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“It is a capital mistake to theorize before one has data. Insensibly one begins to
twist facts to suit theories, instead of theories to suit facts.”

Arthur Conan Doyle, Sherlock Holmes

“If facts conflict with a theory, either the theory must be changed or the
facts.”

Benedict Spinoza

“If the facts don't fit the theory, change the facts.”
Albert Einstein
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Introduction

Periampullary adenocarcinoma

The assessment of tumour origin is central for the traditional classification of
adenocarcinomas, and primary adenocarcinomas in the periampullary region can
be of pancreatic, distal bile duct, ampullary or duodenal origin. When a patient
presents with icterus and an expansive mass in the head of the pancreas, the
anatomical origin the tumour is however often not clinically evident, and the
majority of periampullary adenocarcinomas are not resected, due to locally
advanced and/or metastatic disease. The concept of periampullary describes the
anatomical location around the ampulla of Vater, and is useful preoperatively and
in cases when resection is not an option.

Epidemiology

Pancreatic cancer is the most common type of periampullary adenocarcinoma,
accounting for 3% of all cancer in the USA (1) and the Nordic countries (2) and,
due to very high lethality (3), 7% of all cancer-related deaths, making it the fourth
most common cause of death in the western world (1, 2). The incidence of
pancreatic cancer is slowly increasing in the USA, at approximately 1% each year
(1), but the incidence has been fairly unchanged during the last 10 years in the
Nordic countries (2). Estimations of future incidence and death from cancer, based
on data from the USA, conclude that pancreatic cancer may become the third most
common cause of cancer related death in 2020 and the second most common in
2030 (4).

The yearly incidence of pancreatic adenocarcinoma in Sweden is approximately
1000 (2, 5). Other periampullary adenocarcinomas are less common and they are
not grouped separately in the national cancer statistics. Each year, there are
approximately 400 new cases of cancer in the bile ducts (including the distal bile
duct and ampulla of Vater, but also the gall bladder) (2).

European data show an annual incidence of 16.6 per million of extrahepatic bile
duct cancer (excluding gallbladder and ampulla of Vater) and 5.7 per million of
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small bowel cancer. For Sweden, with a population of approximately 10 million,
these numbers correspond to 166 and 57 new cases of extrahepatic bile duct cancer
and small bowel cancer per year (6).

Aetiology

Life style and environmental factors

Environmental factors in periampullary cancer are mostly studied in pancreatic
cancer. The relative risk of pancreatic cancer among smokers is 1.74, as compared
with non-smokers (7) and it has been estimated that 23% of pancreatic cancer is
attributable to tobacco smoking (8). Studies on a possible increase in risk from use
of Swedish moist snuff (snus) are few but have indicated that ever-users of snus,
as compared with never-users of any tobacco, have a relative risk of 2.0 for
pancreatic cancer (9) and 1.6 for any smoke-related cancer (10), and that ever-
users of snus, as compared with never-users of snus, have no increase in risk (9,
10). Another study found a relative risk of 1.7 among ever-users, as compared
with never-users of snus, but, on the other hand, very few cases of pancreatic
cancer among never-smokers (11). Taken together, these results suggest that snus
increases the risk for pancreatic cancer, but also illustrate that smoking is a major
cofounder.

Heavy alcohol consumption increases the risk of pancreatic cancer by 1.6, as
compared with no alcohol consumption (8).

Chronic pancreatitis increases the risk of pancreatic cancer by 11, but this
association is not independent for pancreatitis with duration of more than 2 years,
due to a strong association to smoking and heavy drinking (8).

Type I diabetes is both a cause of and a consequence of pancreatic cancer and the
exact risk increase in persons with type 11 diabetes is therefore difficult to assess.
The overall increase in risk of pancreatic cancer in patients with type II diabetes is
1.8, but the increased risk is mainly observed during the first years after the onset
of diabetes, thus likely reflecting cases where diabetes is a consequence and not a
cause of cancer (12).

A register-based study on type I diabetes and risk of pancreatic cancer found a
similar increase in risk of pancreatic cancer as in type II diabetes (13), whereas a
study including only patients hospitalized with type I diabetes before the age of 30
found no increase in risk (14). This discrepancy suggests that misclassification of
type Il as type I diabetes can produce a false increase in risk of pancreatic cancer.
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Overweight and obesity increase the risk of several types of cancer, including
pancreatic cancer (15). Dietary patterns (high fruit vs high fat) have, on the other
hand, not shown any clear associations with risk of pancreatic cancer (16).

Thorotrast, a radioactive X-ray contrast medium used from 1930 to 1950 increased
the risk of intra- and extrahepatic bile duct cancer, as well as other malignancies

(17).

Gallstones increase the risk of cancer of the gallbladder, but bile duct stones have
not been linked to development of cancer in the extrahepatic bile ducts or
pancreas, although some studies indicate an increased risk of pancreatic cancer
(18).

Liver fluke, transmitted by eating undercooked infected fish, is common in East
Asia, and increases the risk of bile duct cancer, especially intrahepatic (19).

Germline mutations

Five to 10% of pancreatic cancer is estimated to be hereditary (20), and having one
or two first degree relatives with pancreatic cancer increases the risk by 4.6 and
6.4 respectively (21). In approximately 80% of familial pancreatic cancer, the
genetic basis has not yet been found, but several inherited autosomal dominant
mutations are known to increase the risk of pancreatic adenocarcinoma (22, 23).

BRCA2 and BRCAI

BRCA2-mutations are the most common germline mutations in familiar pancreatic
cancer, and they are seen in 6% of families with a moderately increased incidence
of pancreatic cancer, and in 17% of families with a high risk of pancreatic cancer
(24-26). Germline BRCA2 mutation increases the risk of pancreatic cancer by 3-6
(27-29) and bile duct/gallbladder cancer by 5 (27). Approximately 2-5% of
BRCA?2 mutation carriers are diagnosed with pancreatic cancer (29).

Mutations in BRCA1 have been found to increase the risk of pancreatic cancer by
2-3 (29, 30), and 3-4% of carriers are diagnosed with pancreatic cancer (29).

The increased risk of pancreatic cancer in carriers of BRCA1/2 mutations is similar
in men and women (31).

In a consecutive clinic-based cohort of 306 unselected cases of pancreatic cancer
there were 3.6% germline mutations in BRCA2 and 1.0% in BRCA1 (32), and the
majority of patients with these mutations did not meet the criteria for genetic
testing, although a family history of pancreatic cancer was overrepresented, which
suggests that genetic testing must be performed in more patients with pancreatic
cancer in order to find the hereditary forms. The incidence of BRCA2 mutations in
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unselected cases of pancreatic cancer might however be somewhat lower, as the
COSMIC database reports 1% with mutations of BRCA2, and 1% of BRCAI (33).
It has been observed that not all families with BRCA2-mutations and familial
pancreatic cancer have an increase in breast or ovarian cancer (24, 26). Biallelic
BR(CAZ2-inactivation is a relatively late event in pancreatic carcinogenesis in
patients with germline BRCA2-mutations, which might explain why not more of
the mutation carriers develop pancreatic cancer (34). The increased risk of
pancreatic cancer in BRCA mutation carriers is however greater before than after
the age of 65, indicating an earlier onset in carriers than in the general population
27.

PALB

The second most commonly mutated gene in hereditary pancreatic cancer is in the
tumour suppressor PALB, seen in 3-4% of cases, which codes for a protein that
links BRCA1 and BRCA2 together (35, 36).

ATM

ATM collaborates with BRCA1 in DNA double-strand break repair. Germline
mutations in the 4TM gene have been found in 2-5% of families with hereditary
pancreatic cancer (23, 37).

CDKN2A

The familial atypical mole and multiple melanoma (FAMMM) syndrome is caused
by mutations in the CDKN2A gene which codes for both pl6 and pl4arf. For
affected individuals, the estimated lifetime risk of malignant melanoma is 60-90%
and 20% for pancreatic cancer (22). Correspondingly, germline mutations in
CDKN24 increase the risk of pancreatic cancer by factor 22 (38).

Hereditary pancreatitis

Cationic trypsinogen protein is highly expressed in acini, and germline mutations
in its gene PRSS! increase the risk for acute pancreatitis, due to premature protein
activation, and subsequent chronic pancreatitis. The risk of pancreatic cancer in
carriers of germline PRSS!/ mutations is 35 times higher than in the general
population (22). Germline mutations in other genes have been described in
hereditary pancreatitis, including genes coding for Chymotrypsin C (CTRC),
serine protease inhibitors of the Kazal type (SPINK) and cystic fibrosis
transmembrane receptor (CFTR) (22).

Peutz-Jeghers syndrome

Peutz-Jeghers syndrome, with germline mutations in the STKI/I gene, is
characterized by gastrointestinal hamartomas and mucocutaneous pigmentations,
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but also increases the risk of pancreatic and periampullary malignancies. It has
been estimated that the lifetime risk of periampullary malignancy (including
adenocarcinoma, neuroendocrine tumours and acinar cell carcinoma) is 32%, with
an increase in risk by factor 96 (39).

FAP

Carriers of germline inactivating mutations in the APC gene have a virtually 100%
lifetime risk of colorectal cancer that can be circumvented by prophylactic
proctocolectomy. The patients still have a very high risk of duodenal adenomas
and a cumulative 10% risk of periampullary adenocarcinoma at the age of 60 (40).
Cases of IPMN, neuroendocrine tumours, pancreatoblastoma, acinar cell
carcinoma, common bile duct polyposis and pancreatic desmoid tumours have
been reported in association with FAP, but regular pancreatic adenocarcinoma
does not seem to be overrepresented (41).

Lynch syndrome

Lynch syndrome, caused by germline mutations in mismatch repair genes (MLH 1,
MSH2, MSH6, and PMS?2) increases the risk of colorectal and endometrial cancer,
but also of several other cancers. Small bowel adenocarcinoma is uncommon in
the general population, but after colorectal cancer due to Lynch syndrome the risk
is increased to 4% during the following 20 years (42), and Lynch patients have a
relative risk of 73-100 (42, 43). Lynch patients also have an increased risk of
hepatobiliary tract cancer, with a relative risk of 6 (42). The life time risk of
pancreatic cancer is 9 times higher than in the general population (44). In series of
small bowel adenocarcinoma, microsatellite instability (MSI) has been found in
18-35% (45-47) and evidence of Lynch syndrome in two thirds of MSI cases (47).

Prognosis

There has been no substantial improvement in survival of pancreatic cancer in the
last 40 years (5). One year overall survival (OS), for all stages combined, is 19%
(48). Patients with locally advanced or metastatic pancreatic cancer have a median
OS of approximately 6 months (49-53). Resectable patients have a median OS of
approximately 24 months after resection (54).

Patients with ampullary adenocarcinoma have a median OS of 36-44 months after
resection (55-57).

For extrahepatic bile duct cancer of all stages combined, the 1- and 5-year OS in
Europe is 36% and 11%, respectively (6). Median OS after resection for distal bile
duct adenocarcioma is similar or slightly longer than for resected pancreatic
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adenocarcinoma (55), but long term survival is better than for pancreatic cancer,
with reports on 30% surviving 5 years after a pancreatoduodenectomy (58).

For small bowel cancer, the 1- and 5-year OS in Europe is 49% and 23%,
respectively (6). After resection for duodenal adenocarcinoma, 1- and 5-year OS is
around 90% and 60%, respectively (59).

Early detection

Excess death within 1 and 3 months after diagnosis of pancreatic cancer or small
bowel cancer decreased from the 1960°s until the 1990’s, but then reached a
plateau (5). Better survival during the first period after diagnosis, but not a
corresponding increase in long term survival, can be attributed to improved
surgical technique and slightly earlier detection. To improve survival from
pancreatic cancer by early detection, one would need to find the tumours at an
earlier tumour stage than today, since small tumours without lymph node
metastases have a substantially longer survival and approximately one third are
cured by surgery (60). Series of case reports of very early pancreatic cancer,
measuring less than 10 mm, indicate a five year OS of 57% (61) and a better
survival in cases with fewer symptoms and signs of the tumour. A five-year OS of
57% is extremely high in the context of pancreatic cancer, and highlights the need
for early detection. Since the incidence of pancreatic cancer is low, current
methods of detection are not suitable for screening of the general population, but
may be feasible in high-risk groups (62).

Although KRAS mutations are common and early events in pancreatic cancer, they
are also found in benign conditions and thus not a reliable marker for early
detection. Analysis of pancreatic juice in 54 patients with chronic pancreatitis
(median age 55 years) showed KRAS mutations in 37%, but none of the patients
developed pancreatic cancer during a 6.5 year follow up time (63). Also, an
autopsy study on patients without chronic pancreatitis or pancreatic cancer showed
hyperplastic epithelium of the main duct in 86% and KRAS mutations in 32% of
cases with hyperplastic epithelium, however often different mutations in codon 12
than in pancreatic cancer (64).

Type 1l diabetes may be a consequence of pancreatic cancer (12), and older
patients with new-onset type Il diabetes have an 8 times higher risk of pancreatic
cancer than the general population(62), but new tools or markers are needed to
differentiate type II diabetes due to pancreatic cancer from other type II diabetes.
Exosomes containing adrenomedullin, shed from pancreatic cancer into the
circulation, seem to cause type II diabetes in pancreatic cancer by a paracrine
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mode of action, and might become useful for separating paraneoplastic from
regular type Il diabetes (65).

In the context of pancreatic cancer, CA19-9 is the most studied biomarker in
blood, but its use is limited to symptomatic patients, and does not aid in early
detection and screening of non-symptomatic individuals (66).

Mathematical simulations of the effect of prevention, early detection and treatment
of colorectal cancer attribute most of the decline in death from colorectal cancer to
early detection, and less to prevention and treatment advances (67). Computational
models on the development and spread of pancreatic cancer estimate that the time
from the first genetic event to invasion, metastasis and death is approximately 12 +
7 + 3 years (68), which suggests that earlier detection could change the course of
the disease.

Radiology

Ultrasound has a high sensitivity (87%) and specificity (99%) for detecting
malignant lesions in the head of the pancreas, but is user dependent (69).
Computed tomography (CT) optimized for pancreas, with intravenous contrast,
generally gives more information on local extension into the superior mesenteric
vein (SMV), superior mesenteric artery (SMA) or celiac axis, and metastases that
disqualify for resection (70). Magnetic resonance cholangiopancreatography can
give further preoperative information (71).

Treatment

Surgery

Surgical strategies to resect parts of the duodenum and pancreatic head were first
explored in the end of the 19th and beginning of the 20th century, and one-stage
pancreaticoduodenectomy was later developed by Whipple, who became the
eponym for the procedure (72).

Mortality and morbidity related to the procedure was very high during the 1950°’s
to 1970’s, with reports of 25-40% mortality during the hospital stay (73-75), but
decreased substantially in the 1980°s with perioperative mortality rates around 1-
4% (76, 77) and several more recent reports from high-volume centres describe 1-
2% 30-day mortality (55, 78-80). Postoperative complications and mortality is also
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significantly lower in high volume centres, as compared with low volume centres
(81), and both hospital volume and surgeon volume seem equally important (82).

The pancreatoduodenectomy procedure is an extensive operation in which the
duodenum, the head of pancreas and distal parts of the extrahepatic bile ducts are
removed. In selected cases, resections of the superior mesenteric vein (SMV) can
be done, to achieve macroscopically radical resections. Adherent to the surfaces of
the specimen are lymph nodes and peripancreatic fat, which are important for
staging of the tumour.

Surgical resections of periampullary tumours are possible, with a curative intent,
in 15-20% of patients (49, 83).

Chemotherapy

Neoadjuvant chemotherapy

Approximately one third of all pancreatic cancer is locally advanced at
presentation, and although the borderline resectable subgroup is often ill-defined
or poorly represented in studies on neoadjuvant therapy there is a consensus that
some tumours can be converted to resectability (50). Neoadjuvant treatment has
often been based on 5-FU or gemcitabine, with or without radiotherapy. Best
results in the metastatic setting has been achieved, from a triple combination
including 5-FU, irinotecan and oxaliplatin (FOLFIRINOX) or a double
combination including gemcitabine and nab-paclitaxel (nanoparticle albumin-
bound paclitaxel), and these two regimens are assumed to be more effective also in
the borderline resectable neoadjuvant setting (84).

Patients who are resected after neoadjuvant treatment for borderline resectable
pancreatic adenocarcinoma have a doubled OS compared with those who remain
non-resectable, and the survival approaches that of the upfront resectable patients
(50).

Adjuvant chemotherapy

Randomized trials in the 1990°s showed that adjuvant chemotherapy for pancreatic
cancer prolongs life, as compared to observation (85, 86). After better results from
gemcitabine than from 5-FU in the palliative setting (53), gemcitabine is often the
preferred adjuvant agent in Europe, although 5-FU and gemcitabine have been
comparable in studies on adjuvant therapy in pancreatic cancer (54, 87).

In Japan, the oral 5-FU prodrug S-1 is considered more effective than gemcitabine
in the adjuvant setting (88), but is less studied in the west.
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The effect of chemotherapy in ampullary and distal bile duct carcinoma is not as
well studied as in pancreatic cancer. The large ESPAC-3 study on resected
periampullary adenocarcinoma, however, found a survival benefit from adjuvant
gemcitabine, but only after adjusting for adverse factors in multivariable analysis
(89). This result has still provided some evidence for the use of adjuvant
gemcitabine in ampullary and distal bile duct cancer, but it is still uncertain
whether patients with resected duodenal adenocarcinoma benefit from adjuvant
chemotherapy (90).

In the ESPAC-3 trial there was no evidence that neither pancreatobiliary type (PB-
type) nor intestinal type (I-type) of ampullary adenocarcinoma respond better to
either gemcitabine based or 5-FU based adjuvant chemotherapy (89), but
differences in prognosis and molecular profiles still suggest that PB- and I-type
ampullary adenocarcinoma should be regarded as discrete entities (91, 92).

In the ABC-02 study on advanced biliary tract adenocarcinoma, including
ampullary adenocarcinoma, there was a significantly longer survival in the group
that received gemcitabine and cisplatin as compared with only gemcitabine, but
there was no survival difference in the subgroup of ampullary adenocarcinoma
(93). After this study gemcitabine combined with a platinum based compound is
an accepted adjuvant treatment in distal bile duct adenocarcinoma.

The ESPAC-4 study, which is ongoing, compares adjuvant gemcitabine to a
combination of gemcitabine and oral 5-FU prodrug capecitabine (GEMCAP) in
periampullary adenocarcinoma, including pancreatic cancer (94).

Palliative chemotherapy

The first report on prolonged survival from chemotherapy in advanced pancreatic
cancer came from a randomized trial in 1980 (95). Clinical trials in the mid 90’s,
on patients with non-resectable pancreatic cancer, showed that single therapy
gemcitabine relieved symptoms better and also prolonged life as compared to
single therapy 5-FU (53). Thereafter, gemcitabine has become standard
chemotherapy for pancreatic cancer in Europe, both in the adjuvant and in the
palliative setting. In Japan, the oral 5-FU prodrug S-1 is considered equally
effective as gemcitabine in the palliative setting (88), and a small phase II clinical
study in Europe, on S-1 in metastatic pancreatic cancer showed results comparable
to those of gemcitabine (96).

Most combinations of gemcitabine and other chemotherapy agents have not
improved survival or quality of life compared with gemcitabine alone (97), and
gemcitabine has therefore for a long period been standard treatment. During the
last years some alternative combination chemotherapies have shown better
progression-free survival (PFS) and/or OS, such as GEMCAP (gemcitabine and 5-
FU prodrug capecitabine) (98), and combinations with platinum based compounds
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(99) FOLFOX (folinic acid, 5-FU and oxaliplatin) and FOLFIRINOX (folinic
acid, 5-FU, irinotecan, and oxaliplatin), and nab-paclitaxel combined with
gemcitabine, which all have shown superiority to gemcitabine (51, 52, 100).
Relative toxicity, especially from FOLFOX and FOLFIRINOX, has however
limited these combinations to patients with a good performance status (51).

Targeted therapy

Receptor tyrosine kinase inhibitor erlotinib, combined with gemcitabine, is the
only targeted therapy that has increased PFS or OS in pancreatic cancer in a phase
III trial, but the benefit from adding erlotinib was modest (101). Other phase 111
trials have all combined gemcitabine with one targeted agent, e.g. monoclonal
antibodies against EGFR, type 1 insulin-like growth factor receptor (IGF-1R) or
vascular endothelial growth factor A (VEGF-A), without improved survival
compared with gemcitabine alone. Several phase I and II trials are ongoing,
targeting various pathways. Only 8% of the most recently registered trials stratify
patients using a biomarker and few target more than one point in a cascade (102).

Radiotherapy

Neoadjuvant radiotherapy

Radiotherapy in combination with chemotherapy is used for borderline resectable
pancreatic cancer, and up to a third become resectable (50).

Adjuvant radiotherapy

There are conflicting results, and views, on the value of adding radiotherapy to
adjuvant chemotherapy in the treatment of resected pancreatic cancer, and it seems
as if chemoradiotherapy (CRT) is favoured in North America, while chemotherapy
is favoured in Europe. A large register based study found prolonged survival after
adjuvant CRT, as compared with chemotherapy (103), while a large meta-analysis
found no such benefit, but instead increased toxicity compared with chemotherapy
(104).

Palliative radiotherapy

Palliative radiotherapy for locally advanced pancreatic cancer is controversial as it
is believed to alleviate local symptoms, but may cause side effects without treating
microscopic metastases, which are common (105). In a recent study, induction
therapy with gemcitabine was given to patients with locally advanced tumours
without signs of metastases, and after the induction patients were randomised to
continuing with gemcitabine or receiving CRT. The study showed no benefit from
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CRT, however, it’s still not clear if there are subgroups in this setting that may
benefit from CRT (106). After this trial, CRT is used with caution in selected
patients with locally advanced pancreatic cancer.

Most patients with metastatic pancreatic cancer have many metastases, and
oligometastatic spread is uncommon. Radiotherapy can however relieve symptoms
in oligometastatic spread to bone, and possibly also prolong OS in oligometastatic
spread to the liver (107).

Personalized therapy

In standard clinical practice, there is yet no biomarker that is used to stratify
patients with periampullary adenocarcinoma for treatment with different
chemotherapeutic agents or targeted therapy. There are however several
theoretically druggable aberrations in pancreatic cancer including KRAS,
CDKN2A, ARID1A, BRCA1/2, PALB2, PIK3CA and BRAF (108).

BRCA1/2 mutations, PALB2 mutations and loss of ATM

The genome of pancreatic cancer can be very unstable, which leads to
heterogeneity within a single tumour and among its metastases (109). Such genetic
heterogeneity makes it difficult to find effective targets (102), but genomic
instability, as a sign of deficient repair, can also be a target (110). Retrospective
observations indicate that patients with germline BRCA mutations respond
unusually well to either platinum based chemotherapy, that cross links DNA, or
Poly(ADP-ribose) polymerase (PARP)-inhibitors, due to inefficient DNA-repair
(111-113). PARP 1&2 proteins detect and bind to single strand DNA breaks, with
subsequent DNA-repair, and PARP inhibitors thus cause single strand breaks to
evolve into double strand breaks, which is cytotoxic in cells without functional
BRCALI or -2. Tumours with wild type BRCA and inefficient DNA-repair through
other mechanisms, such as loss of ATM, also show increased sensitivity to PARP-
inhibition (114). Results from several phase II studies with PARP-inhibitors in
mainly breast and ovarian cancer with BRCA mutations are promising, and phase
III trials are ongoing (115), and similarly good responses have been seen in
germline BRCA mutations and pancreatic cancer (116). Studies have found BRCA
mutations in 4% of pancreatic cancer, but whole genome sequencing has shown
that 14% of pancreatic cancer has a highly unstable genome, thus increasing the
number of patients that could benefit from platinum based chemotherapy or
PARP-inhibition (110). PALB2 binds to BRCA2 and thus also has a role in DNA
repair. It is mutated in 3% of familiar pancreatic cancer (35), but only in 0.4% of
pancreatic cancer in general (33).
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HER?2 mutations and amplifications

NGS has revealed several activating and druggable HER2 mutations, in addition to
amplifications, that seem to be particularly common in duodenal and extrahepatic
bile duct cancer, with a frequency of approximately 25% and 20%, respectively
(117), and trials on HER2-mutated cancer are ongoing.

KRAS mutations

Inhibition of MEK, a protein kinase downstream of KRAS, has shown response in
a few cases of advanced pancreatic cancer in early phase trials, but the overall
effect has not been better than from gemcitabine (108).

ARIDIA

ARIDI1A4 mutations frequently co-occur with increased activity in the PI3K/AKT-
pathway, and indicate an increased sensitivity for AKT-inhibitors and PI3K-
inhibitors (118).

PIK3CA

PIK3CA mutations cause constitutive activation of the PI3 kinase and downstream
activation of the AKT pathway. As a consequence, COX-2 is upregulated, and
PIK3CA mutations could thus theoretically identify potential responders to COX
inhibition. In a retrospective study, regular intake of aspirin, but not the NSAID
rofecoxib, was associated with a prolonged recurrence-free survival (RFS) in
resected colorectal cancer with PIK3CA mutation, compared with wild type (119).

Activation of the AKT-pathway, by PIK3CA4 mutations, could theoretically also be
targeted by inhibitors of AKT.

BRAF

Inhibition of mutated BRAF (V600E) is a successful biomarker guided treatment
in metastatic malignant melanoma, but not in V600OE mutated colorectal cancer,
due to upregulation of EGFR after BRAF-inhibition, through activation of MEK.
Consequently, simultaneous inhibition of BRAF and EGFR, or MEK and EGFR,
has inhibited cell growth and induced apoptosis in V60OE mutated colorectal
cancer (120). Ongoing trials on colorectal cancer show promising results from
combinations of MEK-inhibitor, BRAF-inhibitor and anti-EGFR antibody (121).

P53 and Weel inhibition

Tumours with inactivated P53 have deficiencies in the G1-S checkpoint, and
therefore depend more on the G2-M checkpoint to halt cell division. Weel
counteracts (G2 transition by inhibitory phosphorylation of cyclin-dependent
kinase 1, and Weel-inhibition can thus cause premature mitotic entry and
increased vulnerability to DNA-damaging agents in P53 deficient tumours (122).
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P53 and MDM?2 inhibition

Tumours with wild type p53 often have increased levels of MDM2 that inhibit the
tumour supressing features of pS3 (123). Several different MDM2 inhibitors are in
early phase clinical trials (124), and seem most effective in tumours with
amplification of the MDM?2 gene. Amplification of MDM?2 has been found in 7-
10% of cases in a wide range of malignancies, most frequently in sarcomas (125,
126). MDM?2 amplification has been shown in 9% of colorectal cancer, with an
association to metastatic disease (127) and in 42% in a small cohort of gastric
cancer (128), but not in pancreatic cancer (125).

Mutations, deletions and amplifications

The most commonly reported mutated genes in pancreatic cancer are the oncogene
KRAS, and the tumour suppressors P53, CDKN2A, and DPC4 (108). During the
development of preinvasive pancreatic neoplasia, KRAS mutations and HER?2
overexpression are the earliest alterations, followed by p16 inactivation and later
loss of function of p53, DPC4 and BRCA2 (129). In addition to inactivating
mutations, the tumour suppressor genes are commonly inactivated by deletions
and promoter methylations.

Mutations are more common in pancreatic cancer of smokers as compared with
non-smokers, but not in the major driver genes (130).

KRAS

Activating KRAS mutations are considered very common in pancreatic cancer, and
based on studies with mutations in 71-93% (131-134), it is often said that 90% of
pancreatic cancer cases harbour KRAS mutations (135, 136). However, the largest
collection of mutation data, the COSMIC database, reports a lower incidence; 70%
out of 5832 cases (33). This database also reports KRAS mutations in 29% of
ampullary adenocarcinoma, while a cohort of 140 ampullary adenocarcinomas had
activating KRAS mutations in 40% (137). The COSMIC database further describes
KRAS mutations in 24% of bile duct and 32% of duodenal adenocarcinoma (33).
In a large cohort with small bowel adenocarcinoma, KRAS mutations were seen in
43% of cases (138).

KRAS protein bound to guanosine triphosphate (GTP) gives signals that regulate
cell activities such as proliferation, differentiation, apoptosis, and cell migration
(139). Mutated, oncogenic KRAS has a key role in the initiation of pancreatic
cancer (129). Activating KRAS-mutations are however not sufficient for
transformation, as exemplified by mutated KRAS found in healthy individuals and
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KRAS-mutated mice developing tumours from only a fraction of the affected cells.
The KRAS activity thus has to reach a certain level before it can lead to neoplasia,
which is supported by experiments demonstrating that upstream signalling from
e.g. EGFR can increase the rate at which a tumour is formed, even when KRAS is
constitutionally active (140). There are also examples of small bowel
adenocarcinoma with concurrent activating mutations in KRAS and HER2 (138).

KRAS mutations in codon 12 have been demonstrated to be an adverse factor for
OS in advanced pancreatic cancer, as compared with wild type KRAS, but not
predictive in regard to treatment with erlotinib (141), and specific KRAS mutations
in codon 12 have been associated with a shorter OS in resected pancreatic
adenocarcinoma (142).

PS3

Inactivating mutations in the tumour suppressor P53 are found in 44% of
pancreatic, 34% of bile duct and 27% of duodenal adenocarcinoma in the
COSMIC database, but are less studied in ampullary adenocarcinoma (33). In
small bowel adenocarcinoma, P53 mutations are seen in 41% of cases (138).
Inactivating P53 mutations lead to loss of its anti-proliferative properties, but also
to gain of metastatic potential, by enabling transcription of platelet-derived growth
factor receptor b (PDGFRb) (143). In addition to frequent mutations, wild type
P53 is inactivated in many cancers by MDM2 through either MDM?2 gene
amplification or posttranscriptional stabilization (144). P53 mutations are
associated with poor prognosis in several types of cancer (145), as well as
resistance to chemotherapy (146).

CDKN2A

CDKN2A4 is the most frequently altered tumour suppressor gene in pancreatic
adenocarcinoma, with loss of protein function in 90% of cases, due to promoter
methylation, biallelic loss or mutation and loss of the other allele (147-149).

Mutations in the CDKN2A4 gene are seen in 13% of pancreatic, 17% of biliary tract
and 23% of ampullary adenocarcinoma in the COSMIC database (33), affecting its
two most known gene products, the tumour suppressors pl6 and pl4arf, that have
a regulatory role in the cell cycle by stabilizing the tumour suppressor Rb
(retinoblastoma) protein and activating P53 by inhibiting MDM2 (150).

Loss of P16 has been shown to be prognostic in colorectal cancer, but not
independent of general hyper-methylation of promoters (151).
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DPC4

Loss of DPC4 expression is seen in 50% of cases of pancreatic cancer, with
inactivating mutations in 20% (108), and deletions in another 30% (152). DPC4
loss is considered less common in other tumour types (152), but
immunohistochemical (IHC) evidence of loss is seen in approximately 50% of
other periampullary adenocarcinoma (153) and distal bile duct adenocarcinoma
(154), but without significant associations with prognosis. In a cohort of ampullary
adenocarcinoma, there was IHC loss of DPC4 in 36% of I-type tumours and in
40% of PB-type tumours, indicating no obvious difference between the
morphological types regarding DPC4 (137). DPC4 mutations have also been
described in 10% of small bowel adenocarcinoma (138).

Signalling in the transforming growth factor beta (TGF beta) pathways has both
oncogenic and tumour suppressing features, with the latter often being inactivated
in cancer (155), and loss of the tumour suppressor DPC4 is one of the mechanisms
behind the increased oncogenic properties of TGF beta (155, 156). Loss of DPC4
increases the metastatic potential (157), and is an independent factor for shorter
RFS and OS in resected pancreatic cancer (158). IHC assessment of DPC4 status
mirrors inactivation at the genetic level, and, negative IHC staining can be
regarded as a marker of metastatic potential (153). Tumours with loss of DPC4
expression often have missense mutations in P53, suggesting that during
carcinogenesis, some remaining P53 activity can select for DPC4 loss (159).

Less frequent genetic events

CCND1, an oncogene coding for cyclin D1, is overexpressed in many types of
cancer where it facilitates cell cycle progression, decreased dependence on
extracellular anchoring signals and overriding of the effect of inhibitory proteins
such as P16 (145). Overexpression of cyclin D1 has been described in 70-80% of
pancreatic cancer, corresponding to a shorter survival (146). CCNDI amplification
has been reported in 7% of ampullary tumours of both morphologies (147).

HER3 mutations have been described in 11% of ampullary adenocarcinoma,
equally distributed between PB- and I-type tumours (91), but only in 1% of
extrahepatic bile duct cancer (160), and even more seldom in pancreatic cancer
(33).

Activating HER2 mutations have been found in 16% of duodenal adenocarcinoma,
but only in a few percent of more distal small bowel adenocarcinoma (138). HER?2
mutations have been seen in 4% of extrahepatic bile duct cancer (160), and in 1%
of pancreatic cancer (33).
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The tumour suppressor ELF3 has been found to be mutated in 15% of ampullary
adenocarcinoma, and to be mutually exclusive with CDKN24 mutations (91).
ELF3 mutations have also been found in 5% of biliary tract adenocarcinoma (160),
but seldom in pancreatic cancer (33).

ARIDIA is a tumour suppressor that collaborates with p53 to regulate
transcription of CDKNIA (P21) and SMAD3 (161). It has been found to be
mutated in 4%, and underexpressed in 16% of pancreatic cancer, and mutated in
20% of biliary tract cancer (33).

Mutations in BRCA2 have been found in 3-4% of unselected cases of pancreatic
cancer (29), and in 4% of extrahepatic bile duct cancer (160), but are less
examined in adenocarcinomas of the ampulla and duodenum (33).

BRCAI mutations are described in 1% of pancreatic (33), and 1% of extrahepatic
bile duct adenocarcinoma (160).

ATM collaborates with BRCA1 in DNA double-strand break repair, and somatic
mutation or loss has been reported in 8% of sporadic pancreatic cancer (134).

PIK3CA mutations are seen in 10% of small bowel adenocarcinoma (138), in 4%
of extrahepatic bile duct cancer (160) and in 2% of pancreatic cancer (33).

BRAF mutations are described in 7% of small bowel adenocarcinoma (138), but
are uncommon in extrahepatic bile duct cancer (160) and in pancreatic cancer (33).

TGFBR2 mutations are common in colorectal cancer displaying MSI, and have
been described in 5.5% of pancreatic adenocarcinoma (142), and in 4% of
extrahepatic bile duct cancer (160) but are less examined in duodenal cancer.

EGFR mutations have been reported in 4% of pancreatic cancer (142), but only in
0.4% of pancreatic cancer in the COSMIC database (33).

GNAS mediates the effect of several hormones, and is involved in different
hormone-dependent tumours (162). GNAS mutations are common in intraductal
papillary mucinous neoplasia (IPMN) of the pancreas and in adenocarcinomas
associated with IPMN (163), and have also been recorded in 4% of a consecutive
series of pancreatic adenocarcinoma (142), and in 4% of small bowel
adenocarcinoma (138).

NRAS mutations are described in 1% of small bowel adenocarcinoma (138).

APC is a tumour suppressor that regulates beta catenin concentrations and
interacts with E-cadherin. It is commonly inactivated in colorectal cancer.
Mutations in APC have been seen in 1% of pancreatic adenocarcinoma (142) and
in 13% of small bowel adenocarcinoma (138).
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Histopathology of periampullary adenocarcinoma

Tumour origin in periampullary adenocarcinoma

The basis for current classification of adenocarcinomas is tumour origin. This
assessment is mainly anatomical, since histologic tumour centre is the most
reliable sign of tumour origin. Periampullary adenocarcinomas often invade and
sometimes fully overgrow adjacent structures, and sometimes also imitate the
epithelium of the invaded structure (164), which explains why e.g. cancer growing
in the duodenal mucosa is not synonymous with duodenal cancer. Pancreatic
cancer is often multifocal in the head of the pancreas, and is often associated with
chronic pancreatitis, while the other periampullary adenocarcinomas are often
rather well demarcated microscopically, with an obvious tumour centre in or
around that particular anatomical structure.

Evidence for a beneficial effect of adjuvant chemotherapy was present for
pancreatic adenocarcinoma earlier than for other types of periampullary
adenocarcinoma. There was thus a period when tumour origin was the basis for
decision if adjuvant chemotherapy would be administered or not. In recent years,
resected periampullary adenocarcinomas of different origins can enter study
protocols for adjuvant treatment, but tumour origin is still crucial for which study
a patient can enter.

In patients with non-resectable tumours, a morphological diagnosis by fine needle
aspiration, core needle biopsy or surgical biopsy is necessary before palliative
chemotherapy can be given. The main objective in this situation is to establish a
cancer diagnosis. In addition to a cancer diagnosis, these often sparse cytological
or histological specimens can sometimes help differentiate between PB- and I-type
of periampullary adenocarcinoma, but are insufficient for determining tumour
origin.

When a periampullary tumour presents without signs of distant spread or
overgrowth on nearby structures, thus being resectable, an anatomical and
histological assessment of tumour origin can be made on the surgical specimen.
Both statistics and reason tell us that pancreatic origin dominates among the non-
resectable tumours. In resected periampullary adenocarcinoma, however,
assessment of tumour origin is essential for proper stratification of risk,
participation in clinical studies and for basic studies on tumour biology and
genetic profiles. The assessment of tumour origin can however be difficult (165,
166), and a large variation in proportions of tumour origin between studies on
resected periampullary adenocarcinoma indicate that different pathologists
evaluate the histopathology differently (167, 168). Blind revisions of slides also
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often result in reclassification of tumour origin, with a substantial increase of distal
bile duct origin (167). A more extensive pathology protocol also appears to
identify a larger proportion of tumours of non-pancreatic origin compared with
non-standardized protocol (167-169). The proportion of operated cases with lymph
node metastasis (N1) in a series can possibly be used as a surrogate measure for
the thoroughness of the pathology examinations. A high percentage of N1 in a
cohort also seems to be associated with a higher fraction of non-pancreatic origin
(169). Also the fraction of cases with involved margins might serve as a marker
for thoroughness, but comparisons between series are not always possible due to
different definitions of involved margins. The observation that tumour origin to
some degree depends on the pathology assessment, has implications on prognosis,
since classification of non-pancreatic adenocarcinomas (especially I-type
adenocarcinomas) as pancreatic can “produce” long term survivors. In a very
thorough study on 4922 patients that, according to the Finnish Cancer Registry,
were diagnosed with pancreatic cancer during a 7-year period, 89 patients (1.8%)
survived 5 years after diagnosis. On thorough evaluation of pathology reports and
slides, pancreatic cancer could however only be confirmed in 10 cases (0.2%),
which suggests that the 5-year survival rate is 0.2% rather than 1.8% (3). These
figures are in sharp contrast to data from cancer registers in the USA, with 5-year
OS in pancreatic cancer reaching 7% (1). Also cancer statistics from Korea show
that between the periods 1993-1995 and 2003-2007, there was an increase in the
fraction of patients surviving 5 years in all measured cancer types, except
pancreatic cancer, where S5-year survival decreased from 9-10% to 7.6% (170).
The cause of this apparent worsening of the prognosis in Korea is not known, but
one explanation may be alterations of diagnostic criteria.

Pancreatic adenocarcinoma

Pancreatic adenocarcinoma is often referred to as “ductal cancer” or “ductal
adenocarcinoma”. From a histological viewpoint it is however not surprising that
an adenocarcinoma contains duct-like structures, and there is no particular non-
ductal pancreatic adenocarcinoma that one conceptually needs to separate from the
“ductal”. As a comparison, in breast cancer, the concept of ductal and lobular
adenocarcinoma has a histological and molecular foundation, and clinical
implications. In this thesis, adenocarcinoma emanating from the pancreas is called
pancreatic adenocarcinoma, thus excluding metastases, non-adenocarcinomas and
non-invasive pancreatic neoplasms.

Seventy-five percent of pancreatic adenocarcinoma occurs in the head of the
pancreas, and the remaining 25% are equally distributed between the body and tail
(49). At diagnosis, 50-60% have stage IV disease, with evidence of metastases
beyond local lymph nodes; 30-40% has stage III disease, with locally advanced
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growth without evidence of metastases and the remaining 10-20% are resectable
(49, 50).

In resected pancreatoduodenectomy specimens, pancreatic adenocarcinoma is
seldom well demarcated with surrounding microscopically normal pancreatic
parenchyma. Instead, these tumours are often intermingled with chronic
pancreatitis and often have a multifocal appearance. The tumours often invade the
distal bile duct, and sometimes also the papilla of Vater and/or duodenum.

Distal bile adenocarcinoma

A distal bile duct adenocarcinoma operated with pancreatoduodenectomy has its
origin in the common bile duct (ductus choledochus) or in the distal part of the
common hepatic duct (ductus hepaticus communis). Sometimes these
adenocarcinomas are small and localized, most likely due to early detection after
disturbance in the flow of bile, but often invade surrounding pancreatic
parenchyma. They often grow both circumferentially around and longitudinally
along the bile duct.

Ampullary adenocarcinoma

Tumours in the papilla of Vater, which protrudes into the duodenum, or its
intramural part, the ampulla, are often referred to as ampullary tumours.
Adenocarcinomas in this location can be well circumscribed or very infiltrative,
but a tumour centre in the ampulla is microscopically often obvious.

The rate of resectability of ampullary adenocarcinoma is reported to be 82-89%
(56, 171, 172), which explains how this uncommon tumour can constitute a
substantial fraction of resected periampullary adenocarcinoma.

A semantic aspect of the concept of “periampullary” is that a small ampullary
tumour does not need to have any periampullary extension. That view does
however not help communicating the pathologic findings, and most authors regard
all ampullary tumours as belonging to the periampullary group.
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type

Pancreatobiliary
type

Figure 1
Distribution and examples of morphology of I-type and PB-type periampullary adenocarcinoma.

Duodenal adenocarcinoma

Small bowel adenocarcinoma is uncommon, and 50-75% is located in the
duodenum (45-47). Approximately 75% of duodenal adenocarcinomas are located
in the descending part of the duodenum (59), and a large fraction of small bowel
adenocarcinoma is thus periampullary. The possibilities of a preoperative
endoscopic assessment of duodenal adenocarcinomas often make the preoperative
diagnosis clear. From a histologic and anatomic viewpoint an exophytic ampullary
adenocarcinoma can look very similar to its duodenal counterpart, and assessing
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tumour centre is the reasonable way of deciding on tumour origin. Resectability
rates of duodenal adenocarcinoma are reported around 65% (59, 173).

Pancreatobiliary and intestinal morphological subtypes

During the last years, the distinction between PB- and I-type morphology in
periampullary adenocarcinoma has evolved from a histological curiosity to a
parameter with prognostic relevance (92), that also reflects tumours with different
molecular profiles (91, 174). The anatomical basis for different types of ampullary
adenocarcinoma was outlined in 1913 by Outerbridge (175) and the two basic
morphologies, with different prognosis, were described by Kimura in 1994 (176).
Since then, a shorter survival in PB-type tumours, as compared with I-type, has
been described in several cohorts of either ampullary or periampullary
adenocarcinoma (92, 177-181). The need for a morphological sub-classification of
periampullary adenocarcinoma is most evident in ampullary tumours, where both
histologic types are common (Figure 1). I-type morphology, with a corresponding
better prognosis, has however also been described in distal bile duct and pancreatic
adenocarcinoma (177, 182). The microscopic assessment of histologic type can be
difficult and inter-observer agreement can be poor, especially when introducing a
third category (183), often called “mixed” or “other”. Inter-observer variability
can also be suspected from the varying proportions of tumour types in ampullary
adenocarcinoma (92, 137, 176-181, 184-188) (Table 1), while larger series on the
full spectrum of periampullary adenocarcinoma report 20-37% I-type and 49-63%
PB-type (92, 177, 178). Despite the difficulties in assessing morphological type,
this dichotomisation has been a major step in the field of periampullary
adenocarcinoma, and it has been proposed that morphological type, rather than
anatomical centre, should be the basis for classification (179).

Tumour stage (T-stage)

Tumour stage describes how advanced a tumour is locally, with T1 being the least
advanced stage and T4 being the most advanced stage. The classification schemes
of periampullary adenocarcinoma differ depending on tumour origin. A duodenal
cancer invading the pancreas equals T4, while an ampullary counterpart with
pancreatic invasion equals T3. Ampullary adenocarcinomas invading
peripancreatic fat are classified as T4, while invasion of peripancreatic fat does not
alter T-stage for distal bile duct and pancreatic cancer (189).

Shorter survival with increasing T-stage has been reported in cohorts of
periampullary adenocarcinoma (177), distal bile duct adenocarcinoma (190),
ampullary adenocarcinoma (179, 180), and pancreatic adenocarcinoma (191).
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Table 1.
Morphological type in ampullary adenocarcinoma

Kimura, 1994 53 72% 25% 4%
De Pavia Haddad, 2010 97 48% 44% 7%
Kumari, 2013 91 47% 38% 14%
Carter, 2008 118 45% 46% 9%
Romiti, 2012 19 42% 58% -
Matsubayashi, 1999 52 42% 58% -
Westgaard, 2013 61 39% 61% -
Bronsert, 2013 40 37.5% 45% 17.5%
Perrone, 2010 41 34% 49% 17%
McCarthy 2003 165 31% 57% 12%
Lowe, 2009 45 31% 29% 40%
Elebro, 2014 (paper ) 70 27% 73% -
Baumhoer, 2008 175 24% 49% 27%

For cohorts with all periampullary tumour origins, only ampullary adenocarcinoma is shown.

Lymph node involvement (N-stage)

For adenocarcinomas of the pancreas, distal bile duct and ampulla, regional lymph
node metastases are classified as either present (N1) or absent (NO), whereas
lymph node metastases from duodenal adenocarcinoma are classified similarly to
colorectal cancer, with 1-3 regional lymph node metastases (NI1) being
differentiated from 4 or more (N2) (189).

Presence of lymph node metastases is often reported as an independent factor of
poor prognosis in cohorts of periampullary (55, 89, 92, 169, 177, 182, 192-196),
pancreatic (191, 197), distal bile duct (58, 190, 198), and ampullary
adenocarcinoma (179, 180, 199).

Survival in resected NO periampullary adenocarcinoma is better for cases with a
higher number of investigated lymph nodes, up to around 20 lymph nodes, and 10-
15 has been suggested as a minimum requirement to accurately reflect NO-disease
in the full spectrum of periampullary adenocarcinoma (200), and in pancreatic
adenocarcinoma (201). In pancreatic cancer, a ratio between the number of
involved lymph nodes and the total number of lymph nodes (lymph node ratio) can
give more prognostic information than N-stage alone (202, 203).
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Tumour size

Larger tumour size has been associated with shorter survival in cohorts of
periampullary (55, 92, 182), or pancreatic cancer (197, 203).

Differentiation grade

Pancreatic cancer often has areas with different microscopic appearance, and
differentiation grade is based on the poorest available differentiation grade (204).

A very large register study on resected pancreatic cancer (n=12,101) reported 36%
with poor differentiation, and no association to survival in multivariable analysis
(HR 1.01, 95% CI 0.90-1.13) (191), whereas several other studies on either
periampullary, pancreatic, distal bile duct or ampullary adenocarcinoma found a
shorter survival in cases with poor differentiation (58, 179, 194-196, 199, 203,
205). In another very large register based cohort on resected pancreatic cancer
(n=7,086), with 37% poorly differentiated tumours, grade gave additional
prognostic information in all stages and influenced survival more than lymph node
metastases or tumour size (206).

Invasion of lymphatic vessels

Invasion of lymphatic vessels has been predictive of survival in ampullary
adenocarcinoma (179, 180, 199), and in periampullary adenocarcinoma (177).

Invasion of microscopic blood vessels

Several reports on microscopic blood vessel invasion and prognosis after resection
for pancreatic adenocarcinoma have found a shorter survival in cases with blood
vessel invasion, reviewed in (207). A shorter survival has also been demonstrated
in resected ampullary adenocarcinoma (199), and in cohorts of periampullary
adenocarcinoma (92, 177, 182).

Perineural growth
Several reports on perineural invasion and prognosis after resection for pancreatic
adenocarcinoma have found a shorter survival in cases with perineural invasion,

reviewed in (207). Also in resected ampullary adenocarcinoma, survival has been
shorter in cases with perineural tumour growth (179, 208).
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Invasion of peripancreatic fat

Invasion in peripancreatic fat is an important factor in ampullary adenocarcinoma,
since it raises the tumour stage to T4, but this parameter is seldom analysed as a
separate parameter. In one study on pancreatic adenocarcinoma however, invasion
of peripancreatic fat was an independent factor for shorter OS (209).

Margins

Local recurrence has been found to occur in around 80% of patients resected for
pancreatic (210-212) or periampullary cancer (172), which indicates residual local
disease after resection, and also suggests that tumour growth can be found in or
close to margins in the specimen in a comparable fraction of cases. The reported
fraction of cases with microscopically involved margins have however often been
substantially lower, and sometimes as low as 15% in pancreatic cancer (191), and
0 mm is likely the threshold between involved and uninvolved margins in these
series. Although this very low fraction of involved margins was prognostic for
survival in a large register based cohort, the survival did not differ from cases with
macroscopically involved margins. A more powerful prediction of prognosis has
been reported in series making a thorough investigation of margins using 1 mm as
a cut-off for involved margins (213, 214). It is noteworthy that the fraction of
pancreatic or PB-type tumours with involved margins in these cohorts is close to
80%, and thus very similar to the incidence of local recurrence after resection.
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Investigative prognostic and
predictive biomarkers

SATB1

Special AT-rich sequence-binding protein 1 (SATB1) organizes the genome by
regulating region-specific epigenetic modifications, and thus controls the
expression of a large number of genes (215-217).

SATBI1-expression has been demonstrated to confer a more aggressive tumour
phenotype and a shorter patient survival in several cancer forms, e.g. breast cancer
(215), prostate cancer (218), laryngeal squamous cell carcinoma (219),
nasopharyngeal cancer (220), hepatocellular carcinoma (221), rectal cancer (222),
cutaneous malignant melanoma (223), epithelial ovarian cancer (224), glioma
(225) and gastric/oesophageal adenocarcinoma (226, 227).

Before paper II (228), there were no publications on the expression and prognostic
correlates of SATB1 in any of the periampullary adenocarcinoma types.

SATB2

SATB2 (Special AT-rich sequence-binding protein 2), a close homologue to
SATBI, is involved in osteoblast differentiation and craniofacial patterning (68,
69), and has been demonstrated to be abundantly expressed in normal colorectal
mucosa and colorectal adenocarcinomas, but more sparsely in other types of
carcinomas (70). Low or absent SATB2-expression has further been shown to be a
marker of malignant behaviour and poor prognosis in colorectal cancer (71, 72),
whereas high expression correlated to a better response to neoadjuvant
chemotherapy in rectal cancer and neoadjuvant/adjuvant chemotherapy in stage
III-IV colorectal cancer (73).

Before paper I, the expression of SATB2 had been described to be negative in all
of 25 examined pancreatic adenocarcinomas and in all but one of 15 examined bile
duct adenocarcinomas in a large screening study on normal and cancerous human
tissue (229). However, the expression of SATB2 had not been described in
ampullary or duodenal adenocarcinoma.
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Deoxycytidine and gemcitabine. This figure consists entirely of information that is common property and contains no
original authorship. No copyright.

hENT1

Human equilibrative nucleoside transporter 1 (hENT1) provides the major route
for nucleosides and gemcitabine (Figure 2) to enter a cell, and is one of the most
extensively studied biomarkers in the context of gemcitabine response in
pancreatic cancer (Figure 3). High expression of hENT1 has been predictive of
gemcitabine response in large cohorts and meta-analyses of pancreatic cancer
(230-232), but has been little studied in other periampullary adenocarcinoma. In a
small cohort of patients with ampullary adenocarcinoma, who did not receive
adjuvant chemotherapy, hENT1 expression was found to be higher in I-type than
in PB-type tumours (186), and to be associated with a shorter OS (233).
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Figure 3
Gemcitabine metabolism

dCK

Deoxycytidine kinase (dCK) is a deoxyribonucleoside kinase that by
phosphorylating deoxyribonucleosides enables their incorporation into DNA,
thereby providing an alternative to de novo synthesis of DNA precursors.
Gemcitabine is a nucleoside analogue in which two hydrogen atoms are replaced
by fluorine atoms, and phosphorylation by dCK is a rate-limiting and required step
before incorporation of gemcitabine into DNA, and subsequent masked chain
termination and apoptosis (234). Expression of dCK is required for gemcitabine
sensitivity and cell lines with induced resistance show decreased dCK RNA levels,
while influx of gemcitabine into the cells is unaffected (235). High dCK
expression has been associated with longer OS in patients treated with adjuvant
gemcitabine, but not in untreated patients (231), and a meta-analysis found that
either high protein or gene expression of dCK predicted a longer OS and RFS in
gemcitabine treated patients with pancreatic cancer (232). However, another study
on pancreatic cancer found an association between dCK protein expression and
better response to 5-FU, but not to gemcitabine (236).
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Before paper III (237), there were no publications on the prognostic or predictive
value of dCK in I-type periampullary adenocarcinoma, even though many of these
patients receive adjuvant gemcitabine or 5-FU.

HuR

Human antigen R (HuR) is an RNA-binding protein that performs
posttranscriptional regulation of several proteins in response to stress or growth
signals, thereby stabilizing mRNAs related to proliferation, angiogenesis and
evasion of apoptosis (238, 239). Cytoplasmic HuR is also increased in malignant
cells as compared with corresponding normal cells, and has been found to be
associated with adverse clinicopathological factors and a shorter OS in several
different cancer forms (240), e.g. gastric cancer (241), gallbladder cancer (242),
breast cancer (243), urothelial cancer (244) and non-small cell lung cancer (245).
In pancreatic cancer, however, two small studies found high HuR expression to be
associated with a longer OS in patients treated with gemcitabine, and HuR was
also demonstrated to bind dCK-mRNA, which might explain a greater sensitivity
to gemcitabine in tumours with high levels of HuR (246, 247). Low nuclear HuR
expression has not been associated with prognosis or prediction of response to
chemotherapy, but a high cytoplasmic to nuclear ratio of HuR has been associated
with a shorter OS colorectal cancer (248).

Before paper IlI, there were no reports on the expression and prognostic correlates
of HuR in I-type periampullary adenocarcinoma.

EGFR, HER2 and HER3

Members of the HER (human epithelial growth factor receptor) family of tyrosine
kinase receptors are essential for human development and growth, and they are
overexpressed in several human cancers. They consist of four closely related
transmembranous molecules, EGFR (HER1), HER2, HER3 and HER4. There are
several HER-ligands, including epidermal growth factor (EGF), transforming
growth factor-a (TGF-a), and neuregulins (249). The affinity for HER-ligands
differs between members of the family, and ligand binding causes hetero- or
homodimerization of receptors and intracellular transphosphorylation, which
activates several intracellular signalling-cascades important for cell survival,
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Figure 4
EGFR, HER2, HER3 and HER4 dimerization and signalling.

proliferation and growth. Combinations of HERs give dimers that vary in stability,
affinity for their ligands and activation of different signalling cascades (250)
(Figure 4).

EGFR

EGFR is often highly expressed in pancreatic cancer, and was associated with
worse prognosis in a meta-analysis on pancreatic cancer (251), although several
studies did not find any prognostic effect of EGFR expression on OS (252-254).
EGFR expression has also been shown to be more common in PB-type than in I-
type ampullary adenocarcinoma (255), and overexpression has been associated
with shorter OS in I-type but not in PB-type tumours (256).
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There are several drugs, targeting either the extracellular domains or the
intracellular tyrosine kinase domains of the HERs, that give survival benefits in
selected cases of breast, colon, gastric and lung cancer (250), and combinations of
HER-active drugs have been shown to further improve survival compared with
single HER-therapy (257). Addition of the EGFR tyrosine kinase inhibitor
erlotinib to gemcitabine led to an increased OS in a study on patients with
advanced pancreatic cancer (101), the improvement was however modest and
erlotinib is therefore rarely used for pancreatic cancer in clinical practice. Other
EGFR active drugs have not led to a prolonged OS, when added to standard
chemotherapy (250).

HER?

The reported rates of HER2 overexpression in pancreatic cancer, defined as 3+ in
IHC staining or gene amplification by in situ hybridization (ISH), vary from 0%-
11% (258-265). Similarly to other tumour types, high expression of HER2 in
pancreatic cancer has been associated with a shorter survival (266), but other
studies have found the opposite (267). Addition of trastuzumab to gemcitabine in
metastatic pancreatic cancer overexpressing HER2 (2+ or 3+) gave no clear
survival benefit compared with the expected survival upon gemcitabine alone
(268).

In tumours of the ampulla, distal bile duct and gall bladder, the frequency of
HER?2 overexpression has been low, and comparable to pancreatic cancer in a few
small studies (258, 259, 265), whereas larger studies have found overexpression in
6-13% of ampullary tumours (188, 269), and in 23% and 17% of tumours of the
bile duct and gall bladder (270). There is a single case report on HER-targeted
treatment in advanced ampullary adenocarcinoma with HER2 overexpression
(271), but to date not yet any larger series or trials.

HER3

HER3 has a deficient intracellular kinase domain, but heterodimerization with
other HERs leads to intracellular survival signals (250). Oncogenic HER3
mutations are found in 11% of colorectal and gastric cancer, but less often in other
types of cancer, and leads to oncogenic signalling when expressed together with
HER2 (272). HER3 mutations have also been found in 11% of ampullary
adenocarcinoma, equally distributed between PB- and I-type tumours (91).
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The present investigation

Aims

The main objective of this thesis (paper I-IV) was to create and characterize a
cohort of periampullary adenocarcinoma, and to study potentially prognostic or
predictive biomarkers using tissue microarrays (TMA).

Specific aims

To assess if a standardized method of sectioning pancreatoduodenectomy
specimens affects decision on tumour origin and margin status, and to
assess how blind revisions of slides affect these parameters.

To generate a consecutive study cohort of resected periampullary
adenocarcinomas, with detailed information on histopathological
parameters, neoadjuvant, adjuvant and palliative oncological treatments,
recurrences and death.

To build a TMA, with tumour material from all primary tumours and
selected lymph node metastases, from the cohort.

To examine the expression and prognostic implications of SATB1 and
SATB?2 in the cohort, with reference to morphological tumour type.

To examine the expression and prognostic implications of hENT1, HuR
and dCK in the cohort, with reference to morphological tumour type.

To examine the expression and prognostic implications of EGFR, HER2
and HER3 in the cohort, with reference to morphological tumour type.
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Material and Methods

Date of surgery and data on the original pathology report were obtained from the
pathology reports.

All haematoxylin & eosin slides were revised in a blinded manner. When present,
slides with IHC stains were not revised.

Data on neoadjuvant therapy, adjuvant therapy, date and place of first recurrence
and date of death were obtained from patient records. Data on survival, and date of
death were also gathered from the Swedish National Civil Register.

Paraffin blocks with TMAs were constructed using three 1mm cores from each
primary tumour, from at least two different blocks of formalin fixed paraffin
embedded tissue. Up to three 1 mm cores were also obtained from paired lymph
node metastases (figure 5).

IHC stains were performed on 4 micrometre thick sections of the constructed
TMA-blocks.

Different models of assessing the IHC stainings were used for different antibodies
in paper II-1V, to assess the expression of the proteins of interest.

All statistical calculations were performed using SPSS. For comparisons of levels
of annotated expression of one protein between tumour types or between primary
tumours and metastases, t-tests were done. To assess associations between the
expression of different proteins and other parameters, Chi-square-tests were done.
To evaluate the associations between annotated expression of a protein and
survival, Kaplan Meier and log-rank analyses were performed. To confirm
differences in survival between groups, Cox regression analyses were done, both
without taking the distribution of other factors into account (univariable analysis)
and taking into account the distribution of selected parameters that may affect
survival (multivariable analysis). In cases where survival seemed to depend on
combinations of a certain protein expression and adjuvant chemotherapy, the
interaction was assessed using constructs of protein expression (+/-) x adjuvant
chemotherapy (+/-) in relation to survival, using univariable Cox regression
analysis.
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Figure 5
Construction of a tissue microarray. Cores from several donor blocks with paraffin embedded tissue are arranged in a
matrix in a recipient paraffin block, from which multiple sections can be made.
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Summary of Results and Discussion

Paper I

Post re-evaluation of tumour origin showed a significantly higher proportion of
distal bile duct origin (39% vs 21%) and a lower proportion of ampullary origin
(26% vs 45%) in the standardized group as compared with the non-standardized.
Tumour origin is fundamental for which treatment protocol a patient can enter and
also has prognostic implications (167). It has also been shown previously that the
morphological distinction between PB- and I-type morphology has prognostic
implications, not only in ampullary adenocarcinomas, but in all periampullary
adenocarcinomas, regardless of tumour origin (182). Moreover, while differences
in the expression of cytokeratins and mucins according to morphology have been
observed in ampullary carcinomas (273), these differences seem to be less evident
in series stratified solely by the anatomical centre of the ampullary
adenocarcinomas (274). These findings suggest that morphological and molecular
tumour characteristics have a greater prognostic impact than the appreciated
tumour origin.

The re-evaluated number of involved lymph nodes, found by the pathologist in the
specimen, was significantly higher in the standardized group, but the proportion of
cases with involved lymph nodes (N1) did not differ significantly between the
standardized and the non-standardized group (72% vs 57%). Re-evaluation of
slides revealed N1 in 20% (14/70) of non-standardized cases assigned as NO in the
original report, and the fraction of non-standardized cases with N1 rose from 46%
to 57%. Previous reports on non-standardized series of resected periampullary
adenocarcinoma often describe less than 60% N1 (192-196, 275, 276), while our
standardized group and other standardized series describe over 70% N1 (213,
214).

Our standardized group had a significantly larger proportion of cases with
involved margins, as compared with the non-standardized group. Re-evaluation of
slides also increased the number of cases with involved margins in the non-
standardized group. Re-evaluations also rendered a large group of non-
standardized cases where margin status could not be fully assessed, due to sparse
sampling of margins. OS was significantly longer in the re-evaluated group with
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uninvolved margins as compared with the cases that had uninvolved margins
according to the original report.

Our results thus show that a standardized protocol can affect assessed tumour
origin, increase the number of involved lymph nodes and increase the fraction of
cases with involved margins. Re-evaluations of margin status can increase the
prognostic value of uninvolved margins.

Paper 11

In PB-type tumours, 15% of primary tumours and 17% of metastases expressed
SATBI, and 20% were positive in either the primary tumour or in a metastasis. In
I-type tumours, 25% were positive in either the primary tumour or in a metastasis.
There was a significant association between gemcitabine based adjuvant
chemotherapy and tumour origin within the PB-type tumours, and between
adjuvant chemotherapy and involved lymph nodes within the I-type tumours.
Except for these two factors, the distribution of patient and tumour characteristics
did not differ significantly between patients who had received or not received
adjuvant chemotherapy in neither of the histological subtypes.

In PB-type tumours, SATB1 expression was prognostic for a shorter RFS and OS,
and significance was retained in multivariable analysis for OS. When stratifying
for adjuvant gemcitabine, SATB1-positive cases receiving adjuvant gemcitabine
had a prolonged OS, compared with SATB1-positive cases not receiving adjuvant
gemcitabine, while there was no significant difference in OS between SATBI1-
negative cases receiving or not receiving adjuvant gemcitabine. The interaction
between SATB1 and adjuvant gemcitabine in relation to OS approached
significance (Pinteraction=0.0606).

In contrast to the PB-group, SATB1 expression was not prognostic for OS or RFS
in the full group of I-type tumours. When stratifying for adjuvant chemotherapy
there was no significant difference in RFS or OS between SATB1-negative cases
receiving or not receiving adjuvant chemotherapy, whereas SATB1-positive cases
had a prolonged RFS, and a tendency towards a prolonged OS, after adjuvant
chemotherapy, compared with SATBI1-positive cases not receiving adjuvant
chemotherapy. The interaction between SATB1 and adjuvant chemotherapy was
significant in relation to RFS (pinteraction=0.021).

Our finding of an association between SATB1 expression and poor prognosis in
PB-type tumours is in line with previous reports on several types of cancer. A
potential treatment predictive effect of SATB1 expression, seen in both PB- and I-
type tumours, has however not been described before, and merits confirmation,
both in a mechanistic context and in additional patient cohorts.
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SATB2 expression was present in 3% of PB-type tumours, and there were no
significant associations with clinicopathological parameters. Since SATB2-
expression was only seen in 3 out of 107 PB-type tumours, statistical analyses on
survival are hazardous to interpret. However, a significantly shorter OS and RFS
were observed for SATB2-positive cases, and this significance was retained in
multivariable analysis for both OS and RFS.

In I-type tumours, SATB2 expression was positive in 13% of cases, and there was
a significant association with growth in peripancreatic fat, but not with any other
clinicopathological factor. Expression of SATB2 was not prognostic, neither for
OS nor RFS, and there were no significant differences in survival between
SATB2-positive cases receiving or not receiving adjuvant chemotherapy, but, of
note, there were no recurrences or fatalities among SATB2-positive I-type cases
receiving adjuvant chemotherapy. This observation may suggest a similar
treatment predictive function for SATB2 in I-type tumours as observed for SATB1
and would also be in line with a previously described treatment predictive function
of SATB2 in colorectal adenocarcinoma (277).

Paper III

There was a higher expression of hENT1 and HuR, and a higher HuR C/N ratio in
I-type as compared with PB-type primary tumours, but no difference in expression
of dCK. There were no associations between the expression of dCK and HuR.

In PB-type tumours, hENT1 expression was inversely associated with poor
differentiation and dCK expression was not associated with any other parameter.
There were no associations between expression of hENT1 or dCK and survival,
which contrasts previous results in large cohorts on the response predictive value
of high expression of hENT1 or dCK.

A high HuR C/N ratio was associated with male sex, HuR expression and positive
or unassessable margins (R1-Rx vs. R0). HuR C/N ratio was not prognostic in the
full group of PB-cases, or in the subgroup that had not received adjuvant
gemcitabine. However, in patients that received adjuvant gemcitabine, a high HuR
C/N ratio was significantly associated with a reduced OS, and there was a
significant interaction between protein expression and adjuvant gemcitabine in
relation to OS, (Pinteraction=0.028), and a borderline significant interaction in relation
to RFS, (Pinteraction=0.053). This finding contrasts previous reports on two small
series of gemcitabine-treated patients with pancreatic cancer, where high HuR
expression was found to be associated with a prolonged survival (246, 247). The
finding is plausible, however, as HuR increases the expression of proteins related
to proliferation, angiogenesis and evasion of apoptosis, and thus promotes a more
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malignant phenotype. Our findings of an association between a high HuR C/N
ratio and worse prognosis also harmonize with a majority of reports on HuR in
other tumour types (240).

In I-type tumours, hENT1 expression was associated with HuR expression,
duodenal origin and larger tumour size, and inversely associated with growth in
lymphatic vessels. High hENT1 expression was an independent prognostic factor
for longer RFS. This finding contrasts previous reports on ampullary and gastric
cancer, where hENT1 expression was demonstrated to be associated with a shorter
survival (233, 278).

Expression of dCK was significantly associated with a higher proportion of
uninvolved margins, but not with survival in the full group of I-type tumours, or in
the adjuvant untreated subgroup. In the subgroup that received adjuvant therapy,
however, high dCK expression was significantly associated with a prolonged RFS
and the treatment interaction was significant (pinteracion=0.023). The corresponding
analysis could not be done for OS, as there were no fatalities among the nine
patients with high dCK expression having received adjuvant chemotherapy.
Several of the patients with I-type tumours had received adjuvant gemcitabine, but
there are indications that dCK also increases sensitivity to 5-FU (236). A potential
response predictive effect of dCK has not been described in this tumour type
before, and merits further study.

HuR expression was inversely associated with perineural growth. High expression
was associated with a significantly longer OS in the full group of patients with I-
type tumours, but significance was not retained in multivariable analysis. This
finding is somewhat surprising, and differs from reports on several other tumour
types and the concept of HuR as a positive regulator of malignant behaviour (240).
Our finding may however well be coincidental, as suggested by the inverse
association with perineural growth, together with non-significance in multivariable
analysis.

There were no significant associations between HuR C/N ratio and any
clinicopathological parameter, apart from HuR, in I-type tumours. A high HuR
C/N ratio was significantly and independently associated with a longer OS and
borderline significantly associated with a prolonged RFS.
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Paper IV

HER2 and HER3 were more often strongly expressed in I-type, as compared with
PB-type, periampullary adenocarcinoma. There were no HER2 3+ cases among
the PB-type tumours, compared with 6% in I-type tumours, and all HER2 3+ cases
were of ampullary tumour origin. Evaluable SISH confirmed that all 3+ cases had
a HER? gene amplification, and, in addition, one 2+ case of PB-type ampullary
adenocarcinoma was HER2 amplified. In total, HER2 overexpression (IHC 3+ or
SISH+) was found in 7% of ampullary adenocarcinoma (and in 8% of I-type
ampullary adenocarcinoma).

In PB-type tumours, there were no associations between high expression of HERs
and clinicopathological parameters. In I-type tumours, high EGFR expression was
associated with larger tumour size and high HER3 expression was inversely
associated with tumour stage, perineural growth, blood vessel invasion, growth in
peripancreatic fat and recurrence.

In I-type tumours, expression of EGFR was significantly associated with shorter
RFS and OS, and HER3 expression was significantly associated with longer RFS,
but these associations were not independent of other prognostic factors.

In PB-type tumours, high EGFR expression was not prognostic in the full group.
However, in strata of patients that had either received or not received adjuvant
gemcitabine based chemotherapy, EGFR expression had prognostic implications.
There was a significantly shorter RFS and OS in gemcitabine treated patients with
high tumour-specific EGFR expression, as compared with gemcitabine treated
patients with low tumour-specific EGFR expression. Correspondingly, a longer
OS after adjuvant gemcitabine was seen in cases with low EGFR expression, but
not in cases with high EGFR expression. In PB-type tumours, the interaction
between EGFR expression and adjuvant gemcitabine was significant in relation to
OS (Pinteraction=0.042). HER3 expression was not prognostic in PB-type tumours.

The potentially predictive effect of EGFR expression in PB-type periampullary
adenocarcinoma has not been described before, and should be interpreted with
caution due to the retrospective exploratory nature of the cohort and the
investigation, and since the risk for type I errors is not negligible after performing
multiple tests.

The finding of HER2 overexpression in 7% of ampullary adenocarcinoma is in
line with previous reports (188, 269), and may become clinically useful as
adjuvant and palliative treatments become more targeted and individualized. A
major obstacle, however, is that I-type periampullary adenocarcinomas are
uncommon, which makes clinical trials challenging.
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Limitations to the study (paper I-1V)

One limitation that is evident in paper I is that the revision of slides could lead to a
biased evaluation, even though it was performed in a blinded manner. In order to
evaluate the histopathology parameters, all slides from a case needed to be
assessed, and it was sometimes obvious that some cases were not part of the
standardized protocol. In paper I, the finding of invasion in blood vessels was
significantly more common in the non-standardized group, which may be a
consequence of an unintentionally more thorough search for evaluable parameters
in cases that offered limited possibilities of assessing other parameters.

All four papers share another important limitation in that many tests have been
made, which increases the risk for type I errors, i.e. detection of significances that
are coincidental. It is well known that the likelihood of getting a significant p-
value increases when multiple tests are made, as compared with a situation when a
few targeted tests are made. This “seek, and ye shall find” problem has, however,
no simple solution. The easiest way to adjust the threshold for significance is the
Bonferroni correction method, which divides the selected p-value threshold (often
0.05) by the number of tests made. This method has however been criticised for
being too consevative and thus increasing the risk for type Il errors. The nature of
the studies in paper I-IV is exploratory, rather than confirmatory, and as such
would loose value if the risk for type II errors increases too much.

The question of representativity can always be raised when TMAs are used.
Biomarkers that are heterogenously expressed in a tumour can be missed in
analyses based on this method, compared with the use of full face sections, but
known examples of this problem are few (279). Another possible problem with
TMAs is that the included tissue cores may vary regarding fixation time in
formalin and age. In paper IV, SISH for HER? failed in approximately 50% of
cases that had 2+ or 3+ expression of HER2 IHC. Prolonged fixation time is a well
known source of ISH-failure, and was probably the case in paper IV. Although
IHC is less sensitve to fixation time, it cannot be disregarded as a possible sourse
of error. The annoted expressions of biomarkers in paper II-IV showed no
significant associations with year of surgery (i.e. age of the sample), but we have
no data on fixation time in formalin for the tumours in the cohort.

One limitation to the cohort is that the I-type group had relatively few events
during the follow up period, which limits the possibilities to make adjustments in
multivariable Cox regression analysis, especially when the material is stratified for
both biomarker expression and adjuvant therapy. We have however chosen to
adjust for known prognostic parameters, rather than only adjusting for one or two
factors. One interesting aspect of this problem was seen during the preparation of
paper 1V, where high EGFR expression in I-type tumours was found to be
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associated with a shorter OS. The survival difference was non-significant in
multivariable analysis when adjusting for the parameters we knew were prognostic
in our cohort, but significant when adjusting for only the most well-known
parameters, i.e. T-stage, N-stage, tumour size and grade.
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Conclusions and Future Perspectives

Both method of sectioning and microscopic assessment affect important pathology
parameters in resected periampullary adenocarcinoma.

Several of the investigated proteins have prognostic implications in resected
periampullary adenocarcinoma, and for a few there were indications of a
potentially response predictive effect. In several instances, the prognostic effect of
a studied protein differed between PB- and I-type periampullary adenocarcinoma.

A few of the findings in paper II-IV merit further study. The findings on SATB1
and dCK in I-type tumours, and EGFR in PB-type tumours, are novel and indicate
a potentially response predictive effect. This could become clinically relevant if it
can be reproduced in other cohorts and the mechanistic foundation can be mapped.

From the presented studies (paper II-1V), it is evident that 65 I-type tumours is a
barely sufficient number to study potential response prediction in relation to the
dichotomized expression of a biomarker, since groups become very small. I-type
periampullary adenocarcinoma is rather uncommon and prospective studies would
thus require cooperation between several centres.

Another future direction for these tumour types is the increasing use of sequencing
of multiple genes (massive parallel sequencing/next generation sequencing). It is
reasonable to assume that this methodology will be used in clinical practice for all
highly lethal malignancies within years. A development in that direction would not
only generate enormous amounts of data, but also a vast opportunity to find gene
alterations that can cluster and stratify patients according to prognosis and
expected response to specific treatments. In this context, the distinction between
explorative dredging of data and confirmatory analyses will become increasingly
important.
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Popularvetenskaplig sammanfattning

Cancer 1 omradet dér pankreas och gallvigar moter duodenum kallas periampullér
cancer, vilket dr ett anvdndbart begrepp da man inte alltid vet exakt vilken vdvnad
tumoren utgatt fran. Pankreascancer dr den vanligaste periampulldra cancern, med
cirka 1000 nya fall/ar i sverige, och de Ovriga periampulldra tumortyperna &r
tillsammans cirka hilften s& vanliga. Overlevnaden hos patienter med
pankreascancer dr mycket lag, vilket gor att pankreascancer dr den fjarde
vanligaste orsaken till cancerddd i véstvarlden. Prognosen har, till skillnad fran de
flesta Gvriga cancertyper, inte forbéttrats de senaste decennierna och om denna
trend haller i sig kommer pankreascancer att bli en allt mer vanlig orsak till
cancerddd.

Avhandlingsarbetet har fyra delar, dir den fOrsta (paper 1) beskriver
mikroskopiska fynd hos alla 175 patienter med periampulldra tumoérer som
opererades i Lund och Malmé under perioden 2001-2011 och hur en mer nogrann
undersokning av operationspreparaten ger mer information om prognostiska
faktorer. Arbete 1 beskriver dven hur en nogrann fornyad mikroskopisk
bedomning kan ge béttre prognostisk information. De studerade tumdrerna har
fyra olika vdvnadsursprung, men p.g.a. att beddmningen av tumdrursprung
varierar vildigt mellan olika studier och forefaller vara en ganska subjektiv
beddmning, s& har de studerade tumorerna delats in i tvd grupper utifrén
mikroskopiskt utseende. Denna indelning gor att grupperna blir storre och att delar
av gransdragningsproblematiken forsvinner. Grupperna kallas pankreatobilidr och
intestinal, vilket beskriver om det mikroskopiska utseendet padminner mest om
tumorer fran pankreas och gallvigar eller om tumdrer fran tarmen.

For studierna som presenteras i arbete 2-4 (paper II-IV) byggdes vivnadsmatriser
med tumoérvdvnad fran alla patienter, och frén patientjournaler hémtades
information om vilka onkologiska behandlingar patienterna fatt och nir de fick
tumoraterfall. Fran folkbokforingsregistret himtades information om nér de dog.
P& detta sitt gavs mojlighet att géra ménga riktade undersdkningar av olika
proteiner i tumorerna (med hjilp av s.k. immunohistokemisk analys), dir utfallet
kunde jidmforas med tid till tumdraterfall och dod, dven i relation till den givna
onkologiska behandlingen.

I artikel 2 (paper II) beskrivs de tva narbesldktade proteinerna SATB1 och SATB2
i tumorerna. Patienterna med pankreatobilidra tumdrer som uttryckte SATB1 hade
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en kortare tid till tumoréterfall och dod, jamfort med pankreatobilidra tumorer som
inte utryckte SATB1, men det sdgs dven en tendens till att tumdrer med SATB1-
positivitet samvarierade med hogre kinslighet for den vanligaste typen av
cytostatika, gemcitabine. I gruppen intestinal typ sdgs ingen prognostisk koppling,
men uttryck av SATB1 hade en koppling till béttre svar pa cytostatika. SATB2
uttrycktes bara i 3% av de pankreatobilidra tumorerna, vilket gor det svart att dra
nagra slutsatser. Dessa 3% hade dock en kortare tid till tumoératerfall och doéd,
vilket gor att resultaten for SATB2 paminner om de for SATBI, i pankreatobiliér
tumortyp. SATB2 var inte prognostiskt i intestinal tumoértyp, men bland
cytostatiskabehandlade fall med SATB2-uttryck ségs inga tumoraterfall eller
dodsfall. Fallen var for f4 for att ge sékra resultat, men fynden pédminner om
SATBI i intestinal tumortyp.

I artikel 3 (paper III) beskrivs tre proteiner som dr viktiga for hur celler hanterar
upptaget av den i dessa tumortyper vanligaste typen av cytostatika, gemcitabine.
hENTI1 &r ett kanalprotein som behovs for att gemcitabine ska kunna komma in i
celler. dCK modulerar gemcitabine med en fosfatgrupp, sé att gemcitabine stannar
i cellen och sa att det kan byggas in i DNA och pa sé sitt skada cellen. Mangden
av bade hENT1 och dCK tros teoretiskt sett darfér kunna paverka svar pa
behandling med gemcitabine. Det tredje proteinet, HuR, péverkar minderna av
manga proteiner som paverkar en cancertumors farlighet, men tros dven kunna 6ka
mingden dCK, vilket i s& fall skulle kunna gora tumoérerna mer kénsliga for
gemcitabine. Resultaten visade ingen koppling mellan méngden hENT1 och
prognos eller svar pad gemcitabine i den pankreatobilidra tumorgruppen. I den
intestinala tumdrgruppen sigs en lingre tid till tumoraterfall for de patienter vars
tumdrer uttryckte mer hENTI1, oavsett om cellgifter givits eller ej. I den
pankreatobilidra tumorgruppen sigs ingen koppling mellan nivaer av dCK och
prognos eller svar pa gemcitabine. I den intestinala gruppen ségs ingen koppling
mellan dCK-nivéer och prognos, men tumérer med mer dCK svarade béttre pa
cytostatika dn de med lite dCK. For HuR i pankreatobilifir tumdrtyp sags ingen
prognostisk effekt i hela gruppen, men en koppling mellan en hogre kvot av
méangden i cellernas cytoplasma och kdrna (C/N-kvot) och kortare tid till
tumoraterfall och dod hos patienter som fatt behandling med gemcitabine. I den
intestinala tumortypen sags en prognostisk effekt, med léngre tid till déd, och en
pa grénsen till langre tid till tumoréterfall, hos dem med hog C/N-kvot.

Av fynden i artikel 3 dr observationen att hogt dCK tycks vara kopplat till en 6kad
kanslighet for cellgifter i tumdrer av intestinal typ mest spannande, d& den inte
beskrivits tidigare och da fargningen var relativt enkel att bedoma. Det dr ocksa
onskvért att identifiera biomarkdrer som forutspar svar pa behandling i denna
tumortyp, dar man i nuldget inte vet sikert om cytostatika gor nytta, eller enbart
ger biverkningar.
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I artikel 4 (paper IV) beskrivs tre ndrbeslidktade ytproteiner som formedlar signaler
fran utsidan till insidan av cellerna; EGFR, HER2 och HER3. For HER2 beskrivs
dven mingden kopior av dess gen, for de tumorer som hade mycket av proteinet.
Dessa proteiner &r intressanta, dels for att de kan gdra cancerceller farligare, men
dven for att det finns flera olika cancermediciner, s.k. malstyrda behandlingar, som
attackerar just dessa proteiner. Resultaten visade en hog miangd av HER2-proteinet
i 6% av de intestinala tumorerna och en korresponderande 6kad miangd HER2-
genkopior. Detta &r intressant dd dessa fynd indikerar att ett riktat lakemedel, med
god biverkningsprofil, som &r verksamt i andra tumdrtyper, eventuellt kan vara ett
behandlingsalternativ &ven 1 intestinal typ av periampullir cancer. Inga
pankreatobilidra tumdrer hade hogt uttryck av HER2-proteinet, men en tumor
visade en Okad méngd genkopior. Nivder av HER2 hade ingen inverkan pa
prognos eller svar pa cytostatiska, varken i pankreatobilidr eller intestinal
tumortyp. Nivder av EGFR var inte prognostiskt i pankreatobilidr tumdrtyp men
hos patienter som behandlats med gemcitabine var hogt EGFR kopplat till kortare
tid till tumoraterfall och dod. Det sags ingen koppling mellan nivaer av HER3 och
prognos, eller behandlingssvar, i pankreatobilidr tumortyp. I intestinal tumortyp
sdgs en samre prognos for tumorer med hogt uttryckte av EGFR, och en béttre
prognos for tumorer med hogt uttryck av HER3, men dessa samband var svagare
an for andra prognostiska variabler, och darfor mindre palitliga.

En koppling mellan hogt uttryck av EGFR och sédmre svar pa gemcitabine har inte
beskrivits tidigare, och kan fa klinisk betydelse om fynden kan bekriftas i andra
studier.
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Abstract

Background: Variability in reported histopathology parameters in operated periampullary adenocarcinomas may
affect the prognostic weight of the parameters. Standardized axial sectioning produces a higher incidence of
involved margins and also seems to produce a lower relative incidence of pancreatic compared with distal bile
duct origin and a higher incidence of involved lymph nodes, compared with non-standardized procedure. The aims
of this study were to 1) assess how a previously not described standardized pathology procedure, with longitudinal
sectioning along the distal bile duct, affects reported tumour origin, margin status and involved lymph nodes,
compared with non-standardized procedure, 2) assess if re-evaluation of microscopic slides affects the prognostic
value of margin status and 3) compare the results of this standardized procedure with reported results of other
standardized and non-standardized procedures.

Methods: One hundred seventy-five consecutive pancreaticoduodenectomy specimens with primary adenocarcinomas,
operated during 2001 — 2011 at the University hospitals of Lund and Malmo, Sweden, were re-evaluated histologically,
and parameters relevant for classification and prognosis were assessed, with 1 mm as a threshold for involved or
uninvolved margins. Follow-up lasted until 31 December 2013. Five-year overall survival (OS) and hazard ratios (HR) were
calculated for the margin status stated in the original reports and margin status after re-evaluation.

Results: Compared with non-standardized cases (n = 129), standardized cases (n = 46) had more involved lymph nodes
in the specimens (median 3 vs 1), a higher fraction of distal bile duct origin (39% vs 21%) and a higher fraction of
involved margins (74% vs 47%). The prognostic value of uninvolved margins increased by re-evaluation of slides
(p<0.001) and the adjusted HR for involved margins increased from 1.6 (95% Cl 1.1 - 2.4) to 3.3 (95% Cl 1.5 - 7.0).
Uninvolved margins remained a significant predictor of OS in adjusted analysis.

Conclusions: Both the method of sectioning the specimen and the microscopic assessment affect prognostic
pathology parameters significantly. The results of the herein described standardized method are similar to the
results of other standardized procedures. The 1-mm threshold for involved margins in pancreaticoduodenectomies
is relevant for OS, and margin status is an independent prognostic parameter.

Virtual slides: The virtual slides for this article can be found here: http://www.diagnosticpathology.diagnomx.eu/
vs/1056639379120615
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Background

Pathology guidelines that change the incidence of histo-
pathology parameters are clinically relevant since the
parameters carry prognostic information. Guidelines on
gross examination and sectioning of pancreaticoduode-
nectomy (PD) specimens have changed during the last
years, after the introduction of the Leeds pathology proto-
col (LEEPP) [1]. This standardized procedure raised the
incidence of involved margins (R1) and involved lymph
nodes (N1), and also decreased pancreatic origin and in-
creased distal bile duct origin [2,3] compared to large series
using non-standardized procedures [4-10].

Proportions of tumour origin vary greatly between dif-
ferent series of operated periampullary adenocarcinomas
and it is not known which proportions most accurately
reflect the biology of the tumours, or are most clinically
relevant. It is however evident that a meticulous path-
ology examination improves the quality of the pathology
report for these cancer forms by producing a higher in-
cidence of N1 and R1 [2]. A high proportion of R1 also
seems to correlate to a low relative incidence of pancre-
atic origin, suggesting that a more thorough examination
decreases the relative incidence of pancreatic origin [11].
So far, the reported increase of R1 and decrease in pan-
creatic origin in the LEEPP-series has been attributed to
this particular slicing method. It is however not clear to
what extent this change is due to the method or to the
interest and dedication of the pathologist.

Here, we present the results of a different standardized
protocol (SP), in which the pathologist gains access to
the full length of the common bile duct through a longi-
tudinal opening via the posterior margin of the PD-
specimen, and only standard size blocks are made. It has
been stated that this method is inferior to the LEEPP,
due to its limited value for assessing tumour origin and
resection margins [1]. This method has however not
been studied in a standardized setting before.

Methods

Data collection and patient characteristics

The study cohort is a retrospective consecutive series of
175 PD-specimens with primary adenocarcinomas surgi-
cally treated at the University hospitals of Lund and
Malmo, Sweden, from January 1 2001 until December
31 2011. Data on survival were gathered from the Swedish
National Civil Register. Follow-up started at the date of
surgery and ended at death or at December 31 2013,
whichever came first.

Data on margin status was collected from the original
pathology reports, as were data on age at surgery, date
of surgery, sex, and whether the specimen was handled
according to the SP or not. Data was also gathered on
the origin of lymph nodes submitted in separate con-
tainers. After information was given on how and from

Page 2 of 10

where the surgeons harvested lymph nodes submitted in
separate containers, positions 6, 8, 12, 13, 14 and 17
were classified as originating from the specimen, and
other positions including 9 and 16 were classified as not
originating from the specimen.

Of the 175 PDs, 46 (26%) were examined and sec-
tioned according to our SP by one pathologist (JE) and
129 (74%) were examined and sectioned by several pa-
thologists according to personal choice (non-standardized
protocol, NSP).

Ethical permission was obtained from the Ethics Com-
mittee at Lund University.

Sectioning of the specimens, standardized protocol

This method is, by opening the PD-specimen along the
bile duct, similar to one of the methods earlier described
by the Royal College of Pathologists [12] but performed
in a standardized manner and without opening the pan-
creatic duct.

The specimens were handled after fixation in formalin
(Figure 1). Margins were stained in different colours;
one for the pancreatic transection margin, one for the
margin towards the superior mesenteric vein (SMV),
one for the margin towards the superior mesenteric ar-
tery (SMA), one for the anterior surface and one for the
posterior margin. The specimens were accessed through
a longitudinal opening of the common bile duct at the
posterior margin, from the most proximal part of the
bile duct through the papilla of Vater. In the same plane
the section was deepened through the common bile duct
and into the pancreatic parenchyme. This produced a
book-like opening that visualized the whole length of the
common bile duct, the ampulla and adjacent pancreatic
parenchyme as well as parts of the posterior margin and
parts of the SMV-margin. Several standard size blocks
were sampled from the ampulla with adjacent duodenal
mucosa, pancreatic parenchyme and anterior and poster-
ior margins. The bile duct was sampled longitudinally,
with adjacent pancreatic parenchyme, posterior margin
and SMV-margin. Additional standard size blocks were
sampled from the SMA-margin, from all visible or palp-
able lymph nodes in the specimen and from additional
areas with possible tumour growth. En face sections
were made from the pancreatic, bile duct, pyloric and
duodenal transection margins.

Standardized protocol vs non-standardized protocol
Re-evaluations of slides

All haematoxylin & eosin stained slides from all cases
were revised by one pathologist (JE), blinded to the ori-
ginal report and outcome. Other stains were not revised
or used for the assessment of any parameter. Data were
gathered on tumour origin, size and grade, perineural in-
vasion, lymphatic vessel and blood vessel invasion, invasion
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the margins.

Figure 1 Accessing a pancreaticoduodenectomy specimen through the bile duct. (A) Anterior view of a painted pancreaticoduodenectomy
specimen. Posterior — black, anterior — blue, pancreatic transection margin — yellow, SMV-margin - red and SMA-margin - green. A probe is
inserted in the lumen of the bile duct. (B) posterior view, (C) posterior view with the bile duct opened longitudinally, and (D) the pancreatic
parenchyme accessed through the bile duct, visualizing the ampulla, the bile duct and parts of the pancreatic parenchyme, as well as parts of

of peripancreatic fat, number of lymph nodes and involved
lymph nodes found by the pathologist in the specimen,
number of lymph nodes and involved lymph nodes har-
vested from the specimen by the surgeon and submitted in
separate containers, number of lymph nodes and involved
lymph nodes in separate containers originating from other
areas, N-stage, T-stage and margin status.

Decision on tumour origin was based on the anatomical
centre of the tumour, with the aid of preinvasive precursor
lesions or multifocality, if present. A tumour in the duo-
denal mucosa with intestinal morphology that involved the

ampulla in the periphery was considered to be of duodenal
origin. A similar tumour with the ampulla in the centre
was considered to be of ampullary origin. A tumour along
the bile duct that involved the ampulla was considered to
be of bile duct origin if the ampulla was in the periphery of
the tumour, but of ampullary origin if the ampulla was in
the centre. Multifocal tumour growth or multifocal prema-
lignant changes in the pancreatic parenchyme in the
absence of evidence of other tumour origin was consid-
ered as a sign of pancreatic origin. In addition to tumour
origin the distinction between intestinal morphology and
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pancreaticobiliary morphology was made for all ampullary
carcinomas using morphological criteria [13].

For the assessment of tumour grade, only the poorest
degree of differentiation was recorded.

Margin status was denoted as R1 if cancer was present
less than 1 mm from any margin except for the duo-
denal serosa, as RO if the shortest distance exceeded
1 mm, and as unknown (Rx) if any margin, except the
duodenal serosa close to the cancer, was insufficiently
sampled. If a margin was considered sufficiently sampled
or not differed by the location of the tumour. In addition
to pancreatic and distal bile duct transection margins, an
ampullary carcinoma needed at least one standard size
block showing the relation to the anterior surface, adja-
cent to the duodenal wall, two showing the relation to
the posterior surface adjacent to the duodenal wall, one
from the SMA-margin and one from the SMV-margin,
in order to be considered sufficiently sampled regarding
margins. Carcinomas of pancreatic or distal bile duct
origin needed, in addition to pancreatic and distal bile
duct transection margins, at least two blocks showing
the relation to the posterior margin, one from the SMA-
margin, one from the SMV-margin and one from the an-
terior margin. For duodenal origin, one block each from
the posterior and anterior margins adjacent to the duo-
denal wall was considered sufficient. A case could be
considered as R1 in an unspecified margin even if other
margins were insufficiently sampled.

For sampling of lymph nodes in the specimen, the full
surface around the specimens was searched manually
and also visually after sectioning in intervals of approxi-
mately 3 mm.

Statistical analysis

The Chi-square test and Fisher’s Exact test were used to
analyse differences in the distribution of histopatho-
logical factors in relation to use of standardized vs non-
standardized protocol, and according to tumour loca-
tion. Kaplan-Meier analysis and log rank test were used
to illustrate differences in 5-year overall survival (OS) in
strata according to margin status. Cox regression models
were used to calculate hazard ratios (HR) for the impact
of histopathology parameters on 5-year OS, in univariable
and multivariable analysis, adjusted for age, sex, tumour
morphology, tumour size, tumour grade, T-stage, N-stage,
margin status, perineural invasion, growth in peripan-
creatic fat, invasion of lymphatic vessels and invasion
of blood vessels. Cases who died within 1 month from
surgery (n=2) or were lost to follow up (n=1) were ex-
cluded from the survival analyses.

All tests were two-sided and a p-value <0.05 was con-
sidered statistically significant. All statistical analyses were
performed using IBM SPSS Statistics version 20.0 (SPSS
Inc., Chicago, IL, USA).
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Results

The annual PD-rate increased during the study period,
with 35 and 29 cases operated in 2010 and 2011, re-
spectively, compared to a median of 13 per year (range
8-19) during 2001-2009. Forty-two of the 46 SP-cases
were diagnosed during 2010 — 2011, which coincided
with an increased number of lymph nodes sent for ana-
lysis in separate containers; median 1 (interquartile
range, IQR 0 — 2) during 2001 — 2009 and median 7
(IQR 3.25 - 10) during 2010 — 2011.

Median 5-year OS was 30.4 months in the full cohort of
all 172 SP- and NSP-cases, 35.0 months in the SP-group
and 29.7 months in the NSP-group. In the SP-group of 46
cases, 27 died during follow up and 19 were censored at
December 31 2013. Out of the 129 NSP-cases, 3 were ex-
cluded from the survival analysis, but included in all other
analyses. Of the remaining 126 cases, 88 died during follow
up and 38 were censored at December 31 2013.

Differences in the distribution of histopathological
parameters between SP-cases and NSP-cases

As shown in Table 1, there were several significant dif-
ferences in the distribution of histopathological parame-
ters between the re-evaluated NSP- and SP-materials.

Tumour origin differed between the SP-group and the
NSP-group (p = 0.040), with a higher proportion of distal
bile duct origin (39% vs 21%) and a lower proportion of
ampullary origin (26% vs 45%) in the former.

There was no significant difference between the SP-
group and the NSP-group regarding the number of lymph
nodes found by the pathologist in the PD-specimens, but
the number of lymph nodes harvested from the specimen
by the surgeon, as well as the total number of lymph
nodes originating from the PD-specimens, was signifi-
cantly higher in the SP-group compared with the NSP-
group (p < 0.001 for both).

The number of involved lymph nodes in the PD-
specimens was also significantly higher in the SP-group
as compared with the NSP-group (p=0.001), and the
number of involved lymph nodes from the PD-specimens
submitted in separate containers and total number of in-
volved lymph nodes originating from the specimens dif-
fered significantly. The proportion of cases with involved
lymph nodes (N1-N2) did not differ significantly between
the SP-group and NSP-group.

Since the increase in the number of lymph nodes har-
vested from the specimen by the surgeon occurred in
2009, a separate analysis on lymph node-variables was
performed for the last 2.5 years of the study period
(July 2009 — 2011). This revealed a significant difference
between the SP-group (n =44) and the NSP-group (n = 31)
in the number of involved lymph nodes found in the PD-
specimens by the pathologist (median 2.5 vs 1, p = 0.046).
There were however no significant differences in the total
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Table 1 Standardized vs non-standardized protocol: Characteristics of 175 re-evaluated peri
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P

y adenocarcinomas

NSP SP p-value All
(n=129) (n=46) (n=175)

Tumour origin 0.040

Duodenum 9 (7%) 5 (11%) 14 (8%)

Ampulla, both types 58 (45%) 12 (26%) 70 (40%)

Distal Bile Duct 27 (21%) 18 (39%) 45 (26%)

Pancreas 35 (27%) 11 (24%) 46 (26%)
Tumour size, mm

M (IQR) 30 (20-35) 30 (25-40) 0.649 30 (21-35)

Larger than 20 mm 92 (71%) 42 (91%) 0.008 134 (77%)
Differentiation, poor 70 (54%) 31 (67%) 0.164 101 (58%)
Lymph nodes

In PD specimen, M (IQR) 6 (3-10) 9 (7-13) 0.102 7 (4-10)

From PD specimens, M (IQR) 1(0-2) 7 (3-9) <0.001 2 (0-5)

Total PD specimen, M (IQR) 8 (5-12) 16 (12-19) <0.001 11 (6-15)

210 lymph nodes PD specimen, n (%) 58 (45%) 40 (87%) <0.001 98 (56%)

Other local lymph nodes, M (IQR) 0(0-1) 0(0-1) 0.400 0(0-1)

Total, all lymph nodes, M (IQR) 9 (5-13) 16 (13-20) <0.001 11 (6-16)
Involved lymph nodes

In PD specimen, M (IQR) 1(0-2) 3(0-9 0.001 1(0-3)

From PD specimen, M (IQR) 0 (0-0) 0(0-1) 0.024 0 (0-0)

Total PD specimen, M (IQR) 1(0-2) 3(0-4) 0.023 1(0-3)

Other local, M (IQR) 0 (0-0) 0 (0-0) 0.017 0(0-0)

Total, all involved lymph nodes, M (IQR) 1(0-2) 3(0-4) 0.015 1(0-3)

N-stage, pN1 (for duodenum pN1-N2) 74 (57%) 33 (72%) 0.113 107 (61%)
Margin involvement <0.001

R1 60 (47%) 34 (74%) 94 (54%)

Rx (uncertain/unassessable) 56 (43%) 0 (0%) 56 (32%)

RO 13 (10%) 12 (26%) 25 (14%)
Perineural infiltration 71 (55%) 34 (74%) 0.035 105 (60%)
Infiltration in lymph vessels 79 (61%) 32 (70%) 0374 111 (63%)
Infiltration in blood vessels 38 (29%) 4 (9%) 0.004 42 (24%)
Infiltration in peripancreatic fat 71 (55%) 36 (78%) 0.008 107 (61%)
T-stage 0074

pT1 8 (6%) 0 (0%) 8 (4%)

pr2 21 (17%) 3 (6%) 24 (14%)

pT3 70 (54%) 33 (72%) 103 (59%)

pT4 30 (23%) 10 (22%) 40 (23%)
Blocks from PD-specimen

Regular blocks, Median (IQR) 15 (12-22) 23 (20-27) 0.001

Mean (min - max) 17 (6-48) 24 (14-36)

Large blocks, Median (IQR) 0(0-2) 0 (0-0) <0.001

Mean (min - max) 1(0-8) 0 (0-0)

SP, standardized procedure. NSP, non-standardized procedure. PD, pancreatoduodenectomy. M, median. IQR, interquartile range. SMA, superior mesenteric artery.
SMV, superior mesenteric vein. For margin involvement p-values were calculated R1 vs RO and Rx. Bold text indicates p < 0.05.
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number of lymph nodes from the specimen (median 16 vs
12, p=0.601), fraction of cases with 10 or more lymph
nodes (89% vs 74%, p = 0.128) or fraction of cases with in-
volved lymph nodes (71% vs 65%, p = 0.622).

As further shown in Table 1, there was a significantly
larger proportion of R1 cases (p=0.002), tumours lar-
ger than 20 mm (p =0.008), perineural tumour growth
(p =0.035) and infiltration of peripancreatic fat (p =0.002)
in the SP-group compared with the NSP-group. In con-
trast, infiltration of blood vessels was more often found in
the NSP-group (p = 0.004).

We also examined the involvement of different resection
margins by tumour type (Table 2). Significant differences
(RO vs R1 and Rx) between the SP and non-SP groups were
found at the posterior margin (p = 0.001), the SMA-margin
(p<0.001) and the SMV-margin (p<0.001), and in tu-
mours of distal bile duct origin (p = 0.006).

Effect of re-evaluations of slides

The distribution of histopathological characteristics in
the total re-evaluated material, stratified by tumour ori-
gin, is shown in Table 3. In the original reports there
were 14 NSP-cases without information on margin status.
Re-evaluation of slides changed margin status for the
NSP-group, increasing R1 from 45/115 to 60/129 and de-
creasing RO from 70/115 to 12/129 (p<0.001), and re-
evaluations also rendered 56 NSP-cases with unknown
margin status (Rx). Re-evaluation of slides rendered a
non-significant increase of R1 in the SP-material, from
63% (29/46) to 76% (35/46) (p = 0.257).

Re-evaluations revealed lymph node involvement in
20% (14/70) of NSP-cases that were NO in the original
report. This caused a non-significant change in fraction
with involved lymph nodes in the NSP-group, from 46%

Table 2 Margin status and tumour origin
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(59/129) to 57% (73/129) (p = 0.105). Re-evaluations ren-
dered no alterations in the fraction of involved lymph
nodes in the SP-material.

Overall survival in relation to margin status

Kaplan-Meier analysis revealed a significantly prolonged
five-year OS in the re-evaluated RO-group compared
with the original report RO-group (p <0.001) (Figure 2).
As further shown in Table 4, the unadjusted HR for R1
vs RO in the original report was 1.6 (95% CI 1.1 - 2.4). In
the re-evaluated material the unadjusted HR for R1 vs
RO was 3.3 (95% CI 1.5 - 7.0) and the unadjusted HR for
Rx vs RO was 2.3 (95% CI 1.0 - 5.2). Re-evaluated, but
not originally reported, margin status remained an inde-
pendent prognostic factor in adjusted analysis (HR 2.2,
95% CI 1.0 - 4.9 for R1 and Rx vs RO) (Table 4). The un-
adjusted and adjusted HRs for re-evaluated histopath-
ology parameters are shown in Table 5.

Discussion

This is, to our best knowledge, the first report on stan-
dardized longitudinal opening and slicing of the com-
mon bile duct in the handling of PD-specimens with
primary adenocarcinoma.

Our results confirm previous reports on standardized
protocols in the pathology examination of operated peri-
ampullary adenocarcinomas by showing that a 1-mm
cut-off in the assessment of margin status is relevant for
overall survival, both in unadjusted analysis and after
adjusting for other histopathology parameters. Micro-
scopic re-evaluation of margin status revealed a larger
proportion of involved margins than stated in the original
reports. Thereby, the prognostic value of uninvolved
margins was increased, regardless of other histopathology

Duodenum Ampulla Distal Bile Duct Pancreas All tumour origins
NSP SP NSP SP NSP SP NSP SP NSP SP p-value
9 5 58 12 27 18 35 11 129 46
R1, n (%) 1(11%)  2(40%) 19 (33%) 5 (42%) 15(56%) 17 (94%) 25(71%) 10(91%) 60 (47%) 34 (74%)  0.002
RO, n (%) 2(22%) 3(60%) 7(12%) 7 (58%) 3 (11%) 1 (6%) 1 (3%) 1 (9%) 13 (10%) 12 (26%)
Rx, n (%) 6 (67%) 0 32 (55%) 0 9 (33%) 0 9 (26%) 0 56 (43%) 0
Pancreas transection margin 0 1 2 0 3 2 9 1 14 (11%) 4 (9%) 0.784
DBD transection margin 0 0 0 0 1 1 1 0 2 (2%) 1 (2%) 1.000
SMA margin 0 0 0 0 2 8 0 2 2(2%) 10(22%) <0.001
Posterior surface 0 2 8 4 7 10 7 4 22 (17%) 20 (44%)  0.001
SMV surface 0 1 0 0 3 10 10 8 13 (10%) 19 (41%) <0.001
Anterior surface 0 1 1 2 4 1 3 2 8 (6%) 6 (13%) 0.202

Margin status in 175 re-evaluated pancreaticoduodenectomies. NSP, non-standardized protocol. SP, standardized protocol. DBD, distal bile duct. SMA, superior
mesenteric artery. SMV, superior mesenteric vein. For percentages and significances, calculations were made RO vs R1 and Rx. In separate tumour origins, differences
in R1-fraction between the SP-group and the NSP-group were significant in distal bile duct origin, (p = 0.006). Some NSP-cases were classified as R1 in an unspecified
margin. R1-cases could have more than one involved margin. Bold text indicates p < 0.05.
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Table 3 Distribution of clinicopathological characteristics according to tumour origin in 175 re-evaluated periampullary

adenocarcinomas

Duodenum  Ampulla Intestinal  Ampulla Pancreatobiliary ~ Distal Bile Pancreas All
type type Duct
n=14 n=>51 n=19 n=45 n=46 n=175
Standardized Procedure 5 (36%) 7 (14%) 5 (26%) 18 (40%) 11 (24%) 46 (26%)
Age at surgery, M (IQR) 68 (62 - 74) 67 (59 - 70) 69 (62 - 75) 64 (59 - 71) 68 (62 - 72) 67 (61 - 72)
Gender, Female 6 (43%) 29 (57%) 9 (47%) 21 (47%) 21 (46%) 86 (49%)
Tumour size, mm, M (IQR) 40 (30 - 53) 23 (15-30) 30 (24 - 40) 26 (22 - 35) 30 (25 - 35) 30 (21 - 35)
Larger than 20 mm 13 (93%) 27 (53%) 18 (95%) 37 (82%) 39 (85%) 134 (77%)
High grade 7 (50%) 26 (51%) 9 (47%) 31 (69%) 28 (61%) 101 (58%)
Lymph nodes, M (IQR) 10 (6 - 135) 9(6-16) 10 (5-17) 12(8-165 115675~ 16) 11 6-16)
10 or more lymph nodes 8 (57%) 25 (49%) 10 (53%) 30 (67%) 27 (59%) 100 (57%)
Involved lymph nodes, M (IQR) 0(0-2) 0(0-2 2(1-7) 1(0-4) 2(0-3) 10-3)
pN1 4 (29%) 24 (47%) 16 (84%) 27 (60%) 34 (74%) 106 (61%)
pN2 2 (14%)
Perineural infiltration 4 (29%) 16 (31%) 14 (74%) 37 (82%) 34 (74%) 105 (60%)
Infiltration in lymph vessels 2 (14%) 34 (67%) 15 (79%) 33 (73%) 27 (59%) 111 (63%)
Infiltration in blood vessels 0 (0.0%) 5 (10%) 8 (42%) 14 (31%) 15 (33%) 42 (24%)
Infiltration in peripancreatic fat 6 (43%) 16 (31%) 17 (89%) 36 (80%) 32 (70%) 107 (61%)
T-stage (pTNM)
T 0 5 (10%) 0 1 (2%) 2 (4%)
T2 1 (7%) 11 (22%) 0 2 (4%) 10 (22%)
T3 6 (43%) 19 (37%) 2 (11%) 42 (93%) 34 (74%)
T4 7 (50%) 16 (31%) 17 (89%) 0 0
R1 3 (38%) 10 (43%) 14 (93%) 32 (89%) 35 (95%) 94 (79%)
RO 5 (63%) 13 (57%) 1 (7%) 4 (11%) 2 (6%) 25 (21%)
Rx,uncertain margin status (n) 6 28 4 9 9 56
Pancreatic transection margin 1 (13%) 1 (4%) 1 (7%) 5 (14%) 10 (27%) 18 (15%)
DBD transection margin 0 0 0 2 (6%) 1 (3%) 3 (3%)
SMA-margin 0 0 0 10 (28%) 2 (5%) 12 (10%)
Posterior margin 2 (25%) 6 (26%) 6 (40%) 17 (47%) 11 (30%) 42 (35%)
SMV-margin 1 (13%) 0 0 13 (36%) 18 (49%) 32 (27%)
Anterior margin 1 (13%) 1 (4%) 2 (13%) 5 (14%) 5 (14%) 14 (12%)
5-year OS, M (IQR), months nr. (37 -nr) 53 (26 - nr) 26 (15-40) 25 (16 - nr.) 25 (13-42) 30 (17-nr)

M, median. IQR, interquartile range. OS, overall survival. N.r., not reached.

parameters. This suggests that a “guilty until proven in-
nocent”-approach towards margins in pancreaticoduode-
nectomies gives more accurate prognostic information
than the opposite approach. Moreover, survival in the
large group of cases with unassessable margin status (Rx)
differed significantly both from cases with uninvolved
margins and from cases with involved margins, suggest-
ing that it is not appropriate to classify these cases as RO.
The more frequent finding of growth in peripancreatic
fat and perineural tumour growth in SP-cases compared to
NSP-cases may be an effect of more extensive sampling in

the periphery of the tumour as well as along the bile duct
and margins in SP-cases compared with NSP-cases.
Tumour infiltration in blood vessels was more often
found in NSP-cases than in SP-cases (29% vs 9%), which
may be due to an unintended more thorough search for
evaluable pathology parameters in SP-cases that had very
little coverage on margins and lymph nodes. This model
of explanation suggests that the proportion of cases with
tumour infiltration in blood vessels in the NSP-group
more accurately reflects the actual percentage of in-
filtration in blood vessels. As a cautionary remark, the
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Figure 2 Kaplan-Meier estimates of five-year overall survival in relation to margin status before and after re-evaluation. Five-year OS in
relation to (A) margin status stated in the original reports and (B) margin status upon re-evaluation of slides.

possibility of a type I error, i.e. a false positive detection
of significant differences between the NSP-group and
the SP-group, should also be considered, since a large
number of comparisons have been performed. A type II
error, i.e. failure to detect the true incidence of involved
blood vessels in the SP-group, is also possible due to
the relatively small sample size in this group.
Comparisons of the incidence of involved margins be-
tween our SP-material, excluding duodenal origin, and
other standardized series show 78% R1 (32/41) in our SP-
group compared with 59% (32/54) and 61% (51/83) in the
LEEPP-series [2,3]. The incidence of involved margins is
often not comparable between SP-series and NSP-series,

due to a 0O-mm definition of margin involvement, or lack
of definitions on margin involvement in NSP-series. The
fraction of cases with involved lymph nodes is however
comparable, showing that non-standardized series [4-10]
report involved lymph nodes in less than 60% of cases,
compared to more than 70% in our SP-group and in the
LEEPP-series. If such differences are coincidental or actu-
ally statistically significant, as well as their potential clin-
ical significance, remains unknown. In the present study,
we were able to demonstrate a significantly higher num-
ber of involved lymph nodes in the specimens in the SP-
group compared with the NSP-group, despite a temporal
association between an increased number of lymph nodes

Table 4 Five year overall survival in relation to margin status in the original reports and after re-evaluation

Margin status in original reports

Margin status after re-evaluation

Number Median OS Unadjusted HR Adjusted HR Number Median OS Unadjusted HR Adjusted HR
(IQR) (95% CI) (95% CI) (IQR) (95% CI) (95% CI)
RO 90 363 (231 -nr) 25 nr. (350 - nr)
Rx 54 402 240 - nr) 23(10-52) 22(10-49
R1 69 25.1 (140 - 46.3) 16 (1.1 - 24) 1.0 (0.7 - 1.6) 93 254 (146 - 41.6) 33(15-70)

Hazard ratios (HR) for risk of death within 5 years in relation to margin status, with RO as reference. OS in the re-evaluated RO-group was significantly better than
in the original report RO-group (p < 0.001). Differences in OS between the three levels of margin status in the re-evaluated material were significant; RO vs R1
(p <0.001), R1 vs Rx (p=0.005) and RO vs Rx (p=0.043). HR for both original report and re-evaluated margin status adjusted for re-evaluated parameters.
RO, uninvolved margins. Rx, uncertain margin status. R1, cancer less than 1 mm from margin. IQR, interquartile range. Cl, confidence interval. N.r., not reached.
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Table 5 Unadjusted and adjusted hazard ratios for death within 5 years in relation to re-evaluated histopathology

parameters

n (events) Unadjusted HR (95% CI) p-value Adjusted HR (95% Cl) p-value
Age, continuous 172 (112) 1.0 (1.0-1.0) 0479 10 (1.0-1.1) 0.015
Sex

Female 86 (47)

Male 86 (65) 1.5(1.0-22) 0.042 14 (0.9-20) 0.131
T-stage

T 8 (3)

T2 23 (12) 1.5(04-5.2) 0.553 1.1 (0.3-44) 0.847

13 102 (66) 2.7 (0.8-86) 0.995 1.0 (0.3-3.8) 0.948

T4 3931 34(1.0-11.2) 0.043 13 (0.3-5.1) 0.683
N-stage

NO 67 (37)

N1-N2 105 (75) 20(1.3-29) 0.001 13 (08-2.0) 0.265
Tumour size, continuous 172 (112) 1.0 (1.0-1.0) 0.010 1.0 (1.0-1.0) 0.533
Tumour differentiation

Well-moderate 73 (38)

Poor 99 (74) 23(15-33) <0.001 19 (1.2-28) 0.002
Tumour morphology

Intestinal type 63 (31)

Pancreatobiliary type 109 (81) 23(1.5-34) <0.001 13 (0.7-2.3) 0394
Margins

RO 25(7)

R1-Rx 147 (105) 33(1.5-70 0.002 22 (1.0-49) 0.046
Perineural growth

No 68 (33)

Yes 104 (79) 24(1637) <0.001 1.1 (06-1.8) 0779
Growth in lymphatic vessels

No 63 (30)

Yes 109 (82) 22(14-33) <0.001 12(08-19) 0420
Growth in blood vessels

No 131 (74)

Yes 41 (38) 3.1 21-47) <0.001 24 (16-37) <0.001
Growth in peripancreatic fat

No 67 (30)

Yes 105 (82) 28(1.8-43) <0.001 2.1 (14-33) 0.001

HR, hazard ratio. Cl, confidence interval. Bold text indicates p < 0.05.

harvested from the specimens by the surgeons and the
studied standardized protocol.

In our material the differences in tumour origin be-
tween the SP-group and the NSP-group were significant.
It is however not known if there are any clinically rele-
vant differences between the tumour origins of stan-
dardized and non-standardized series. It has however
previous been shown that the morphological distinction
between intestinal and pancreatobiliary morphology has

prognostic implications, not only in ampullary adeno-
carcinomas, but in all periampullary adenocarcinomas, re-
gardless of tumour origin [14]. Moreover, while differences
in the expression of cytokeratins and mucins according to
morphology have been observed in ampullary carcinomas
[15], these differences seem to be less evident in series
stratified solely by the anatomical centre of the ampullary
adenocarcinomas [16]. These findings suggest that mor-
phological and molecular tumour characteristics have a
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greater prognostic impact than the appreciated tumour
origin.

Despite a very different approach to the specimen, the
results on tumour origin, N-stage and margin status in
our standardized group are similar to the results of the
LEEPP-series [2,3] and to a lesser degree similar to the
results of two other variants on standardized protocols
[17,18]. Whether or not our standardized protocol was
more time consuming or more demanding than the LEEPP,
and thus inferior due to practical reasons, has however not
been studied.

Conclusions

A 1-mm threshold for margin involvement is relevant
for overall survival in operated periampullary adenocar-
cinomas, regardless of tumour origin and other histopath-
ology parameters. Standardized protocols on sectioning
of pancreaticoduodenectomy specimens seem to increase
the yield of adverse prognostic histopathology parameters
compared with non-standardized protocols. Standardiza-
tions in pancreatic pathology are needed to decrease
unjustifiable variability in pathology reports, both for
the sake of the treatment of individual patients and for the
sake of future studies and clinical trials.
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Abstract

Background: Pancreatic cancer and other pancreaticobiliary type periampullary adenocarcinomas have a dismal
prognosis even after resection and neoadjuvant chemotherapy. Intestinal type periampullary adenocarcinomas
generally have a better prognosis, but little is known on optimal neoadjuvant and adjuvant treatment. New
prognostic and treatment predictive biomarkers are needed for improved treatment stratification of patients with
both types of periampullary adenocarcinoma. Expression of the Special AT-rich sequence-binding protein 1 (SATB1)
has been demonstrated to confer a worse prognosis in several tumour types, whereas its close homologue SATB2
is a proposed diagnostic and favourable prognostic marker for colorectal cancer. The prognostic value of SATB1
and SATB2 expression in periampullary adenocarcinoma has not yet been described.

Methods: Immunohistochemical expression of SATB1 and SATB2 was analysed in tissue microarrays with primary
tumours and a subset of paired lymph node metastases from 175 patients operated with pancreaticoduodenectomy
for periampullary adenocarcinoma. Kaplan-Meier and Cox regression analysis were applied to explore the impact
of SATB1 and SATB2 expression on recurrence free survival (RFS) and overall survival (OS).

Results: Positive expression of SATBT was denoted in 16/106 primary pancreatobiliary type tumours and 11/65
metastases, and in 15/63 primary intestinal type tumours and 4/26 metastases, respectively. Expression of SATB1
was an independent predictor of a significantly shorter RFS and OS in pancreatobiliary type, but not in intestinal
type adenocarcinomas. Moreover, SATB1 expression predicted an improved response to adjuvant chemotherapy
in both tumour types. SATB2-expression was seen in 3/107 pancreatobiliary type primary tumours, and in 8/61
intestinal type primary tumours. The small number of cases with positive SATB2 expression did not allow for any
firm conclusions on its prognostic value.

Conclusions: These findings demonstrate the potential utility of SATB1 as a prognostic and predictive biomarker
for chemotherapy response in both intestinal type and pancreatobiliary type periampullary adenocarcinomas,
including pancreatic cancer.

Keywords: Periampullary adenocarcinoma, Pancreatic cancer, Immunohistochemistry, Biomarkers, Prognosis,
Treatment prediction
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Background

Periampullary adenocarcinomas encompass tumours ori-
ginating in or adjacent to the ampulla of Vater; pancreatic
cancer, distal bile duct cancer, ampulla of Vater carcinoma
and carcinoma of the periampullary duodenum. Pancre-
atic cancer is the most common type of periampullary
adenocarcinoma, but only a minority can be resected with
a curative intent, due to either locally advanced growth
or distant metastases at presentation. There are two
major morphological types of periampullary adenocar-
cinomas, which have different prognosis and receive
different chemotherapy. Pancreatobiliary type (PB-type)
adenocarcinomas include pancreatic cancer, distal bile
duct cancer, and some of the ampullary carcinomas.
They have a dismal prognosis even after resection and
adjuvant gemcitabine-based chemotherapy. Intestinal type
(I-type) periampullary adenocarcinomas include duodenal
carcinoma and some of the ampullary carcinomas. They
have a better prognosis but little is known on risk stratifi-
cation and optimal chemotherapy [1,2]. Hence, new bio-
markers are needed to better stratify both PB-type and
I-type periampullary adenocarcinomas according to risk
and expected response to treatment.

Special AT-rich sequence-binding protein 1 (SATB1) is
a genome organizing protein which regulates region-
specific epigenetic modifications and expression of a large
number of genes, and special AT-rich sequence-binding
protein 2 (SATB2) is a close homologue with similar func-
tions [3-5].

SATBI1-expression has been demonstrated to confer a
more aggressive tumour phenotype and a shorter patient
survival in several cancer forms, e.g. breast cancer [3],
prostate cancer [6], laryngeal squamous cell carcinoma
[7], nasopharyngeal cancer [8], hepatocellular carcinoma
[9], rectal cancer [10], cutaneous malignant melanoma
[11], epithelial ovarian cancer [12], glioma [13] and gas-
tric cancer [14].

The SATB2 gene is involved in osteoblast differenti-
ation and craniofacial patterning [15,16] and has been
demonstrated to be abundantly expressed in normal
colorectal mucosa and colorectal adenocarcinomas, but
more sparsely in other types of carcinomas [17]. Low or
absent SATB2-expression has further been shown to be
a marker of malignant behaviour and poor prognosis in
colorectal cancer [18,19], whereas high expression corre-
lated to a better response to neoadjuvant chemotherapy
in rectal cancer and neoadjuvant/adjuvant chemotherapy
in stage III-IV colorectal cancer [20].

The expression and prognostic significance of SATB1
and SATB2 in pancreatic, distal bile duct, ampullary or
duodenal adenocarcinomas has not yet been reported.
The aim of the present study was therefore to examine
the expression, clinicopathological correlates, and prog-
nostic and treatment predictive ability of SATB1 and
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SATB2 in primary tumours (n=175) and paired lymph
node metastases (n=105) from a consecutive cohort of
patients with periampullary adenocarcinoma, including
pancreatic cancer.

Methods

Patients

The study cohort is a previously described retrospective
consecutive series of 175 pancreaticoduodenectomy speci-
mens with primary adenocarcinomas surgically treated at
the University hospitals of Lund and Malmo, Sweden,
from January 1 2001 until December 31 2011 [21]. Data
on survival were gathered from the Swedish National Civil
Register. Follow-up started at the date of surgery and
ended at death, at 5 years after surgery or at December 31
2013, whichever came first. Information on neoadjuvant
and adjuvant treatment and recurrence was obtained from
patient records.

All haematoxylin & eosin stained slides from all cases
were re-evaluated by one pathologist (JEL), blinded to
the original report and outcome, with the decision on
tumour origin and morphological type being based on
several criteria, as previously described [21].

The study has been approved by the Ethics Committee
of Lund University (ref nr 445/07).

Tissue microarray construction

Tissue microarrays (TMAs) were constructed using a
semi-automated arraying device (TMArrayer, Pathology
Devices, Westminister, MD, USA). A standard set of three
tissue cores (1 mm) were obtained from each of the 175
primary tumours and from lymph node metastases from
105 of the cases, whereby one to three lymph node metas-
tases were sampled in each case.

Immunohistochemistry and staining evaluation

For immunohistochemical analysis of SATB1 and SATB2
expression, 4 pm TMA-sections were automatically
pre-treated using the PT Link system and then stained
in an Autostainer Plus (DAKO; Glostrup, Copenhagen,
Denmark) with anti-SATBI, clone EPR3895, Epitomics,
Burlingame, CA, USA, and anti-SATB2 #AMAb90679
CL0320, Atlas Antibodies AB, Stockholm, Sweden. Ex-
pression of SATB1 and SATB2 was denoted as positive
when there was nuclear positivity of any intensity in at
least 1 percent of cancer cells. Cases denoted as positive
in any of the TMA-cores of the primary tumour or a
lymph node metastasis were considered positive. Stromal
lymphocytes served as a positive control for SATB1 and
normal colorectal mucosa as a positive control for SATB2.

Statistical analysis
Chi square test was applied to analyse the relation-
ship between SATBI1 expression and clinicopathological
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parameters. Two patients with PB-type adenocarcinomas
who had received neoadjuvant chemotherapy were ex-
cluded from the correlation and survival analyses. Three
additional patients were excluded from the survival ana-
lyses; two with I-type adenocarcinomas who died within
one month from surgery due to complications and one
with PB-type adenocarcinoma who emigrated 5 months
after surgery.

Kaplan Meier estimates of 5-year overall survival (OS)
and recurrence-free survival (RFS) and log rank test
were applied to evaluate survival differences in strata ac-
cording to positive and negative SATB1 and SATB2 ex-
pression. Hazard ratios (HR) for death and recurrence
within 5 years were calculated by Cox regression propor-
tional hazard’s modelling in unadjusted analysis and in a
multivariable model adjusted for age, sex, T-stage, N-stage,
differentiation grade, lymphatic invasion, vascular invasion,
perineural invasion, infiltration in peripancreatic fat, resec-
tion margins, tumour origin, and adjuvant chemotherapy.
A backward conditional method was used for variable se-
lection in the adjusted model. To estimate the interaction
effect between adjuvant treatment and SATB1 expression
in order to measure any possible difference in treatment ef-
fect based on SATBI expression, the following interaction
variables were constructed; any adjuvant treatment (+/-) x
SATBI1 (+/-), and gemcitabine-based treatment (+/-) x
SATB1 (+/-).

All tests were two sided. P-values <0.05 were considered
significant. All statistical analyses were performed using
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IBM SPSS Statistics version 20.0 (SPSS Inc., Chicago, IL,
USA).

Results

Associations of SATB1 expression with clinicopathological
factors and SATB2 expression

Sample immunohistochemical images of SATB1 and
SATB2 expression are shown in Figure 1.

In the full cohort of 175 cases there were 110 PB-type
and 65 I-type adenocarcinomas. Two patients with PB-
type carcinoma who had received neoadjuvant chemo-
therapy were excluded from the analyses. Among the
remaining cases, SATB1 expression could be assessed in
106/108 (98.1%) primary PB-type carcinomas; 16 (15.1%)
being denoted as positive and 90 (84.9%) as negative,
and in 65/75 (86.7%) metastases; 11(16.9%) being de-
noted as positive and 54 (83.1%) as negative. Out of the
11 cases with positive SATB1 expression in a metastasis,
6 (54.5%) had positive and 5 (45.5%) had negative SATB1
expression in the corresponding primary tumour. Using a
combined variable wherein SATB1 expression of any in-
tensity in >1% cells in the primary tumour and/or metas-
tases was denoted as positive, 21 (19.8%) PB-type cases
had positive and 85 (80.2) cases had negative SATBI-
expression (Table 1). SATB1 was assessable in 63/65
(96.9%) primary I-type carcinomas; 15 (23.8%) being posi-
tive and 48 (76.2%) being negative, and in 26/30 (86.7%)
metastases; 4 (154%) being positive and 22 (84.6%) being
negative. Out of the 4 cases with positive expression in a
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Figure 1 Immunohistochemical stains of SATB1 (A-C) and SATB2 (D-F) showing varying fractions and intensities of positive cells (A-B
and D-E) and negative stains (C and F). B and E show low fractions of weakly positive cancer cells, in tumours denoted as positive.
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Table 1 SATB1-expression in relation to clinicopathological parameters and SATB2-expression
Pancreatobiliary type Intestinal type
SATB1-n=85 SATB1+n=21 SATB1 p-value SATB1-n=47 SATB1+n=16 SATB1 p-value
missing missing
n=2 n=2
Age, years, M (IQR) 66 (61-72) 69 (64-74) 2 0681 67 (62-72) 67 (57-70) 2 0981
Sex, n (%) 0469 0.777
Women 41 (48%) 8 (38%) 2 26 (55%) 8 (50%) 1
Men 44 (52%) 13 (62%) 21 (45%) 8 (50%) 1
Tumour origin, n (%) 0.852 0487
Duodenum 12 (26%) 2 (13%)
Ampulla Intestinal type 35 (74%) 14 (87%) 2
Ampulla Pancreatobiliary 16 (19%) 3 (14%)
type
Distal bile duct 34 (40%) 10 (48%) 1
Pancreas 35 (41%) 8 (38%) 1
Tumour size, mm, M (IQR) 30 (25-35) 28 (21-30) 2 0.799 25 (15-40) 30 (24-40) 2 0.848
Differentiation grade, n (%) 021 0.148
Well-moderate 34 (40%) 5 (24%) 1 26 (55%) 5(31%) 1
Poor 51 (60%) 16 (76%) 1 21 (45%) 11 (69%) 1
T-stage, n (%) 1.000 0.860
T1 2 (2%) 0 1 4 (9%) 0 1
T2 8 (9%) 2 (10%) 8 (17%) 3 (19%) 1
T3 61 (72%) 16 (76%) 1 18 (38%) 7 (44%)
T4 14 (16%) 3 (14%) 17 (36%) 6 (37%)
N-stage, n (%) 0421 0.564
NO 25 (29%) 4 (19%) 2 26 (55%) 7 (44%) 2
N1-N2 60 (71%) 17 (81%) 21 (45%) 9 (56%)
Margins, n (%) 1.000 1.000
RO 5 (6%) 1 (5%) 1 13 (28%) 4 (25%) 1
R1-Rx 80 (94%) 20 (95%) 1 34 (72%) 12 (75%) 1
Perineural growth, n (%) 0.232 0.533
No 20 (24%) 2 (10%) 1 34 (72%) 10 (62%) 1
Yes 65 (76%) 19 (90%) 1 13 (28%) 6 (38%) 1
Invasion of lymphatic vessels, 0.792 0.081
n (%)
No 25 (29%) 7 (33%) 1 25 (53%) 4 (25%)
Yes 60 (71%) 14 (67%) 1 22 (47%) 12 (75%) 2
Invasion of blood vessels, n (%) 0.070 0.594
No 60 (71%) 10 (48%) 1 44 (94%) 14 (87%) 2
Yes 25 (29%) 11 (52%) 1 3 (6%) 2 (13%)
Growth in peripancreatic fat, 0.760 0.545
n (%)
No 18 (21%) 3 (14%) 2 32 (68%) 9 (56%) 2
Yes 67 (79%) 18 (86%) 15 (32%) 7 (44%)
SATB2, n (%) 0.092 0422
Negative 84 (99%) 18 (90%) 2 40 (89%) 13 (81%) 0
Positive 1 (1%) 2 (10%) 0 5(11%) 3 (19%) 0
Missing 0 1 0 2 0 2
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Table 1 SATB1-expression in relation to clinicopathological parameters and SATB2-expression (Continued)
Adjuvant chemotherapy, n (%) 0.739 0.301
No adjuvant 41 (48%) 9 (43%) 1 35 (74%) 10 (63%) 2
5FU-analogue 5 (6%) 3 (14%) 4 (9%) 1 (6%)
Gemcitabine 35 (41%) 9 (43%) 5(11%) 2 (13%)
Gemcitabine + capecitabine 1 (1%) 0 1 0 1 (6%)
Oxaliplatin +5-FU analogue 1 (1%) 0 3 (6%) 1 (6%)
Gemcitabine + oxaliplatin 2 (2%) 0 0 1 (6%)
Recurrence 0.250 0658
No 16 (19%) 3 (14%) 1 27 (57%) 7 (44%) 1
Yes, local only 25 (29%) 3 (14%) 1 3 (6%) 1 (6%)
Yes, non-local 44 (52%) 15 (71%) 17 (36%) 8 (50%) 1
Included in survival analyses 1.000 1.000
Yes 84 (99%) 21 (100%) 0 45 (96%) 16 (100%) 0
No 1 (1%) 0 2 2 (4%) 0 2

There were no significant associations between SATB1-expression, clinicopathological characteristics and SATB2-expression.

metastasis, 3 (75%) also displayed positive expression in
the corresponding primary tumour. When combining
positivity in primary tumours and/or metastases, there
were 16 (25.4%) SATBI1 positive and 47 (74.6%) negative
I-type cases (Table 1).

There were no significant associations between SATB1-
expression and clinicopathological parameters (Table 1).
Among SATBI-positive PB-cases there was a tendency
towards a higher proportion of cases with blood vessel
involvement (p =0.070), compared with SATBI1-negative
cases. Among SATB1-positive I-type cases there was a ten-
dency towards a higher proportion of cases with lymphatic
vessel involvement (p=0.081), compared with SATBI1-
negative cases.

SATB2 expression was assessable in 107/108 (99.1%)
PB-type primary tumours, and denoted as positive in 3
(2.8%) cases and negative in 104 (97.2%) cases. There
were 2 positive PB-type metastases, both corresponding
to positive primary tumours. Among 61/65 (93.8%) as-
sessable I-type primary tumours SATB2 was positive in
8 (13.1%), and negative in 53 (86.9%) cases. There were
3 positive I-type metastases, all corresponding to posi-
tive primary tumours.

SATBI expression was positive in 2 and negative in 1
of the 3 cases with SATB2-positive PB-type tumours.
Three of the 8 SATB2-positive I-type cases were SATB1-
positive, and 5 were negative. There were no significant
associations between SATBI1 and SATB2 expression in
either of the morphological groups (Table 1).

SATB2 expression was significantly associated with
growth in peripancreatic fat in I-type tumours (p = 0.042),
but not with any other clinicopathological factor, and
there were no significant associations in PB-type tumours
(Additional file 1: Table S1).

There was a significant association between gemcita-
bine based adjuvant chemotherapy and tumour origin in
PB-type tumours, and between adjuvant chemotherapy
and involved lymph nodes in intestinal type tumours
(Table 2). Except for these two factors, the distribution
of patient and tumour characteristics did not differ signifi-
cantly between patients who had received or not received
adjuvant chemotherapy in neither of the histological
subtypes.

Prognostic and treatment predictive value of SATB1
expression in pancreatobiliary type tumours

As demonstrated in Figure 2A-B, Kaplan-Meier analysis
revealed that SATBI1 expression was prognostic for OS
and RFS in the PB-group of tumours. SATB1 positive
cases had a shorter OS compared with SATBI negative
cases, median 16.7 months (interquartile range, IQR
9.9-25.1) vs 27.3 months (IQR 15.8-46.3) (logrank p =
0.004), and also a shorter RFS, median 9.0 months (IQR
5.1-18.8) vs 16.8 months (IQR 8.0-28.5) (logrank p =
0.018). As demonstrated in Table 3, the significant asso-
ciations of SATB1 expression with survival were con-
firmed in Cox univariable analysis for both OS (HR =
2.11; 95% confidence interval, CI 1.25-3.56) and RFS
(HR =1.87; 95% CI 1.10-3.18), and this significance was
retained for OS in multivariable analysis (HR =1.79;
95% CI 1.05-3.05).

SATBI1-positive cases receiving adjuvant gemcitabine
had a prolonged OS, median 24.7 (IQR 18.2-41.1), com-
pared with SATB1-positive cases not receiving adjuvant
gemcitabine, median 9.9 (IQR 8.3-14.6) (logrank p = 0.048,
Figure 2C), while there was no significant difference in OS
between SATBI1-negative cases receiving (38/84) or not
receiving (46/84) adjuvant gemcitabine (Figure 2C). The
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Table 2 Adjuvant chemotherapy in relation to clinicopathological parameters
Pancreatobiliary type Intestinal type
No adjuvant or Gemcitabine p-value  No adjuvant Any adjuvant P-value
non-gemcitabine based n=50 n=47 n=18
based n=60
No follow up, n 1 0 1.000 2 0 1.000
Received neoadjuvant treatment, n 0 2 0.204 0 0
Sex 0.253 1.000
Female, n (%) 31 (61%) 20 (39%) 25 (71%) 10 (29%)
Male, n (%) 29 (49%) 30 (51%) 22 (73%) 8 (27%)
Age at surgery, years. M (IQR) 69 (62-73) 66 (60-70) 0.260 67 (62-72) 67 (56-71) 0441
Tumour origin 0.002 0316
Pancreas, n (%) 16 (35%) 30 (65%)
Distal bile duct, n (%) 30 (67%) 15 (33%)
Ampulla of Vater, n (%) 14 (74%) 5 (26%) 35 (69%) 16 31%)
Duodenum, n (%) 12 (86%) 2 (14%)
Tumour size, mm. M (IQR) 30 (22-37) 30 (25-35) 0.702 23 (13-40) 30 (24.5-40) 0690
Tumour grade 0.555 0.783
Well/moderate, n (%) 21 (50%) 21 (50%) 24 (75%) 8 (25%)
Poor, n (%) 39 (57%) 29 (43%) 23 (70%) 10 (30%)
Lymph nodes 0.531 0.013
Uninvolved (NO), n (%) 20 (61%) 13 (39%) 30 (86%) 5 (14%)
Involved (N1-N2), n (%) 40 (52%) 37 (48%) 17 (57%) 13 (43%)
Margins 0452 0.230
Uninvolved, n (%) 5 (71%) 2 (29%) 11 (61%) 7 (39%)
Involved or unknown, n (%) 55 (53%) 48 (47%) 36 (77%) 11 (23%)
Perineural growth 0.362 0.229
No, n (%) 16 (64%) 9 (36%) 35 (78%) 10 (22%)
Yes, n (%) 44 (52%) 41 (48%) 12 (60%) 8 (40%)
Growth in lymph vessels 0223 1.000
No, n (%) 16 (46%) 19 (54%) 21 (72%) 8 (28%)
Yes, n (%) 44 (59%) 31 (41%) 26 (72%) 10 (28%)
Growth in blood vessels 0312 1.000
No, n (%) 37 (51%) 36 (49%) 43 (72%) 17 (28%)
Yes, n (%) 23 (62%) 14 (38%) 4 (80%) 1 (20%)
Growth in peripancreatic fat 0.649 0.142
No, n (%) 15 (60%) 10 (40%) 34 (79%) 9 (21%)
Yes, n (%) 45 (53%) 40 (47%) 13 (59%) 9 (41%)
T-stage 0.240 0.301
T1,n (%) 2 (67%) 1 (33%) 5 (100%) 0
T2, n (%) 4 (33%) 8 (67%) 10 (83%) 2 (17%)
T3, n (%) 42 (54%) 36 (46%) 18 (72%) 7 (28%)
T4, n (%) 12 (71%) 5 (29%) 14 (61%) 9 (39%)
Year of surgery. M (IQR) 2007.5 (2004-2010) 2009 (2007-2010) 0.004 2006 (2003-2009) 2009 (2006.5-2010) 0372

M, median. IQR, interquartile range. Bold text indicates significant p-values.

interaction between SATB1 and adjuvant gemcitabine in
relation to OS approached significance, p(interaction) =

0.066 (Table 4).

Similar findings were obtained when considering
SATBI1 expression in primary tumours only; with a sig-

nificantly shorter OS for SATB1 positive PB-cases
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(logrank p =0.021) and a difference in response to adju-
vant gemcitabine in SATBI1 positive cases (8/16 receiv-
ing vs 8/16 not receiving adjuvant gemcitabine, logrank
p =0.054) compared with negative cases (39/89 receiv-
ing vs 50/89 not receiving adjuvant gemcitabine, log-
rank p = 0.491) and p(interaction) =0.067.

Prognostic and treatment predictive value of SATB1
expression in intestinal type tumours

In contrast to the PB-group, SATBI expression was not
prognostic for OS or RES in the I-type category of tu-
mours (Figure 3A-B). However, while there was no signifi-
cant difference in OS or RES between SATBI-negative
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Table 3 Hazard ratios for overall survival and recurrence free survival in pancreatobiliary type tumours
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Pancreatobiliary type

[ RFS
Univariable Multivariable Univariable Multivariable
Age 0.99 (0.96-1.02) 1.02 (0.99-1.05) 0.98 (0.96-1.01) 0.99 (0.96-1.02)
Sex
Women
Men 1.24 (0.80-1.91) 1.02 (0.64-1.64) 1.09 (0.72-1.66) 0.82 (0.52-1.30)
Tumour size
1.03 (1.01-1.05) 1.01 (0.99-1.04) 1.04 (1.02-1.05) 1.01 (0.99-1.04)

Tumour grade

Well-moderate

Poor

2.50 (1.54-4.05)

2.10 (1.28-3.45)

2.40 (1.50-3.83)

2.35(1.43-3.84)

Tumour origin

Ampulla

Distal bile duct

0.74 (0.40-1.34)

1.02 (0.53-1.98)

1.10 (0.61-1.97)

268 (0.33-21.81)

Pancreas

0.88 (0.49-1.60)

1.08 (0.56-2.08)

1.01 (0.56-1.84)

226 (0.27-18.81)

T-stage

m

T2

1.93 (0.23-16,04)

0.54 (0.06-5.05)

221(0.27-1838)

061 (0.06-5.75)

T3

3.99 (0.55-28.85)

0.74 (0.09-6.10)

643 (0.89-46.43)

1.28 (0.16-10.29)

T4

5.11 (0.67-38.79)

236 (0.11-4941)

5.95 (0.78-4543)

0.93 (0.11-8.00)

N-stage

NO

N1

2.55 (1.49-4.38)

2.49 (1.42-4.38)

2.59 (1.55-4.33)

2.15 (1.22-3.80)

Margin status

RO

R1-Rx

402 (0.99-16.38)

243 (0.59-10.02)

2.71(0.99-7.44)

230 (0.82-6.50)

Perineural

Pn0O

Pn1

1.97 (1.10-3.53)

1.04 (0.50-2.15)

3.09 (1.66-5.75)

1.80 (0.94-3.46)

Lymphatic vessels

Lo

L1

1.57 (0.96-2.56)

1.02 (0.57-1.85)

1.85 (1.14-3.01)

1.14 (0.65-2.00)

Blood vessels

%

Vi

243 (1.56-3.78)

2.53 (1.59-4.03)

2.35 (1.50-3.69)

1.96 (1.21-3.17)

Peripancreatic fat

Pn0

Pn1

1.89 (1.05-3.40)

0.94 (0:47-1.90)

2.75 (1.50-5.02)

1.78 (0.94-3.40)

SATB1

Negative

Positive

2.11 (1.25-3.56)

1.79 (1.05-3.05)

1.87 (1.10-3.18)

1.54 (0.89-2.66)

Adjuvant chemotherapy

None/other

Gemcitabine

0.76 (0.49-1.18)

0.56 (0.35-0.89)

0.98 (0.64-1.49)

072 (046-1.12)

Bold text indicates significant values.
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Table 4 Cox proportional hazards analysis of the impact of SATB1 protein expression on overall survival and
recurrence free survival in resected pancreatobiliary type and intestinal type periampullary adenocarcinomas

0os RFS
Pancreatobiliary type HR (95% CI) n (events) pt HR (95% Cl) n (events) pf
All cases
SATB1 neg 1.00 84 (63) 1.00 84 (69)
SATB1 pos 2.11 (1.25-3.56) 21 (19) 1.87 (1.10-3.18) 21 (18)
No adjuvant treatment
SATBT neg 1.00 40 (30) 1.00 40 (33)
SATB1 pos 2.94 (1.37-6.29) 9(9) 1.63 (0.71-3.74) 9(7)
Any adjuvant treatment 0166 0927
SATBT neg 1.00 44 (33) 1.00 44 (36)
SATB1 pos 1.70 (0.83-3.52) 12 (10) 2.05 (1.02-4.11) 12(11)
No gemcitabine
SATBT neg 1.00 46 (35) 1.00 46 (38)
SATB1 pos 3.14 (1.60-6.16) 12(12) 2.05 (1.00-4.20) 12 (10)
Gemcitabine 0006 0384
SATB1 neg 1.00 38 (28) 1.00 38 (31)
SATB1 pos 1.44 (0.62-3.35) 9(7) 1.60 (0.72-3.56) 9(8)
Intestinal type
All cases
SATBT neg 1.00 45 (22) 1.00 45 (20)
SATB1 pos 1.06 (0.47-2.38) 16 (8) 1.26 (0.57-2.77) 16 (9)
No adjuvant treatment
SATBT neg 1.00 33(17) 1.00 33(13)
SATB1 pos 1.62 (0.67-3.92) 10 (7) 2.69 (1.11-6.51) 10 (8)
Any adjuvant treatment 0165 0021
SATB1 neg 1.00 12 (5) 1.00 12.(7)
SATB1 pos 0.30 (0.03-2.56) 6 (1) 0.18 (0.02-1.46) 6 (1)
No gemcitabine
SATB1 neg 1.00 40 (20) 1.00 40 (17)
SATB1 pos 1.20 (0.51-2.83) 12 (7) 1.76 (0.76-4.09) 12 (8)
Gemcitabine 0649 0143
SATBT neg 1.00 5() 1.00 5@3)
SATB1 pos 0.67 (0.06-7.53) 4(1) 0.27 (0.03-2.64) 4(1)

*P value for term of interaction by Cox multivariable analysis including treatment, SATB1 expression, gemcitabine vs no gemcitabine or any adjuvant vs no

adjuvant, and a term of interaction. Bold text indicates significant values.

cases receiving (12/45) or not receiving (33/45) adjuvant
chemotherapy (logrank p =0.866), there was a tendency
towards a prolonged OS for cases with SATB1-positive
tumours receiving adjuvant chemotherapy (6/16), median
nr. (IQR 40.2-n.r.), compared with SATB1-positive cases
not receiving adjuvant chemotherapy (10/16), median 29.7
(IQR 20.9-54.3) (logrank p =0.093) (Figure 3C). SATBI-
positive cases receiving adjuvant chemotherapy (6/16) also
had a prolonged RFS, median n.r. (IQR n.r-n.r.), compared
with SATBI1-positive cases not receiving adjuvant chemo-
therapy (10/16), median 13.6 (IQR 7.2-35.9) (logrank p =
0.022) and there was a tendency towards a prolonged RFS

in SATB1-positive cases receiving adjuvant chemotherapy
compared to SATB1-negative cases receiving adjuvant
chemotherapy (logrank p = 0.071). There was no signifi-
cant difference in RFS between SATBI1-negative cases
receiving (12/45) or not receiving adjuvant chemother-
apy (33/45) (logrank p = 0.257) (Figure 3D). There was a
significant interaction between SATB1 and adjuvant
chemotherapy in relation to RFS in I-type tumours,
p(interaction) = 0.021.

Similar results were seen when considering SATB1 ex-
pression in primary I-type tumours only; no difference
in RES between SATBI1-negative cases receiving or not
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Figure 3 Kaplan-Meier estimates of overall survival (A) and recurrence free survival (B) in intestinal type tumours stratified by
SATB1-expression and corresponding curves stratified for adjuvant chemotherapy (C-D).
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receiving adjuvant chemotherapy (logrank p = 0.332) while
RFS differed significantly between SATBI1-positive cases
receiving or not receiving adjuvant chemotherapy (logrank
p =0.031). The interaction between SATB1 and adjuvant
chemotherapy in relation to RFS was significant also when
considering positivity in primary tumours only, p(inter-
action) = 0.032.

Prognostic and treatment predictive value of SATB2
expression

SATB2-expression was only seen in 3 out of 107 PB-type
tumours, making the statistical analyses hazardous to inter-
pret. However, as demonstrated in Figure 4A-B, a signifi-
cantly shorter OS and RFS was observed for the small
number of cases having SATB2-positive tumours, and this
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Figure 4 Kaplan-Meier estimates of overall survival (A) and recurrence free survival (B) in pancreatobiliary type tumours stratified by
SATB2-expression and corresponding curves stratified for adjuvant chemotherapy (C-D).
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significance was retained in both univariable analysis for OS
and RFS (HR 7.79; 95% CI 2.29-26.51 and HR 4.93; 95% CI
1.50-16.2) and in multivariable analysis for OS and RFS (HR
4.08; 95% CI 1.18-14.11 and HR 6.40; 95% CI 1.90-21.58).

In I-type tumours, SATB2-positivity was seen in 8 out
of 61 cases. Expression of SATB2 was however not

prognostic, for OS or RFS (Figure 5A-B). Moreover, there
were no significant differences in survival between SATB2-
positive cases receiving or not receiving adjuvant chemo-
therapy, but, of note, there were no recurrences or fatalities
among SATB2-positive I-type cases receiving adjuvant
chemotherapy (Figure 5C-D).
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Figure 5 Kaplan-Meier estimates of overall survival (A) and recurrence free survival (B) in intestinal type tumours stratified by
SATB2-expression and corresponding curves stratified for adjuvant chemotherapy (C-D).
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Discussion

The results from this study provide a first demonstration
of the expression and prognostic value of SATB1 in pan-
creatic, distal bile duct, ampullary and duodenal adeno-
carcinoma. Positive SATB1-expression was observed in
20% of resected PB-type cases, and was associated with a

shorter RFS and OS, which is in line with previous publica-
tions on the prognostic significance of SATB1 expression
in several other major types of cancer [3,7,9-12,14]. The
findings from the present study thus provide further evi-
dence of SATBI1 being a master regulator towards a more
aggressive tumour phenotype and a biomarker of poor
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prognosis in human cancer. In addition, the finding of a
potential treatment predictive role of SATBI, its expression
being associated with a better response to adjuvant gemci-
tabine in PB-type tumours, reflected in a prolonged 5-year
survival, and an improved response to any adjuvant
chemotherapy in I-type tumours, reflected in a prolonged
recurrence-free survival, has however not yet been de-
scribed in any type of cancer. Patients with pancreatic and
periampullary adenocarcinomas have a very dismal prog-
nosis even after surgical removal of the tumour. According
to contemporary treatment protocols, all patients with
pancreatobiliary type adenocarcinoma, including pancre-
atic cancer are recommended adjuvant treatment, and ad-
juvant chemotherapy with gemcitabine has recently been
shown to increase overall and disease-free survival among
patients with radically resected tumours [22]. A challenging
task is however to identify which patients will actually
benefit from this treatment and not only suffer from the
adverse side effects resulting in a reduced quality of life.
The here examined retrospective cohort consists of a com-
paratively large proportion of patients who did not receive
any adjuvant chemotherapy, which is in part likely due to
the fact that all types of periampullary adenocarcinomas
are included. As shown in Table 2, tumour origin and year
of surgery differs between the gemcitabine and non-
gemcitabine groups of PB-type tumours. During the first
part of the included period (2001-2011), the distinction
between pancreatobiliary and intestinal tumour morph-
ology was not made, and decision on adjuvant chemother-
apy seems to have been based mainly on tumour origin.
Many PB-type ampullary tumours did thus not receive ad-
juvant chemotherapy and tumours of distal bile duct origin
were given adjuvant chemotherapy less often than tumours
of pancreatic origin. For intestinal type tumours, decision
on adjuvant chemotherapy seems to have been based
primarily on involved lymph nodes, as this is the only
parameter that differs significantly between the group
that received and those that did not receive adjuvant
chemotherapy. Although treatment predictive effects are
best studied in a randomized setting, the nearly equal dis-
tribution of patients treated or not treated with adjuvant
chemotherapy in this retrospective cohort provides a bet-
ter setting for discovery of potential treatment predictive
markers than studies on cohorts where all patients have
received adjuvant chemotherapy.

Apart from considerations in the adjuvant situation,
SATBI could also prove to be a useful biomarker for
identification of patients with borderline resectable tu-
mours who will respond well to neoadjuvant chemother-
apy, thus increasing the number of resectable tumours.
Therefore, the indication of a treatment predictive value
of SATB1 expression in periampullary adenocarcinoma
is of high potential clinical relevance and merits further
validation in additional patient cohorts. The mechanistic
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basis for SATBI1-related increased sensitivity to various
combinations of chemotherapy should also be pursued
in future studies.

Given the high homology of SATB1 and SATB?2, it is
important to use well-validated antibodies to ensure tar-
get specificity. The antibodies used in the present study
have been validated previously [23] and cross-reactivity
should therefore not be an issue.

SATB1 was often heterogeneously expressed and the
number of positive cells was often low, which justifies as-
sessment not only of the primary tumour, but also metas-
tases in order to improve the detection of positive cases.

Immunohistochemistry has several advantages com-
pared to e.g. analyses of mRNA levels in that it allows
for assessment of candidate protein biomarkers in a
morphological and subcellular context. The results from
this study are quite in line with several previous studies
demonstrating that even a small fraction of SATB1
positive cells by immunohistochemistry is sufficient to
confer a poor prognosis [3,12]. Moreover, results from
studies on the prognostic value of mRNA levels of
SATBI1 have shown discrepant results in relation to its
protein expression in e.g. breast cancer [24,25]. A likely
explanation for this is the more or less abundant expres-
sion of SATBLI in activated lymphocytes, also serving as a
positive internal control in immunohistochemical studies.
Therefore, immunohistochemistry should be the method
of choice for assessment of the utility of SATB1 as a
prognostic and treatment predictive biomarker in hu-
man cancer.

Some methodological aspects on the TMA technique
need consideration. Although heterogeneity issues can-
not be fully circumvented, it is reasonable to assume
that analysis of whole tissue sections will lead to an im-
proved detection rate of positive primary tumours and/
or metastases. However, while the use of whole sections
is feasible in the clinical setting and in prospective stud-
ies, the TMA technique has become a well-established
platform for high-throughput tissue biomarker studies in
the retrospective setting, and has been demonstrated to
provide similar or even better prognostic information for
heterogeneously expressed markers than whole section-
based analyses [26]. Moreover, a comparative strength of
the here used TMA is that tissue cores had, whenever
possible, been obtained from different donor blocks of
the primary tumours, and from different lymph node
metastases in cases with more than one metastasis.

In a previous study related to the potential utility of
SATB2 as a diagnostic marker for colorectal cancer,
screening of its expression in a multitude of normal and
cancerous tissues revealed that none out of 25 pancre-
atic adenocarcinomas and only one out of 15 bile duct
adenocarcinomas were positive for SATB2 [17], which is
in line with the finding in the present study of SATB2
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being positive in only three out of 107 pancreatobiliary
type adenocarcinomas. Although a significant association
was found between SATB2 expression and poor progno-
sis, the small number of positive cases makes it hazardous
to draw any conclusions on the potential prognostic value
of SATB2 expression in PB-type tumours. In the group of
I-type tumours, where SATB2 expression was more fre-
quent (8/61), no prognostic effect was seen. Moreover,
while there were no significant treatment predictive effects
of SATB2 expression in I-type adenocarcinoma, it is note-
worthy that SATB2-positive I-type cases receiving adju-
vant chemotherapy had no recurrences or fatalities during
the follow up period. This observation may suggest a simi-
lar treatment predictive function for SATB2 in I-type tu-
mours as observed for SATBI and would also be in line
with the previously described treatment predictive func-
tion of SATB2 in colorectal adenocarcinoma [20]. Along
this line, while some studies have suggested antagonistic
effects of SATB1 and SATB2 [5,18,23], it cannot be ruled
out that SATB1 and SATB2 both increase chemotherapy
sensitivity in the here examined types of cancer.

Conclusions

Expression of SATBI is associated with poor prognosis
in pancreatobiliary type adenocarcinomas, and predicts
response to adjuvant treatment in both intestinal type and
pancreatobiliary type periampullary adenocarcinomas, in-
cluding pancreatic cancer. These findings are of potential
clinical relevance and merit further validation in additional
patient cohorts as well as in a mechanistic context.
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Additional file 1: Table S1. SATB2-expression in relation to
clinicopathological parameters and SATB1-expression.
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Table S1. SATB2-expression in relation to clinicopathological parameters and SATB1-expression.

Pancreatobiliary type

Intestinal type

SATB2- SATB2+ SATB2 p- SATB2- SATB2+ SATB2 p-value
n=104 n=3 Missing  value n=53 n=8 Missing
n=1 n=4
Age, years, M (IQR) 67 (62-73) 69 1 0.848 | 66 (59-71) 68 (61-69) 4 0.950
Sex, n (%) 0.246 0.283
Women 50 (48%) 0 1 28 (53%) 6 (75%) 1
Men 54 (52%) 3 (100%) 0 25 (47%) 2 (25%) 3
Tumour origin, n (%) 0.580 0.668
Duodenum 13 (25%) 1(13%) 0
Ampulla I- type 40 (75%) 7 (87%) 4
Ampulla PB- type 18 (17%) 1(33%) 0
Distal bile duct 44 (42%) 1(33%) 0
Pancreas 42 (41%) 1(33%) 1
Tumour size, mm, M
(IQR) 30 (23-35) 25 1 0.437 | 30(18-40) 18(11-48) 4 0.363
Differentiation grade,
n (%) 1.000 0.260
Well-moderate 39 (38%) 1(33%) 0 27 (51%) 2 (25%) 3
Poor 65 (62%) 2 (67%) 1 26 (49%) 6 (75%) 1
T-stage, n (%) 0.631 0.177
T1 3 (3%) 0 0 2 (4%) 1(12.5%) 2
T 10 (10%) 0 0 10 (19%) 1(12.5%) 1
T3 75 (72%) 2 (67%) 1 19 (36%) 5 (62.5%) 1
T4 16 (15%) 1(33%) 0 22 (41%) 1(12.5%) 0
N-stage, n (%) 1.000 1.000
NO 30 (29%) 1(33%) 0 28 (53%) 4 (50%) 3
N1-N2 74 (71%) 2 (67%) 1 25 (47%) 4 (50%) 1
Margins, n (%) 1.000 1.000
RO 7 (7%) 0 0 15 (28%) 2 (25%) 1
R1-Rx 97 (93%) 3 (100%) 1 38 (72%) 6 (75%) 3
Perineural growth, n
(%) 0.520 1.000
No 22 (21%) 1(33%) 0 36 (68%) 6 (75%) 3
Yes 82 (79%) 2 (67%) 1 17 (32%) 2 (25%) 1
Invasion of lymphatic
vessels, n (%) 1.000 0.710
No 32 (31%) 1(33%) 0 26 (49%) 3 (38%) 0
Yes 72 (69%) 2 (67%) 1 27 (51%) 5 (62%) 4
Invasion of blood
vessels, n (%) 0.261 1.000
No 70 (67%) 1(33%) 0 48 (91%) 8 (100%) 4
Yes 34 (33%) 2 (67%) 1 5 (9%) 0 0
Growth in peri-
pancreatic fat, n (%) 1.000 0.042
No 23 (22%) 0 0 31 (58%) 8 (100%) 4




Yes 81 (78%) 3 (100%) 1 22 (42%) 0
SATB1, n (%) 0.092 0.422
Negative 84 (81%) 1(33%) 0 40 (75%) 5 (62%)
Positive 18 (17%) 2 (67%) 1 13 (25%) 3 (38%)
Missing 2 (2%) 0 0 0 0
Adjuvant
chemotherapy, n (%) 1.000 0.319
No adjuvant 48 (46%) 2 (67%) 1 39 (74%) 5 (62%)
S5FU-analogue 8 (8%) 0 0 5(9%) 0
Gemcitabine 43 (41%) 1(33%) 0 5 (9%) 1(13%)
Gemcitabine +
capecitabine 2 (2%) 0 0 1(2%) 0
Oxaliplatin + 5-FU
analogue 1(1%) 0 0 2 (4%) 2 (25%)
Gemcitabine +
oxaliplatin 2 (2%) 0 0 1(2%) 0
Recurrence 0.422 0.472
No 20 (19%) 0 0 28 (53%) 5 (62%)
Yes, local only 29 (28%) 0 0 3 (5%) 1(13%)
Yes, non-local 55 (53%) 3 (100%) 1 22 (42%) 2 (25%)
Included in survival
analyses 1.000 1.000
Yes 103 (99%) 3 (100%) 1 51 (96%) 8 (100%)
No 1(1%) 0 0 2 (4%) 0

M, median. IQR, interquartile range. Bold text indicates significant p-values.
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Prognostic effect of hENT1, dCK and HuR expression by morphological type in

periampullary adenocarcinoma, including pancreatic cancer
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ABSTRACT

Background: Putative biomarkers of gemcitabine response have been extensively studied in
pancreatic cancer, but less so in other types of periampullary adenocarcinoma. The most studied
biomarker is human equilibrative nucleoside transporter 1 (hENT1), and the activating enzyme
deoxycytidine kinase (dCK) has also been linked to treatment response. The RNA-binding protein
human antigen R (HuR) has been demonstrated to confer increased dCK levels in vitro and to
predict gemcitabine response in vivo. Here, we investigated the prognostic impact of hENT1, dCK
and HuR in pancreatobiliary (PB) and intestinal (I) type periampullary cancers, respectively. Material
and methods: Immunohistochemical expression of hENT1, dCK and HuR was evaluated in tissue
microarrays with all primary tumours and 103 paired lymph node metastases from a consecutive
retrospective cohort of 175 patients with resected periampullary adenocarcinomas. Results: In
patients with PB-type tumours, neither hENT1 nor dCK expression was prognostic. A high HuR
cytoplasmic/nuclear ratio was associated with a significantly reduced five-year overall survival (OS)
in patients receiving adjuvant gemcitabine (HR 2.07, 95% Cl 1.03-4.17) but not in untreated
patients (Pinteraction = 0.028). In patients with I-type tumours receiving adjuvant chemotherapy, high
dCK expression was significantly associated with a prolonged recurrence-free survival (RFS) (HR
0.09, 95% Cl 0.01-0.73, Pinteraction = 0-023). Furthermore, HuR expression was associated with a
prolonged OS and RFS in unadjusted but not in adjusted analysis and hENT1 expression was an
independent predictor of a prolonged RFS (HR 0.24, 95% Cl 0.10-0.59), regardless of adjuvant
treatment. Conclusion: hENT1 expression is a favourable prognostic factor in I-type, but not in PB-
type tumours. High dCK expression is a favourable prognostic factor in patients with I-type tumours
receiving adjuvant treatment and a high cytoplasmic/nuclear HuR ratio is a negative prognostic
factor in gemcitabine-treated PB-type tumours. Morphological subtype should always be
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considered in biomarker studies on periampullary cancer.

Gemcitabine is an antimetabolite commonly used for treat-
ment of pancreatic cancer and other periampullary adenocar-
cinomas, in the adjuvant as well as palliative setting. Several
putative biomarkers predictive of gemcitabine response have
been examined, with varying and sometimes conflicting
results.

Human equilibrative nucleoside transporter 1 (hENT1) pro-
vides the major route for gemcitabine to enter a cell, and is one
of the most extensively studied biomarkers in the context of
gemcitabine response. In a meta-analysis encompassing 10
studies on 399 patients with resected pancreatic cancer, hENT1
expression was found to be predictive of gemcitabine response
[1]. Results from a retrospective study on 413 consecutive,
unselected cases of resected pancreatic cancer showed that
hENT1 had no prognostic value in patients receiving non-
gemcitabine-based adjuvant therapy, whereas high hENT1
predicted a longer overall survival (OS) among patients who
had received gemcitabine [2]. In a study on 196 pancreatic
cancer cases from the prospective RTOG 9704 trial, high hENT1
expression was found to correlate with an increased OS and

disease-free survival in patients treated with gemcitabine but
not with 5-FU [3]. Another study on 380 pancreatic cancer
cases from the ESPAC-3 trial demonstrated that resected cases
with high tumour-specific hENT1 expression receiving adjuvant
gemcitabine had a significantly longer OS than those with low
expression, using the median hENT1 score as cut off, but also
that patients with low hENT1 had a longer OS after 5-FU
therapy than after gemcitabine [4]. The majority of studies
have been performed on pancreatic cancer, but in a study on
patients with resected ampullary adenocarcinomas, who did
not receive adjuvant chemotherapy (n=41), hENT1 expression
was found to be higher in intestinal type (I-type) than in
pancreatobiliary type (PB-type) tumours [5] and to be
associated with a shorter OS [6].

In a first, rate-limiting step, gemcitabine is phosphorylated
by deoxycytidine kinase (dCK), which is required for its
incorporation into DNA and subsequent masked chain termin-
ation and apoptosis [7]. Expression of dCK is required for
gemcitabine sensitivity and cell lines with induced resistance
show decreased dCK RNA levels, while influx of gemcitabine

Correspondence: J. Elebro, @ Department of Clinical Sciences, Division of Oncology and Pathology, Lund University, Skane University Hospital, 221 85 Lund, Sweden.

Tel: +46 46 177501, Fax: +46 46 147327. @ jacob.elebro@med.lu.se

© 2015 Taylor & Francis



2 (&) J.ELEBROET AL.

into the cells is unaffected [8]. In a cohort of 416 patients with
resected pancreatic cancer, high dCK expression correlated
with a significantly longer OS in patients treated with
gemcitabine, but not in patients receiving no adjuvant
treatment or non-gemcitabine-based adjuvant chemotherapy
[2]. In patients with resected pancreatic cancer (n=165) who
received adjuvant 5-FU chemoradiation followed by either 5-
FU or gemcitabine, high dCK expression correlated with a
longer OS in the 5-FU arm but not in the gemcitabine arm [9].
The loss of a treatment predictive effect of dCK in the
gemcitabine arm was proposed to be an effect of radiation
disrupting the complex of human antigen R (HuR) and dCK-
mRNA, leading to lower levels of dCK protein. This hypothesis
does however not explain the observed association between
high dCK and longer survival in the 5-FU arm. In a meta-
analysis including four studies of either protein or gene
expression of dCK, high dCK levels predicted a longer OS and
recurrence-free survival (RFS) in gemcitabine-treated patients
with pancreatic cancer [1]. To our knowledge, the prognostic or
predictive value of dCK has not yet been studied in I-type
periampullary adenocarcinoma.

HuR is an RNA binding protein that performs post-tran-
scriptional regulation of several proteins in response to stress
or growth signals, thereby stabilising mRNAs related to
proliferation, angiogenesis and evasion of apoptosis [10,11].
Cytoplasmic HuR (referred to as HuR) is also increased in
malignant cells as compared with corresponding normal cells,
and has been found to be associated with adverse clinico-
pathological factors and a shorter OS in several different cancer
forms [12], e.g. gastric cancer, gallbladder cancer, breast
cancer, urothelial cancer and non-small cell lung cancer. In
pancreatic cancer, however, two small studies found high HuR
expression to be associated with a longer OS in patients
treated with gemcitabine, and HuR was also demonstrated to
bind dCK-mRNA, which might explain a greater sensitivity to
gemcitabine in tumours with high levels of HuR [13,14]. Low
nuclear HUR expression has not been associated with progno-
sis or prediction of response to chemotherapy, but a high
cytoplasmic to nuclear ratio of HuR (HuR C/N ratio) was
demonstrated to be associated with a shorter OS in 560 cases
of colorectal cancer [15]. The expression of HuR has, to the best
of our knowledge, not been studied in I-type periampullary
adenocarcinoma before.

Overall, mechanisms and markers of sensitivity to chemo-
therapy in |-type periampullary adenocarcinomas remain less
studied. Therefore, the aim of the present study was to
examine the associations between protein levels of hENT1, dCK
and HuR, and their prognostic and potential treatment
predictive values, in both PB-type periampullary adenocarcin-
omas, and in |-type periampullary adenocarcinomas.

Patients

The study cohort is a previously described retrospective
consecutive series of pancreaticoduodenectomy specimens
from all patients (n = 175) with periampullary adenocarcinoma,
including pancreatic cancer, resected at the university hospitals

of Lund and Malmg, Sweden, from 1 January 2001 until 31
© 2015 Taylor & Francis

December 2011 [16-19]. Data on survival were gathered from
the Swedish National Civil Register. Follow-up started at the
date of surgery and ended at death, at five years after surgery
or at 31 December 2013, whichever came first. Information on
neoadjuvant and adjuvant treatment and recurrence was
obtained from patient records. All haematoxylin and eosin
stained slides from all cases were re-evaluated by one
pathologist (JEL), blinded to the original report and outcome,
as previously described [16].

The study has been approved by the Ethics Committee of
Lund University (ref no 445/07).

Tissue microarray construction

Tissue microarrays (TMAs) were constructed using a semi-
automated arraying device (TMArrayer, Pathology Devices,
Westminister, MD, USA). A standard set of three tissue cores
(1 mm) were obtained from each of the 175 formalin-fixated
paraffin-embedded primary tumours and from lymph node
metastases from 105 of the cases, whereby one to three lymph
node metastases were sampled in each case.

Immunohistochemistry and staining evaluation

For immunohistochemical analysis of dCK and HuR expression,
4 um TMA-sections were automatically pre-treated using the
PT Link system and then stained in an Autostainer Plus (DAKO,
Glostrup, Copenhagen, Denmark) with the mouse monoclonal
dCK antibody 16G6 (OriGene Technologies, Inc., Rockville, MD,
USA) and the mouse monoclonal HuR (G-8) antibody sc-365816
(Santa Cruz Biotechnology Inc., Dallas, TX, USA). For immuno-
histochemical analysis of HENT1, 4 um TMA-sections were pre-
treated using Cell Condition Solution 1 (Ventana Medical
Systems, Tucson, AZ, USA) and stained with the ready-to-use
rabbit monoclonal HENT1 antibody SP120 on a Ventana
BenchMark stainer (Ventana Medical Systems Inc.).

The staining of dCK and hENT1 was annotated by one
pathologist (JEL) and HuR was independently annotated by
two observers (JEL and LBD) and consensus was reached in
discordant cases. For dCK, only the nuclear staining was scored,
HuR and nuclear HuR staining was assessed separately, and for
hENT1, cytoplasmic and membranous staining was assessed
together. A multiplier of the fraction of stained cells for each
level of staining intensity (O=negative, 1=weak, 2=moderate
and 3=strong) was calculated for each core (H-score, 0-300)
and the mean value of assessable cores was used for further
analysis. HUR however often showed varying intensities of
weak staining, making it necessary to fine tune the scoring of
intensity (O=negative, 1=very weak, 2=weak, 3=weak moder-
ate, 4=strong moderate, 5=strong and 6= very strong),
creating a score ranging from 0 to 600. The HuR C/N ratio
was calculated using the formula HuR C/N ratio=HuR+0.1/
HuRn+0.1, to make cases with no staining computable.

Lymphocytes served as a positive internal control for dCK,
endocrine pancreatic islets for HuR, and endocrine pancreatic
islets and endothelial cells for hENT1. The median scores of
hENT1, dCK, HuR and HuR C/N ratio were calculated separately



for PB- and I|-type adenocarcinomas, and were used as cut-offs
to create groups of high and low expression.

Statistical analysis

x>-test was applied to analyse the relationship between the
dichotomised expression of each biomarker and clinicopatho-
logical parameters. Two patients with PB-type adenocarcin-
omas who had received neoadjuvant chemotherapy were
excluded from the correlation and survival analyses. Three
additional patients were excluded from the survival analyses;
two with I-type adenocarcinomas who died within one month
from surgery due to complications and one with PB-type
adenocarcinoma who emigrated five months after surgery.

Kaplan Meier estimates of five-year OS and RFS and log rank
test were applied to evaluate survival differences in strata
according to high and low expression for each biomarker
combined with given adjuvant treatment; gemcitabine versus
none/other for PB-type and any versus none for I-type tumours.
Hazard ratios (HR) for death and recurrence within five years
were calculated by Cox regression proportional hazard's
modelling in unadjusted analysis and in a multivariable
model adjusted for expression of hENT1, dCK, HuR and HuR
C/N ratio as well as age, T-stage, N-stage, differentiation grade,
lymphatic invasion, vascular invasion, perineural invasion, and
adjuvant chemotherapy. A backward conditional method was
used for variable selection in the adjusted model. To estimate
the interaction effect for survival between given adjuvant
treatment and the biomarker expression, the following inter-
action variables were constructed; any adjuvant chemotherapy
(+/—) x biomarker (high/low) for I-type, and gemcitabine-
based adjuvant treatment (+/—) x biomarker (high/low) for PB-
type tumours.

All tests were two sided. p-Values <0.05 were considered
significant. All statistical analyses were performed using IBM
SPSS Statistics version 20.0 (SPSS Inc., Chicago, IL, USA).

The proportional hazards assumption was tested by
examining log-log survival curves.

In the planning and execution of this study, efforts were
made to follow the REMARK-criteria to increase comparability
between studies and enable results to be reproduced [20].

Results

Patient population

In the group of 109 patients with PB-type tumours, 50 received
gemcitabine-based adjuvant therapy (45 gemcitabine, 3
gemcitabine + 5-FU analogue and 2 gemcitabine + oxaliplatin)
and 59 did not receive adjuvant gemcitabine (50 no adjuvant,
8 5-FU and 1 5-FU + oxaliplatin). Among the 63 patients with
I-type tumours, 18 received adjuvant therapy (7 gemcitabine, 5
5-FU, 4 5-FU + oxaliplatin, 1T gemcitabine + 5-FU analogue and 1
gemcitabine + oxaliplatin) and 45 received no adjuvant
chemotherapy.

Seven patients with PB-type tumours received adjuvant
radiotherapy, six together with 5-FU and one together with

gemcitabine. Two patients with I-type tumours received
© 2015 Taylor & Francis
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adjuvant radiotherapy, one together with 5-FU and one
without chemotherapy.

Median follow up time, from surgery to death, censoring or
at the most 60 months, was 25.4 months for PB-type and 38.8
months for I-type tumours.

Median OS for 109 patients with PB-type tumours (84
events) was 25.4 months [95% confidence interval (Cl) 22.2-
28.7]; 28.1 months (95% Cl 26.3-29.9) for 50 patients (37
events) receiving gemcitabine-based adjuvant therapy and
23.1 months (95% Cl 19.2-27.0) for 59 patients (47 events) not
receiving adjuvant gemcitabine.

Median OS for 63 patients with I-type tumours (32 events)
was 52.9 months (95% Cl 34.0-71.9); 46.6 months (95% Cl 28.9—
64.4) for 45 patients not receiving adjuvant treatment, and
median OS was not reached for 18 patients who received
adjuvant chemotherapy.

hENT1, dCK and HuR expression

Sample immunohistochemical images of hENT1, dCK and HuR
stainings are shown in Figure 1. H-score expression levels in
PB-type and I-type primary tumours and metastases are shown
in Supplementary Figure 1 (available online at http:/
www.informahealthcare.com).

Independent samples t-test showed a higher expression of
hENT1 and HuR, and also a higher HUR C/N ratio in I-type as
compared with PB-type primary tumours (all three compari-
sons p<0.001) while there was no difference in expression of
dCK by morphological type (p=0.725). In PB-type tumours
paired samples t-test showed an increased expression of dCK
and hENTT in metastases, as compared with corresponding
primary tumours, while in I-type tumours there was a
decreased expression of HUR in metastases (Supplementary
Figure 1). The HUR C/N ratio did not differ between primary
tumours and paired metastases in either morphological type
(data not shown).

Paired samples t-test in the full cohort showed an increased
dCK H-score from primary tumours to metastases (p=0.003)
and a decreased HuR H-score (p=0.002) while there were no
differences in HUR C/N ratio or H-score of hENT1 between
primary tumours and metastases (data not shown).

Expression levels of hENT1, dCK and HuR did not differ
according to adjuvant treatment (data not shown).

Associations of hENT1, dCK and HuR expression with
clinicopathological parameters

Associations between the dichotomised expression of hENTT,
dCK and HuR and clinicopathological parameters are shown in
Table | for PB-type and in Table Il for I-type adenocarcinomas.

In PB-type tumours, dichotomised dCK expression was not
significantly associated with other parameters. There were no
associations between the dichotomised or continuous H-score
of dCK, HuR or HuR C/N ratio in the full cohort or when
excluding the nine patients who received adjuvant radiother-
apy. HuR was significantly associated with male sex, and hENT1
with well/moderately differentiated PB-type tumours (Table I).
As demonstrated in Supplementary Table | (available online at
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Figure 1. Examples of immunohistochemical staining of hENT1 (A-C), dCK (D-F) and HuR (G-I).

http://www.informahealthcare.com), a high HuR C/N ratio was
associated with male sex, high HuR expression and positive or
unassessable margins (R1-Rx vs. R0).

In I-type tumours dCK expression was significantly asso-
ciated with a higher proportion of uninvolved margins,
while HuR was associated with hENT1 expression and a lower
proportion of perineural growth, and hENT1 was associated
with duodenal origin, larger tumour size and uninvolved
lymphatic vessels (Table 1l). There were no significant
associations between HuR C/N ratio and any clinicopathologi-
cal parameter apart from HuR in |-type tumours (data not
shown).

Prognostic value of hENT1, dCK and HuR expression

Kaplan-Meier analysis revealed that in the entire group of
patients with PB-type tumours, including both those receiving
and not receiving adjuvant gemcitabine, there were no
differences in OS or RFS according to high or low hENT1,
dCK, HuR and HuR C/N ratio (Figure 2A-F, and Supplementary
© 2015 Taylor & Francis

Figure 2, available online at http://www.informahealthcare.
com). These findings were confirmed in univariable and
multivariable Cox regression analysis for RFS (Table Ill) and
five-year OS (Supplementary Table II, available online at http://
www.informahealthcare.com).

Kaplan-Meier analysis revealed that in the entire group of
patients with I|-type tumours, high hENT1 expression was
significantly associated with a longer RFS but not OS, with
similar findings in patients not receiving adjuvant therapy
(Figure 3A and B). These findings were confirmed in univariable
analysis for RFS (HR 0.33, 95% ClI 0.15-0.72), and remained
significant in multivariable analysis (HR 0.24, 95% Cl 0.10-0.59)
(Table 1V). High hENT1 also had a similar, but borderline
significant, prognostic effect for RFS when considering only I-
type tumours of ampullary origin, and thus excluding tumours
of duodenal origin (data not shown).

In patients with I-type tumours, there was no significant
difference in OS or RFS according to high and low dCK
expression, neither in the entire group nor in untreated
patients (Figure 3C and D). These findings were confirmed in
univariable and multivariable Cox regression analysis for RFS
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Figure 2. Kaplan—-Meier curves of overall survival and recurrence-free survival in pancreatobiliary type tumours stratified by hENT1 (A,B), dCK (C,D) and HuR (EF)
expression and adjuvant gemcitabine.

(Table 1V) and OS (Supplementary Table llI, available online at
http://www.informahealthcare.com).

High HuR expression was associated with a significantly
longer OS in the entire group of patients with I-type tumours,

and also in patients not receiving adjuvant chemotherapy
© 2015 Taylor & Francis

(Figure 3E and F). These findings were confirmed in univariable
analysis for RFS in the entire group (HR 0.41, 95% Cl 0.19-0.88)
and in patients not receiving adjuvant chemotherapy (HR 0.37,
95% Cl 0.15-0.92) (Table 1V). Similar results were seen for OS
(Supplementary Table Il). Significance was however not
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Table Ill. Cox proportional hazards analysis of the impact of expression of hENT1,
dCK, HuR and HuR cytoplasmic/nuclear ratio on recurrence-free survival in
patients with pancreatobiliary type tumours.

RFS HR (95% CI)

Number P for
(events) Unadjusted Adjusted interaction
hENT1
All
Low 53 (45) 1.00 1.00
High 53 (43) 0.86 (0.56-1.31) 1.35 (0.83-2.20)
No gemcitabine NS
Low 32(28) 1.00 1.00
High 26 (20) 0.79 (0.44-1.41) 1.18 (0.62-2.22)
Gemcitabine
Low 21(17) 1.00 1.00
High 27 (23) 0.96 (0.51-1.81) 1.87 (0.92-3.83)
dck
All
Low 53 (43) 1.00 1.00
High 53 (45) 1.03 (0.68-1.57) 1.02 (0.65-1.59)
No gemcitabine NS
Low 28 (22) 1.00 1.00
High 30 (26) 1.19 (0.67-2.11) 0.85 (0.43-1.69)
Gemcitabine
Low 25 (21) 1.00 1.00
High 23 (19 0.80 (0.42-1.50) 0.97 (0.49-1.94)
HuR
All
Low 53 (45) 1.00 1.00
High 53 (43) 1.07 (0.70-1.63) 1.30 (0.84-2.00)
No gemcitabine NS
Low 32(28) 1.00 1.00
High 26 (20) 0.87 (0.49-1.56) 1.00 (0.53-1.87)
No Gemcitabine
Low 21(17) 1.00 1.00
High 27 (23) 1.47 (0.77-2.79) 1.51 (0.79-2.90)
HuR /N ratio
All
Low 53 (44) 1.00 1.00
High 53 (44) 1.04 (0.68-1.58) 1.31 (0.84-2.04)
No gemcitabine 0.053
Low 30 (27) 1.00 1.00
High 28 (21) 0.72 (0.40-1.27) 0.78 (0.42-1.46)
Gemcitabine
Low 23(17) 1.00 1.00
High 25 (23) 1.59 (0.84-3.01) 2.59 (1.29-5.20)

The multivariable model included age (continuous), T-stage (1-2 vs. 3-4),
N-Stage, differentiation grade (well-moderate vs. poor), lymphatic invasion,
vascular invasion, perineural growth, and in the analysis including all cases also
gemcitabine treatment (yes/no). (/N ratio, cytoplasmic/nuclear ratio; NS, non-
significant. Bold text indicates significant values.

retained in multivariable analysis neither for RFS (Table IV) nor
OS (Supplementary Table Ill). A high HuR C/N ratio was also
significantly associated with a longer OS and borderline
significantly associated with a prolonged RFS, which was
confirmed in univariable analysis for RFS (HR 0.47, 95% Cl 0.22-
1.02) (Table IV) and OS (Supplementary Table Ill). The associ-
ations were significant in multivariable analysis for OS
(Supplementary Table Ill), but not for RFS (Table IV).

Potential predictive value of hENT1, dCK and HuR
expression

In patients with PB-type tumours receiving adjuvant gemcita-
bine, a high HUR C/N ratio was significantly associated with a
reduced OS in univariable analysis (HR 2.07, 95% Cl 1.03-4.17),
with a significant interaction (Pinteraction=0.028)
(Supplementary Table Il). For RFS, there was a borderline

significant treatment interaction (Pinteraction=0.053) (Table Il).
© 2015 Taylor & Francis

There was no significant treatment interaction for hENT1,
dCK or cytoplasmic HuR expression with regard to RFS or OS
(Table Il and Supplementary Table II).

In I-type tumours, high dCK expression was significantly
associated with a prolonged RFS in patients receiving adjuvant
chemotherapy (univariable HR 0.09, 95% ClI 0.01-0.73), with a
significant treatment interaction (Pinteraction=0-023) (Table V).
Cox regression and interaction analysis could not be performed
for dCK with regard to OS, as there were no fatalities among
the nine patients with high dCK expression having received
adjuvant chemotherapy.

The prognostic value of hENT1, HuR, or HuR C/N in I-type
tumours did not differ by adjuvant treatment, neither for RFS
(Table IV) nor OS (Supplementary Table IlI).

Discussion

In the group of PB-type tumours, including pancreatic cancer,
our results do not support previous results in large cohorts on
the predictive value of high hENT1 expression [2,4]. Our results
on high dCK expression in relation to gemcitabine response are
however in line with previous findings [2]. Our results do not
confirm the previously described association between HuR and
dCK expression described in 116 cases of pancreatic cancer [9]
and in cell lines [13]. Moreover, our results regarding the
predictive value of HuR, with a better survival in patients
having received gemcitabine with tumours displaying low
expression of HuR or a low C/N ratio, differ from previous
reports on two smaller series of gemcitabine-treated patients
with pancreatic cancer (n=32 and n=24, respectively), where
high HuR expression was found to be associated with a
prolonged survival [13,14]. Our results are however plausible,
as HuR increases proteins related to proliferation, angiogenesis
and evasion of apoptosis, thus promoting a more malignant
phenotype [10,11]. The findings of an association between
high HuR or a high HuR C/N ratio and a poorer prognosis also
harmonise with a majority of reports on HuR in different
tumour types, where a high cytoplasmic expression of HuR or a
high C/N ratio were found to confer a worse prognosis [12].

In the group of I-type periampullary adenocarcinomas,
expression of dCK was found to be potentially predictive of
response to adjuvant chemotherapy, which has, to the best of
our knowledge, not been described before. Although several of
these patients had received adjuvant gemcitabine, there are
indications that dCK also increases sensitivity to 5-FU [9].

Our findings on HuR in I-type tumours are more surprising,
with high expression being significantly associated with a
better prognosis, regardless of treatment. I-type periampullary
tumours are often assumed to behave similarly to colorectal or
gastric cancer, but our results on HuR differ from previous
reports on these tumour types [15,21], and also deviate from
the concept of HuR being a positive regulator of malignant
behaviour in other tumour types [12]. In the herein investi-
gated tumours, perineural growth was less common in I-type
tumours with high HuR expression, which is in line with its
beneficial impact on survival. Whether the distribution of
perineural growth in the groups of high or low HuR is
coincidental or biologically related to levels of HuR cannot be
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Figure 3. Kaplan-Meier curves of overall survival and recurrence-free survival in intestinal type tumours, stratified by hENT1 (A,B), dCK (C,D) and HuR (E,F) expression

and adjuvant chemotherapy.

determined based on the results from this study, but the non-
significant hazard ratio for HuR in multivariable analysis
indicates that its associations with other parameters may
explain its prognostic effect in I-type tumours.

© 2015 Taylor & Francis

High hENT1 expression was more common in I-type
tumours of duodenal origin than of ampullary origin, which
could explain its association with a more favourable prognosis.
A borderline significant association between a longer RFS
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Table IV. Cox proportional hazards analysis of the impact of expression of hENTT,
dCK, HuR and HuR cytoplasmic/nuclear ratio on recurrence-free survival in
patients with intestinal type tumours.

RFS HR (95% Cl)

Number p for
(events) Unadjusted Adjusted interaction
hENT1
All
Low 31 (20) 1.00 1.00
High 30 (9) 0.33 (0.15-0.72) 0.24 (0.10-0.59)
No adjuvant NS
Low 23 (16) 1.00 1.00
High 20 (5) 0.24 (0.09-0.67) 0.07 (0.02-0.28)
Adjuvant
Low 8 (4) 1.00
High 10 (4) 0.59 (0.15-2.39)
dcK
All
Low 30 (17) 1.00 A
High 31(12) 0.68 (0.33-1.43) 0.82 (0.38-1.76)
No adjuvant 0.023
Low 21 (10) 1.00 A
High 22 (11) 1.26 (0.53-2.97) 1.56 (0.61-4.02)
Adjuvant
Low 9(7 1.00
High 9(1) 0.09 (0.01-0.73) |
HuR
All
Low 32 (19) 1.00 1.00
High 29 (10) 0.41 (0.19-0.88) 0.47 (0.21-1.04)
No adjuvant NS
Low 23 (14) 1.00 1.00
High 20 (7) 0.37 (0.15-0.92) 0.46 (0.16-1.32)
Adjuvant
Low 9(5 1.00
High 9(3) 0.52 (0.12-2.21)
HuR O/N ratio
All
Low 32(19) 1.00 1.00
High 29 (10) 0.47 (0.22-1.02) 0.44 (0.19-1.02)
No adjuvant NS
Low 24 (15) 1.00 1.00
High 19 (6) 0.39 (0.15-1.00) 0.14 (0.03-0.62)
Adjuvant
Low 8 (4 1.00
High 10 (4) 0.80 (0.20-3.23) t

The multivariable model included age (continuous), T-stage (1-2 vs 3-4),
N-Stage, differentiation grade (well-moderate vs. poor), lymphatic invasion,
vascular invasion, perineural growth, and in the analysis including all cases also
adjuvant treatment (yes/no). Dagger (f) indicates that multivariable analysis
was not performed due to few cases and events. C/N ratio, cytoplasmic/nuclear
ratio; NS, non-significant. Bold text indicates significant values.

and high hENT1 was however retained in subgroup analysis of
I-type cases of ampullary origin. Invasion of lymphatic vessels
was less common in cases displaying high hENT1 expression,
but the significant association between high hENT1 and RFS
was retained in multivariable analysis, adjusting for growth in
lymphatic vessels. These findings are in contrast with previ-
ous reports on ampullary and gastric cancer, where hENT1
expression was demonstrated to be associated with a shorter
survival [6,22].

The associations between HuR and hENT1 in |-type tumours
and clinicopathological parameters also illustrate the risk for
type | errors when the number of correlation tests are many,
and should thus be evaluated with caution.

The hENT1 antibody used in the present study has been
validated in a study by Poplin et al. [23] against a different, not
commercially available, antibody (10D7G2) used, e.g. in the
© 2015 Taylor & Francis

studies by Farrell et al. and Maréchal et al. [2,3]. To this end,
tumour samples from the RTOG [3] study were independently
stained and analysed with the SP120 antibody on newly
constructed TMAs, with concordant results [23]. Of note, the
aim of the study by Poplin et al. was to evaluate hENT1
expression prospectively in order to compare the efficacy of
gemcitabine with CO-101, a lipid-drug conjugate of gemcita-
bine. According to the results, based on analyses of metastatic
lesions, CO-101 was not demonstrated to be superior to
gemcitabine in patients with low tumour-specific hENT1
expression and hENT1 expression did not predict survival
within the gemcitabine arm [23].

We are not aware of any previous studies comparing
the expression of the herein investigated biomarkers in
primary tumours and paired lymph node metastases. Our
results demonstrate a significantly increased expression
from primary tumour to metastasis of both dCK and hENT1 in
PB-type tumours. The potential mechanistic basis for this obser-
vation remains unclear, but may however have implications in
the clinical setting, i.e. that biomarker assessment in metastatic
components may be sufficient when the primary tumour is not
available for analysis, i.e. in the palliative setting.

The cohort used in this study is well characterised regarding
clinicopathological parameters, and follow-up, and adjuvant
chemotherapy has only been given to approximately half of
the patients, which enables a fairly good assessment of both
prognostic and potentially predictive biomarkers even in the
retrospective setting. Limitations due to the size of the cohort
are mostly seen in I-type tumours, in particular when stratifying
both for biomarker expression and adjuvant treatment. Still,
similar results regarding the predictive effect of dCK as
described by others in pancreatic cancer was seen in both
PB- and I|-type tumours.

In conclusion, the results from the present study demon-
strate that hENT1 expression is a favourable prognostic fac-
tor in patients with I-type, but not in PB-type tumours, and not
potentially response predictive in neither morphological
subtype. Moreover, a high cytoplasmic/nuclear HuR ratio
was found to be a negative prognostic factor in patients with
PB-type tumours receiving adjuvant gemcitabine, and high
dCK expression was found to be a positive prognostic factor in
patients with I-type tumours receiving any adjuvant treatment.
The finding regarding dCK expression in I-type tumours is
novel and of potential clinical relevance, and therefore merits
further study, preferably in tumours from randomised, pro-
spective trials. These findings also highlight the importance of
taking morphological subtype into consideration in biomarker
studies related to periampullary cancer.
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Supplementary table 1

Supplementary table 1. Associations between HuR C/N ratio and
clinicopathological parameters in pancreatobiliary adenocarcinomas

HuR C/N ratio

low (n=54) high (n=55) value
Excluded, neoadjuvant treatment 2
Lost to follow up 1
hENT1 0.564
low 29 (54%) 25 (46%)
high 25 (47%) 28 (53%)
dCK 0.442
low 25 (46%) 29 (54%)
high 29 (55%) 24 (45%)
HuR C <0.001
low 40 (74%) 14 (26%)
high 14 (26%) 39 (74%)

Year of surgery, M (IQR)

2010 (2005-2011) 2008 (2006-2010)  0.456

Age, M (IQR) 66 (61-73) 67 (62-72) 0.469

Sex 0.001
Women 34 (68%) 16 (32%)
Men 20 (35%) 37 (65%)

Tumour origin 0.051
Ampulla Vateri 5 (26%) 14 (74%)
Distal bile duct 27 (60%) 18 (40%)
Pancreas 22 (51%) 21 (49%)

Tumour size, mm, M (IQR) 30 (24-35) 30 (23-38) 0.985

Differentiation grade 0.072
Well / moderate 15 (38%) 24 (62%)
Poor 39 (57%) 29 (43%)

T-stage 1.000
T1/T2 6 (50%) 6 (50%)
T3/T4 48 (51%) 47 (49%)

N-stage 1.000
NO 15 (50%) 15 (50%)
N1 39 (51%) 38 (49%)

Perineural growth 0.347
No 9 (41%) 13 (59%)
Yes 45 (53%) 40 (47%)

Growth in lymphatic vessels 0.140
No 20 (63%) 12 (37%)
Yes 34 (45%) 41 (55%)

Growth in blood vessels 0.546
No 37 (53%) 33 (47%)
Yes 17 (46%) 20 (54%)

Growth in peripancreatic fat 0.474
No 3 (59%) 9 (41%)
Yes 41 (48%) 44 (52%)

Margins 0.027
RO 6 (100%) 0(0%)
R1/Rx 48 (48%) 53 (52%)

Adjuvant treatment 0.699
No gemcitabine 31 (52%) 28 (47%)
Gemcitabine 23 (48%) 25 (52%)

Recurrence 0.294
None 10 (53%) 9 (47%)
Local 18 (62%) 1(38%)
Distant 26 (44%) 33 (56%)

M, median. IQR, interquartile range. Bold text indicates significant values.




Supplementary table 2

Supplementary table 2. Cox proportional hazards analysis of the impact of expression of hENT1, dCK, HuR
and HuR cytoplasmic/nuclear ratio on overall survival in patients with pancreatobiliary type tumours

Number (events)

OS HR (95% CI)

P for interaction

unadjusted adjusted
hENT1
All
Low 53 (42) 1.00 1.00
High 53 (40) 0.89 (0.57-1.37) 1.59 (0.97-2.61)
No gemcitabine
Low 32 (27) 1.00 1.00
High 26 (20) 0.98 (0.55-1.76) 2.20 (1.12-4.30) NS
Gemcitabine
Low 21 (15) 1.00 1.00
High 27 (20) 0.87 (0.44-1.71) 1.46 (0.69-3.08)
dCK
All
Low 53 (40) 1.00 1.00
High 53 (42) 1.15(0.75-1.78) 1.20 (0.77-1.87)
No gemcitabine
Low 28 (21) 1.00 1.00
High 30 (26) 1.55 (0.86-2.79) 1.89 (1.03-3.46) NS
Gemcitabine
Low 25 (19) 1.00 1.00
High 23 (16) 0.71 (0.36-1.42) 0.69 (0.35-1.37)
HuR
All
Low 53 (40) 1.00 1.00
High 53 (42) 1.09 (0.70-1.68) 1.16 (0.75-1.80)
No Gemcitabine
Low 32 (27) 1.00 1.00
High 26 (20) 0.83 (0.46-1.48) 0.81 (0.44-1.50) NS
Gemcitabine
Low 21 (13) 1.00 1.00
High 27 (22) 1.74 (0.87-3.47) 1.62 (0.81-3.26)
HuR C/N ratio
All
Low 53 (39) 1.00 1.00
High 53 (43) 1.09 (0.71-1.69) 1.07 (0.68-1.67)
No Gemcitabine
Low 30 (26) 1.00 1.00
High 28 (21) 0.72 (0.40-1.28) 0.56 (0.31-1.01) 0.028
Gemcitabine )
Low 23 (13) 1.00 1.00
High 25 (22) 2.07 (1.03-4.17) 2.19 (1.08-4.45)

The multivariable model included age (continuous), T-stage (1-2 vs 3-4), N-Stage, differentiation grade (well-
moderate vs poor), lymphatic invasion, vascular invasion, perineural growth, and in the analysis including all cases
also gemcitabine treatment (yes/no). C/N ratio= cytoplasmic/nuclear ratio. Bold text indicates significant values. NS=

non-significant




Supplementary table 3

Supplementary table 3. Cox proportional hazards analysis of the impact of expression of hENT1, dCK, HuR
and HuR cytoplasmic/nuclear ratio on overall survival in patients with intestinal type tumours

Number (events)

0S HR (95% ClI)

P for interaction

unadjusted adjusted

hENT1
All

Low 31(18) 1.00 1.00

High 30 (12) 0.57 (0.28-1.19) 0.49 (0.22-1.11)
No adjuvant

Low 23 (15) 1.00 1.00

High 20 (9) 0.51(0.22-1.18) 0.33 (0.12-0.85)
Adjuvant NS

Low 8(3) 1.00

High 10 (3) 0.82 (0.16-4.11) i
dCK
All

Low 30 (17) 1.00 1.00

High 31(13) 0.78 (0.38-1.61) 1.09 (0.50-2.33)
No adjuvant

Low 21 (11) 1.00 1.00

High 22 (13 1.28 (0.57-2.86) 1.54 (0.65-3.64) N
Adjuvant

Low 9 (6)

High 9(0) * *
HuR
All

Low 32 (23) 1.00 1.00

High 29 (7) 0.21 (0.09-0.49) 0.26 (0.11-0.64)
No adjuvant

Low 23 (18) 1.00 1.00

High 20 (6) 0.22 (0.09-0.56) 0.23 (0.09-0.60)
Adjuvant NS

Low 9 (5) 1.00

High 9 (1) 0.18 (0.02-1.51) !
HuR C/N ratio
All

Low 32 (20) 1.00 1.00

High 29 (10) 0.42 (0.20-0.91) 0.42 (0.19-0.93)
No adjuvant

Low 24 (16) 1.00 1.00

High 19 (8) 0.50 (0.21-1.18) 0.40 (0.16-1.01)
Adjuvant NS

Low 8 (4) 1.00

High 10 (2) 0.31 (0.05-1.83) !

The multivariable model included age (continuous), T-stage (1-2 vs 3-4), N-Stage, differentiation grade (well-
moderate vs poor), lymphatic invasion, vascular invasion, perineural growth, and in the analysis including all cases
also adjuvant treatment (yes/no). C/N ratio= cytoplasmic/nuclear ratio. Bold text indicates significant values. NS=
non-significant. Asterisk (*) indicates non-computable HR and interaction, due to no events in one stratum. Dagger ()
indicates that multivariable analysis was not performed due to few cases and events.
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Abstract

Periampullary adenocarcinoma, including pancreatic cancer, is a heterogeneous group of
tumours with dismal prognosis, for which there is an urgent need to identify novel treat-
ment strategies. The human epithelial growth factor receptors EGFR, HER2 and HER3
have been studied in several tumour types, and HER-targeting drugs have a beneficial
effect on survival in selected types of cancer. However, these effects have not been evi-
dent in pancreatic cancer, and remain unexplored in other types of periampullary cancer.
The prognostic impact of HER-expression in these cancers also remains unclear. The aim
of this study was therefore to examine the expression and prognostic value of EGFR,
HER2 and HER3 in periampullary cancer, with particular reference to histological subtype.
To this end, protein expression of EGFR, HER2 and HER3, and HER2 gene amplification
was assessed by immunohistochemistry and silver in situ hybridization, respectively, on
tissue microarrays with tumours from 175 periampullary adenocarcinomas, with follow-up
data on recurrence-free survival (RFS) and overall survival (OS) for up to 5 years. EGFR
expression was similar in pancreatobiliary (PB) and intestinal (1) type tumours, but high
HER2 and HER3 expression was significantly more common in I-type tumours. In PB-type
cases receiving adjuvant gemcitabine, but not in untreated cases, high EGFR expression
was significantly associated with a shorter OS and RFS, with a significant treatment inter-
action in relation to OS (Pinteraction = 0-042). In I-type cases, high EGFR expression was
associated with a shorter OS and RFS in univariable, but not in multivariable, analysis.
High HER3 expression was associated with a prolonged RFS in univariable, but not in
multivariable, analysis. Neither HER2 protein expression nor gene amplification was prog-
nostic. The finding of a potential interaction between the expression of EGFR and
response to adjuvant chemotherapy in PB-type tumours needs validation, and merits fur-
ther study.
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Introduction

Adenocarcinomas originating in the head of the pancreas, the distal bile duct, the ampulla of
Vater and the duodenum are often grouped together as periampullary tumours, since they can
be difficult to distinguish from each other clinically. Pancreatic cancer is the most common
type of periampullary adenocarcinoma, accounting for 3% of all cancer in the USA [1] and the
Nordic countries [2] and, due to very high lethality [3], 7% of all cancer-related deaths, making
it the fourth most common cause of cancer-related death in the western world [1, 2]. After sur-
gery, periampullary adenocarcinomas have traditionally been primarily categorized according
to their anatomical origin, but recent research has shown that morphological subtype is a more
rational basis for classification [4]. Pancreatobiliary (PB) type morphology dominates in peri-
ampullary tumours of pancreatic and distal bile duct origin, but is also seen in the ampulla of
Vater [4, 5]. They have a significantly worse prognosis than tumours with an intestinal (I) type
morphology, which are mainly found in the ampulla of Vater and in the duodenum [4-6].

Members of the HER (human epithelial growth factor receptor) family of tyrosine kinase
receptors are essential for human development and growth, and they are overexpressed in sev-
eral human cancers. They consist of four closely related transmembranous molecules, EGFR
(HERTI, ErbB-1), HER2 (Neu, ErbB-2), HER3 (ErbB-3) and HER4 (ErbB-4). Ligand-binding
causes hetero- or homodimerization of receptors and intracellular transphosphorylation,
which activates several intracellular signalling-cascades important for cell survival, prolifera-
tion and growth. Combinations of HERs give dimers that vary in stability, affinity for their
ligands and activation of different signalling-cascades [7].

There are several drugs, targeting either the extracellular domains or the intracellular tyro-
sine kinase domains of the HERs, that give survival benefits in selected cases of breast, colon,
gastric and lung cancer [7], and combinations of HER-active drugs have been shown to further
improve survival compared with single HER-therapy [8].

Expression of EGFR is common in pancreatic cancer, and has been associated with meta-
static potential [9], but several studies have not found any prognostic effect of EGFR expression
on overall survival (OS) [9-11]. A meta-analysis did however find a survival disadvantage in
pancreatic cancer expressing EGFR [12]. Addition of the EGFR tyrosine kinase inhibitor erloti-
nib to gemcitabine lead to an increased OS in patients with advanced pancreatic cancer [13],
the improvement was however modest and erlotinib is therefore rarely used for treatment of
pancreatic cancer in clinical practice. Other EGFR active drugs have not led to a prolonged OS,
when added to standard chemotherapy [7]. EGFR expression has also been shown to be more
common in PB-type than in I-type ampullary adenocarcinoma [14] and overexpression has
been associated with shorter OS in I-type but not in PB-type tumours [15].

The reported rates of HER2 overexpression in pancreatic cancer, defined as 3+ in immuno-
histochemical staining or gene amplification by in situ hybridization (ISH), vary from 0%-11%
[16-23]. Similarly to other tumour types, high expression of HER2 in pancreatic cancer has
been associated with a shorter survival [24], but other studies have found the opposite [25].
Addition of the HER2 antibody trastuzumab to gemcitabine in metastatic pancreatic cancer
overexpressing HER2 (2+ or 3+) gave no clear survival benefit compared with the expected sur-
vival upon gemcitabine alone [26].

In tumours of the ampulla, distal bile duct and gall bladder, the frequency of HER2 overex-
pression has been low, and comparable to pancreatic cancer in a few small studies [16, 17, 23],
whereas larger studies have found overexpression in 6-13% of ampullary tumours [27, 28], and
23% and 17% of tumours of the bile duct and gall bladder [29].

In ampullary adenocarcinoma, HER2 gene amplification has been equally distributed over
morphological types, and amplified cases have been wild-type for KRAS, NRAS and BRAF.
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There has also been an equal distribution of 2+ and 3+ immunohistochemistry among ISH
amplified cases [27].

In one previous study on patients with resected pancreatic cancer, high HER3 expression
was denoted in 41% of cases, and was found to be associated with a shorter OS [30], which is in
line with studies on several other types of adenocarcinoma [31]. However, high HER3 expres-
sion has also been found to correlate with a prolonged survival in colorectal cancer (32, 33],
breast cancer [34] and in gastric and oesophageal cancer [35]. Anti-HER3 antibodies have
been shown to reduce growth in pancreatic cancer cell lines that are wild-type for KRAS [36].
To the best of our knowledge, the expression and prognostic impact of HER3 has not been
studied in the full spectrum of periampullary adenocarcinoma.

Thus, the prognostic role of HERs in periampullary adenocarcinoma has mostly been stud-
ied in pancreatic cancer, often with conflicting results, and less in I-type adenocarcinomas. The
efficacy of treatments targeted at EGFR, HER2 and HER3 are not well studied in periampullary
cancer, in particular in I-type tumours. Therefore, the aim of this study was to analyse the
expression and prognostic significance of EGFR, HER2 and HER3, with particular reference to
morphological subtype, in a retrospective, consecutive cohort of 175 cases with periampullary
cancer.

Materials and Methods
Patients

The study cohort is a previously described retrospective consecutive series of pancreaticoduo-
denectomy specimens from all patients (n = 175) with periampullary adenocarcinoma, includ-
ing pancreatic cancer, resected at the University hospitals of Lund and Malmo, Sweden, from
January 1 2001 until December 31 2011 [37-41]. Data on survival were gathered from the
Swedish National Civil Register. Follow-up started at the date of surgery and ended at death, at
5 years after surgery or at December 31 2013, whichever came first. Information on neoadju-
vant and adjuvant treatment and recurrence was obtained from patient records. All haematox-
ylin & eosin stained slides from all cases were re-evaluated by one pathologist (JEL), blinded to
the original report and outcome, as previously described, to get a uniform assessment of all his-
topathological parameters.

All EU and national regulations and requirements for handling human samples have been
fully complied with during the conduct of this project; i.e. decision no. 1110/94/EC of the Euro-
pean Parliament and of the Council (OJL126 18,5,94), the Helsinki Declaration on ethical prin-
ciples for medical research involving human subjects, and the EU Council Convention on
human rights and Biomedicine. The study was approved of by the Ethics committee of Lund
University (ref no 445/07), whereby the committee waived the need for consent other than by
the option to opt out. All information from the patient records was anonymized and de-identi-
fied prior to analysis.

Tissue microarray construction

Tissue microarrays (TMAs) were constructed using a semi-automated arraying device (TMAr-
rayer, Pathology Devices, Westminister, MD, USA). A standard set of three tissue cores (1
mm) were obtained from each of the 175 formalin fixated paraffin embedded primary tumours
and from lymph node metastases from 105 of the cases, whereby one to three lymph node
metastases were sampled in each case.
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Immunohistochemistry, Silver In-Situ Hybridization and staining
evaluation

All immunohistochemical staining and in situ hybridization (ISH) was performed on 4 pm
TMA-sections. Immunohistochemistry for EGFR and HER3 was performed in an Autostainer
Plus (Dako, Glostrup, Denmark) after automated pre-treatment with the PT-link system
(Dako), using the monoclonal anti-EGFR antibody 31G7 (Zymed Laboratories Inc, San Fran-
cisco, CA, USA), diluted 1:25 and the monoclonal anti-HER3 antibody SP71 (Novus Biologi-
cals LTD, Cambridge, UK), diluted 1:100, respectively. HER2 immunohistochemistry was
performed on a BenchMark ULTRA instrument (Ventana Medical Systems, Inc. Tucson, AZ,
USA). ULTRA Cell Conditioning (ULTRA CC1), pH9, was used for heat induced epitope
retrieval (HIER). The monoclonal primary antibody PATHWAY anti-HER-2/neu (4B5),
(Ventana Medical Systems, Inc.) was incubated for 20 minutes and the antibody-antigen com-
plex was visualized with ultraView Universal DAB Detection kit (Ventana Medical Systems,
Inc.)

HER?2 ISH was also performed on the BenchMark ULTRA instrument (Ventana Medical
Systems, Inc.). The peptide bonds were broken with ULTRA Cell Conditioning (ULTRA CC2),
pHS6, and ISH protease3. HER2 gene and Chromosome 17 (Chr17) were detected with
INFORM HER2 Dual ISH DNA Probe Cocktail Assay (Ventana Medical Systems, Inc.). For
visualization, ultraView SISH DNP Detection Kit and ultraView Red ISH DIG Detection Kit
(Ventana Medical Systems, Inc.) were used, giving black and red chromogenic signals. As a
final step, all slides were counterstained with haematoxylin.

The herein used anti-HER3 antibody has been validated by siRNA-mediated knockdown,
immunocytochemistry and quantitative real-time PCR [35].

The immunohistochemical staining of EGFR, HER2 and HER3 was annotated by two inde-
pendent observers (JEL and MH for EGFR, JEL and CFW for HER2/3) and consensus was
reached in discordant cases.

EGFR, HER2 and HER3 protein expression was evaluated using the recommended protocol
for HER2 testing in gastric and gastroesophageal junction cancer biopsies [42], taking com-
plete, basolateral, or lateral membranous reactivity in a minimum of 5 clustered positive cancer
cells into account, with the intensity recorded as 0, 1+, 2+ or 3+. Cytoplasmic staining was
denoted as a separate category, but grouped with 1+ in the statistical analyses. Protein expres-
sion was grouped 0-2+ vs 3+, whereby 0-2+ was regarded as low expression and 3+ as high
expression.

Assessment of ISH was performed according to the Ventana INFORM HER2 Dual ISH
DNA Probe Cocktail Assay Interpretation Guide, and annotated by one pathologist (JEL). For
each core 20 cancer cells were counted, and if the resulting HER2/Chr17 ratio fell within 1.5
and 2.5, another 20 cells were counted. A ratio above 2.0 was denoted as amplified. Assessment
of HER2 ISH was only performed on cases that had either 2+ or 3+ immunohistochemical
HER2 expression.

Statistical analysis

Chi square test was applied to analyse the relationship between the dichotomized expression of
each biomarker and clinicopathological parameters. Two patients with PB-type adenocarcino-
mas who had received neoadjuvant chemotherapy were excluded from the correlation and sur-
vival analyses. Three additional patients were excluded from the survival analyses; two with I-
type adenocarcinomas who died within one month from surgery due to complications and one
with PB-type adenocarcinoma who emigrated 5 months after surgery.
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Kaplan Meier estimates of 5-year RFS and OS and log rank test were applied to evaluate sur-
vival differences in strata according to high and low expression of each biomarker. For PB-type
tumours, biomarker expression was also combined with given adjuvant treatment; gemcitabine
vs none/other. To estimate the interaction between given adjuvant treatment and biomarker
expression in relation to survival, the following interaction variable was constructed; gemcita-
bine-based adjuvant treatment (+/-) x biomarker (high/low). Hazard ratios (HR) and 95%
confidence intervals (CI) for death and recurrence within 5 years were calculated by Cox
regression proportional hazard’s modelling in unadjusted analysis and in a multivariable
model adjusted for differentiation grade, T-stage, N-stage, perineural invasion, lymphatic inva-
sion, vascular invasion, invasion in peripancreatic fat and adjuvant chemotherapy. A backward
conditional method was used for variable selection in the adjusted model. The proportional
hazards assumption was tested by examining log-log survival curves.

All tests were two sided. P-values <0.05 were considered significant, and no adjustments
were made for the number of tests performed. All statistical analyses were performed using
IBM SPSS Statistics version 22.0 (SPSS Inc., Chicago, IL, USA).

Results

Distribution of protein expression of EGFR, HER2 and HER3 and HER2
gene amplification

Examples of immunohistochemistry scores 0, 1+, 2+ and 3+ for EGFR, HER2 and HER3
expression and HER2 gene amplification by SISH are shown in Fig 1.

The distribution of expression of EGFR, HER2 and HER3 in PB- and I-type primary
tumours is shown in Table 1. For cases with 2+ or 3+ expression of HER2, the results of SISH
for HER?2 are also shown. The fraction of cases with 3+ expression differed significantly
between PB-type and I-type tumours for HER3 (17% vs 51%, p<<0.001), and for HER2 (0% vs
6%, p = 0.017), but not for EGFR. HER2 2+ expression was seen in 14% of both PB- and I-type
tumours. SISH for HER?2 failed in 46% of the cases, probably due to prolonged tissue fixation
in formaldehyde. All assessable HER2 3+ cases showed amplification of HER2, as did one 2+
PB-type case of ampullary origin. In total, 7% (5/68) of ampullary adenocarcinoma and 8% (4/
49) of I-type ampullary adenocarcinoma showed HER2 overexpression (either immunohis-
tochemistry 3+ or SISH+). There were no cases with 3+ co-expression of all three HER family
members.

Since there were no tumours with 3+ expression of HER2 in the PB-group, further analyses
on associations and prognosis related to 3+ expression of HER2 in PB-type tumours could not
be done.

In the full cohort there were 86 cases with evaluable stainings from both primary tumour
and corresponding lymph node metastases. There were no significant differences in the pro-
portion of 3+ expression of EGFR, HER2 or HER3 between primary tumours and correspond-
ing metastases (data not shown).

Associations between EGFR, HER2 and HER3 protein expression and
clinicopathological parameters

In PB-type adenocarcinomas there were no significant associations between 3+ expression of
EGFR or HER3 and clinicopathological parameters (S1 Table).

In I-type adenocarcinomas, high EGFR expression was significantly associated with larger
tumour size, but not with any other parameter. HER2 expression was not associated with any
parameter. For HER3, there was an inverse association between high protein expression and
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Fig 1. ple immunohi ical i Photomicrographs representing different categories of immunohistochemical staining for EGFR, HER2 and

HERS, respectively. An image visualizing HER2 gene amplification by silver in situ hybridization is shown together with the HER2 3+ case.

doi:10.1371/journal.pone.0153533.g001

tumour stage, perineural growth, blood vessel invasion, growth in peripancreatic fat and recur-
rence (S2 Table). When considering I-type adenocarcinomas of ampullary origin only, thus
excluding duodenal origin, the associations remained significant for tumour stage (p<0.001),
perineural growth (p = 0.002) and growth in peripancreatic fat (p<0.001) (data not shown).

Impact of EGFR, HER2 and HER3 expression on 5-year recurrence-free
and overall survival

In the full group of PB-type cases, recurrence-free survival (RFS) and OS did not differ by expres-
sion of EGFR or HER3 (Fig 2A-2D). Analysis in strata according to adjuvant treatment, how-
ever, revealed a significantly reduced RFS and OS for patients that had received adjuvant
gemcitabine and had tumours with high, as compared with low, EGFR expression (Fig 3A and
3B), whereas no survival difference was seen according to high or low EGFR expression among
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Table 1. Expression of EGFR, HER2 and HER3, and amplification status for HER2 in pancreatobiliary and intestinal type periampullary

adenocarcinoma.

Excluded due to neoadjuvant treatment
EGFR IHC score

@ N = o

Unassessable
HER2 IHC score

@ N = o

Unassessable
HER2 SISH (for IHC 2/3+)

Not amplified

Amplified

Failed SISH

Not assessed
HERS IHC score

@ N = o

Unassessable

PB-type I-type All
n=110 n=65 n=175
2 0 2
2 (2%) 2 (3%) 4 (2%)
18 (17%) 16 (25%) 34 (20%)
39 (36%) 22 (35%) 61 (36%)
48 (45%) 23 (37%) 71 (42%)
1 2 3
48 (44%) 27 (43%) 75 (44%)
45 (42%) 23 (37%) 68 (40%)
15 (14%) 9 (14%) 24 (14%)
0 (0%) 4 (6%) 4 (2%)
0 2 2
8 (53%) 4 (31%) 12 (43%)
1 (7%) 2 (15%) 3 (11%)
6 (40%) 7 (54%) 13 (46%)
93 52 145
67 (63%) 18 (29%) 85 (50%)
18 (17%) 12 (19%) 30 (18%)
4 (4%) 1 (2%) 5 (3%)
18 (17%) 32 (51%) 50 (29%)
1 2 3

IHC: immunohistochemistry. SISH: silver in situ hybridization. Due to rounding effects, percentages may not add up to 100.

doi:10.1371/journal.pone.0153533.t001

untreated PB-type cases (Fig 3). As further shown in Table 2, there was a significant treatment
interaction between EGFR expression and adjuvant gemcitabine in relation to OS (Pinteraction =
0.042), but not in relation to RFS. When considering only pancreatic tumour origin, a signifi-
cantly shorter RFS (HR 2.47, 95% CI 1.02-6.00) and OS (HR 3.47, 95% CI 1.34-8.97) was seen in
adjuvant gemcitabine treated cases with tumours displaying high EGFR expression, as compared
with low EGFR expression, whereas no survival difference was seen according to high or low
EGFR expression among cases not receiving adjuvant gemcitabine. There was however no signifi-
cant interaction in relation to neither RFS, p(isteraction) = 0.084 nor OS, p(interaction) = 0.160.

In I-type cases, Kaplan Meier analysis revealed a significantly shorter OS and RFS for cases
with high EGFR expression (Fig 4A and 4B). Significance was retained in univariable Cox
regression analysis for RFS (HR 2.58, 95% CI 1.23-5.38) and OS (HR 2.74, 95% CI 1.32-5.69),
but not in multivariable analysis (Table 3). The prognostic value of EGFR expression did not
differ according to adjuvant treatment in I-type tumours (data not shown), and there was no
significant difference in RFS or OS between cases with high or low HER2 expression (Fig 4C
and 4D and Table 3). There was a significant association between high HER3 expression and a
longer RFS (p = 0.031), and significance was retained in univariable Cox regression analysis
(HR 0.45, 95% CI 0.21-0.95), but not in multivariable analysis (Table 3). There was no signifi-
cant association between HER3 expression and OS.
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Fig 2. Recurrence-free and overall survival according to EGFR and HER3 expression in PB-type
adenocarcinoma. Kaplan Meier analysis of five-year recurrence-free survival in strata according to high and
low expression of (A) EGFR and (C) HER3 and overall survival according to high and low expression of (B)
EGFR and (D) HER3.

doi:10.1371/journal.pone.0153533.9002

Discussion

In this study, we have evaluated the prognostic impact of EGFR, HER2 and HER3 in periam-
pullary adenocarcinoma, by morphological type and adjuvant treatment. In intestinal-type
adenocarcinoma, we found that high HER3 expression was a favourable prognostic factor and
that high EGFR expression was an adverse prognostic factor, although none of these associa-
tions were independent of other prognostic factors. In addition, in pancreatobiliary-type
tumours, EGFR expression was found to be an adverse prognostic factor only in cases that
received adjuvant gemcitabine, and a positive effect of gemcitabine was only seen in cases with
low EGFR expression, with a significant interaction between EGFR expression and adjuvant
gemcitabine in relation to overall survival. HER2 expression was not prognostic, neither in
intestinal-type, nor in pancreatobiliary-type tumours.
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Our results regarding the expression of EGFR, HER2 and HER3 are comparable to previ-
ously published results, with the possible exception of EGFR expression in I-type adenocarci-
nomas, where we found 3+ expression in 38% of the cases, compared with 4% expression [14]
and 19% 3+ expression [15] in other studies. In addition, we were not able to demonstrate the
previously described association between HER2 and HER3 expression. Our results regarding
the adverse prognostic effect of EGFR in the entire group of intestinal-type, but not in pancrea-
tobiliary type, adenocarcinoma confirm the results of Xia et al [15], and further underscore the

Table 2. Cox proportional hazards analysis of the impact of EGFR exp ion on recur free and overall survival in strata according to adju-
vant gemcitabine in patients with PB-type adenocarcinoma.
RFS os

HR (95% CI) p(interaction) HR (95% CI) p(interaction)
Gem -
Low EGFR (n = 32) 1.00 1.00
High EGFR 0.84 (0.47-1.49) 0.098 0.94 (0.53-1.68) 0.042
(n=26)
Gem +
Low EGFR (n = 26) 1.00 1.00
High EGFR 1.93 (1.02-3.65) 2.69 (1.34-5.42)
(n=22)

Bold text indicates significant values

doi:10.1371/journal.pone.0153533.t002
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Fig 4. Recurrence-free and overall survival according to EGFR, HER2 and HER3 expression in I-type
adenocarcinoma. Kaplan Meier analysis of five-year recurrence-free survival in strata according to high and
low expression of (A) EGFR, (C) HER2, (E) HER3 and overall survival according to high and low expression
of (B) EGFR, (D) HER2, and (F) HER3.

doi:10.1371/journal.pone.0153533.9004

biological differences between pancreatobiliary and intestinal type periampullary adenocarci-
nomas. Our finding of a positive effect of gemcitabine only in cases with low EGFR expression
has to our knowledge not been shown in these tumour types before. This finding is however
compatible with the described increase in EGFR expression in colon cancer cell lines when
resistance to chemotherapy was induced [43], and a better response to chemoradiotherapy in
esophageal squamous cell carcinoma displaying low EGFR expression [44]. Our finding thus
suggests that gemcitabine has a limited or no effect on survival in pancreatobiliary type
tumours with high expression of EGFR. From a mechanistic viewpoint, inhibition of EGFR
could theoretically seem like an attractive treatment option in these patients. However, immu-
nohistochemical assessment of EGFR expression has not been a good predictor of response to
the EGFR antibodies cetuximab or panitumumab in colorectal cancer, compared with EGFR
copy number and KRAS mutation analysis [45-48]. Expression of EGFR also failed to predict
response to the EGFR tyrosine kinase inhibitor erlotinib, when added to gemcitabine in the
NCIC CTG PA.3 trial, in patients with locally advanced or metastatic pancreatic cancer [13].
Although the herein studied cohort contains both adjuvant treated and untreated patients, thus
enabling identification of potential predictive biomarkers, firm conclusions on treatment pre-
diction should not be drawn, given the retrospective character of the cohort. Another caveat is
that several tests have been made in the present study, which increases the risk for type I errors,
i.e. detecting a difference that is coincidental.

Another possible limitation to the present study is the use of tissue microarrays, whereby
the issue of representativity in relation to whole tissue sections may always be raised. One
should however bear in mind that whole tissue sections also represent only a minor part of the
tumour, and that the tissue microarray technique allows sampling from different regions in dif-
ferent tissue blocks, thus enabling detection of heterogeneous expression. With a few excep-
tions [49], the tissue microarray method accurately reflects the expression of different proteins,
and is a well-validated platform for studies of biomarkers [50].

Table 3. Cox proportional hazards analysis of the impact of EGFR, HER2 and HER3 expression on recurrence-free and overall survival in patients
with I-type adenocarcinoma.

RFS os

n (events) Univariable Multivariable n (events) Univariable Multivariable
EGFR
Low 38 (14) 1.00 1.00 38 (14) 1.00 1.00
High 23 (15) 2.58 (1.23-5.38) 1.80 (0.85-3.82) 23 (16) 2.74 (1.32-5.69) 1.55 (0.68-3.53)
HER2
Low 57 (27) 1.00 57 (28) 1.00
High 4(2 0.92 (0.22-3.89) NI 42 0.84 (0.20-3.51) NI
HER3
Low 30 (18) 1.00 1.00 30 (17) 1.00
High 31 (11) 0.45 (0.21-0.95) 1.37 (0.52-3.62) 31 (13) 0.60 (0.29-1.23) NI

Multivariable analysis adjusted for tumour grade, N-stage (NO vs N1), T-stage (T1-2 vs T3-4), perineural growth, lymphatic invasion, blood vessel invasion,
invasion of perineural fat and adjuvant treatment. NI, not investigated. Bold text indicates significant values.

doi:10.1371/journal.pone.0153533.t003
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Our results on the incidence of HER2 overexpression (3+ and/or ISH amplification) are
well in line with previous results, with a low frequency in pancreatobiliary-type tumours or
pancreatic cancer, and a higher frequency in I-type adenocarcinomas, although the latter is
lower than in gastric cancer [42]. The HER2-HER3 homodimer is a powerful activator of the
PI3K/Akt pathway [51], causing aberrant proliferative and antiapoptotic intracellular signals
[52]. Inhibition of HER2 activity, however, causes upregulation of HER3, and simultaneous
blockage of HER2 and HER3 activity gives a more potent inhibition of HER2 dependent onco-
genic features than blockage of one receptor alone [53]. In line with those findings there is one
case report of second line therapy with the antibodies trastuzumab and pertuzumab, thus
inhibiting both HER2 and its dimerization, for HER2 overexpressing metastatic ampullary can-
cer, describing stable disease, with some shrinkage of metastases, and a longer survival than
expected upon standard chemotherapy [54]. Blockage of HER3 activity is thus of interest, and
clinical trials with the HER3 antibody patritumab are ongoing [55, 56].

Our finding of a longer recurrence-free survival in I-type cases with high HER3 expression
is unexpected, given the oncogenic features of HER3, and in contrast with previous reports on
various non-gastrointestinal cancers [31], one on colon cancer [57], and two on gastric cancer
[58, 591, but harmonize with a few studies on breast [34], colorectal [32, 33], and gastric and
oesophageal cancer [35]. A possible explanation for our finding could be that high HER3
expression reflects a less proliferative tumour, which is in line with the described expression of
HER3 in non-proliferating parts of colon epithelium and colon cancer [60]. Another explana-
tion for the diverging results regarding the prognostic effect of HER3 could also be the use of
different antibodies, and algorithms for assessing the expression. The antibody used in the
present study is however well validated [35], and we have used the well-known protocol for
assessing HER2-immunohistochemistry in biopsies of gastric cancer, to make the annotation
easily reproducible.

In the current study, the least studied HER family member, HER4, was not included, but
given the complex network of signalling pathways that combinations of HER dimers and
ligands can activate, it is not unlikely that expression of HER4 may have prognostic or predic-
tive implications in periampullary adenocarcinoma.

In summary, the results from the present study demonstrate that high EGFR expression is
an unfavourable prognostic factor in in gemcitabine treated pancreatobiliary type adenocarci-
noma. The finding of a potential interaction between EGFR expression and response to adju-
vant gemcitabine in pancreatobiliary type tumours is novel and of potential clinical relevance,
and therefore merits confirmation and further study, both in a mechanistic context as well as
in additional patient cohorts. EGFR expression was also an unfavourable prognostic factor,
although not independent from other factors, in intestinal type tumours. Expression of HER3
was found to differ between pancreatobiliary and intestinal type adenocarcinomas and to be a
favourable prognostic factor, however not independent, in intestinal type adenocarcinoma.
Overexpression of HER2 was observed in 8% of intestinal type ampullary adenocarcinoma,
and was not associated with prognosis. It is feasible that further steps towards individualized
therapy in periampullary adenocarcinoma will involve simultaneous targeting of several mem-
bers of the HER family.
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S1 Table. Associations between expression of EGFR, HER3 and clinicopathological parameters in pancreatobiliary-type
periampullary adenocarcinoma.

EGFR HER3
low, 0-2+ high, 3+ low, 0-2+ high, 3+
(n=60) (n=49) p-value (n=90) (n=19) p-value
tE:(;::riZ(i,tneoadjuvant 1 1 1 1
Lost to follow up 1 1
EGFR 0.194
low 51 (88%) 7 (12%)
high 37 (77%) 11 (23%)
HER3 0.194
low 51 (58%) 37 (42%)
high 7 (39%) 11 (61%)
Year of surgery, M (IQR) 2009 (2005-2010) 2009 (2005-2010)  0.206 | 2009 (2006-2010) 2007 (2005-2010)  0.329
Age, M (IQR) 67 (62-73) 67 (61-73) 0.615 66 (61-73) 70 (65-74) 0.402
Sex 0.118 1.000
Women 23 (46%) 27 (54%) 42 (84%) 8 (16%)
Men 35 (62%) 21 (38%) 46 (82%) 10 (18%)
Tumour origin 0.058 0.055
Ampulla Vateri 15 (79%) 4 (21%) 19 (100%) 0 (0%)
Distal bile duct 21 (48%) 23 (52%) 36 (82%) 8 (18%)
Pancreas 22 (51%) 21 (49%) 33 (77%) 10 (23%)
Tumour size, mm, M (IQR) 30 (25-35) 30 (23-35) 0.992 30 (25-35) 30 (21-40) 0.068
Differentiation grade 0.071 0.593
Well / moderate 26 (67%) 13 (33%) 31 (79%) 8 (21%)
Poor 32 (48%) 35 (52%) 57 (85%) 10 (15%)
T-stage 0.218 0.119
T1/T2 9 (75%) 3(25%) 8 (67%) 4 (33%)
T3/T4 49 (52%) 45 (48%) 80 (85%) 14 (15%)
N-stage 0.827 0.087
NO 15 (52%) 14 (48%) 21 (72%) 8 (28%)
N1 43 (56%) 34 (44%) 67 (87%) 10 (13%)
Perineural growth 0.638 0.054
No 11 (50%) 11 (50%) 15 (68%) 7 (32%)
Yes 47 (56%) 37 (44%) 73 (87%) 11 (13%)
Growth in lymphatic vessels 0.835 0.782
No 17 (53%) 15 (47%) 26 (81%) 6 (19%)
Yes 41 (55%) 33 (45%) 62 (84%) 12 (16%)
Growth in blood vessels 0.306 0.413
No 41 (59%) 29 (41%) 60 (86%) 10 (14%)
Yes 17 (47%) 19 (53%) 28 (78%) 8(22%)
Growth in peripancreatic fat 0.810 0.523
No 13 (59%) 9 (41%) 17 (77%) 5(23%)
Yes 45 (54%) 39 (46%) 71 (85%) 13 (15%)
Margins 0.687 0.269




RO 4 (67%) 2 (33%) 4 (67%) 2 (33%)
R1/Rx 54 (54%) 46 (46%) 84 (84%) 16 (16%)
Adjuvant treatment 1.000 0.796
No gemcitabine 32 (55%) 26 (45%) 49 (84%) 9 (16%)
Gemcitabine 26 (54%) 22 (46%) 39 (81%) 9 (19%)
Recurrence 0.929 0.636
None 9 (50%) 9 (50%) 16 (89%) 2 (11%)
Local 16 (55%) 13 (45%) 25 (86%) 4 (14%)
Distant 33 (56%) 26 (44%) 47 (80%) 12 (20%)

M, median. IQR, interquartile range.




S2 Table. Associations between expression of EGFR, HER2, HER3 and clinicopathological parameters in intestinal-type
periampullary adenocarcinoma.

EGFR HER2 HER3
low, 0-2+ high, 3+ p- low, 0-2+ high, 3+ p- low, 0-2+ high, 3+ p-
(n=40) (n=23) value (n=59) (n=4) value (n=31) (n=32) value
el IEE N : :
Lost to follow up 0 0 0 0 0 0
EGFR 0.628 0.192
low 36 (95%) 2 (5%) 16 (42%) 22 (58%)
high 21 (91%) 2 (9%) 14 (61%) 9 (39%)
HER2 0.628 0.354
low 36 (63%) 21 (37%) 27 (47%) 30 (53%)
high 2 (50%) 2 (50%) 3 (75%) 1(25%)
HER3 0.192 0.354
low 16 (53%) 14 (47%) 27 (90%) 3 (10%)
high 22 (71%) 9 (29%) 30 (97%) 1(3%)
Year of surgery, 2006 (2003- 2008 (2005- 0.562 2007 (2004- 2007 (2002- 0.292 2006 (2003- 2007 (2005- 0.670
M (IQR) 2009) 2010) 2010) 2010) 2009) 2010)
Age, M (IQR) 67 (59-71) 66 (62-69) 0.754 66 (60-70) 56 (46-74) 0.295 65 (58-69) 68 (60-71) 0.885
Sex 1.000 1.000 0.799
Women 21 (62%) 13 (38%) 32 (94%) 2 (6%) 16 (47%) 18 (53%)
Men 17 (63%) 10 (37%) 25 (93%) 2 (7%) 14 (52%) 13 (48%)
Tumour origin 1.000 0.569 0.534
Duodenum 8 (62%) 5 (38%) 13 (100%) 0 (0%) 5 (38%) 8 (62%)
Ampulla, 30(62%)  18(38%) 44 (92%) 4(8%) 25(52%)  23(48%)

intestinal type

Tumourssize, MM, | o5 1545 30(15-40) 0.020 | 30(15-40)  23(16:29) 0946 | 30(23-40)  20(13-40)  0.118

M (IQR)

gr'zfj;ent'at"’” 0.114 0.612 0.204
Well /
edarate 22 (73%) 8 (27%) 29 (97%) 1(3%) 12 (40%) 18 (60%)
Poor 16 (52%) 15 (48%) 28 (90%) 3 (10%) 18 (58%) 13 (42%)

T-stage 0.214 0.565 0.005
TL/T2 11 (79%) 3(21%) 14 (100%) 0 (0%) 2 (14%) 12 (86%)
T3/ T4 27 (57%) 20 (43%) 43 (91%) 4(9%) 28 (60%) 19 (40%)

N-stage 0.440 0.618 0.309
NO 19 (58%) 14 (42%) 30 (91%) 3 (9%) 14 (42%) 19 (58%)
N1/N2 19 (68%) 9 (32%) 27 (96%) 1(4%) 16 (57%) 12 (43%)

Perineural growth 0.394 0.582 0.013
No 28 (67%) 14 (33%) 40 (95%) 2 (5%) 16 (38%) 26 (62%)
Yes 10 (53%) 9 (47%) 17 (89%) 2(11) 14 (74%) 5 (26%)

ﬁ/::;zt:: vessels 0.440 0.618 0.444
No 19 (68%) 9 (32%) 27 (96%) 1(4%) 12 (43%) 16 (57%)
Yes 19 (58%) 14 (42%) 30 (91%) 3 (9%) 18 (55%) 15 (45%)

Growth in blood 1.000 1.000 0.024




vessels

No 35 (62%) 21 (38%) 52 (93%) 4(7%) 25 (45%) 31 (55%)
Yes 3 (60%) 2 (40%) 5 (100%) 0 (0%) 5 (100%) 0 (0%)
No 28 (70%) 12 (30%) 38 (95%) 2 (5%) 13 (33%) 27 (67%)
Yes 10 (48%) 11 (52%) 19 (90%) 2 (10%) 17 (81%) 4 (19%)
Margins 0.075 1.000 1.000
RO 14 (82%) 3(18%) 16 (94%) 1(6%) 8 (47%) 9 (53%)
R1/Rx 24 (55%) 20 (45%) 41 (93%) 3 (7%) 22 (50%) 22 (50%)
fr‘ij:t‘::’e‘;t 0.775 1.000 0.270
No adjuvant 26 (60%) 17 (40%) 40 (93%) 3(7%) 19 (44%) 24 (56%)
Any adjuvant 12 (67%) 6 (33%) 17 (94%) 1(6%) 11 (61%) 7 (39%)
Recurrence 0.073 1.000 0.036
None 24 (75%) 8(25%) 30 (94%) 2 (6%) 12 (38%) 20 (62%)
Local 2 (50%) 2 (50%) 4 (100%) 0 (0%) 1(25%) 3(75%)
Distant 12 (48%) 13 (52%) 23 (92%) 2 (8%) 17 (68%) 8(32%)

M, median. IQR, interquartile range. Bold text indicates significant values.







LUND UNIVERSITY

Faculty of Medicine

Lund University, Faculty of Medicine
Doctoral Dissertation Series 2016:48
ISBN 978-91-7619-274-0

ISSN 1652-8220

7891767192740

9



	Blank Page
	Ellebro avh hela G5.pdf
	Blank Page
	Paper 1..pdf
	Abstract
	Background
	Methods
	Results
	Conclusions
	Virtual slides

	Background
	Methods
	Data collection and patient characteristics
	Sectioning of the specimens, standardized protocol
	Standardized protocol vs non-standardized protocol
	Re-evaluations of slides
	Statistical analysis


	Results
	Differences in the distribution of histopathological parameters between SP-cases and NSP-cases
	Effect of re-evaluations of slides
	Overall survival in relation to margin status

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	References

	Paper 2. Jacob Elebro.pdf
	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Tissue microarray construction
	Immunohistochemistry and staining evaluation
	Statistical analysis

	Results
	Associations of SATB1 expression with clinicopathological factors and SATB2 expression
	Prognostic and treatment predictive value of SATB1 expression in pancreatobiliary type tumours
	Prognostic and treatment predictive value of SATB1 expression in intestinal type tumours
	Prognostic and treatment predictive value of SATB2 expression

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Competing interest
	Authors’ contributions
	Acknowledgments
	Author details
	References

	Blank Page
	Paper 3. Jacob Elebro.pdf
	Prognostic effect of hENT1, dCK and HuR expression by morphological type in periampullary adenocarcinoma, including pancreatic cancer
	Patients
	Results
	Discussion
	Acknowledgements
	Declaration of interest
	References






