimal method to
survey patients with IPMN and the pancreatic rem-
nant after surgery [10].

Positron emission tomography (PET) scanning
has a developing role in the evaluation of pancreatic
cancer. Current data suggests that PET may change
the clinical management in up to 40% of patients
[15]. Major drawbacks of PET include high cost and
long study time, as well as decreased specificity in
the face of inflammation.

Endoscopic evaluation

Endoscopic retrograde cholangiopancreaticography
(ERCP) historically served both a diagnostic and
therapeutic role in patients with obstructive jaundice
due to periampullary cancer. The diagnostic function
of ERCP has slowly been replaced by MRCP cir-
cumventing the need for an invasive procedure
(Figure 3). Current application of ERCP in pancre-
atic cancer has shifted towards therapeutic and
palliative stenting [16].

The use of endoscopic ultrasound (EUS) is
gaining popularity in the diagnosis and staging of
pancreatic tumors. Recent studies show that EUS
is complementary to CT both for identification of
the primary tumor and extension into major vis-
ceral vessels [17]. Endoscopic ultrasound offers
the ability to perform fine needle aspiration (FNA)
to provide a cytologic diagnosis, which is 80-90%
sensitive and nearly 100% specific for diagnosing
pancreaticadenocarcinoma. Endoscopicultrasound
may be superior to CT at identifying tumors and
metastatic implants <1 cm in size [18].

Resection of pancreatic cancer

Walter Kausch first performed a pancreaticoduode-
nal resection in 1912 [19], however, the momentum
for pancreatic resection is largely attributable to
Allan O. Whipple’s historic work in the late 1930s
[20]. For the better part of the 20™ century, pan-
creatic resection was associated with significant
morbidity and mortality, leading some to condemn
the procedure in the 1970s [21]. In the late 1980s
and early 1990s, however, a handful of high volume
centers reported marked improvement in periop-
erative mortality, including two large series in excess
of 100 patients without a mortality [22,23]. These
improved outcomes have led to a more aggressive
attitude at most academic centers. Unfortunately,
this attitude is not universal with significant nihlism
still remaining [5].
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Figure 2. Contrast-enhanced CT of the abdomen showing evidence of a hypodense mass in the uncinate process. Patient A has a clearly
defined fat plane between the mass and the superior mesenteric vein (SMV). The fat plane is absent in Patient B suggesting invasion of
the vein. C and D show coronal views of a mass without and with SMV invasion, respectively.

Diagnostic laparoscopy

Even with considerable improvement in diagnostic
imaging, metastatic disease may manifest as subcen-
timeter liver and peritoneal deposits that are identi-
fied in 10-20% of patients only at the time of
operative exploration [24]. Laparoscopy can identify
such small volume disease via minimal invasive tech-
niques [24]. Some surgeons recommend diagnostic
laparoscopy when CA19-9 levels are extremely high
or patients have clinical and radiologic evidence sug-
gesting advanced disease [24].

Proximal pancreatic resection

Thorough abdominal exploration is a critical first
operative step, as identification of distant metastatic
disease contraindicates resection. After excluding
distant disease, tumor involvement of the major vis-
ceral vessels is evaluated. Criteria for unresectability
include occlusion of the portal or superior mesen-
teric vein (SMYV), or direct involvement of the SMA,
hepatic artery or celiac axis. Most experienced
pancreatic surgeons will proceed with resection with-
out a histologic diagnosis.

A number of variations on resection and recon-
struction exist, and are applied based on individual

patient and tumor characteristics. The pylorus-
preserving modification of pancreaticoduodenectomy
(PD) is widely utilized (Figure 4). This technique has
been shown to improve post-operative gastrointestinal
function [25], with no difference in long-term survival
when compared to a classic PD [26]. Japanese and
Italian data initially suggested improved survival
with extended lymphadenectomy with dissection of
the celiac and peri-aortic nodes [27,28]. However,
this survival advantage was not reproduced in two
American studies [29,30]. Extended lymphadenec-
tomy is associated with increased morbidity, and in
some studies, with increased mortality, and therefore
is not routinely performed by Western surgeons.

Total pancreatectomy is reserved for patients with
IPMN involving the entirety of the pancreatic duct
or for those with adenocarcinoma in whom a nega-
tive margin cannot be obtained on frozen section
[31]. Finally, laparoscopic pancreaticoduodenectomy
has been reported by a few centers with highly skilled
laparoscopic surgeons. This practice requires two dis-
crete skill sets: expertise in pancreatic surgery and
advanced laparoscopic skills.

Variations in the technique of reconstruction
after PD have been employed in attempts to reduce
the troublesome complications of pancreatic anas-



Figure 3. ERCP demonstrating a classic “double duct” sign. The
arrow shows tumor obstruction of both the bile duct (left) and
pancreatic duct (right).

tomotic leak and delayed gastric emptying. Many of
these have been studied by prospective randomized
trials, but, in general, most experienced pancreatic

Pancreatic cancer: Progress made 411

surgeons develop specific techniques based on
personal experience.

Distal pancreatectomy

Many patients with pancreatic body and tail
tumors are found to have unresectable disease due
to delayed presentation and diagnosis. Therefore,
the role of distal resection is limited. As with pan-
creaticoduodenectomy, the surgeon must be cogni-
zant of intra-operative evidence of unresectibility.
Extended lymphadenectomy increases morbidity
and does not offer any survival advantage [32]. No
technique has been demonstrated to be superior
in reducing the rate of fistula from the proximal
remnant.

Laparoscopic distal pancreatectomy has been
shown by mounting data to be appropriate for benign
and low grade malignant tumors [33]. Long-term
outcomes after laparoscopic distal resection for ade-
nocarcinoma have not been reported; this practice
should be restricted to clinical trials as a potential
option in the hands of skilled laparoscopic surgeons
at high-volume centers.

Outcomes after resection

The most significant advance in surgical resection
for pancreatic cancer is a substantial reduction in
peri-operative mortality [3,4,21]. The improved out-

Figure 4. Diagram of the resection (A) and final reconstruction (B) after pylorus-sparing pancreaticoduodenectomy. (Adapted from
Cameron JL, Sandone C. Atlas of Gastointestinal Surgery, 2md ed. Vol 1. Hamilton, Ontario: BC Decker, Inc.; 2007:302.)
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Table I. Outcomes of pancreatic resection

Peri-operative Mortality 0-4%
Complications
overall 30-45%
pancreatic fistula 5-15%
delayed gastric function 5-15%
wound infection 5-10%
other” 0-10%
Length of Stay 12-25 days
Re-admissions 25%
Survival
2 year survival 40-50%
5 year survival 15-25%
10 year 5-15%

*Other complications: abscess formation, hemorrhage, re-operation,
deep venous thrombus/pulmonary embolism, cardiopulmonary
complications, cerebrovascular accident, urinary tract infection.

comes can be attributed to the evolution of opera-
tive technique and peri-operative care as well as the
accumulation of surgical experience at high-volume
pancreatic centers [6].

Despite substantial decrease in mortality, the
morbidity after PD remains as high as 30-40%
(Table I). Pancreatic fistula continues to haunt
surgeons with incidences of 5-15% after proximal
resection [3,5,32]. Several factors including quality
of the pancreatic parenchyma play a role in predict-
ing the development of a pancreatic fistula [34].
Multiple attempts at refining techniques to reduce
the incidence of pancreatic fistula have been sub-
jected to prospective randomized controlled trials.
Specific examples include variations in operative and
anastomotic technique, the use of pancreatic stents,
somatostatin analogs [35,36] and fibrin glue [37].
The level 1 studies have generated mixed results and
therefore no definitive practice guidelines currently
exist. Hemorrhage, though infrequent, is a potentially
life-threatening complication of pancreatic resection
that may occur either intraoperatively, in the early
postoperative course, or later (in the background of
pancreatic fistula). Early post-operative hemorrhage
may be treated by re-exploration, while hemorrhage
in the late post-operative period is best treated by
interventional radiology.

Delayed gastric emptying plagues 10-20% of
patients after PD. The understanding of this phe-
nomenon is incomplete, but some improvement
has been noted with the prokinetic drugs erythro-
mycin and metoclopramide [38]. Data evaluating
the technique used for reconstruction suggests
superiority of the antecolic versus retrocolic duo-
denojejunostomy [39].

Distal pancreatectomy is associated with a perip-
erative mortality of 2 to 5% [33,40]. Complications
are less frequent that following PD, although pancre-
atic fistula rates are often higher at 5 to 30%.

The long-term survival following resection of pan-
creatic cancer remains disappointing (Figure 5). Cur-
rent five year survival rates show ranges from 15 to
23% with median survival of 13.6 to 17.4 months [41].
Unfortunately, survival continues to fall even after the
five years. Survival is improved by RO resection, resec-
tion in high-volume centers, early tumor stage, and
adenocarcinoma associated with IPMN [31,41].

Role of multimodaliry treatment

The multimodality approach to pancreatic cancer
therapy has improved survival and has seen increased
utilization over time [42]. Options include preopera-
tive chemoradiation, particularly for borderline
resectable pancreatic cancer, in hope to “down-stage”
tumors to improve resectability. In the postoperative
setting either systemic chemotherapy or chemoradia-
tion is routinely employed. Unfortunately, an opti-
mized and widely adopted algorithm does not exist.

The high recurrence rate of pancreatic malignancy
after potentially curative resection suggests that surgi-
cal intervention alone is not adequate even for patients
with localized, resectable tumors. Therefore, adjuvant
therapy with chemotherapy and radiation, alone or in
combination have been studied. External beam radio-
therapy was originally used to treat locally-advanced
non-resectable tumors, but had extremely high failure
rates [43]. The poor response to radiotherapy alone
prompted the use of various chemotherapeutic agents
as radio-sensitizers.

Inspired by experience with other gastrointestinal
malignancies, adjuvant therapy with 5-fluorouracil
(5FU) combined with radiation demonstrated a sur-
vival benefit in a study by the Gastrointestinal Tumor
Study Group (GITSG) in the mid-1980s [44]. More
recently, however, the European Study Group for
Pancreatic Cancer (ESPAC) demonstrated signifi-
cantly greater 2-year and 5-year survival rates in
patients who received postoperative chemotherapy
with 5FU compared with patients who received no
chemotherapy [2,45], whereas 5FU with radiation
therapy showed no benefit and in fact worse survival.
The Eastern Cooperative Oncology Group (ECOG)
has also shown mixed survival benefits with several
5FU-based protocols alone and in combination with
radiotherapy [46,47]. The data from these and sub-
sequent studies has largely manifested into a dichot-
omy between the European practice, largely excluding
chemoradiation based on the ESPAC studies, and the
North American approach, employing chemoradio-
therapy because of the high risk of local failure.

In the last decade, gemcitabine has also proved
to be a potent radiosensitizer. Gemcitabine-based
chemoradiotherapy has shown a survival advantage
over both placebo for adjuvant therapy and 5FU
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[48]. Gemcitabine-based therapy in patients
with unresectable pancreatic cancer is therefore
considered by many to be the systemic modality of
choice for pancreatic cancer [49]. Several newer
agents have been investigated in combination with
gemcitabine including capecitabine and docetaxel,
however, the benefit over gemcitabine monotherapy
has been minimal and not uniformly reproducible.

Unfortunately, the ultimate benefit conferred by
adjuvant chemotherapy with or without radiotherapy
are modest. Ongoing research has proposed novel
targets and agents as directions toward multimodal-
ity therapy. One interferon-based protocol described
by Picozzi et al showed improved overall survival but
is associated with high toxicity [50]. Attempts at
reproducing these results have been mixed [51].

The difficult problem of locally advanced border-
line resectable pancreatic cancer has stimulated inves-
tigation of preoperative neoadjuvant therapy [52].
Neoadjuvant therapy has several theoretical advan-
tages, including selecting for tumor biology, down-
staging the primary tumor and improving the rate of
RO resection [53]. A number of trials, combining che-
motherapy and radiotherapy and subsequently increas-
ing the dosing and intensity of the regimens, have been
attempted. Unfortunately, none of these trials demon-
strate an obvious improvement in either resectability
or overall survival [54,55]. Nevertheless, the accumu-
lation of this data would appear to support an initial
period of neoadjuvant chemotherapy for patients with
locally advanced or borderline resectable pancreatic
cancer. Patients should then be restaged with imaging
by CT and considered for either resection or subse-
quent chemoradiotherapy [56].

The median survival for patients with Stage IV pan-
creatic cancer is three to six months. Studies of single-
agent chemotherapy for metastatic pancreatic cancer
have shown modest objective response and clinical ben-
efit, including symptom relief and performance status.
Gemcitabine monotherapy has been shown to have bet-
ter clinical benefit and survival than 5FU [49]. Capecit-
abine was shown to have an objective response rate in
7% of patients and clinical benefit in 24% of patients
in a Phase II trial [57]. A number of studies using
multiagent therapy have failed to show clear survival
benefit in this setting. The lack of substantial survival
benefit for Stage IV disease should lead to frank discus-
sions of quality of life issues with the patient, as well as
focus on individual patients’ specific goals.

Palliation

Since most patients with pancreatic cancer pres-
ent with unresectable disease, symptomatic pal-
liation (jaundice, pain, gastric outlet obstruction) is
an important therapeutic focus. Obstructive jaun-

dice occurs in as many as 80% of patients with
adenocarcinoma of the pancreatic head. Cholestasis
manifests with debilitating pruritis and may eventu-
ally progress to hepatic failure and premature death
if not addressed promptly. Several randomized trials
have compared surgical biliary bypass to endoscopic
palliation in patients with obstructive jaundice due to
pancreatic cancer [58,59]. In general, both surgical
and endoscopic approaches offer comparable effi-
cacy, though endoscopic stenting significantly reduces
length of hospital stay. The development of large-
caliber endobiliary metallic stents has offered improved
long-term patency of endoscopic palliation.

Gastric outlet obstruction is less common, but has
been described in up to 20% of patients, regardless of
location of the tumor. Nausea and emesis in patients
with pancreatic adenocarcinoma is not necessarily
related to mechanical gastric outlet obstruction, as the
etiology of these symptoms in the setting of pancreatic
malignancy is complex and likely involves neural inva-
sion by the tumor and subsequent dysmotility. Pro-
spective randomized studies have demonstrated that
prophylactic gastrojejunostomy in patients without
pre-operative symptoms but found to be unresectable
during surgical exploration reduces subsequent gastric
outlet obstruction [60,61]. For patients with gastric
outlet obstruction in the face of inoperable disease,
treatment with endoscopically-placed metallic stents
has become the standard of care.

Pain due to pancreatic cancer is a manifestation
of both neural invasion and obstructive ductal phys-
iology; pain is present in essentially all patients to
some extent. Intervention in the form of a celiac neu-
rolysis with chemical agents decreases pain [62], and
may actually improve survival. Celiac neurolysis may

T

Figure 6. Palliative biliary bypass using loop hepaticojejunostomy
with concomitant retrocolic, isoperitaltic gastrojejunostomy.
(Adapted from Cameron FL, Sandone C. Atlas of Gastointestinal
Surgery, 2md ed. Vol 1. Hamilton, Ontario: BC Decker, Inc.;
2007:308.)



be performed intraoperatively, percutaneously or
endoscopically under US guidance [63,64].

Improved endoscopic techniques addressing both
biliary and duodenal obstruction have largely elimi-
nated the use of operation solely for palliation in
most patients. Nevertheless, surgical hepaticoje-
junostomy and gastrojejunostomy provide durable
long-term palliation with acceptable perioperative
morbidity and mortality and are still considered stan-
dard of care when a patient is found intraoperatively
to have locally advanced unresectable disease (Figure
6). Surgical biliary and gastric bypass procedures
may be performed laparoscopically by skilled mini-
mally invasive surgeons.

Conclusion

The modern era has witnessed great progress coupled
with gradually evolving attitudes toward the surgical
intervention for pancreatic cancer. Undoubtedly,
these advances have reinforced the role of the surgeon
in both curative resection and palliation. However,
despite greatly reduced perioperative mortality with
pancreatic resection, morbidity remains high, and the
overall survival of pancreatic cancer patients, even
after RO resection, is dismal. Surgeons, both as scien-
tists and clinicians, must continue to investigate new
approaches focusing on improving the early diagnosis
and novel, targeted multimodality treatments to fur-
ther impact the outcomes of this deadly disease.
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