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Abstract

Pancreatic cancer represents three percent of all incident cancer cases in developed countries, but stands the 7th
most common cause of cancer related death. Worldwide, pancreatic cancer is more common among men,
however in Sweden, the incidence ratio between sexes is levelling. Despite extensive research to map underlying
risk factors, results are still largely inconclusive. Furthermore, there is a lack of knowledge regarding the influence
of hormonal factors on risk and clinical outcome. A few studies have investigated the expression of female
hormone receptors in pancreatic cancer, and others have reported beneficial effects of tamoxifen treatment in
advanced pancreatic cancer, particularly in elderly women. The primary aim of this thesis was to investigate
potential risk factors for pancreatic cancer, with particular reference to sex differences, and furthermore, to
evaluate the presence and prognostic significance of hormone receptors in pancreatic and other periampullary
cancers. Finally, based on the third paper, we composed a protocol for a clinical trial investigating the impact of
tamoxifen treatment in women with advanced pancreatic cancer.

The thesis is based on the Malmé Diet and Cancer Study (MDCS), a prospective population-based cohort with 28
098 participants, as well as a retrospective cohort with 175 consecutive cases of resected pancreatic and other
periampullary adenocarcinoma. Cox proportional hazards regression models were applied to study the potential
associations between investigative baseline factors and risk of pancreatic cancer in the MDCS.
Immunohistochemical expression of estrogen and progesterone receptors (ER, PR) was analysed on tumour
tissue microarrays from the retrospective cohort.

Paper | confirms smoking as one of the most significant risk factors for pancreatic cancer, also proposing a greater
risk increase among women.

Paper Il demonstrates an increased risk of pancreatic cancer among women with high age at menarche and a
lower risk among postmenopausal women with a history of ever using hormonal replacement therapy.

Paper Il provides evidence of a prognostic interaction between stromal PR expression and KRAS mutation status
in periampullary cancer, being particularly evident in women. More specificially, stromal PR positivity signified a
prolonged survival in patients with KRAS-mutated tumours, and shorter survival in patients with KRAS wild-type
tumours.

Paper IV is a protocol for a single-centre, randomized, double-blind, placebo-controlled, two-arm, phase Il clinical
trial, investigating the effects of tamoxifen treatment on survival and quality of life in women with advanced
pancreatic cancer.

In summary, the thesis provides further evidence of tobacco smoking as one of the strongest risk factors for
pancreatic cancer, with women being potentially more susceptible to these hazardous effects. Moreover,
exogenous female hormones appear to have a protective effect, which is also in line with findings from some
previous studies. The presence of ER and PR in the tumour-associated stroma in pancreatic and other
periampullary adenocarcinoma, and the prognostic interaction between PR expression and KRAS status further
supports that hormonal factors drive the pathogenesis and progression of these cancers. Based on the
observations in Paper Ill, we will launch a randomized trial with tamoxifen treatment and control in women with
advanced pancreatic cancer, that will also include relevant biomarker analyses.
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Thesis at a glance

Paper

1\

Objective

Investigate the
associations of sex,
lifestyle factors and pre-
diagnostic anthropometry
with risk of pancreatic
cancer.

Investigate the
associations of
reproductive factors and
hormone use with risk of
pancreatic cancer in
women.

Investigate the expression
and prognostic significance
of female hormone
receptors ER and PR, and
their relation to tumour
mutational status in
periampullary cancer.

Investigate the effects of
tamoxifen tretment in
women with advanced
pancreatic cancer, with
analysis of baseline tumour
characteristics and on-
treatment biomarker
analysis.

Method

Cox proportional
hazards
regression
model.

Cox proportional
hazards
regression
model.

ER and PR
expression was
assessed by IHC
on TMAs.

A single-centre,
randomized,
double-blind,

placebo-
controlled, two-
arm, phase Il
clinical trial.

Treatment with

40 mg of
tamoxifen or
placebo.

Patients

The Malmé Diet and
Cancer Study (MDCS), a
prospective population-
based cohort,
encompassing 11 063
men and 17 035 women
recruited between 1991
and 1996.

All women in the MDCS.

A retrospective cohort of
175 consecutive cases
with pancreatic and other
periampullary
adenocarcinoma,
resected by
pancreaticoduodenectomy
in Lund and Malmé
University hospitals
between 2001 and 2011.

150 women with
advanced pancreatic
cancer not eligible for

further systemic

chemotherapy.

Results/Conclusion

Smoking was the
strongest risk factor
for pancreatic
cancer, with
occasional and
environmental
smoking also being
significant risk
factors in women,
but not in men. WHR
was the only
anthropometric
factor associated
with risk.

Higher age at
menarche was a
significant risk factor
for pancreatic
cancer, and ever
use of HRT,
particularly
estrogen-only
regimen, was a
protective factor.

ER and PR were
mainly expressed in
the tumour-
associated stroma.
A significant
prognostic
interaction was
found between PR
expression and
KRAS mutation
status.
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Popularvetenskaplig sammanfattning

Pankreascancer dr en tumdrsjukdom som utgar fran bukspottkorteln (pankreas), ett
organ som i friskt tillstind har en rad olika funktioner. Pankreas ar beldgen mitt i
buken och dr sammankopplad med forsta delen av tarmkanalen, i vilken den
utsondrar enzymer, &mnen som hjélper till med matsmaéltningen. Utdver en viktig
roll vid matsméltningen utsdndrar pankreas en méngd olika dmnen direkt till
blodbanan, bland annat insulin som hjilper kroppens celler att ta upp socker for att
anvindas som energi, och pa sa vis reglerar pankreas dven kroppens blodsockerniva.

Ar 2017 drabbades 1442 svenskar av pankreascancer, motsvarande 2 % av all cancer
som diagnostiserades under detta &r. Antalet fall av pankreascancer oOkar i
vastvérlden och fran att tidigare ha varit vanligare hos mén &r andelen kvinnor som
drabbas i dag lika stor. Trots att pankreascancer fortfarande dr en forhallandevis
ovanlig sjukdom &r det den fjérde vanligaste orsaken till dod orsakad av cancer, da
endast nagra fa procent dverlever mer an fem ér efter diagnos. De som drabbas har
alltsa 1 ménga fall mycket dystra utsikter. De senaste decennierna har det gjorts
betydande medicinska framsteg som forbattrat 6verlevnaden vid ménga andra typer
av cancer, men inte for pankreascancer. Vad dr da orsakerna till att just denna
cancersjukdom ar s& dodlig?

Ett stort bekymmer édr dessa tumorers forméga att motsta cellgifter, och att de
standigt anpassar sina egenskaper for att overleva och fortsitta vaxa. Ett &nnu storre
problem é&r att cancern ofta uppticks alltfor sent, det vill sdga nir den vuxit sig sa
stor att det inte langre dr mojligt att operera bort tumdren. Endast en femtedel av
patienterna kan opereras, men risken for aterfall &r mycket hog. Majoriteten av
patienterna befinner sig vid tidpunkten for diagnos alltsd redan i en sa kallad
palliativ situation, det vill séiga att sjukdomen é&r obotlig. Den enda idag tillgéngliga
behandlingen for dessa patienter ar cellgifter, som tyvérr inte har ndgon markant
effekt och dessutom &r forenat med mycket biverkningar.

I litteraturen finns ett stort antal riskfaktorer rapporterade, men ménga av dessa har
inte kunnat bekrdftas med sarskilt hog tillforlitlighet. Risken att insjukna i
pankreascancer okar successivt med stigande alder, vilket ar vdldokumenterat da vi
i Sverige sedan 1958 foljer landets cancerstatistik noggrant och pa sé vis enkelt kan
se hur fordelningen av pankreascancer ser ut i olika aldersgrupper. Vidare ar
arftlighet en stark riskfaktor som bedoms ligga till grund for upp till 10 % av all
pankreascancer. Sjukdomar som diabetes och inflammation i pankreas (pankreatit)
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har i flera studier visats dka risken for pankreascancer, men de kan ocksa orsakas
av cancern i sig. Nar en pankreascancer uppticks har den ofta vuxit till sig langsamt
under ménga &r, utan att ge nagra tydliga symptom, och det kan dérfor vara svart att
faststélla huruvida de forsta cancercellerna uppkom innan eller efter debuten av
andra sjukdomar. Detta kan vara ett stort bekymmer nér forskare forsoker hitta dkta
samband mellan tva faktorer, sa kallade kausala samband.

Man har ocksd kunnat koppla ett antal livsstilsfaktorer till risk att utveckla
pankreascancer, av vilka rokning har absolut storst inverkan. Flera studier har visat
att en stor andel av alla pankreascancerfall (10 - 30 %) kan tillskrivas rokning.
Ytterligare livsstilsfaktorer som med relativt stor sdkerhet Okar risken &r hog
alkoholkonsumtion och fetma. Fetma mits ofta i "Body Mass Index” (BMI) och &r
en sa kallad antropometrisk faktor, det vill sédga ett matt pa kroppskonstitution.
Andra antropometriska faktorer &r ldngd, vikt, midje- och stussmatt, samt
forhéllandet mellan midje- och stussmatt. Manga studier har undersokt sambandet
mellan kroppskonstitution och risk for pankreascancer, men resultaten har inte varit
helt samstdmmiga.

Syftet med detta avhandlingsarbete var dérfor att undersdka, och skapa en battre
forstaelse kring vilka faktorer som kan Oka risken att drabbas av pankreascancer.
Vidare var syftet att utreda potentiella konsskillnader, samt att ta reda pa vilken roll
hormonella faktorer spelar for risken att insjukna och for sjukdomsforloppet.

Som underlag till de forsta studierna i avhandlingen anvéndes ett stort datamaterial
fran en studie kallad Malmo Kost och Cancer-studien (MKC). MKC-studien pagick
under 1990-talet och totalt insamlades information om bland annat social situation,
livsstilsfaktorer och tidigare sjukdomar fran 28 098 invénare i Malmd. Dessa gav
sitt godkédnnande till att forskare efter studiens avslut fortlopande skulle fa tillgang
till information fran exempelvis cancerregister och dodsorsaksregister.

I avhandlingens forsta arbete undersoktes effekterna av rokning, alkoholkonsumtion
och antropometriska matt pa risken att utveckla pankreascancer. Fran avslutandet
av MKC-studien fram till och med 31 december 2015 insjuknade 163 av
studiedeltagarna i pankreascancer. Risken att insjukna vara hogre for bade kvinnor
och min som vid studiestart uppgett sig roka regelbundet. Hos kvinnor, men inte
min, sdgs dven en samband mellan sporadisk rokning samt passiv rokning pa arbetet
och en okad risk. Det sags inget samband mellan alkoholkonsumtion och
pankreascancer. Av alla antropometriska faktorer var endast en hog midje-
/stussmatts-kvot (sé kallad dppelfetma) kopplad till en hogre risk.

Kvinnor forefoll saledes vara mer kinsliga for de cancerframkallande effekterna av
rokning, vilket man &dven sett tendenser till i tidigare studier kring bade
pankreascancer och lungcancer. Enligt Folkhidlsomyndigheten har andelen rokare i
den svenska befolkningen gradvis minskat under de senaste artionden. Under 1980-
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talet var andelen rokare hos min tydligt hogre &n hos kvinnor, men idag ses inte
langre nagon storre skillnad mellan konen. Vidare insjuknar kvinnor nu lika ofta
som mén i pankreascancer.

Da kvinnors hormonella profil skiljer sig fran méns undersoktes i det andra arbetet
betydelsen av hormonella faktorer for risken hos kvinnor att insjukna i
pankreascancer. Aven hir anvindes MKC-studien med 17 035 kvinnor som
underlag. De faktorer som undersdktes var kopplade till fertilitet, barnafédsel och
hormonbalans, sa som alder vid forsta och sista mens, alder for forsta barnafodseln,
antal barn, antal amningsmanader, intag av preventivmedel i tablettform och intag
av hormontillskott efter klimakteriet.

Studien visade att kvinnor som fatt sin forsta mens vid ung alder hade ldgre risk att
utveckla pankreascancer. Vidare hade kvinnor som efter klimakteriet tagit
hormontillskott en betydligt minskad risk, framfor allt om dessa tillskott endast
inneholl dstrogen.

Ostrogen ir ett konshormon som kan paverka kroppens celler genom att skicka
signaler via 0strogen-receptorer. Receptorer dr en form av mottagare som uttrycks
pa eller i cellerna, och som kan aktivera olika processer i cellerna niar de kommer i
kontakt med signalsubstanser fran cellens omgivning.

Tredje arbetet syftade darfor till att undersoka om det fanns nagot uttryck av
hormonreceptorer i tumdrceller fran periampulldra tumorer, ett samlingsnamn for
pankreascancer och andra nérbesldktade tumdrer i samma omréade, och huruvida
forekomst av dessa receptorer paverkade Overlevnaden for patienterna. Som
underlag till denna studie studerades tumdrer fran 175 individer, vilka alla opererats
bort vid Lunds och Malmds Universitetssjukhus mellan 2001 och 2011. Foérekomst
av receptorer for konshormonerna 6strogen och progesteron (ett annat kdnshormon)
i tumdrerna analyserades i ljusmikroskop med hjélp av antikroppsbaserad, sé kallad
immunhistokemisk inférgning.

Uttryck av bada receptorerna observerades i cirka en tredjedel av tumdrerna, och da
framfor allt 1 stodjevdvnaden omkring tumdrcellerna, det sa kallade stromat, men
inte i sjdlva tumorcellerna. Resultaten visade ocksa ett samband mellan uttryck av
progesteronreceptorn och langtidsdverlevnad, vilket var gynnsamt eller ogynnsamt
beroende pd om tumdrerna samtidigt uppvisade en viss genmutation (DNA-skada).
Detta samband var sérskilt tydligt hos kvinnor.

Hormoner och hormonreceptorer tycks saledes spela en viktig roll for savil risken
att drabbas av pankreascancer som for sjukdomens forlopp. Detta dr ett ként
fenomen vid nagra andra cancerformer, framfor allt bréstcancer, och kan utnyttjas
vid behandling av sjukdomen. Tamoxifen dr ett hormonmodulerande likemedel
som ofta anvinds vid behandling av brdstcancer och verkar genom att himma
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cancercellernas tillvaxt. Det finns &dldre studier som visat att tamoxifen dven
forldnger overlevnaden hos patienter med pankreascancer.

Det fjarde och avslutande arbetet &r darfor ett protokoll for en studie som ska
utforska effekterna av tamoxifen hos kvinnor med pankreascancer som ar i ett sa
sent skede av sjukdomen att inga andra behandlingsalternativ finns att tillga. Till
skillnad mot tidigare studier kommer denna &ven att analysera olika typer av sa
kallade biomarkorer, exempelvis hormonreceptorer i tumdrvdvnaden samt
hormonella faktorer i blodet. Forhoppningen é&r att den studie som nu utformas ska
visa positiva effekter av tamoxifen och dven ge information kring vilka egenskaper
hos tumoérerna som krévs for att patienterna bast ska kunna tillgodogora sig dessa
gynnsamma effekter.
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Introduction

Pancreatic cancer

The term “pancreatic cancer” is most commonly referring to a tumour originating
in the ductal cells of the exocrine pancreas, more specifically known as pancreatic
ductal adenocarcinoma (PDAC). Moreover, although unusual, it could be used in a
more general manner, indicating any cancer arising in the pancreatic gland.
However, the vast majority of all pancreatic neoplasms arise in the exocrine
pancreas, and 90 - 95 % of them are PDACs (1, 2). Therefore, throughout this thesis,
the term pancreatic cancer will be used and referring to PDAC.

Approximately 75 % of pancreatic cancers arise in the pancreatic head (caput), and
the remaining portion is evenly distributed between the body (corpus) and the tail
(cauda) (3). Furthermore, there are several precursor lesions eventually evolving
into pancreatic cancer, such as intraductal papillary cystic neoplasia (IPMN),
pancreatic intraepithelial neoplasia (PanIN) and mucinous cystic neoplasia (MCN)
(4). Tumours can also derive from the endocrine pancreas, but these neoplasms
constitute a widely different disease and will not be deeply discussed in this thesis

(5).

Periampullary adenocarcinoma

Pancreatic cancer is the most common adenocarcinoma in the periampullary region,
however, adenocarcinomas in this area can also originate from the duodenum, the
ampulla or papilla of Vater, or the extrahepatic lower biliary tracts. On the other
hand, due to its prognostic value, these tumours are more commonly classified
according to their morphology into intestinal-type (I-type) or pancreatobiliary-type
(PB-type) tumours. The superior prognosis for patients diagnosed with I-type
tumours compared to PB-type tumours is supported by several studies (6-9). An
illustration of the four types of periampullary adenocarcinoma and the two
morphological subtypes is shown in Figure 1.
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Gallbladder

Ampulla
Ampullary adenocarcinoma Intestinal type (I-type)
Distal bile duct (intrapancreatic) Peri-Vaterian duodenum
Distal cholangiocarcinoma Duodenal adenocarcinoma Pancreatobiliary type (PB-type)

Figure 1
lllustration of the four different types of periampullary adenocarcinoma (left) and the morphological subtypes (right).

Epidemiology

Worldwide

In 2018, pancreatic cancer was estimated to be the 12" most common cancer
worldwide, representing nearly 3 % of all incident cancer, non-melanoma skin
cancer excluded. It was however the 7" most common cause of death by cancer,
reflecting the utterly poor prognosis of the disease. Furthermore, there is a
predominance for pancreatic cancer in men, with 243 033 men and 215 885 women
being diagnosed in 2018, resulting in a male to female incidence ratio of 1.1:1 (10).

Low versus high income countries

The corresponding ranks for incidence and mortality in low income versus high
income countries during 2018 were 18" and 13" versus 9™ and 3", respectively.
Furthermore, the crude and age-standardized incidence rates (ASR) were estimated
to 1.0 and 1.9 versus 18.0 and 7.8 cases per 100 000 inhabitants, in low versus high
income countries, which emphasizes that pancreatic cancer is indeed a disease of
health and welfare, not affected by better access to superior health care (11).
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Sweden

According to the most recent report, Cancer in numbers 2018, by the National Board
of Health and Welfare (12), 1 321 new cases of pancreatic cancer (661 men and 660
women) were diagnosed in Sweden in 2016, and, accordingly, it was the 9" most
common cancer in both sexes. With a crude incidence rate of 13.3 cases per 100 000
inhabitants, the incidence rate was highest among 75- to 79-year-olds, for both
sexes, with approximately 70 and 65 cases per 100 000 men and women,
respectively.

In an updated report of cancer incidence statistics in 2017 (13), there were 1 442
incident cases (719 men, 723 women), moving pancreatic cancer to the 8" most
common cancer in both men and women. The crude incidence-rate had risen to 14.2
and 14.4 cases per 100 000 men and women, respectively.

For 2018, the World Health Organization (WHO) (11) reported an estimated
number of 1993 new cases (1 020 men, 973 women) in Sweden, moving pancreatic
further up, to the 7™ and 6™ most common cancer among men and women,
respectively. It was also estimated to be the 4™ most common cause of cancer related
death in Sweden in 2018.

Conclusively, these reports demonstrate that pancreatic cancer is swiftly climbing
the ladder of the most common cancers in Sweden, and further, the sex-related
difference seen on a worldwide basis no longer applies to Sweden.

Aetiology

Endogenous risk factors

Endogenous risk factors are individual characteristics that are generally not possible
to influence by modification of environmental factors and life-style habits, but that
are controlled by life-time, heredity or other known and unknown circumstances.

Age

The risk of pancreatic cancer is gradually increasing with age, as demonstrated by
the annual cancer statistics reports published by the Swedish National Board of
Health and Welfare. The incidence and incidence rate is highest among 70 - 74 year
old and 75 - 79 year old individuals, respectively, and varies somewhat between
sexes depending on age category (13).
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Heredity

Family history of pancreatic cancer is one of the most evident factors associated
with an increased risk, which has been demonstrated in several studies. Hereditary
pancreatic cancer is estimated to account for 1 - 10 % of all cases (14-16), and it has
been estimated that the most common syndromes associated with an increased risk
account for 15 - 20 % of those cases; Peutz—Jeghers syndrome, familial atypical
multiple mole melanoma (FAMMM), hereditary breast-ovarian cancer (HBOC),
Lynch syndrome/hereditary nonpolyposis colorectal carcinoma (HNPCC),
hereditary pancreatitis and familial adenomatous polyposis (FAP) (17).
Furthermore, familial pancreatic cancer (FPC) is another rare tumour syndrome,
describing families with two or more first-degree relatives with histologically
confirmed adenocarcinoma of the pancreas, that is not correlated to the
aforementioned inherited tumour syndromes (18).

Diabetes Mellitus

Several studies highlight diabetes mellitus (DM) as a risk factor for pancreatic
cancer (19-21), however, only Elena et al. restricted their investigation to patients
with type 2 DM, while the other based their results on unknown proportions of type
1 and type 2 DM. Nevertheless, due to the origin of pancreatic cancer, it is obvious
that these patients will develop disease related DM at some point during the
progression of their cancer (22-24). Consequently, DM seems to be both a cause
and an outcome of pancreatic cancer, making it difficult to provide evidence of
causal relationships.

Pancreatitis

Similar to the issue that pancreatic tumours may cause DM, they may also cause
pancreatitis. The evidence of an association between pancreatitis and risk of
pancreatic cancer is however rather strong. In a meta-analysis by Raimondi et al.
(25), reviewing 22 studies investigating the impact of pancreatitis on pancreatic
cancer risk, unspecified pancreatitis was shown to increase the relative risk (RR) by
5.1, while chronic pancreatitis increased the risk by 13.3, hereditary pancreatitis by
69 and tropical pancreatitis, in one single study, by 100. Furthermore, two large
pooled case-control studies reporting odds ratios (OR) of 5.6 (26) and 7.2 (27) in
patients with a history of unspecified pancreatitis, have also demonstrated
significant trends of decreasing ORs with increasing time since diagnosis of
pancreatitis.

Obesity and other anthropometric factors

The influence of anthropometric factors on pancreatic cancer risk has been a subject
of discussion for many years, however concerning several factors, no definite
consensus has yet been reached. Numerous studies report significant associations
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between high body mass index (BMI) and risk of pancreatic cancer in both women
and men (28-31), with no significant differences between sexes. Several biological
theories for this correlation have been presented, and one plausible explanation
could be that, as a consequence of obesity, the increased insulin resistance and
elevated blood levels of circulating insulin increase the risk of neoplasms to arise
through growth stimulation of pancreatic tissue (29).

There is also a suggested positive association of waist circumference (19, 29), waist-
hip ratio (WHR) (29, 31) and height (32) with risk of pancreatic cancer.
Furthermore, rapid weight loss has been demonstrated to correlate with an increased
risk (33), however, whether this is a causal relationship is debatable since weight
loss is also one of the most common traits of the disease. Moreover, any evidence
of sex differences regarding these less thoroughly examined anthropometric factors
is lacking.

Metabolic syndrome

The metabolic syndrome represents a cluster of factors associated with
cardiovascular disease and type 2 DM. In the most recent update by the International
Diabetes Federation (IDF) in 2006, metabolic syndrome is defined as central obesity
(described by ethnicity specific values of waist circumference) plus two or more of
the following factors: raised triglycerides, reduced HDL cholesterol, raised blood
pressure and raised fasting plasma glucose.

In a meta-analysis from 2011, Rosato et al. (34) reported an increased risk of
pancreatic cancer among individuals with metabolic syndrome (OR = 2.1).
However, in a similar analysis the following year, including only a selection of the
studies included by Rosato et al., Esposito et al. (35) demonstrated that this
association was only applicable to women (RR = 1.6), and that it was significantly
stronger in women compared with men. Of note, these studies partly applied the
previous definitions of metabolic syndrome.

Reproductive factors

Several reproductive factors have also been suggested to correlate with risk,
however, results are conflicting. A decreased risk has been observed in women with;
a higher age at menarche (36, 37), a higher age at menopause (38), a higher number
of children (39, 40), a lower age at first childbirth (39, 41), a higher number of total
months breastfeeding (42) and intact ovaries (38). Of note, studies demonstrating
contradictory findings, or no associations of aforementioned reproductive factors
and pancreatic cancer risk, are approximately just as many (36, 38-40, 42).
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Exogenous risk factors

Tobacco smoking

Smoking is the most important exogenous risk factor for pancreatic cancer, being
responsible for 11 - 32 % of all pancreatic cancer cases (43). In a recent large meta-
analysis (44), current and former smokers were reported to have a RR of 1.8 and
1.2, respectively, versus never smokers. Moreover, there seems to be a clear dose-
response association of the number of cigarettes smoked per day, number of years
smoking and total cigarettes smoked, with risk of pancreatic cancer, and a gradually
decreasing risk with each year since quitting in former smokers (45). The risk in
former smokers has been estimated to be comparable to the risk for never smokers
10 - 20 years after smoking cessation (44, 46).

The potential influence of sex on the association between smoking and risk of
pancreatic cancer has been addressed in a few studies, proposing that the impact on
risk is stronger in women than in men (19, 47, 48), while only Silverman et al. found
a significant interaction between sex and duration of smoking. On the other hand,
in two larger pooled analyses by Lynch et al. in 2009 (49) and Bosetti et al. in 2012
(50), there were no significant interactions between sex and smoking.

Another important aspect of smoking is the association with risk of pancreatitis,
particularly its chronic form. In a recent meta-analysis, Ye et al. (51) reported a 3-
fold risk of chronic pancreatitis among ever smokers versus never smokers.

Passive tobacco smoking

The impact of environmental tobacco smoke (ETS), i.e. passive exposure to smoke,
has not yet been thoroughly investigated. In a meta-analysis by Zhou et al. published
in 2012 (52), there was no significant impact of exposure to ETS during childhood,
at home or at work during adulthood, on risk of pancreatic cancer, however, they
did not investigate the association of a combination of the aforementioned ETS
exposures with risk. In the European Prospective Investigation into Cancer and
Nutrition cohort (EPIC), never smokers with daily exposure to ETS both during
childhood and at home and/or at work during adulthood, were reported to have an
increased risk, with a hazard ratio (HR) of 3.8 (48). Potential sex differences
concerning the association between exposure to ETS and pancreatic cancer risk do
not seem to have been previously investigated.

Smokeless tobacco use — Moist snuff — Snus

Moist snuff, in Sweden called snus, is a smokeless tobacco product, sold and used
in rather few countries, which has been given much attention during the past decades
due to the scarce knowledge of its potential carcinogenic effects. One of the issues
studying the impact of snus use on cancer risk is the major confounder smoking. In
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a Swedish study, Luo et al. (53) reported a RR of 2.0 for pancreatic cancer in ever-
users of snus compared with never-users of any tobacco products, and a significant
dose-response relationship with increasing amounts of snus used. Additionally, a
Norwegian study (54) reported a RR of 1.7 for ever-users of snus compared with
never-users of snus. Both of these studies did however have limitations regarding
the classification of non-smokers, as well as the study methodology, which may
have caused residual confounding by smoking (55). Snus is predominantly used in
men, which most likely explains the lack of studies investigating potential sex
differences regarding its impact on pancreatic cancer risk.

Tobacco-specific nitrosamines, found in both tobacco smoke (56) and snus (57),
have been suggested to have carcinogenic effects in the pancreas, along with
numerous other substances, however, in snus it has been proposed to be the most
important factor for the increased risk of pancreatic cancer seen in ever-users of snus
(57).

Alcohol consumption

Alcohol consumption is closely related to smoking and other risk behaviours, and
furthermore, there is an established association with both acute pancreatitis and
chronic pancreatitis (58). It is therefore rather problematic to assess the causal
relationship between alcohol consumption and risk of pancreatic cancer, and
hitherto published studies are inconclusive. However, in the summary review of
meta-analytical studies, by Maisonneuve et al. (43), a consumption of > 3 glasses of
any alcoholic beverage, or > 30 g of alcohol daily, was estimated to increase the risk
of pancreatic cancer by 1.2 compared with no or occasional intake (< 1 drink/day).
None of the studies referred to therein found any significant difference between men
and women, however, it is emphasized that there is a clear difference in alcohol
habits between the sexes, at least reported habits, rendering very small subgroups of
women with heavy alcohol drinking habits (59-62).

Oral contraceptives

Reports on the associations between use of oral contraceptives (OC) and risk of
pancreatic cancer are inconsistent. While several studies demonstrate an increased
risk with long-duration OC use (41, 63), others claim an inverse association (39). In
a meta-analysis by Tang et al. in 2015 (64), there was no association between OC
use and risk of pancreatic cancer when pooling the RRs from all selected studies,
however, when limiting the analysis to cohort studies only or to studies adjusting
for smoking, diabetes and BMI, there was a positive relationship between ever use,
compared with never use, of OC and risk.
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Hormone replacement therapy

Hormone replacement therapy (HRT) is mainly prescribed to women with
troublesome perimenopausal symptoms, either going through menopause naturally
or from oophorectomy, and most commonly includes estrogen and progesterone
combined in this setting (65, 66). However, it can also be administered after
hysterectomy, as estrogen-only therapy. The number of studies investigating the
influence of HRT use on risk of pancreatic cancer are limited, and have in general
failed to demonstrate any associations. However, Lee et al. (63) suggested a
protective effect, in particular in ever users of estrogen-only therapy and Lujan-
Barroso et al. (67) reported a reduced risk only in hysterectomized users of HRT.

Other factors

Blood group

The risk of pancreatic cancer is reported to be increased in individuals with blood
groups A, B or AB, with HRs of 1.3, 1.7 and 1.5 respectively, compared to blood
group 0 (68).

Allergy

A decreased risk of pancreatic cancer has been demonstrated among individuals
with a history of allergy, in particular among those with atopy related allergy. A
suggested explanation for this association is that a hyperactive immune system
provides an improved surveillance and protection against emerging cancer cells in
the pancreas (69).

Physical activity

The associations between physical activity and risk of pancreatic cancer appear to
be rather weak, however, consistent physical activity over a time period of more
than 10 years may decrease the risk marginally (70).

Diet

In 2017, Zheng et al. (71) performed a systematic review of case-control and cohort
studies investigating the associations between dietary patterns and risk of pancreatic
cancer. They reported significant associations of animal products, starch rich
products, and Western dietary patterns with an increased risk of pancreatic cancer,
while dietary patterns encompassing higher intake of fruits and vegetables, vitamins
and fibres, and the “Prudent diet”, were associated with a reduced risk. With another
method to classify diet patterns, they concluded that a high quality dietary pattern
conferred a protective effect against development of pancreatic cancer.
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Coffee

There are several reports investigating the associations between coffee intake and
risk of pancreatic cancer, however, results have been inconclusive. In a large meta-
analysis from 2011, Turati et al. (72) could not demonstrate any impact of coffee
consumption on risk of pancreatic cancer, irrespective of the volume of coffee
intake.

Infections

Helicobacter pylori infection has been suggested to correlate with an increased risk
of pancreatic cancer (73), the results are however inconclusive, with studies
reporting no associations (74), an inverse association in Eastern countries (75), or
associations only in never smokers and in individuals with low risk alcohol
consumption (76).

In a meta-analysis, Luo et al. (77) demonstrated that previous, chronic and acute
hepatitis B virus (HBV) infection was associated with an increased risk of pancreatic
cancer compared to “never exposure to HBV”,

Genetic alterations

Pancreatic cancer is a molecularly heterogeneous disease harbouring several genetic
alterations, with the oncogene KRAS and the tumour suppressor genes 7TP53,
SMAD4/DPC4 and CDKN2A being most commonly mutated (2). Amplification of
the HER? gene and activation of the KRAS gene are often the first occurring
mutations in the carcinogenesis of pancreatic cancer, followed by inactivation of the
CDKN2A gene, and later also loss of function of 7P53, SMAD4/DPC4 and BRCA?2
(78).

Activating mutations in KRAS are reported in approximately 70 - 90 % of pancreatic
cancers (79, 80) and represent a key event in the carcinogenic initiation (78). The
frequency of KRAS mutations in ampullary, distal bile duct and duodenal
adenocarcinoma are considerably lower, with percentages of 30, 21 and 35 %,
respectively (80). The role of the KRAS protein, when bound to guanosine
triphosphate (GTP), includes regulation of cell behaviour such as proliferation,
differentiation, cell migration and apoptosis (81). Activating KRAS-mutations can
however occur in healthy tissue without causing carcinogenesis, and may thus alone
not be sufficient for cell transformation (82).

Mutation of the 7P53 generally means inactivation of the gene, which is reported in
49 % of pancreatic cancers (80). An inactivating mutation in this gene causes loss
of the tumour supressing properties of normal 7P53 protein, e.g. its anti-
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proliferative effects, but may also cause an increased metastatic potential by gain-
of-function activity (83).

Approximately 18 % of pancreatic cancers harbour inactivating SMAD4/DPC4
mutations (80), which may lead to enhanced oncogenic signalling of transforming
growth factor beta (TGFP) (84). The metastatic properties may also be enhanced
through loss of SMAD4/DPC4 (85).

The reported mutation frequency of CDKN24 in pancreatic cancer is 14 % (80), and
the properties of the two most well-known proteins products of this gene; p16 and
pl4arf, which modulate the cell cycle, may be affected by the mutation (86).

Clinical presentation and diagnostics

Due to the location of the pancreas, tumours arising in this area often present very
late, and with quite unspecific symptoms. These are likely the two main reasons for
the delayed diagnosis in the majority of the patients, but in light of the low
incidence, screening would not be feasible in the general population. The most
common symptoms are abdominal discomfort or pain, anorexia, early satiety,
xerostomia, weight loss, constipation, dyspepsia and jaundice (87).

Radiology

There are several diagnostic instruments which can detect pancreatic cancer,
however, they all have strengths and weaknesses. Abdominal ultrasound (AUS) is
a non-invasive method, which is highly dependent on the patient’s body
constitution, tumour stage and the operator’s experience, and therefore has a
reported sensitivity of anywhere between 50 - 90 % (88).

Endoscopic ultrasound (EUS), via the stomach and duodenum, provides improved
visualization compared with AUS, and also allows the operator to achieve fine-
needle aspirations (FNA) from the tumour, which contributes to an increased
sensitivity (87 %) and specificity (96 %) to diagnose a solid mass in the pancreas
(89).

Accordingly, EUS-FNA has become the recommended endoscopic method of
choice to obtain tumour tissue and has to a great extent replaced endoscopic
retrograde cholangiopancreatography (ERCP) with brush cytology, a method that
has a higher rate of post-operative complications and an inferior success rate
compared to EUS (89). ERCP is however still an available instrument used for
diagnostics, as well as in the palliative situation to, for example, relieve patients of
jaundice by insertion of a stent into the biliary tree (90).
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Computed tomography (CT) scan is however the most commonly used diagnostic
tool, and with a pancreas-specific protocol and intravenous contrast, the CT
generally provides sufficient information on tumour size and invasion of the
surrounding vessels (91). Thereby, it offers a possibility to stage the tumour, and
additionally, potential metastases can be detected, which is important information,
since metastatic disease disqualifies the patient from resection of the primary
tumour.

Magnetic  resonance  imaging (MRI) and  magnetic  resonance
cholangiopancreatography (MRCP) are more modern techniques which have
gradually become more common in the field of pancreatic cancer diagnostics. MRI
and MRCP are however still most frequently used in situations where additional
information is needed. For example, MRI is superior to CT when; the suspected
tumour is small, there is hypertrophy in the pancreatic head or the pancreatic tumour
is isoattenuating (88). MRCP is reported to be as sensitive as ERCP (92) and is
further a better method than CT and MRI to help distinguish between pancreatitis
and pancreatic cancer (93).

Biochemical markers

There is a plethora of omics studies on potential diagnostic, prognostic and
predictive pancreatic cancer biomarkers (1). Preferably, to be suitable for screening
purposes, a biomarker should be detectable in blood or other easily accessible body
fluids, such as urine. However, there are currently no such biomarkers available that
have sufficient sensitivity, specificity and reproducibility, and at a reasonable cost.

Carbohydrate antigen 19-9 (CA19-9) is the most extensively studied biomarker in
blood, and it is a sometimes valuable complementing factor to strengthen the
probability of a pancreatic cancer diagnosis. The sensitivity and specificity of
roughly 80 % is however insufficient for this marker to be used more widely in
screening and early detection (94). Furthermore, CA19-9 is frequently used to
monitor regression and progression during treatment. Obstruction of the biliary tree
causing cholestasis may increase CA19-9 levels, leading to potential false positive
values.

In 2009, Harsha et al. (95) composed a summary of potential biomarkers for
pancreatic cancer and reported a total of 2 516 genes, overexpressed at the mRNA,
mRNA and protein, or protein level only.

Concerning biomarkers for improved prediction of response to systemic therapies,
expression of the protein human equilibrative nucleoside transporter 1 (hRENT1) has
been reported to be a robust predictor of response to gemcitabine-based
chemotherapy (96). Furthermore, high expression of hRENT1 has been demonstrated
to signify an improved OS in patients with pancreatic cancer receiving gemcitabine
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(97, 98). In a study by our research group on periampullary adenocarcinoma (99),
hENT1 expression was found to be an independent predictor of a prolonged
recurrence-free survival (RFS) in patients with I-type tumours treated with adjuvant
chemotherapy, regardless of regimen, but was not prognostic in PB-type tumours.

Clinicopathological factors

There are several clinicopathological factors used to describe the characteristics of
a pancreatic cancer, some more commonly used than others.

Tumour node metastasis

The magnitude and spread of a pancreatic cancer, i.e. the tumour stage, is most
commonly defined by the tumour node metastasis (TNM) system, which is
described in the Cancer Staging Manual compiled by the American Joint Committee
of Cancer (AJCC). Until recently, T was defined by the largest diameter and
anatomic spread of the primary tumour as follows; T1: <2 cm, T2: > 2 cm, T3:
extension outside the pancreas without involvement of the celiac axis or superior
mesenteric artery (SMA) and T4: involvement of the celiac axis or SMA and defined
as unresectable. Further, N and M referred to the absence (NO and MO) or presence
(N1 and M1) of regional lymph node metastases and distant metastases, respectively
(100). However, based upon reports demonstrating “size only” to be a superior
prognosticator compared to size and tumour spread combined (100, 101), and a
prognostic impact not only of the presence, but also of the number of regional lymph
node metastases (100, 102, 103), the T and N definitions were adjusted for the g
Edition of the AJCC Cancer Staging Manual (100, 104). The T1 - T3 stages now
refer to tumour size only (T1: <2 c¢cm, T2: >2 cm <4 ¢cm and T3: > 4 cm), and T4
has been slightly modified to also include invasion of the common hepatic artery
(CHA), and the definition “unresectable” has been removed. Further, N is now more
specifically defined by the number of regional lymph node metastases (NO: Node
negative, N1: 1 - 3 and N2: > 4 regional lymph node metastases).

Moreover, the different combinations of T, N and M are jointly interpreted as the
stage of the tumour disease, which is described with roman numerals (I - IV) and
Latin alphabetic letters (A and B). A summary of the 7" and 8" edition of the TNM
classification system for pancreatic adenocarcinoma is shown in Table 1.

Of note, the TNM classification system varies somewhat between the different
origins of periampullary tumours. The T-stage definitions for tumours of the distal
bile duct and pancreas are similar, with size-based T1 - T3, and identical T4
definitions, i.e. invasion of the celiac axis, SMA or CHA. This T4 definition is also
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shared by ampullary adenocarcinoma, however, in these tumours T2 defines a
tumour invading the muscularis propria of the duodenum, and T3 a tumour invading
the pancreas. For duodenal adenocarcinoma, T2 is defined as invasion of the
muscularis propria, T3 as invasion of the mesentery or retroperitoneum, and T4 as
invasion of other organs or structures (104).

Table 1
Summary of the 7" and 8" AJCC staging systems for pancreatic adenocarcinoma. (Adapted from (100))

Seventh edition of the AJCC staging system Eighth edition of the AJCC staging system

Primary tumour (T)

Localised to the pancreas. Localised to the pancreas.

T Largest diameter <2 cm. m Largest diameter <2 cm.
T2 Localised to the pancreas. T2 Localised to the pancreas.
Largest diameter > 2 cm. Largest diameter > 2 cm and <4 cm.
T3 Spread outside the pancreas. T3 Localised to the pancreas.
No involvement of celiac axis or SMA. Largest diameter > 4 cm.
T4 Involvement of celiac axis or SMA (unresectable). T4 Involvement of celiac axis, SMA or CHA.
Regional lymph nodes (N)
NO Absence of regional lymph node metastases. NO  Absence of regional lymph node metastases.
N1 Presence of regional lymph node metastases. N1 1 - 3 regional lymph node metastases.
N2 > 4 regional lymph node metastases.
Distant metastases (M)
Mo Absence of distant metastases. Mo Absence of distant metastases.
M1 Presence of distant metastases. M1 Presence of distant metastases.
STAGE
1A T1, NO, MO 1A T1, NO, MO
1B T2, NO, MO 1B T2, NO, MO
A T3, NO, MO A T3, NO, MO
B T1-T3, N1, MO B T1-T3, N1, MO
mn T4, NO - N1, MO mn T1-T4, N2, MO or T4, N1 - N2, MO
\'% T1-T4,NO- N1, M1 \% T1-T4, NO - N2, M1
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Differentiation grade

Pancreatic tumours are heterogenous and the differentiation grade of a tumour is
therefore often based on the poorest differentiation grade seen in a significant
portion of the tissue sample (105).

Invasion of the vascular and lymphatic system

Additional features recorded at the evaluation of tumour tissue specimens are
invasion of microscopic blood vessels and lymphatic vessels, which, if present, have
been shown to correlate with an impaired prognosis in periampullary
adenocarcinoma (9).

Perineural growth and invasion of peripancreatic fat

In several reports, perineural invasion has been associated with a shorter survival in
patients with pancreatic cancer (106). Tumour growth into peripancreatic fat is a
more uncommonly assessed variable, although it has been associated with a shorter
survival in periampullary adenocarcinoma (107), as well as in pancreatic cancer
(108).

Resection margins

Approximately 30 % of all patients with resected pancreatic cancer have an isolated
local recurrence without confirmed metastases (109), proposing that residual
tumour tissue is often present after surgery, despite a visually radical tumour
resection. Therefore, the resection margins are examined microscopically, and most
commonly reported as R1 if there is 1 mm or less between cancer and any margin,
and as RO if this distance is more than 1 mm. However, this definition is not fully
established since some pathologist communities recommend that R1 should be
defined as presence of cancer at definite resection margin (110). Nevertheless,
resection margin status is reported to be an important prognosticator for pancreatic
cancer, and according to the firstly mentioned classification system, the survival
time of patients with RO resected tumours is significantly improved compared to
patients with R1 resection. Furthermore, among R1 resected cases, there is a
significant survival benefit if the resection margin is 0 - 1 mm compared to 0 mm.
The reported proportions of R1 resected tumours vary a lot throughout the literature,
ranging between 17 - 85 %, which is suggested to be a result of inconsistent
definitions of resection margins and a lack of standardized pathological examination
routines (110).
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Treatment

Being a highly chemo- and radiotherapy resistant malignancy, pancreatic cancer is
extremely complicated to treat. Additionally, in contrast to many other types of solid
cancers, neither targeted therapies nor immunotherapy have proven to be efficient,
and there is also a profound lack of predictive biomarkers to assist the oncologist in
the choice of therapy.

When a patient presents with pancreatic cancer, his/her case is discussed at a
multidisciplinary conference (MDC), generally with a surgeon, oncologist,
pathologist and radiologist being present. At the MDC, the decision is firstly made
on whether the patient is eligible for surgical tumour resection or not, thus with a
curative intention. In some cases, the tumour is assessed to be borderline resectable,
suggesting a potentially curative setting if downstaging of the tumour with
chemotherapy is successful. In the majority of the cases, however, the tumour is
already locally advanced, and/or has given rise to distant metastases at the time of
diagnosis (111), which implicates that the setting of the patient care will be solely
palliative, potentially including administration of chemotherapy and sometimes
radiotherapy to hopefully prolong survival.

Surgical resection

A surgically performed radical resection of the cancer lesion stands the only
treatment option with curative potential, but, unfortunately, the proportion of
patients diagnosed with pancreatic cancer who meet the requirements for surgical
resection is only approximately 15 - 20% (111). The most common procedure is
pancreaticoduodenectomy, which was described as early as in 1898, but first
performed in 1912. The method was however improved by Allen Whipple in 1935,
from whom it has also been named the Whipple procedure (112), and generally, the
procedure includes removal of the pancreatic head, the common bile duct, the
gallbladder, segments of the duodenum and the distal portion of the stomach (113).

Thus, roughly 80 % of the patients present with locally advanced tumours, which
are not possible to resect surgically. Tumour infiltration of the portal vein (PV)
and/or superior mesenteric vein (SMV) is one of the greatest issues, and was
previously considered an absolute contraindication for the procedure, however, with
improved surgical techniques, venous resection and reconstruction have become
possible and more commonly practiced, showing similar results on outcome
compared with patients undergoing pancreaticoduodenectomy of tumours without
venous engagement (114). Arterial involvement is far more problematic since these
tumours often infiltrate the celiac plexus as well, thus making arterial resection and
reconstruction technically complicated and rarely successful (115, 116).
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Conclusively, the criteria for resectability are; no involvement of the celiac artery,
CHA and SMA, involvement of the PV and SMV being less than half of their
circumference, sufficient portal/splenic vein confluence and absence of metastases
outside of the routine surgical area (117). However, in rare occasions, exceptions
are made regarding the distant metastases criteria, e.g. in patients with single liver
metastases responding well to primary or neoadjuvant chemotherapy, where the
primary tumour may be resected irrespective of residual liver disease, which has
been reported to improve survival (118).

Chemotherapy

Accordingly, chemotherapy can be administered as neoadjuvant treatment in the
preoperative setting for downstaging of borderline resectable tumours (119), as
adjuvant treatment in the postoperative setting to eliminate potential local tumour
residuals or micro-metastases (120), or, most commonly, in the palliative setting
with the purpose to suppress symptoms and prolong the patient’s life (121). A
summary of the most commonly used chemotherapeutic drugs is shown in Table 2.

Table 2
Summary of common chemotheraputic drugs in the treatment of pancreatic cancer

Chemotheraputic drug Characteristics

A pyrimidine analogue and antimetabolite which blocks thymidylate synthase,
causing lack of the DNA nucleoside thymidine and thereby cell death. To

Fluorouracil (5-FU) increase the effect of 5-FU, folinic acid/leucovorin/calcium folinate is added

(122).
Oxaliplatin A platinum based drug that forms cross links in the DNA. This hinders DNA
P replication and transcription, and thereby inhibits DNA synthesis (123).
ROt A cytotoxic drug, which inhibits the enzyme topoisomerase |, causing DNA to

break and thereby cell death (124).

Liposomal irinotecan (nal-iri) Irinotecan with the addition of a liposomal construct, which increases the
P circulation time of irinotecan, causing a prolonged release of the drug (125).
A cytidine analogue and antimetabolite, which inhibits the nucleotide excision

ST repair system of DNA (126).

Paclitaxel: A cytoskeletal taxane based drug, which targets tubulin, causing
inhibition of mitosis and thereby apoptosis.

Paclitaxel is hydrophobic and therefore requires toxic solvents to be
intravenously administrable. When bound to albumin (Nab-paclitaxel) the
toxicity of the drug decreases and it can be administered without exposure to
solvents (127, 128).

Nab-paclitaxel

o~ An orally administered prodrug to 5-FU, which gradually converts into 5-FU
Lelpiailat by thymidine phosphorylase in the liver (129).

An orally administered drug containing tegafur (prodrug of 5-FU), gimeracil
(blocks DPD*, and thereby inhibits 5-FU degradation) and oteracil (blocks
OPRT**, and thereby inhibits the production of 5-FU in the stomach, which in
turn decreases gastrointestinal toxicity) (130).

$1 (Teysuno®)

*Dihydropyrimidine dehydrogenase, **Orotate phosphoribosyltransferase
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Neoadjuvant chemotherapy

Neoadjuvant treatment is currently not standard of care for resectable tumours,
however several ongoing studies are evaluating the effect of neoadjuvant
chemotherapy compared to surgery-first, e.g. the Nordic Pancreatic Cancer Trial
(NorPACT). The current role of neoadjuvant chemotherapy is downstaging of
borderline resectable tumours, and sometimes locally advanced tumours, however,
due to the absence of randomized controlled trials (RCT) comparing different
preoperative regimens, there is no specific substance that is more strongly
recommended. The most commonly used regimens in the neoadjuvant setting are
“FOLFIRINOX”, which is a combination of folinic acid, 5-FU, irinotecan and
oxaliplatin, or a gemcitabine-combination, supported by evidence of a beneficial
effect from those regimens in the treatment of metastatic disease (131). Hence,
patients with borderline resectable tumours, showing good response to neoadjuvant
chemotherapy with successful downstaging of the tumour, can have their tumours
resected, and there is growing evidence of a similar survival among these patients
compared with patients undergoing surgery upfront (132). Furthermore,
postoperative morbidity and mortality appear to be similar, or even lower, among
patients receiving neoadjuvant chemotherapy compared with patients who do not
(133, 134), and the latter of those studies also reports a better OS for patients
receiving perioperative chemotherapy (neoadjuvant + adjuvant) compared to those
only receiving adjuvant chemotherapy. Additionally, the OS among patients who
have their tumours resected is more than twice the OS among those who have
unresectable tumours (132).

Adjuvant chemotherapy

The use of adjuvant chemotherapy in pancreatic cancer is markedly more common
than that of neoadjuvant therapy. All patients subjected to primary tumour resection
are offered adjuvant treatment, with the standard therapy of choice consisting of
gemcitabine plus capecitabine (GemCap), based on the results from the ESPAC 4
trial in 2016 (135). However, in the recent PRODIGE 24-ACCORD/CCTG PA trial,
a modified regimen with FOLFIRINOX (mFOLFIRINOX), not including the 5-FU
bolus and with a lower irinotecan dose, was compared to gemcitabine, showing a
superior outcome on survival, with a median OS (mOS) of 54.4 months compared
to 35.0 months for gemcitabine (136). Accordingly, instead of GemCap,
mFOLFIRINOX may be considered in the adjuvant setting for patients with
adequate performance status, however, confirmatory studies are warranted, in
particular due to the very long mOS in the gemcitabine arm of this study, which is
remarkable.

Concerning adjuvant treatment of adenocarcinoma of the ampulla and distal bile
duct, there is an evident lack of studies addressing this topic, and treatment of these
periampullary cancers is mainly based on studies on pancreatic cancer (137, 138).
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The ESPAC 3 trial did however investigate the effects of adjuvant 5-FU or
gemcitabine compared to no chemotherapy in periampullary adenocarcinoma, and
demonstrated an improved survival among patients receiving any of these two
regimens (139). Of note, the response to gemcitabine differs between I-type and PB-
type tumours, and therefore it has been suggested that subdivision of these
morphological subtypes is of great importance in trials on adjuvant treatment in
periampullary adenocarcinoma (140). Furthermore, it may be clinically relevant to
consider distal bile duct adenocarcinoma as a completely different entity, which thus
should be analysed separately from the other periampullary adenocarcinomas.
Based on a recent systematic review of reports on adjuvant treatment for resected
biliary tract cancer, the recommendation from the ASCO Clinical Practice Guideline
is that these patients should be offered adjuvant treatment with capecitabine for 6
months (141).

Treatment of duodenal adenocarcinoma has often been studied in combination with
adenocarcinoma of the jejunum and ileum. One study has reported improved
disease-free survival (DFS) among patients receiving any adjuvant therapy
compared to those not receiving adjuvant therapy (142), and another study reported
an improved survival among patients with stage III cancer receiving adjuvant
therapy (143). Most commonly, however, duodenal and ampullary adenocarcinoma
with I-type morphology are treated with 5-FU-based chemotherapy, in accordance
with the treatment guidelines of colorectal cancer.

Palliative chemotherapy

As previously mentioned, the vast majority of the patients are diagnosed with locally
advanced or metastatic disease, and there is currently no possibility of cure for these
patients. However, if the patient’s performance status allows for it, chemotherapy
or chemoradiotherapy (CRT) can be offered with the main intention to prolong the
patient’s survival. Still, the survival is most often just slightly improved, but the
treatment may also to some extent provide relief of symptoms (121). Treatment
administered under these circumstances is called palliative treatment, which thus
plays the major role in the oncological care of these patients. To initiate palliative
chemotherapy in a patient with a non-resectable tumour, a tumour sample is still
needed to establish the diagnosis, for example acquired through FNA, core-needle
biopsy or surgical biopsy. Most commonly, these cytological or histological
samples are sparse and therefore insufficient for determination of tumour origin,
however, they may aid in the differentiation between I-type and PB-type
adenocarcinoma. The most commonly used regimens of chemotherapy in the
palliative setting are 5-FU- or gemcitabine-based therapies, either of which can be
chosen as first line treatment, and if feasible, most often followed by the other when
the patient shows progress or signs of considerable toxicity (second line treatment)
(131, 144, 145).
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Radiotherapy

The role of radiotherapy in the treatment of pancreatic cancer is rather limited, and
primarily relevant in the palliative setting, however, in rare occasions, radiotherapy
may also be considered as pre- and/or postoperative treatment in patients with
resectable or borderline resectable tumours.

Neoadjuvant radiotherapy

In the neoadjuvant situation, radiotherapy is seldom used, and in the cases where it
is assessed to be beneficial for the patient it is given in addition to chemotherapy,
i.e. as CRT. Neoadjuvant CRT is considered in patients with borderline resectable
tumours, and the intention is to facilitate a margin-negative tumour resection (146),
however, investigations have shown conflicting results, and recently Lutfi et al.
(134) reported that there is no survival benefit from CRT compared to chemotherapy
alone in patients with resected clinical stage I - II pancreatic cancer.

Adjuvant radiotherapy

In selected patients with non-radically resected tumours, radiotherapy can be
considered as adjuvant treatment for local control (147), even though these patients
are by definition in a palliative situation. Furthermore, in 2013, a large meta-analysis
reported no improved survival among patients who were treated with adjuvant
radiotherapy in addition to chemotherapy (148).

Palliative radiotherapy

Accordingly, radiotherapy may be used for palliation in patients with margin-
positive resection of the primary tumour to improve survival (147), and, according
to the ASCO guidelines from 2016 it should also be considered in patients with local
progression without metastasis after induction chemotherapy. Furthermore, in
patients with a good response to palliative chemotherapy and stable disease,
treatment can be temporarily switched to local radiotherapy of the primary tumour
to allow the patient a pause from chemotherapy, particularly when there is difficult
toxicity. Moreover, radiotherapy in metastatic pancreatic cancer is mainly applied
against metastases to relieve patients of symptoms, such as symptomatic brain or
bone metastases (149).
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Personalised treatment, targeted therapy and immunotherapy

Due to the heterogeneity of pancreatic cancer and its chemo- and radiotherapy
resistant characteristics, increasing attention is drawn to a more personalised
treatment approach in these patients. Still, however, the revolutionary breakthrough
in the field of targeted therapy and immunotherapy has not yet arrived.

The epidermal growth factor receptor (EGFR) has been suggested as one of the
potential attack points for targeted therapy, since it is commonly overexpressed in
pancreatic cancer (150, 151). Erlotinib, a tyrosine kinase inhibitor (TKI) which
inhibits mutant EGFR (152), administered in combination with gemcitabine, has
been reported to improve progression-free survival (PFS) and overall survival (OS),
however, only with a minor improvement compared to gemcitabine alone (153).

Poly(ADP-ribose) polymerase (PARP) inhibitors constitute another potential
treatment option in pancreatic cancer (154). Particularly, in the treatment of solid
tumours, response to PARP inhibitors has been demonstrated in patients harbouring
germline “loss-of-function” mutations in the breast cancer gene 1 (BRCAI) and/or
2 (BRCA2) (155). Mutations in BRCA have been reported in approximately 4 % of
pancreatic cancers (156). However, there are not yet any large RCTs investigating
the effects of PARP-inhibitors on survival in patients with pancreatic cancer.

The role of immunotherapy in pancreatic cancer treatment is still very limited, and
trials have mostly failed to provide useful immunotherapeutic drugs. Treatment with
checkpoint inhibition targeting for example cytotoxic T-lymphocyte-associated
antigen 4 (CTLA-4), programmed cell death-ligand 1 (PD-L1) or lymphocyte
activation gene 3 (Lag-3) have failed to provide beneficial effects in patients with
pancreatic cancer (157). However, periampullary adenocarcinomas with mismatch
repair deficiency (AMMR) may respond to PD-L1 receptor (PD-1)/PD-L1 blockade
(158), and in 2017, the U.S. Food and Drug Administration (FDA) approved the use
of pembrolizumab in patients with solid tumours displaying dAMMR, regardless of
tumour origin.

Tamoxifen

Tamoxifen is a triphenylene-based, non-steroidal, selective estrogen receptor (ER)
modulator (SERM), with a complex variety of agonist- and antagonist-like effects
(159). Tamoxifen has been studied in details in breast cancer, and if the ER is
present in these tumours, the effect of tamoxifen is primarily anti-estrogenic,
through the inhibition of estrogen binding to ER, which decreases the tumour
growth (160). Tamoxifen also exerts several other anti-tumoural mechanisms than
through ER-signaling. These include for example stimulation of transforming
growth factor-a (TGF-0) and inhibition of mitogenic signaling from fibroblasts
through inhibition of protein kinase C, mechanisms that result in an anti-angiogenic
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effect (161, 162). Furthermore, tamoxifen may decrease endothelial mitosis and
exert anti-metastatic effects through reducing the release of metastatic factors (162).
Additionally, in postmenopausal breast cancer patients, tumoural expression of the
progesterone receptor (PR) has been reported to be a strong predictor of treatment
response to tamoxifen (163, 164). Since PR is found downstream of ER, expression
of PR has been suggested to mirror an intact ER pathway, thus representing a
predictor for endocrine therapy. Moreover, some ER positive/PR negative breast
tumours may be resistant to tamoxifen but show response to aromatase inhibitors
(165), proposing that other pathways are still functioning.

Some decades ago, several trials reported beneficial effects of tamoxifen treatment
in patients with advanced pancreatic cancer (166-168). In particular, the subgroup
of older women had an improved survival compared to controls not receiving
tamoxifen (169, 170). These trials were conducted as a sequel of the discovery of
ER expression in pancreatic tissue and pancreatic cancer of both rats and humans
(171, 172), although, remarkably, biomarker analyses were not included in any of
these studies, and neither were the potential mechanisms behind the favourable
effects of tamoxifen discussed. Moreover, Rosenberg et al. (173) treated patients
with tamoxifen plus octreotide, which led to a prolonged survival compared to
controls, in both resected and unresected patients. Tamoxifen has also been studied
in combination with chemotherapy (174, 175), conferring a plausible survival
benefit, but since the trial design did not include any controls, the results should be
interpreted with caution. Conflictingly, several trials have failed to confirm the
beneficial effects of tamoxifen (176-180). The majority of these studies were
however very small and only observational studies. A summary of trials on
tamoxifen treatment in pancreatic cancer is shown in Table 3.
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Table 3

Summary of trials investigating the effects of tamoxifen tratment in pancreatic cancer

Author, year

Theve et al.
1983 (166)

Toénnesen et al.
1986 (167)

Crowson et al.
1986 (176)

Keating et al.
1989 (177)

Bakkevold et al.
1990 (169)

Scheithauer et al.

1990 (178)

Wong et al.
1993 (170)

Taylor et al.
1993 (180)

Swarovsky et al.
1993 (179)

Rosenberg et al.
1995 (173)

Horimi et al.
1996 (168)

40

Investigated drugs
Nolvadex 20 mg x 2 (n = 14)
vs. historical controls (n = 692).
Nolvadex 10 mg x 3 (n = 10)
vs. historical controls (n = 14).

Tamoxifen 160 loading dose, then 40 mg x 1

(n=14).
Tamoxifen 20 mg x 2 (n = 37)
vs. controls (n = 39).
Tamoxifen 30 mg x 1 (n = 92)
vs. placebo (n = 84).

Women, stage Il cancer (n not specified).
Tamoxifen 20 mg x 2 (n = 19).
Tamoxifen 20 mg x 2 (n = 80)
vs. matched controls (n = 80).

Women, age > 60 years (n = 35 vs. 32).

Tamoxifen 20 mg x 2 (n = 22)
vs. placebo (n = 22).
Women only (n = 5).

Tamoxifen 30 mg x 1 and buserelin.

Tamoxifen 10 mg x 3 and octreotide (n = 12)

vs. historical controls (n = 68).

Treated: resected vs. unresected (n =5 vs. 7).

Resected: treated vs. controls (n =5 vs. 9).

Unresected: treated vs. controls (n = 7 vs. 59).

Tamoxifen 20 mg x 1 and
chemo- and immunotherapy (n = 37)
vs. chemo- and immunotherapy (n = 28).

Pancreatic head tumour (n = 30 vs. 21).

Pancreatic head tumour, women
(n=13vs. 7).

Pancreatic head tumour, men (n =17 vs. 14).

Pancreatic body/tail tumour (n =7 vs. 7).

Non-curative tumour (n = 15 vs. 19).

Treatment effect
mOS: 8.5 vs. 2.5 months.
3 vs. 0 alive > 21 months.
mOS: 7 vs. 3 months.
40 % vs. 0 % alive at 14 months.
mOS: 5.3 months.

No one with partial/complete response.
mOS: 5.3 vs. 3.0 months.
Unadjusted p = 0.071, adjusted p = 0.09.
mOS: 115 vs. 122 days, non-significant.
3 vs. 0 alive at 30 months.

mOS: 191 vs. 45 days, p = 0.011.

No one with objective tumour reponse.

mOS: 7 vs. 3 months, p < 0.0001.

mOS: 12 vs. 3 months.

mOS: 75 vs. 131 days, non-significant.
No difference in quality of life.

No one with stable disease/remission
during 6 months of follow-up.

mOS: 12 vs. 3 months.
1-year survival rate: 59 % vs. 16 %.

mOS: 20 vs. 12 months.
1-year survival rate: 80 % vs. 31 %.

mOS: 20 vs. 12 months.
1-year survival rate: 80 % vs. 44 %.

mOS: 12 vs. 2.5 months.
1-year survival rate: 31 % vs. 11 %.
Treatment and resection independent
predictors of OS, p < 0.01.
Non-significant interaction.

1-year survival rate: 65.7 % vs. 22.0 %.
2-year survival rate: 26.3 % vs. 8.8 %.
p<0.01

1-year survival rate: 68.0 % vs. 18.8 %.
2-year survival rate: 24.5 % vs. 0.0 %.
p<0.01

1-year survival rate: 53.8 % vs. 21.4 %.
2-year survival rate: 53.8 % vs. 0.0 %.
p<0.01

1-year survival rate: 85.6 % vs. 19.1 %.

2-year survival rate: 18.1 % vs. 0.0 %.
p<0.01

1-year survival rate: 57.1 % vs. 28.6 %.

2-year survival rate: 38.1 % vs. 14.3 %.
p <0.05

1-year survival rate: 57.1 % vs. 18.4 %.

2-year survival rate: 22.9 % vs. 0.0 %.
p <0.05



Eckel et al.
2000 (174)

Tomao et al.
2002 (175)

Tamoxifen 20 mg x 1 and
cyclophosphamide and leucovorin and 5-FU
(n = 50).

Tamoxifen 20 mg x 1 and gemcitabine
(n=27).

mOS: 8.5 months.
Median time to progression: 4.6 months.
Partial response: 6 %.
Minor response: 4 %.
Stable disease > 2 months: 64 %.
1-year survival rate: 28 %.

mOS: 8.0 months.
Median time to progression: 4.5 months.
Partial response: 11 %.

Stable disease for 8 weeks: 48 %.
Disease progression: 41 %.
1-year survival rate: 31 %.
Clinical benefit: 59 %, median duration:
13 weeks.
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Prognosis

In Sweden, the National Board of Health and Welfare reported a relative 5-year OS
for patients with pancreatic cancer of 8.3 % and 7.9 % for women and men,
respectively, in 2016 (12). These numbers appear rather high, partly because they
are relative calculations, i.e. based on a comparison with a sample of healthy
individuals with the same sex and age, but also because Swedish healthcare is more
advanced than in many other countries. Worldwide, 5-year survival rates of 2 - 9 %
have been reported (111). Survival is highly dependent on the limited portion of
patients eligible for surgical resection, however, the recurrence rate among
surgically treated patients is still very high, approximately 90 % (12).

The mOS for resected patients has been reported to be 17 - 23 months, while the
survival for patients with locally advanced or metastatic tumours is significantly
shorter, with reported mOS of 8 - 14 and 4 - 6 months, respectively (23).
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Investigative biomarkers

Hormone receptors

Estrogen receptors

In the literature, two main types of estrogen receptors are reported, alpha (ERa) and
beta (ERB), which are both members of the nuclear receptor protein family and
constitute so called transcription factors. Accordingly, ERs are found mainly in the
cell nucleus, but also in the mitochondria or cytoplasm, and together with estrogens
they are involved in several physiological mechanisms of the human body. These
mechanisms are often rather complex, and encompass regulation of cell growth,
reproduction, development and differentiation (181). Estrogen in premenopausal
women is primarily synthesised in the ovaries, as 17p-estradiol (E2), which exerts
its regulatory effects either locally or systemically in the cells of its target organs.
Furthermore, the production of E2 in men and in postmenopausal women is
depending on the cytochrome P450 aromatase enzyme, which converts
androstenedione and testosterone into E2, a process which takes place in
extragonadal tissues, such as the brain, breasts and adipose tissue (182). E2 and ERs
do however not only have important roles in normal processes in healthy tissue, but
also in many diseases, where abnormal ER signalling is part of the development of,
for example; osteoporosis, cardiovascular disease and tumours (183-185).

ERa is mainly expressed in the reproductive organs, the ovaries and the uterus, but
also in breast tissue, the kidneys, bone, adipose tissue and the liver (181).
Additionally, the phenomenon “alternative splicing” of ER-mRNA can result in
several isoforms of ERa, and to date, three isoforms have been identified: ER0A3,
ER036 and ERo46 (181). Progesterone has been shown to inhibit ERa-activity
(186). Similar to ERa, ERP has been reported to be present in the ovaries and
kidneys, but also in cells of the central nervous system (CNS), immune system,
blood vessels, heart, lungs, colon, male reproductive organs and prostate.
Furthermore, four isoforms of ERpB have been described: ER(2, ERB3, ERB4 and
ERPS5 (181).

The presence of ERa and/or ERB has been demonstrated to be of prognostic and
predictive value in several types of cancer, in particular in cancer of the breast, but
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also of the endometrium, ovaries, prostate, lung and colon (181, 183). In normal
breast as well as in prostate tissue, the expression of ERa is low and ERp high,
respectively, with an inverse relationship in cancer of these tissues (187-189).
Furthermore, a decrease or loss of ERp in breast cancer, and preservation of ERf in
prostate cancer, has been reported to signify an impaired prognosis (190, 191).
Ovarian carcinogenesis has been shown to be accompanied by a decreased
expression of ERp, and accumulation of ERp in the cytoplasm, which has also been
reported to correlate with an impaired DFS (192).

Of note, there is a profound issue with research on ERp, namely the lack of reliable
antibodies harbouring high sensitivity and specificity for this receptor (193), and
therefore previous studies on ERP are now being questioned. In the report by
Andersson et al., a thorough examination and validation of available anti-ER[3
antibodies was performed and only one antibody, the monoclonal PPZ0506, was
found to specifically bind to ERP. Forty-four different normal tissue and 21 different
human cancers were exposed to this antibody for protein profiling, and ERP was
only found to be present tumours in the testis, ovary, lymphoid cells, and selected
malignant melanoma and thyroid cancer. ER was however not expressed in neither
normal nor malignant breast tissue. Moreover, these findings were well in line with
RNA-sequencing data (193).

Progesterone receptors

The progesterone receptor (PR) is an intracellular nuclear receptor encoded by the
progesterone receptor gene (PGR), which requires estrogen and ER for synthesis in
normal as well as cancer cells (194). There are three isoforms of PR; PR-A, PR-B
and PR-C (195), however, recent studies claim that PR-C is not present in vivo and
has no physiological activity in progesterone signaling (196). In normal human
tissue PR-A and PR-B are expressed in rather similar proportions (197), and
particularly in female reproductive organs such as the breast and uterus, but also in
the CNS. Upon binding of its ligand progesterone, PR controls development,
differentiation and proliferation of cells in target tissues through regulation of gene
networks (198).

The mechanisms of the different PR isoforms in human tissue is not yet fully
understood, but PR-A is known to exert antagonistic effects on PR-B, while PR-B
upregulates the effects of progesterone (199). Furthermore, in mice, PR-A and PR-
B have been shown to have important roles in the development of the uterus and
reproductive system (200), and the mammary gland (201), respectively.

Numerous studies have investigated the importance of progesterone in breast
cancer, and strong evidence supports that it is the major proliferative hormone in
the epithelium of the human breast (202, 203). An increased risk of breast cancer
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has been observed in postmenopausal women using HRT (204), and progesterone
has been suggested to be the underlying factor for this relationship (205).
Furthermore, PR positivity has been reported to correlate with an improved survival,
overall and among patients with ER positive tumours treated with endocrine therapy
(206, 207).

The androgen receptor

The androgen receptor (AR) is another member of the steroid-hormone receptor
family. AR binds androgens, particularly testosterone and dihydrotestosterone
(DHT), an action that further controls transcription and thereby expression of
specific genes (208). For example, binding of testosterone and DHT to AR regulates
sexual development and differentiation in men (209).

The role of the AR in cancer has been most frequently studied in prostate cancer,
where stimulation of androgens has been shown to influence both development and
progression of the disease. Accordingly, treatment with drugs reducing the exposure
of testosterone and DHT to AR expressed by these tumours, or obstructing their
possibility of binding, is now widely used in the treatment of prostate cancer (209).
Furthermore, the AR has been reported to play an important part in the pathogenesis
of breast cancer, in particular triple-negative breast cancer, where 50 % of the
tumours have been approximated to be androgen dependent (210). This has given
rise to several studies on drugs with AR antagonizing effects or regulatory effects
on androgen synthesis.

Estrogen, progesterone and androgen receptors in pancreatic neoplasia

Previous studies investigating the expression of ER in human pancreatic cancer are
scarce (172), and more recent studies have had much focus on ERp (211, 212) and
phosphorylated ERB (pERp) (213). The number of reports on PR expression in these
tumours are even fewer (211). The prognostic impact of ER and PR therefore stand
without strong evidence, however, presence of ERf} and pERp have been suggested
to signify inferior prognosis (212, 213).

In MCNs, PR is commonly expressed in the ovarian-type stroma (OTS), a
characteristic feature of these potentially premalignant neoplasms (214). Decreased
or lost expression of PR in the OTS of theses tumours has been reported to correlate
with high-grade dysplasia (HGD)/carcinoma in-situ (CIS) or invasive carcinoma
(215).

The presence and potential importance of the AR in pancreatic neoplasms is poorly
defined, however a few studies have observed AR expression in pancreatic cancer
cell lines (216). In a RCT, Greenway et al. (217) compared treatment with the non-
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steroidal antiandrogen flutamide versus placebo for local as well as metastasized
pancreatic cancer, demonstrating a mOS of 12 and 5 months, respectively, among
those treated for > 6 months. Of note, the pancreatic cancer diagnosis was not
histologically confirmed in this study, and several others have failed to confirm this
beneficial effect of anti-androgenic therapy in pancreatic cancer (177, 218, 219)
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Aims of the thesis

e To examine the potential influence of pre-diagnostic anthropometric
measures, smoking and alcohol on risk of pancreatic cancer, with particular
reference to sex differences.

e To examine the potential influence of female hormonal and reproductive
factors on risk of pancreatic cancer.

e To examine the expression, clinicopathological correlates and potential
prognostic significance of estrogen (ER) and progesterone receptor (PR)
expression in pancreatic and other periampullary adenocarcinoma.

e To compose a protocol for a single-centre, randomized, double-blind,
placebo-controlled, two-arm, phase II clinical trial investigating the
potential effects of tamoxifen on survival and quality of life in women with
advanced pancreatic cancer.
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Material and Methods

Patients

Cohort 1

This cohort consists of all participants in the Malmd Diet and Cancer Study
(MDCS), which is a Swedish, population-based, prospective cohort, being part of
the European Prospective Investigation into Cancer and Nutrition (EPIC) (220,
221). The MDCS/EPIC encompasses 28 098 individuals (17 035 women and 11 063
men), recruited between 1991 — 1996, and has been described in more detail
previously (222, 223). Up until 31 December 2013, a total number of 163
histologically confirmed cases of incident pancreatic cancer was reported among the
study participants (102 women and 61 men). A flowchart of the cohort is shown in

Figure 2.
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Cohort 2

This cohort consists of all women in the MDCS/EPIC, with an updated follow-up
at 31 December 2015, rendering a total number of 110 histologically confirmed
cases of pancreatic cancer.

Cohort 3
This cohort is a retrospective consecutive cohort of 175 patients diagnosed with
periampullary adenocarcinoma, who were all resected  with

pancreaticoduodenectomy in the Malmo and Lund University Hospitals, Sweden,
between 1 January 2001 and 31 December 2011. The cohort was assembled by a
systematic review of pathology records from this period and re-evaluation of all
haematoxylin and eosin stained tumour slides by a board-certified pathologist,
blinded to the original reports and patient outcomes (107). Additional patient data,
concerning clinicopathological factors, recurrence, neoadjuvant and adjuvant
chemotherapy and cause of death, were obtained from medical records, and survival
data were provided by the Swedish National Civil Register. Baseline was set at the
date of surgery, and the most recent follow-up was made at 31 March 2015 (224).

Two cases in this cohort received neoadjuvant chemotherapy and due to its potential
effect on the expression of ER and PR (225), these patients were excluded from all
descriptive analyses, as well as from the survival analyses. Additionally, two
patients who died within one month from baseline and one patient who emigrated
five months after surgery were excluded from the survival analyses.
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Investigative factors

Paper 1

In line with the aim of the first paper, and based upon previous studies with partially
inconclusive results, the following factors were selected for inclusion in the
analyses; age at baseline, sex, smoking habits (never/former/occasional/regular),
exposure to ETS, alcohol consumption (grams per day), diabetes, and
anthropometric data, namely height (centimetre), weight (kilogram), BMI (kilogram
per square metre), waist and hip circumference (centimetre), WHR and body fat
percentage. ETS was defined as exposure during childhood (no/yes) and exposure
at home respectively exposure at work (no/< 10 years/10 - 20 years/> 20 years).
Having a history of diabetes was initially recorded as only no or yes in the dataset,
however, to distinguish between new-onset diabetes, i.e. diagnosis < 24 months
prior to pancreatic cancer diagnosis, and diabetes occurring > 24 moths before
detection of pancreatic cancer, this variable was dichotomized accordingly.
Moreover, anthropometric measurements were coded as continuous variables as
well as divided into tertiles.

Paper 11

The following factors, associated with female physiology and reproduction, and
potential correlations with risk of pancreatic cancer, were selected for inclusion: age
at menarche and menopause, menstrual status at baseline (pre-/peri-
/postmenopausal), nulliparity (no/yes), age at first childbirth (years), number of
children, total duration of breastfeeding (months), number of reproductive years
(years between menarche and menopause), ever use of OC (no/yes), ever use of
HRT (no/yes), also specified as estrogen- or gestagen-only, or combination therapy,
hysterectomy and/or oophorectomy. Additionally, the impact of age, smoking
habits, alcohol consumption, diabetes, BMI and exposure to ETS on risk was re-
examined.

Furthermore, age at menarche was recorded as a continuous variable and also as
four categories (< 11 years/> 11 - < 14 years/> 14 years - < 16 years/> 16 years).
Concerning menstrual status, perimenopausal women were classified as
postmenopausal for the analyses, resulting in only two categories. Additionally, due
to the substantial difference between earlier and modern contraceptives, ever users
of OC also were divided according to in which decade they started using OC.
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Paper 111

The following patient and tumour characteristics were available and selected for
inclusion in this study: age at surgery, tumour origin (duodenum/ampulla I-
type/ampulla PB-type/distal bile duct/pancreas), tumour size (millimetre),
differentiation grade (well - moderate/poor - undifferentiated), T-stage, N-stage,
resection margin (RO/R1 - Rx), perineural growth (no/yes), invasion of lymphatic
vessels (no/yes) and blood vessels (no/yes), growth in peripancreatic fat (no/yes)
and adjuvant chemotherapy (none/5-FU/gemcitabine/GemCap/Oxaliplatin+5-
FU/Gemox).

Investigate factors of interest in accordance with the aim of the study were the
hormonal receptors ER, PR and AR. The Cancer Genome Atlas (TCGA) reported
low mRNA levels of ERa, ERB, PR and AR in 176 cases with PDAC (average
FPKM 0.1, 0.2, 0.4 and 0.9 respectively). However, initial immunohistochemical
(IHC) staining of tissue microarrays (TMAs) from the herein investigated cohort
revealed no expression of AR, which was therefore not further assessed in this study.
Expression of ER and PR was mainly observed in the tumour associated stroma,
which will be further discussed later, and was denoted as the number of stromal cells
with nuclear staining. Assessment of the staining intensity was not feasible.

Additionally, the mutational status of the investigated tumour samples had been
previously analysed by next generation sequencing (NGS). For this procedure, DNA
of sufficient quality could be obtained from 102 cases, which were characterised by
a panel of 70 selected cancer-associated genes (226). Only mutations being present
in > 10 % of the cases were included in the analyses.

Paper IV

At study entry of this trial, the following patient characteristics will be gathered: age
at menarche and menopause, parity, ever use of OC and ever use of HRT. Blood
samples will be collected at baseline and at every 2-month follow up and analysed
for routine blood investigations, as well as for levels of estrogen, progesterone and
testosterone, and circulating tumour DNA (ctDNA). Additionally, at two months of
follow-up tamoxifen metabolites in blood will be measured.

All previously obtained tumour specimens from the cases will be analysed for
expression of ER, PR and Ki-67 by IHC, if tissue quantity and quality is sufficient.
Moreover, NGS will be performed using a panel of > 500 genes to examine
mutational status in tumour tissue and ctDNA. DNA obtained from buffy coats in
baseline blood samples will be genotyped and polymorphisms in genes related to
hormonal synthesis and metabolism as well as tamoxifen metabolism will be
examined.
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Tissue microarray (TMA)

A TMA is a collection of multiple tumour tissue samples, embedded as cores in a
paraffin block. The tissue cores most commonly measure 0.6 - 2 mm in diameter.
The final paraffin block containing multiple tissue cores from different donor tissue
is then sliced into thin layers measuring 4 - 5 um which are mounted on glass slides
for e.g. immunohistochemistry. The system for TMA construction was first
described in 1998 (227), and has become an important and widely used technique
for biomarker research (228). Figure 3 illustrates the procedures during TMA
construction.

One of the most important advantages with a TMA, compared with full-face tissue
sections, is that it allows for simultaneous, reagent-saving analysis of tissue cores
from a large number of tumours. Obviously, there is however a risk of losing
information on relevant heterogenic features of a tumour with this technique, and
therefore, ideally, tissue cores should be sampled from multiple sites within each

/$\

Tissue core

v A2 4

L
DONOR [_DONOR

| DONOR RECIPIENT

Cohort of tumor specimens Tissue microarray construction
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RECIPIENT

TMA sectioning and application to slides
Figure 3
Contruction of a tissue microarray. Multiple cores are collected from each formalin-fixed, paraffin embedded tumour

sample/donor tissue specimen, and are further arranged in a recipient paraffin block from which thin sections can be
obtained to create TMA slides.
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Immunohistochemistry

The technique of immunohistochemistry (IHC) was first described in the early
1940s, and is, simplified, a procedure where either monoclonal or polyclonal
antibodies are used to detect specific antigens, most commonly proteins, in a tissue
sample (229). Since its invention, IHC has gradually been further refined to provide
more sensitive and specific results (228).

A fundamental requirement for IHC to be a reliable technique is that the applied
antibodies are well-validated, which can be confirmed by several different methods.
First, the specificity of the antibody must be determined, which is often achieved by
Western blot (230). This is a procedure using gel electrophoresis to separate proteins
based on their different molecular weights. When the gel containing the different
proteins are further exposed to an antibody, a single band at the place of the selected
antigens molecular weight should appear (231). In many cases however, such a
result is not sufficient to consider an antibody to be satisfactorily validated. To
further verify the specificity of the antibody, a method using small interfering
ribonucleic acids (siRNAs), synthesised from ribonucleic acids (RNA), can be
applied. In this procedure, the siRNA is transferred into a cell, where it binds to a
complementary mRNA strand which in turn is cleaved. This hinders translation into
the protein encoded by the targeted mRNA, also known as knockdown.
Consequently, this means that the siRNA transfected cells will serve as negative
controls (232). Thus, if an antibody still turns out to bind proteins in this
environment, it is considered non-specific. Finally, it is of great importance to verify
the reproducibility of the antibody, i.e. that staining of the antibody does not change
over time or between different batches (230).

Statistical analysis

In paper I and paper II, all statistical analyses were performed in IBM SPSS
Statistics version 22.0 (SPSS Inc., Chicago, IL, USA), whereas version 25.0 was
used for the analyses in paper III. Additionally, heat maps visualizing the
distribution of mutations in cohort 3 were produced in OncoPrinter, provided by
cBioPortal Web (http://www.cbioportal.org/oncoprinter.jsp, access date: 2018-11-
05) (233, 234). Power analyses in paper IV were performed in SAS 9.4, SAS
Institute Inc., Cary, NC, USA.

54



Paper

The distribution of investigative factors between cases and non-cases was analysed
by non-parametric and Chi square tests. Cox regression analysis was applied to
examine the associations between investigative factors and risk of pancreatic cancer.
Analyses were performed as age-adjusted and multivariable, adjusted for sex, age,
smoking and alcohol habits, and diabetes. Interactions between sex and
investigative factors were calculated in the age-adjusted as well as in the
multivariable model. The time variable was defined as pancreatic cancer-free
person-years, i.e. the time between baseline and date at diagnosis, migration, death
or end of follow-up on 31 December 2013, whichever occurred first. All statistical
calculations were two-sided with p-values < 0.05 considered significant.

Paper 11

Similarly to paper I, non-parametric and Chi square tests were applied to calculate
the distribution of investigative factors among cases and non-cases, and Cox
regression analysis was applied to estimate HRs and 95 % confidence intervals (CI)
for risk of pancreatic cancer. Calculations were performed as age-adjusted and
multivariable, including adjustment for age, smoking habits, alcohol consumption
and BMI. These potential confounders were previously suggested or confirmed to
be risk factors for pancreatic cancer or to be associated with estrogen metabolism.
Again, the primary underlying time scale used in the analyses was time on study,
however with the updated end of follow-up on 31 December 2015. Additionally, all
analyses were also performed with attained age as time scale, and with and without
adjustment for calendar year effects by 5-year intervals (235). The associations of
HRT use on risk of pancreatic cancer was analysed in postmenopausal women only.
The proportional hazards assumption was tested by Cox regression analysis with
time-dependent covariate analysis, as well as log-minus-log plots, and was
considered satisfactory for all analyses. All statistical calculations were two-sided
with p-values < 0.05 considered significant.

Paper 111

As aforementioned, expression of ER and PR was recorded as a continuous variable
with the number of stained tumour-associated stromal cells, as well as binary
variables (positive vs negative), based on whether there were any stained stromal
cells present or not. Spearman’s rank correlation test was applied to investigate the
relationship between the number of ER positive and PR positive stromal cells,
according to sex and morphology. Non-parametric and Chi square tests were used
to analyse the distribution of ER and PR expression in relation to patient and tumour
characteristics, in the entire cohort and in subgroups according to sex and
morphology. Heat maps were used to illustrate the distribution of mutations
according to ER and PR expression status, stratified by sex and tumour morphology.
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Cox regression analysis was used to calculate HRs and 95 % CIs for long-term risk
of death and recurrence, as univariable and multivariable analyses. Time on study
was used as time scale and defined by the time between surgery and event, migration
or end of follow-up on 31 March 2017, whichever occurred first. Additionally, Cox
regression analysis was applied to test for potential interactions between KRAS
mutation status and expression of ER and PR.

Kaplan-Meier curves and log-tank tests were calculated to illustrate OS and RFS in
relation to ER and PR expression status, stratified by sex, tumour morphology and
KRAS mutation status. All statistical calculations were two-sided with p-values <
0.05 considered significant.

Paper 1V

The mOS for patients in the placebo group was estimated to be 2 - 3 months, based
on clinical experience and previous studies (236), and the expected benefit from
tamoxifen treatment on mOS was 2 - 3 months, in accordance with previous studies
on tamoxifen treatment of pancreatic cancer (166, 167, 169, 170, 177). Study sample
size was calculated by simulations. For each combination of mOS and total number
of participants, 10 000 datasets were simulated. A censor rate of 10 % was assumed
for all simulations. Cox regression analysis was applied for the simulated datasets
and the reported power represent the proportion of significant HRs achieved with a
two-sided significance level of 0.05. To reach a power of > 80 %, approximately
150 participants would be required, 75 in each treatment arm.
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Results and Discussion

In this section, the primary findings are summarised and discussed. A more thorough
presentation of the results can be found in the original papers. Since paper IV
constitutes a protocol for a future clinical trial, there are no preliminary results.
Therefore, this section will mainly be a discussion of the method and the future
perspectives.

Paper |

In this study, smoking was confirmed to be a strong risk factor for pancreatic cancer,
conferring a HR of 2.62 among women and 3.57 among men who were regular
smokers, compared to never smokers, in multivariable analysis. Moreover, only
women were at a significantly increased risk if they were occasional smokers (HR
=3.29) or exposed to ETS at work for more than 20 years (HR = 2.01), compared
to women never smoking and never exposed, respectively. Despite the lack of
significant interactions between sex and smoking or passive smoking status in this
study, similar results have been reported previously (19, 48), and Silverman et al.
(47) reported a significant interaction between sex and duration of smoking. On the
other hand, large meta-analyses have not been able to confirm these findings (49,
50). The association between exposure to ETS and risk in relation to sex has
however, to the best of our knowledge, not been investigated previously.

Several studies claim an anti-estrogenic effect of smoking (237, 238) which raises
questions on whether this is one of the reasons for the levelling incidence of
pancreatic cancer between sexes in Sweden. The habit of smoking has been
decreasing in the Swedish population, at least since 1980, and more so in men. Thus,
the previously higher proportion of male smokers compared to female smokers is
no longer apparent (239, 240).

Moreover, the degree of daily alcohol consumption was not associated with risk of
pancreatic cancer in any of the sexes in this study, which stands in contrast to the
review by Maisonneuve et al. (43), where the evidence of such an association was
assessed as strong. However, several prospective cohort studies have not found any
significant association between alcohol consumption and pancreatic cancer risk
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(241-243). The reliability of subjectively reported alcohol consumption is often
limited, which may be one of the reasons for the inconclusive results.

Waist-hip-ratio was the only pre-diagnostic anthropometric factor associated with
pancreatic cancer risk, and only in analysis of the entire cohort. Individuals in the
highest tertile of WHR had a HR of 2.36 compared with the lowest tertile, including
a significant positive trend. Body mass index was not shown to correlate with risk,
which is noteworthy, since previous reports claim that the evidence of such an
association is strong (28-31). Conclusively, this study does not support any robust
associations between anthropometric factors and pancreatic cancer risk. Perhaps the
inconclusive results from the existing literature propose that anthropometric
measurements may merely represent inferior surrogate markers for other relevant
factors such as metabolic imbalance, immunological function, inflammation and
degree of physical activity.

Paper 11

The results from this study demonstrated that higher age at menarche was positively
associated with risk of pancreatic cancer, in age-adjusted as well as in multivariable
analysis yielding HRs of 1.17 and 1.17, respectively. This association remained
significant after additional adjustment of total years of menstrual activity. Pancreatic
cancer is thought to have a long latent phase with the first cancer cells occurring
long before a manifest disease is discovered. Therefore, the inverse relationship
between age at menarche and pancreatic cancer risk could be interpreted as a sign
of estrogen playing a protective role, namely that an early burst of estrogen in life
would decrease the risk of pancreatic cancer cells to arise. It is however noteworthy
that, except for Lin et al. who reported an increased risk of death by pancreatic
cancer with higher age at menarche (244), no other studies appear to confirm this
relationship, but rather an increased risk of pancreatic cancer with early menarche
(36, 37). Nevertheless, the number of previous studies are limited, and it may
therefore be troublesome to draw reliable conclusions from existing results. On the
other hand, this association may also just be a result of the high number of analyses
performed in our study.

Except for the increased risk of pancreatic cancer in women with a history of
hysterectomy and/or oophorectomy observed in crude analysis (HR = 2.00), no
other reproductive factors were found to be significantly related to risk. Earlier
reports in this area have shown rather scattered results, and thus, there is as of yet
no clear indications of any associations of female reproductive factors with
pancreatic cancer risk. Nevertheless, the reported decreased risk among women
with; low age at first childbirth (39, 41), a high number of children (39, 40), long
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duration of breastfeeding (42), intact ovaries (38) and high age at menopause (38),
imply that estrogen is a relevant factor, likely conferring a protective effect.
Importantly, some reports do however claim contrasting associations between these
factors and pancreatic cancer risk, and therefore further studies are warranted.

Moreover, ever use of HRT in postmenopausal women, particularly in terms of
estrogen-only regimen, significantly decreased the risk of pancreatic cancer, with
age adjusted HRs of 0.47 and 0.21, and multivariable HRs of 0.48 and 0.22,
respectively. These results are in line with a few previous studies (63, 67), even
though the latter only found significance in hysterectomised women. Furthermore,
ever use of gestagen-only regimen did not significantly alter the risk of pancreatic
cancer. In addition to HRT, ever use of OC was associated with a decreased risk in
crude analysis (HR = 0.54), which did however not reach significance in the
adjusted models presented in the paper. As there is a marked difference between
earlier versus later regimens of OC regarding the content of estrogen, analysis of
pancreatic cancer risk in relation to OC use was also performed based on whether
the study participants used the earlier or later regimens of OC. This revealed that in
crude analysis, women who started using OC between 1960 - 1970 had a decreased
risk of pancreatic cancer (HR = 0.51), compared with never users, while women
who started after 1970 did not. Additionally, initiation of OC use 1960 - 1980, but
not after 1980, was associated with a significantly reduced risk compared with never
use (HR = 0.53). Since these associations did not remain significant in adjusted
models, they were not presented in the paper. The evidence of an association
between OC use and risk of pancreatic cancer is weak, mostly since the number of
studies are few, however, in 2015 Tang et al. reported an increased risk among ever
users of OC compared to never users, when limiting their meta-analysis to cohort
studies or studies adjusting for smoking, diabetes and BMI (64).

Paper 111

The median follow-up in this study was 29.7 months. Expression of ER and PR was
primarily observed in tumour-associated stromal cells, with positivity in 31 and 29
% of the cases, respectively. Stromal ER and PR positivity (ER+ and PR+) was
significantly correlated in both men and women, overall and in the subgroup of PB-
type tumours. ER positivity was evenly distributed between I-type and PB-type
tumours, but significantly more common among women in both I- and PB-type
tumours. PR positivity was however significantly more common in PB-type than in
I-type tumours, overall and in women, although the difference between sexes was
non-significant.
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Further associations of ER and PR expression with patient and tumour
characteristics, including tumour mutation status, were rather few and did not follow
any particular patterns. Conclusively, the observed associations from these analyses,
reported in more detail in the separate papers, may merely be a result of multiple
testing.

Stromal ER expression was associated with an improved OS and RFS in the
subgroup of women with pancreatic adenocarcinoma in crude, but not in adjusted
analysis. Moreover, the interaction between ER and sex was non-significant. No
other prognostic associations were observed for stromal ER and PR expression per
se, neither in the entire cohort nor in any of the sexes separately. However, in
multivariable analysis, a significant interaction was observed between PR
expression and KRAS mutation status in relation to OS as well as RFS, in the entire
cohort and among women separately.

The mOS for patients with PR+ versus PR- KRAS-mutated tumours was 34.3 versus
20.9 months, and the mOS for patients with PR+ versus PR- KRAS wild-type
tumours was 28.8 versus 41.8 months. In women, the corresponding mOS was 60.5
versus 16.6 months, and 9.9 versus 59.0 months, respectively.

Furthermore, the median RFS (mRFS) for patients with PR+ versus PR- KRAS-
mutated tumours was 15.0 versus 8.2 months, and the mRFS for patients with PR+
versus PR- KRAS wild-type tumours was 19.3 versus 53.9 months. In women, the
corresponding mRFS was 66.0 versus 6.7 months, and 5.1 versus 79.2 months,
respectively.

The prognostic value of ER and PR expression did not differ in relation to the other
most frequently mutated genes.

The findings of stromal expression of ER and PR in periampullary adenocarcinoma
are, to the best of our knowledge, novel. In MCNs however, ER and PR expression
is a key trait of the OTS (214), and reduction or loss of PR expression has been
shown to correlate with HGD/CIS or true invasion (215). Contrariwise, KRAS
mutations have been reported to be more frequent in MCNs with HGD and/or
invasion (245). These potentially premalignant neoplasms are particularly common
in women, which is noteworthy since PR as well as ER expression appears to confer
a stronger prognostic value in periampullary adenocarcinoma in women. The
prognostic interaction of PR expression and KRAS mutation status, being
particularly evident in women, may mirror a tumour suppressive effect of PR in
KRAS-mutated tumours, but a tumour stimulating effect in KRAS wild-type
tumours.
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Paper IV and future perspectives

The results from in particular paper II and paper III imply that female hormonal
factors play a significant role in the development as well as progression of
pancreatic cancer. Early trials have reported a potentially beneficial effect of
tamoxifen in elderly women with advanced pancreatic cancer (169, 170), which,
together with these results may contribute to future advancement in treating this
disease. Therefore, paper IV was designed as a study protocol for tamoxifen
treatment in women with advanced pancreatic cancer, who lack the option of
receiving further chemotherapeutic treatment. In paper III, PR expression together
with KRAS mutation status was the most evident prognostic factor, although some
weak associations were also seen between ER expression and outcome in women
with tumours of pancreatic origin. Therefore, next-generation sequencing including
assessment of KRAS mutation status, together with immunohistochemical analysis
of ER and PR expression, are apparent biomarkers to be tested as predictors of
tamoxifen response. Concordantly, the present trial will include baseline analysis of
tumour characteristics such as mutation status, hormone receptor expression, and
polymorphisms, as well as on-treatment analysis of ctDNA. The latter may turn out
to be particularly important, as one of the greatest issues when studying biomarkers
in pancreatic and other periampullary tumours is the limited amount of available
tumour tissue from patients who do not have their tumours resected, i.e. the vast
majority of the patients. From some patients, only cytological specimens are
available, and these are in general not sufficient to determine the anatomical origin
of the tumours, and often not even the morphological type.

Despite current advancement in uncovering new efficient treatment options for
several types of cancers, the progress for pancreatic cancer runs slow. The issue of
treating pancreatic cancer, as well as several other intractable diseases, has led to an
increasing number of studies describing the importance of drug-repurposing (246,
247) or drug-reprofiling (248), rather than just concentrating on the development of
novel drugs. In other words, we may not need to reinvent the wheel over and over,
but instead focus on finding other vehicles or machines where our wheel can be of
use. Accordingly, the herein described trial is an attempt to reprofile tamoxifen to
also include pancreatic cancer.

61






Strengths and Limitations

Paper 1 and paper II are based on the MDCS, which is a large prospective
population-based cohort, where all non-cases represent controls. This renders a
slightly lower number of cases in comparison to many of the case-control studies
referred to herein, however, it also contributes to a higher reliability of the results
since it should ideally represent the studied population. This may however still be
an issue due to bias caused by the potentially skewed selection of participants in the
MDCS, i.e. that they do not represent the Malmo population as a whole. In a study
by Manjer et al. (223), the representativity of the MDCS, with 39 % participation
rate, was investigated through comparison with the non-participants of the study, as
well as with participants of another mailed health survey, The Health Situation in
Malmo *94 (HSM:94), with a 75 % participation rate. Manjer et al. reported some
differences concerning the incidence of malignancies and mortality between
participants and non-participants in the MDCS prior to, during, and following the
recruitment period. Furthermore, participants in the MDCS had a better reported
subjective health than participants in the HSM:94. There was also a lower
proportion of foreign born in the MDCS. There were however no major differences
in, the level of education, type of employment, family situation, smoking and
alcohol habits, or weight distribution.

The incidence of pancreatic cancer in the MDCS was approximately 0.6 % among
both men and women up until 31 December 2015. This is in line with the expected
cumulative incidence below 75 years of age reported by The Board of National
Health and Welfare of 0.8 and 0.7 % among men and women, respectively (13).

Most of the variables used in the analyses contain only few missing values, however,
some lack a larger proportion of information which limits the trustworthiness of the
analyses in which these variables are included. Furthermore, multiple testing always
comes with a risk of type 1 errors, i.e. that significant associations occur by
coincidence. This can in some situations be circumvented by lowering the
significance level or by applying different statistical methods.

The application of pre-diagnostic data may also cause inevitable issues in large
prospective cohorts, since there is no possibility of assuring that these variables do
not change significantly over time. For most variables however, this is most likely
not an issue. The median age at baseline in cohort 1 was 57.8 years, and 56.7 years
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in cohort 2, an age where physical and socioeconomic changes have probably
“stabilized” for most people.

Cohort 3 is a well-characterized consecutive cohort of all resected periampullary
tumours during an 11-year period at Lund and Malmo University hospitals. Still,
mutation analysis were only completed in 102 out of the 175 cases due to
insufficient tumour cell quantity in the remaining cases. This rendered relatively
small subgroups in several of the stratified analyses, which may be one of the
reasons for a lack of significant findings in relation to morphological type or
anatomical origin. On the other hand, in clinical practice, tumours are generally not
as well-characterized, in particular in the unresected cases, where morphological
type and anatomical origin can seldom be established with certainty.

The TMA technique also has some potential limitations, e.g. the risk of not
providing an accurate portrayal of the spatial tumour heterogeneity and, hence, the
distribution of the investigated biomarkers. To partly circumvent this issue, several
cores from separate donor blocks have been examined.

The reliability of the antibodies in biomarker studies is fundamental. The antibodies
used in paper III to detect ER and PR were well-validated and are also used in
routine clinical practice.

Concerning paper IV and the planned clinical trial, there are several difficulties
which have to be dealt with. The design of a RCT is proposed to confer the highest
level of evidence, compared with e.g. cohort or case-control studies. Ideally, the
design of a RCT eliminates the need to adjust for confounding variables, however,
the assumed equal distribution of characteristics between the placebo group and
tamoxifen group still has to be verified when data is collected.

A limitation to this study may be the estimated survival benefit from tamoxifen
treatment, which has been estimated from rather few and small earlier trials. If the
potential survival benefit of tamoxifen is lower than what has been expected
beforehand, the number of participants will not be sufficient.
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Conclusions

Smoking was confirmed to be one of the most important risk factors for pancreatic
cancer, with women potentially being more susceptible to its carcinogenic effects.

Neither alcohol habits nor prevalent diabetes, new-onset diabetes excluded, were
associated with risk of pancreatic cancer.

A high WHR was the only anthropometric factor that was associated with an
increased risk, with no differences between sexes. The previously reported positive
association between BMI and pancreatic cancer risk could not be confirmed.

Early menarche and ever use of HRT in postmenopausal women were associated
with a decreased risk of pancreatic cancer.

ER and PR are mainly expressed in the tumour-associated stroma of periampullary
adenocarcinoma.

PR positivity, in combination with KRAS mutation status, provided prognostic
information on long-term survival in patients with periampullary adenocarcinoma,
and these associations were more evident in women.

The results from the first three papers, together with previous reports on a beneficial
effect of tamoxifen treatment in patients with advanced pancreatic cancer, in
particular in women, spurred the idea of initiating a trial with tamoxifen treatment
and biomarker analysis.
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