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Pancreatic cancer is one of the deadliest cancers, with a dismal 5-year overall 
survival rate ranging from 2% to 8%. Pancreatic ductal adenocarcinoma 
(PDAC) represents >90% of exocrine pancreatic malignancies and has the 
poorest survival rate. The dismal survival is due to the aggressive disease 
nature, frequently advanced disease stage at diagnosis, high recurrence rates, 
and the lack of effective oncological treatments. Margin-negative resection in 
combination with oncological treatment is the only curative treatment option. 
However, only 10% to 20% of the patients appear operable. Preoperative 
oncological therapy, neoadjuvant therapy, can downstage the disease to 
resectable and increase the proportion of margin-negative resections. The 
administration of neoadjuvant therapy has increased during the past decades. 
However, with inconclusive therapeutic responses, the administration of 
neoadjuvant therapy is still controversial in terms of patient selection.  

Inflammation has been reported to play a crucial role in tumor 
advancement. Systemic inflammation has been studied in various 
gastrointestinal cancers, and high C-reactive protein (CRP) correlates with a 
grim prognosis. In addition, local inflammatory markers, as shown by 
immunohistochemistry, have been widely applied in cancer research. 
Immunohistochemical stainings give insight into the tumor 
microenvironment, glandular tissue, expression, and, in this case, effects of 
neoadjuvant therapy. Investigating the surgical tissue specimen may give 
information on the treatment effect and help go towards patient-specific 
treatment options.  

The studies in this thesis explored the benefits of neoadjuvant therapy and 
which patients benefit from it. Additionally, the studies examined the 
relationship between inflammation and pancreatic cancer and searched for 
possible changes in the tumor and systemic inflammation patterns due to 
neoadjuvant therapy. Finally, the studies investigated prognostic factors for 
patients treated with neoadjuvant therapy.  

These studies found that neoadjuvant therapy is especially beneficial for 
borderline resectable patients with advanced disease stage and poorly 
differentiated tumor histology. The survival of borderline resectable patients 
has increased over the past two decades. Additionally, local immunological 
expression intensities differ between patients treated with neoadjuvant 
therapy and those undergoing upfront surgery. Furthermore, a preoperative 
prognostic score of CRP and CA19-9, a commonly used tumor marker in 
pancreatic cancer, was created to aid in the preoperative assessment of 
pancreatic cancer patients. With low preoperative CRP and CA19-9, patients 
survived multiple times longer than with elevated levels. Additionally, this 
study discovered that the decrease in CRP and CA19-9 during neoadjuvant 
therapy predict better postoperative survival.  
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Haimasyöpä on Suomen neljänneksi suurin syöpäkuolemien aiheuttaja 
huonolla alle 8 % 5-vuotis eloonjäämisennusteella. Suurin osa haiman 
pahanlaatuisista kasvaimista on duktaalisia adenokarsinoomia, joilla on 
huonoin ennuste. Suuri kuolleisuus johtuu taudin aggressiivisesta luonteesta, 
diagnoosihetkellä usein paikallisesti edenneestä taudinkuvasta, metas-
taaseista, herkästä uusiutumisesta sekä tehokkaiden hoitojen puuttumisesta. 
Radikaalileikkaus yhdistettynä onkologiseen hoitoon on ainoa potentiaalisesti 
parantava hoitomuoto, mutta vain pieni osa diagnosoiduista potilaista on 
leikkauskelpoisia. Ennen leikkausta annettavalla syöpähoidolla eli 
neoadjuvanttihoidolla kasvain saadaan parhaassa tapauksessa pienennettyä 
leikkauskelpoiseksi, jolloin onnistuneiden radikaalileikkauksien määrä 
kasvaa. Korkean uusiutumisasteen vuoksi haimasyövän on ajateltu olevan 
systeeminen tauti jo diagnoosivaiheessa, joten neoadjuvanttihoito olisi 
looginen hoito ennen leikkausta. Potilaiden vaste hoitoon on kuitenkin hyvin 
vaihteleva ja onkin epäselvää, ketkä potilaista hyötyvät neoadjuvanttihoidosta 
eniten. 

Tulehduksen on osoitettu olevan yhteydessä kasvaimen edistymiseen 
syövässä. Systeemistä tulehdusvastetta on tutkittu muissa ruuansulatus-
kanavan syövissä ja korkea C-reaktiivinen proteiini (CRP) on todettu huonon 
ennusteen merkiksi. Systeemisten tulehdustekijöiden lisäksi kasvainkudoksen 
immunohistokemiaa hyödynnetään syöpätutkimuksessa. Immunohisto-
kemialliset värjäykset antavat tietoa tuumorisoluista, molekyylien 
kudosilmentymästä ja kasvaimen mikroympäristöstä. Kudosnäytteiden 
tutkiminen voi antaa laajemman käsityksen hoidon vaikutuksista ja tehosta ja 
auttaa kohdentamaan potilaan hoitoa paremmin.  

Tässä väitöstutkimuksessa tutkittiin neoadjuvanttihoidon hyötyjä ja 
etsittiin potilasryhmiä, jotka parhaiten hyötyisivät neoadjuvanttihoidosta. 
Lisäksi tarkasteltiin inflammaation ja haimasyövän välistä yhteyttä ja sen 
vaikutusta ennusteeseen. Tutkimuksessa vertailtiin sekä paikallisen että 
systeemisen tulehduksen parametrejä neoadjuvanttihoitoa saaneilla sekä 
hoitamattomilla potilailla. Viimeisenä tavoitteena oli löytää ennusteellisia 
tekijöitä neoadjuvanttihoidetuille potilaille.  

Tutkimuksessa todettiin, että erityisesti potilaat, joilla on edennyt 
taudinkuva ja aggressiivinen kasvaimen biologinen käyttäytyminen, hyötyvät 
neoadjuvanttihoidosta. Lisäksi tutkimuksessa todettiin, että neoadjuvantti-
hoidettujen potilaiden paikallinen immunologinen reaktio eroaa 
hoitamattomista potilaista. Kolmannessa osatyössä muodostettiin rutiinisti 
käytettävistä markkereista, CRP:stä ja tuumorimarkkeri CA19-9:stä, 
ennusteellinen malli, joka erinomaisesti ennustaa leikkauksen jälkeistä 
elossaoloaikaa. Lisäksi todettiin CRP:n ja CA19-9:n laskun neoadjuvantti-
hoidon aikana olevan yhteydessä parempaan ennusteeseen.  



 

9 
 

5-FU  Fluorouracil 
AJCC  American Joint Committee on Cancer 
AKT  Serine/threonine-protein kinase 
APACT  A pancreatic cancer adjuvant therapy trial 
ASA  American Society of Anesthesiologists (physical 

status classification system) 
AT   Ataxia-telangiectasia  
BRCA  Breast cancer gene 
CA19-9  Carbohydrate antigen 19-9 
CEA  Carcinoembryonic antigen 
CDKN2A  Cyclin-dependent kinase inhibitor 2A 
CRP  C-reactive protein 
CT  Computed tomography 
ctDNA  Circulating tumor DNA 
DFS  Disease-free survival 
DGE  Delayed gastric emptying 
DNA  Deoxyribonucleic acid 
DPC4  Deleted in pancreatic cancer-4, see SMAD4 
DSS  Disease-specific survival 
ECOG  Eastern Cooperative Oncology Group 
ERCP  Endoscopic retrograde cholangiopancreaticography 
ESPAC  European Study Group for Pancreatic Cancer 
EUS  Endoscopic ultrasound 
FAMMM  Familial multiple mole melanoma  
FNA  Fine-needle aspiration 
FNB  Fine-needle biopsy 
FOLFIRINOX Folinic acid, fluorouracil, irinotecan and oxaliplatin 
HA  Hepatic artery 
hENT-1  Human equilibrative nucleoside transporter 1 
HER  Human epidermal growth factor receptor 
HNPCC  Hereditary non-polyposis colorectal cancer 
HR  Hazards ratio 
IAP   International Association of Pancreatology 
IGF  Insulin-like growth factor 
IL  Interleukin 
IPMN  Intraductal papillary mucinous neoplasm 
IQR  Interquartile range 
ISGPS  International Study Group for Pancreatic Surgery 
IV  Intravenous 
KRAS  Kirsten rat sarcoma 
LNR  Lymph node ratio 
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MAPK  Mitogen-activated protein kinase 
MCN  Mucinous cystic neoplasm  
miRNA  MicroRNA, ribonucleic acid 
MLH  mutL homolog (gene) 
MMP  Matrix metalloproteinase 
MRCP  Magnetic resonance cholangiopancreaticography 
MRI  Magnetic resonance imaging 
MSH  mutS homolog (gene) 
MYB  MYB gene/oncogene 
MyD88  Myeloid differentiation primary response 88 
NCCN  National Comprehensive Cancer Network 
NF-kß  Nuclear factor kappa B 
NGT  Nasogastric tube 
PALB   Partner and localizer of BRCA2 
PanIN  Pancreatic intraepithelial neoplasia 
PDAC  Pancreatic ductal adenocarcinoma 
PD-L1  Programmed death ligand 1 
PEI  Pancreatic exocrine insufficiency 
PET  Positron emission tomography 
PJ  Peutz-Jeghers  
POD  Postoperative day 
PRODIGE  Partenariat de Recherche en Oncologie Digestive 
PV  Portal vein 
RCT  Randomized controlled trial 
RIG-I  Retinoic-acid inducible gene I 
ROC  Receiver operating characteristic (curve) 
SBRT  Stereotactic body radiation therapy 
SMA  Superior mesenteric artery 
SMAD4  Signal transducer protein, also known as DPC4 
SMV  Superior mesenteric vein 
STAT3  Signal transducer and activator of transcription 3 
TAM  Tumor-associated macrophage 
TGF  Transforming growth factor 
TLR  Toll-like receptor 
TNF  Tumor necrosis factor 
TP53  Tumor protein 53 
TRIF TIR-domain-containing adapter-inducing 

interferon-ß 
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Pancreatic cancer barely ranks among the 10 most common cancers. 
Nevertheless, it stands as the 4th deadliest cancer with an abysmal overall 5-
year survival rate below 8% (Siegel 2019). Pancreatic ductal adenocarcinoma 
(PDAC) represents the majority (>90%) of exocrine pancreatic malignancies 
(Schneider 2005), with the poorest survival rate. The incidence of pancreatic 
cancer is rising, and epidemiologists estimate that it will lead to even more 
deaths in the future, becoming the 2nd most common cause of cancer death 
(Rahib 2014, Rawla 2019).  

Pancreatic cancer results from the summation of increasing genetic 
mutations, accumulating at different stages of precursor lesions (Vogelstein 
2004, Jones 2008, Zhang 2016). Many risk factors for pancreatic cancer have 
been introduced, including smoking and chronic pancreatitis (Wada 2015, 
Zhang 2016). Pancreatic cancer is frequently diagnosed at an advanced disease 
stage due to symptom presentation at a stage later than in most other cancers. 
Most common symptoms include jaundice, unintentional weight loss, 
abdominal pain, and change in stool coloring (Schmidt-Hansen 2016, Rawla 
2019). 

The poor survival rate originates from aggressive disease nature, advanced 
disease stage at diagnosis, lack of effective treatment options, and nearly 
inevitable disease recurrence even among surgically treated patients (Ferlay 
2010). The only curative-intent treatment option to date remains margin-
negative pancreatic resection combined with oncological therapy. However, 
only 10% to 20% of patients appear resectable at diagnosis (Katz 2008, 
Seppänen 2017). Pancreatic cancer patients are divided into resectable, 
borderline resectable, locally advanced unresectable, and metastatic 
(Hidalgo 2010, Mahipal 2015). The prognosis of pancreatic cancer depends on 
age, comorbidities, resectability, available treatment options (Vincent 2011, 
Wolfgang 2013, Cloyd 2017, Kwon 2018, Siegel 2019, Javed 2019), TNM 
classification (Schlitter 2017), and histological tumor grade (Wasif 2010), 
among others. 

Neoadjuvant therapy has been a target of avid research over the past 
decade. It yields many attractive benefits: downstaging tumors, increasing 
lymph node negativity and margin-negative resections, identifying patients 
with advanced disease, and increasing the chances of multimodal treatment 
(Evans 2008, Stokes 2011, Roland 2015). With neoadjuvant therapy, more 
patients can eventually stand a chance at resection and, thus, at better survival 
than with upfront surgery. However, patient selection for neoadjuvant therapy 
remains controversial (Mokdad 2016, De Geus 2017). Additionally, some 
experts have even argued that progression during neoadjuvant therapy denies 
the patient their chance at resection (Desai 2015). 
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Today, upfront surgery represents the go-to treatment option for resectable 
pancreatic cancer, whereas borderline resectable disease is approached with 
neoadjuvant therapy and subsequent surgery whenever possible. The 
treatment option for unresectable disease is comprised of chemotherapy, 
chemoradiotherapy, and palliative procedures. The median survival time for 
resectable pancreatic cancer patients depends on stage and treatment options, 
ranging from 14 to 54 months (Vincent 2011, Seppänen 2017, Kwon 2018, 
Conroy 2018, Versteijne 2020), whereas the median survival time for 
borderline resectable ranges from 14 to 43 months (Kim 2017, Cloyd 2017, 
Quan 2018, Javed 2019, Versteijne 2020). Furthermore, the median survival 
of locally advanced unresectable disease varies considerably between studies 
and ranges from 9 to 19 months (Crane 2009, Sawaki 2009, Loehrer 2011, 
Crane 2011, Sudo 2011). For metastatic disease, the median survival remains 
at 5 to 11 months. (Moore 2007, Conroy 2011, Von Hoff 2013, Desai 2015). 

Pancreatic surgery accounts for high rates of morbidity and, unfortunately, 
recurrence rates remain high. Recovery after surgery is difficult to estimate 
preoperatively. Thus, we need more efficient tools for patient selection and 
prognostic factors to determine who benefits from surgery or neoadjuvant 
therapy and possible subsequent surgery. Thus, this thesis explored the 
benefits of neoadjuvant therapy and which patients would most likely benefit 
from it. Additionally, this thesis examined the relationship between 
inflammation and pancreatic cancer and searched for possible changes in the 
tumor and systemic inflammation patterns due to neoadjuvant therapy. 
Finally, the thesis investigated prognostic factors for pancreatic cancer 
patients treated with neoadjuvant therapy.  
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The incidence of pancreatic cancer varies worldwide, and the highest incidence 
and mortality rates appear in developed countries (Rawla 2019), likely 
explained by risk factors and diagnostic accuracy (Rawla 2019). Incidence 
increases with age (Bray 2018). In Finland, pancreatic cancer is the 9th most 
common cancer in men and 8th most common cancer in women, with over 
1100 new cases every year (Finnish Cancer Registry 2019). However, it is the 
4th most common cause of cancer death among men and women (Finnish 
Cancer Registry 2019).

Pancreatic cancer is one of the deadliest cancers. The fatality is due to the
aggressive disease nature, advanced or metastatic disease at diagnosis, high 
recurrence rates, and the lack of effective treatments (Schneider 2005). 
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Pancreatic cancer is frequently diagnosed at locally advanced or metastatic 
disease stage, leading to an inferior prognosis (Hezel 2006). At diagnosis, 
around 50% to 55% of the patients have metastatic disease, 25% to 30% locally 
advanced disease, and only 10% to 20% are considered resectable (Hidalgo 
2010, Mahipal 2015). Pancreatic cancer has a staggering mortality-to-
incidence ratio of 94% (Bray 2018). Generally, the overall 5-year survival rate 
has been reported to be less than 8% (Siegel 2019). Despite advances in 
surgical techniques and perioperative care, the overall survival of pancreatic 
cancer has not improved drastically over the past decades, unlike for many 
other cancers (Winter 2006). This is mainly due to the delayed diagnosis, and 
therefore, unavailable treatment options. 

It has been estimated that pancreatic cancer will lead to even more deaths 
by 2030 (Rahib 2014) and will become the second-leading cause of cancer-
related death in the future (Rahib 2014, Rawla 2019). This is primarily due to 
the increasing incidence of pancreatic cancer. For these reasons, there have 
been increasing attempts to detect pancreatic cancer at an early stage and 
investigate feasible screening tools for pancreatic cancer.
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Many risk factors associated with pancreatic cancer have been identified. 
Modifiable risk factors include smoking, high alcohol intake, obesity, dietary 
factors, and toxic substances (Maisonneuve 2014, Rawla 2019). Non-
modifiable risk factors include gender, age, ethnicity, diabetes (can be 
modifiable), family history, genetics, chronic infections, and the non-O blood 
group (Maisonneuve 2014, Rawla 2019).  

Around 10% of pancreatic cancer is hereditary (Permuth-Wey 2009). Of 
patients with hereditary pancreatic cancer, 80% have a positive family history 
of pancreatic cancer, and 20% are affected with a hereditary cancer syndrome 
(Permuth-Wey 2009, Hruban 2010, Amin 2012). With one affected family 
member, the risk of developing pancreatic cancer is 2-fold, whereas, with three 
or more affected first-degree family members, the risk is up to 32-fold (Vincent 
2011). In families with a history of pancreatic cancer, having a family member 
affected at a young age, that is, below the age of 50, adds the risk of developing 
pancreatic cancer for other family members (Brune 2010). This might be the 
case even in families with only one affected family member (James 2004). 
Familial and sporadic forms of pancreatic cancer appear to have similar 
molecular pathogenesis (Norris 2015). Most studies show no difference in age 
of onset between sporadic and familial pancreatic cancer (Norris 2015).  

Genetic factors and medical conditions associated with pancreatic cancer 
include hereditary non-polyposis colon cancer (HNPCC), hereditary 
pancreatitis (HP), Ataxia-telangiectasia (AT), Peutz-Jeghers (PJ), familial 
breast cancer (breast cancer gene 1 and 2, BRCA1 and BRCA2), and familial 
multiple mole melanoma (FAMMM) (Li 2004). In most cases with FAMMM, 
the genetic mutation is in cyclin-dependent kinase inhibitor 2A (CDKN2A), 
which is crucial in pancreatic cancer development, as seen in section 6.2.2 
(Cannon-Albright 1992). HP carries a risk of pancreatic cancer up to 40%, PJ 
10% to 35%, and FAMMM even 20% to 60% (Syngal 2015, Ngamruengphong 
2016). These syndromes, however, are more commonly associated with 
cancers other than pancreatic cancer, except for HP. The risk of pancreatic 
cancer in patients with HNPCC is 9- to 11-fold. In addition to these syndromes 
and conditions, cystic fibrosis is associated with a higher risk of pancreatic 
cancer (Maisonneuve 2007).  

Patients with chronic inflammation of the pancreas are at risk of pancreatic 
cancer, up to 16- to 20-fold (Jura 2005, McKay 2008, Neesse 2011, Evans 
2012, Wachsmann 2012, Wada 2015, Korpela 2020). The risk of developing 
pancreatic cancer seems to be the highest during the first two years since 
chronic pancreatitis diagnosis (Korpela 2020). Pancreatitis leads to the 
production of numerous cytokines that activate pancreatic stellate cells via 
different molecular pathways. This leads to fibrosis, and over time, can lead to 
the formation of pancreatic cancer (Manohar 2017). Additionally, 
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Helicobacter pylori infection, a history of gastrectomy or cholecystectomy (via 
inflammation), and Hepatitis B and C are associated with a greater risk of 
pancreatic cancer (Maisonneuve 2015). Furthermore, inflammatory plasma 
markers and pancreatic cancer risk have been studied. However, pre-
diagnostic levels of inflammatory markers c-reactive protein (CRP), 
interleukin (IL) 6, or tumor necrosis factor (TNF) -R2 did not associate with 
the risk of pancreatic cancer (Bao 2014).  

Smoking carries a 6-fold increased risk and intraductal papillary mucinous 
neoplasms (IPMN) up to a 26-fold increased risk of pancreatic cancer (Wada 
2015, Zhang 2016). In addition, estrogen deficiency is a possible risk factor 
(Zhang 2016).  

In addition to factors increasing the risk of pancreatic cancer, factors 
associated with a protective effect against pancreatic cancer have been 
identified, including dietary flavonoids, marine omega-3-acids, vitamin D, a 
diet rich in fruit and vegetables, and regular physical activity (Barone 2016). 
Furthermore, statins have been introduced as protective agents against 
pancreatic cancer (Toki 2014). However, avoiding the known, modifiable risk 
factors seems to be the most effective against pancreatic cancer.  

Pancreatic cancer results from the accumulation of genetic mutations at 
different stages of precursor lesions (Vogelstein 2004, Jones 2008, Zhang 
2016). Three precursors of PDAC have been proposed: pancreatic 
intraepithelial neoplasia (PanIN, the most common), mucinous cystic 
neoplasm (MCN), and IPMN. These are histologically different, however, all 
characterized by accumulating genetic mutations in the transformation 
towards cancer. PanIN is the best characterized histological precursor of 
PDAC (Hruban 2008). It has been suggested that PDAC originates from acinar 
cells via PanINs and IPMN-derived cancer from ductal cells, and the name 
ductal adenocarcinoma refers to the look of the cancer cells, not the origin 
(Rooman 2012, Storz 2017).  

Three levels of genes are known to affect pancreatic carcinogenesis: 
oncogenes, tumor-suppressor genes, and genomic maintenance genes (Li 
2004). Oncogenes include the Kirsten rat sarcoma (KRAS), the human 
epidermal growth factor receptor (HER) 2/Neu, the serine/threonine-protein 
kinase (AKT2), and the MYB proto-oncogene. Tumor-suppressor genes and 
genomic maintenance genes include tumor protein 53 (TP53) and CDKN2A 
(Feldmann 2007). When the tumor-suppressor genes are inactivated, they 
promote tumor growth. In sporadic forms, the mutations are accumulated 
during life, whereas in inherited forms of cancer, one mutant allele is 
inherited, and the second allele is mutated later in life.  

More than 90% of pancreatic cancer patients harbor the KRAS activating 
mutation (Biankin 2012). This is commonly accompanied by the inactivation 
of several tumor suppressor genes, such as CDKN2A, signal transducer protein 
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4 (SMAD4), BRCA2, and TP53 (Apte 2013). Simply, the formation of 
pancreatic cancer from PanINs to invasive cancer includes the activation of the 
KRAS2 oncogene and the inactivation of the tumor suppressor genes, first 
CDKN2A, and later TP53 and SMAD4 (Feldmann 2007). CDKN2A is mutated 
in 95%, TP53 in 50% to 75%, and SMAD4 in 50% of the tumors (Hidalgo 2012). 
At different stages of PanINs, the following genetic mutations appear: PanIN-
1 (KRAS mutations), PanIN-2 (CDKN2A), PanIN-3 (TP53, DPC4/SMAD4, 
BRCA2) (Vogelstein 2004, Jones 2008, Zhang 2016). 

Inflammation plays a pivotal role in pancreatic carcinogenesis. It has been 
proposed that an inflammatory stimulus activates various pro-inflammatory 
stimuli that activate inflammatory cells, including T cells, neutrophils, 
monocytes, macrophages, mast cells, and stellate cells (Apte 2013). These, in 
turn, induce an inflammatory response resulting in cytokine production. This 
sparks KRAS and signal transducer and activator of transcription 3 (STAT3) 
mutations, which aid PanIN formation. More mutations are acquired over 
time, including CDKN2A, TP53, SMAD4, and BRCA2, which aid the 
progression towards PDAC (Apte 2013).  

Pancreatic carcinogenesis is additionally supplied by telomere shortening, 
which appears to happen already during the PanIN stage (Van Heek 2002). 
Telomere shortening leads to chromosome instability, and during cell division, 
to the loss of genetic material. This leads to the loss of tumor-suppressor genes 
and the gain of oncogenes in cells aiding pancreatic carcinogenesis (Van Heek 
2002, Maitra 2006).  
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The tumor microenvironment is central in the biological behavior of malignant 
tumors (Ino 2013). The inflammatory processes in the tumor 
microenvironment promote proliferation, invasion, and metastatic behavior 
of malignant cells (Jaiswal 2000, Balkwill 2001, Coussens 2002, Mantovani 
2008). Pancreatic cancer is distinctive for its desmoplastic reaction and 
stroma with a variety of inflammatory cells. The effects of neoadjuvant therapy 
have been scarcely studied. However, based on previous studies, neoadjuvant 
therapy affects the immunological responses of the tumor and its 
microenvironment, and alters the local immune cell infiltrate (Shibuya 2014). 
Therefore, neoadjuvant therapy seems to affect the cancer-related 
inflammatory response. Neoadjuvant therapy can alter the regulatory immune 
cell balance favoring anti-tumor immunity (Shibuya 2014).  

Pancreatic cancer infiltrate contains a complex mixture of different 
inflammatory and regulatory immune cells. It has been postulated that the 
abundant immune responses involved in pancreatic cancer take part in 
defining the aggressive tumor biology of pancreatic cancer. Many studies have 
established the role of stroma in pancreatic carcinogenesis and tumor 
progression (Xu 2014). The pancreatic stellate cells appear to modulate cell 
proliferation, cancer cell migration and invasion, angiogenesis, 
chemoresistance, and extracellular matrix production (Xu 2014). Mantoni et 
al. applied a co-culture system demonstrating that pancreatic stellate cells 
protect the cancer cells from radiation (Mantoni 2011). The pathway requires 
B1-integrin, and reducing the B1-integrin activity in cancer cells blocks the 
radioprotective effects of pancreatic stellate cells.  

Immune cells are abundant in pancreatic tumors, and around half of the 
tumor cell mass comprises immune cells (Feig 2012). Many inflammatory 
components are present in the tumor microenvironment, including pancreatic 
stellate cells, tumor-associated macrophages (TAMs), mast cells, and T cells. 
The T cell immune infiltrate includes both effector and regulatory T cell 
subsets. Even though regulatory T cells have inhibitory effects, the T cell 
infiltration correlates with an improved prognosis (Milne 2009, Ino 2013). 
Immune cells that infiltrate into or around the tumor engage in dynamic and 
extensive crosstalk with cancer cells (Grivennikov 2010). During pancreatic 
carcinogenesis, immunosuppressive cells such as regulatory T cells and 
myeloid-derived stem cells infiltrate the pancreas while effector T cells remain 
low in number (Clark 2007). Neoadjuvant therapy alters the 
immunoregulatory balance of pancreatic cancer and reduces the number of 
myeloid and regulatory T cell infiltration (Shibuya 2014). 

Pancreatic stellate cells are responsible for forming the extracellular matrix 
proteins that further comprise stroma and creating the hypovasculature, both 
characteristic of pancreatic cancer (Masamune 2009, Erkan 2009, 
Grivennikov 2010, Zheng 2013). The vascularization in pancreatic cancer is 
different on the periphery of the tumor and the areas with dense desmoplastic 
reactions (Olive 2009, Jacobetz 2013). These circumstances create extremely 
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hypoxic conditions that activate different genetic and metabolic pathways, 
thereby aiding the cancer cells to survive (Olive 2009, Jacobetz 2013). 
Therefore, pancreatic cancer cells need to survive under extreme conditions 
and are highly modifiable to different conditions. Furthermore, pancreatic 
stellate cells are responsible for fibrosis and are also present abundantly in 
chronic pancreatitis (Apte 2004). In addition, pancreatic stellate cells 
stimulate cancer cell proliferation and inhibit apoptosis, further promoting the 
increase of cancer cells (Vonlaufen 2008). The desmoplastic stroma further 
promotes tumor progression and cancer cell migration. The inflammatory 
stroma is necessary for epithelial-to-mesenchymal transition and cancer 
dissemination (Rhim 2012). The epithelial-mesenchymal-transition happens 
via epithelial markers, such as E-cadherin, and mesenchymal markers, such 
as vimentin and snail.  

TAMs contribute to carcinogenesis, angiogenesis, progression, cancer cell 
invasion, and thus, tumor cell dissemination (Esposito 2004, Fridlender 
2009, Donskov 2013). Macrophages also participate in the epithelial-to-
mesenchymal transition (Tan 2010, Ireland 2016). TAMs are highly plastic 
and can polarize into M1-like macrophages with anti-tumor effects or M2-like 
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macrophages with pro-tumor effects (Genard 2017, van Dalen 2018). This has 
lead researchers into thinking about TAM-reprogramming therapeutics.  

Cancer cells capable of unlimited self-renewal and stem cell properties exist 
in the tumor. These cells comprise 1% to 5% of the tumor and are thought to 
be partly responsible for chemoresistance (Li 2007, Jimeno 2009, Hidalgo 
2010). Additionally, the extracellular matrix proteins, fibroblasts, stellate 
cells, and inflammatory cells promote the chemoresistant environment of 
pancreatic cancer (Neesse 2011). Furthermore, the stromal-derived insulin-
like growth factors (IGFs), secreted by TAMs and myofibroblasts, are partly 
responsible for pancreatic cancer chemoresistance (Ireland 2016). Targeting 
the stroma has been suggested as a novel target of therapies in pancreatic 
cancer. In preclinical models, the blockade of IGF-signaling increased 
gemcitabine-sensitivity (Ireland 2016). Additionally, aspirin appears to 
enhance gemcitabine efficacy (Zhang 2015). 

The metastases in pancreatic cancer occur late in the genetic evolution of 
the tumor (Yachida 2010). However, pancreatic cancer formation takes years 
to develop, and usually, at the stage of metastatic potential or metastases, the 
cancer diagnosis has not been made yet. In contrast, another study by Rhim et 
al. showed that pancreatic cancer metastasis could appear even before or 
during primary tumor formation (Rhim 2012), and low survival rates clinically 
support this finding. Furthermore, metastatic PDAC has been diagnosed 
during follow-up after resection for pancreatitis and PanIN lesions (Sakorafas 
2003). 

Six hallmarks of cancer were reported in the year 2000: 1) evading apoptosis, 
2) self-sufficiency in growth signals, 3) insensitivity to anti-growth signals, 4) 
sustained angiogenesis, 5) limitless replicative potential, and 6) tissue 
invasion and metastasis (Hanahan 2000). Later, four more characteristics 
were proposed, including the importance of inflammation: 1) deregulating 
cellular energetics, 2) avoiding immune destruction, 3) genome instability and 
mutation, and 4) tumor-promoting inflammation (Hanahan 2011).  

There is increasing evidence of the effects of inflammation on cancer 
formation and progression. Inflammation has been linked to facilitating 
cancer cell survival and proliferation (Grivennikov 2010, Baumgart 2013), 
mediating immunosuppression (Clark 2007), promoting metastasis (Rhim 
2012), promoting oncogenic mutagenesis, and thus, promoting tumorigenesis 
(Grivennikov 2010). Additionally, cancer triggers an inflammatory response, 
divided into local and systemic (Diakos 2014). The cancer-related 
inflammatory response further promotes tumor progression and increases 
angiogenesis and local immunosuppression (Balkwill 2001, Mantovani 2008, 
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Elinav 2013). The inflammation response can be anti-tumoral, but chronic 
inflammation can also promote tumor progression via inflammatory cytokines 
that regulate, for example, apoptosis (Coussens 2002, Fridman 2012). In 
addition, impaired immune responses, for example after organ 
transplantation or due to autoimmune disease, are related to cancer incidence 
(Stewart 1995). 

Studies suggest that inflammation plays a significant role also in pancreatic 
carcinogenesis (Farrow 2002, Zheng 2013, Padoan 2019).  Inhibition of 
autophagy of pancreatic cancer stem cells promotes the inflammatory tumor 
microenvironment and promotes inflammation and tumorigenesis (Kuraishy 
2011). Autophagy is a cellular defense mechanism, and when dysregulated, is 
related to pathologic effects, including oxidative stress, metabolic 
impairments, and cell death. The disrupted regulation of autophagy is 
common in pancreatitis and pancreatic cancer. Furthermore, obesity 
promotes inflammation and inhibits or dysregulates autophagy. This 
eventually creates an environment facilitating the induction and progression 
of pancreatic diseases, including pancreatic cancer (Gukovsky 2013).  

Oncogenic KRAS contributes to the production of inflammatory mediators, 
such as cytokines, and promotes inflammation. The inflammatory mediators 
contribute to the activation of transcription factors, such as nuclear factor 
kappa B (NF-kB) and STAT3. These transcription factors promote the 
proliferation and survival of precursor lesions and regulate the transcription 
of genes related to cell survival control and invasion. Furthermore, the 
transcription factors contribute to cytokine and chemokine production 
(Grivennikov 2010, Baugart 2013). TNF alpha is a pro-inflammatory cytokine 
that seems to be involved in pancreatic carcinogenesis, tumor progression, and 
metastasis (Padoan 2019).  

PanIN cell invasion and dissemination into the bloodstream precedes 
tumor formation. Invasion and dissemination are carried out through 
epithelial-to-mesenchymal transition and cancer stem cell-like feature 
acquisition, all promoted by inflammation (Rhim 2012). Inflammatory cells 
induce oxidative stress products to accumulate in epithelial cells, leading to 
deoxyribonucleic acid (DNA) damage and genomic instability, and thus, 
promoting oncogenic mutagenesis and facilitating tumorigenesis 
(Grivennikov 2010, Grivennikov 2010). 

In chronic pancreatitis, the genetic changes within the chronically inflamed 
pancreatic tissue lead to the production of cytokines, which, in turn, can result 
in tumor progression, metastasis, and suppression of anti-tumor responses 
(Jura 2005, Neesse 2011, Evans 2012, Wachsmann 2012).  
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Toll-like receptors (TLRs) represent a crucial part of our immune system. They 
recognize molecular patterns and initiate and strengthen local inflammation 
responses (Dajon 2017). Exogenous pathogen-associated and endogenous 
damage-associated molecular patterns (PAMPs and DAMPs) activate TLRs 
(Dajon 2017). In humans, ten different TLRs (from 1 to 10) have been 
identified (Hedayat 2011). TLRs activate two major intracellular pathways – 
both associated with tumor growth and metastatic potential – the myeloid 
differentiation primary response 88 (MyD88) -dependent and the TIR-
domain-containing adapter-inducing interferon-ß (TRIF) pathway (O’Neill 
2007, Piccini 2010, Zambrinis 2013). The MyD88-dependent and the TRIF 
pathway further activate the NF-kB, mitogen-activated protein kinase 
(MAPK), and interferon regulatory factors (Dajon 2017). All TLRs except 
TLR3 can activate the MyD88-dependent pathway, whereas the TRIF pathway 
can be activated only by TLR3 and TLR4 (Piccini 2010).  

Under normal, healthy conditions, TLRs 1, 2, 4, and 5 are expressed on the 
cell membrane, while TLRs 3, 7, and 9 on cell organelles, such as endosomes 
(Kumar 2009). In cancer, however, different expression patterns have been 
identified. The alternating expression patterns in cancer cells are most likely 
the result of the effects of TLRs on carcinogenesis (Sato 2009). The TLR-
mediated MyD88 and NF-kB play significant roles in connecting 
inflammation, cancer progression, and tumor invasion (Ikebe 2009).   

Many cancers are associated with TLR activation and overexpression, 
including breast, lung, and colon cancer (Eyking 2011, Thomas 2012, Ahmed 
2013). Despite the research, TLRs are considered controversial in cancer for 
both pro-tumor and anti-tumor effects (Dajon 2017). The anti-tumor effects 
include activating efficient anti-tumor immune cells and direct induction of 
tumor cell death, leading to anti-tumoral immune responses and apoptosis 
(Dajon 2017). The pro-tumor effects include inducing tumor cell survival and 
proliferation and acting as suppressive or inflammatory immune cells in the 
tumor microenvironment (Dajon 2017). Additionally, TLRs have been linked 
to stromal inflammation and fibrosis (Zambrinis 2013). Furthermore, fibrosis 
promotes changes in the tumor microenvironment.  

TLRs have also been reported to promote pancreatic carcinogenesis and 
metastasis (Santoni 2015, Pandey 2015). TLRs promote epithelial to 
mesenchymal transition, associated with cancer progression and metastatic 
potential (Rhim 2012, Santoni 2015). Both pro- and anti-inflammatory 
cytokine mRNAs (messenger ribonucleic acid) and proteins are expressed in 
pancreatic cancer in vitro, detected in situ in the tumor microenvironment, 
and systemically in patients with pancreatic cancer (Bellone 2006). 
Additionally, several cytokines, including transforming growth factor b (TGF-
b), IL-1, TNF alpha, and IL-6, promote the epithelial-to-mesenchymal 
transition.  

Generally, TLRs are absent in a normal pancreas. However, they are 
expressed in both PanINs and pancreatic cancer (Morse 2010, Leppänen 
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2018). TLRs are found on both primary and metastatic sites, suggesting that 
TLRs contribute to pancreatic tumorigenesis and metastasis (Vaz 2014). In 
addition, TLRs are involved in several pancreatic cancer risk factors, such as 
obesity, diabetes, and chronic pancreatitis (Creely 2007, Soga 2009, Dasu 
2010)  

TLR7 and TLR8 are partially responsible for chemoresistance in pancreatic 
cancer (Grimming 2015). Additionally, TLR7 expression has been linked to 
tumor progression, inflammation, and the existing number of anti-tumoral 
molecules. High expression intensity is commonly seen in aggressive tumors 
(Ochi 2012). However, TLR7 expression appears to increase the number of 
cytotoxic immune cells (Shojaei 2009, Ochi 2012, Grimming 2015, Zhou 2015, 
Zhu 2015). TLR9 is expressed during pancreatic tumorigenesis, and it employs 
immunosuppressive effects in the tumor microenvironment.  

TLR expression and signaling are closely associated with inflammation-
mediated cancer cell proliferation, tumor progression, and, thus, metastatic 
potential (Grimming 2016). The hypoxic conditions that are signature-like to 
PDAC most likely stimulate the dispersion of DAMPs, which further activate 
TLR-mediated signaling. TLRs 2, 4, and 9, in addition to hypoxia markers, are 
related to pancreatic carcinogenesis (Leppänen 2018). 
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Symptoms of pancreatic cancer usually occur only at an advanced stage. 
Symptoms are typically non-specific, including jaundice, upper abdominal 
pain and discomfort, change in urine or stool color, diarrhea or other changes 
in bowel habit, pruritus, weight loss, and blood-test abnormalities (Schmidt-
Hansen 2016 Rawla 2019). Additionally, dyspepsia and nausea occur 
(Schmidt-Hansen 2016).  

Jaundice has been proposed the most likely symptom of pancreatic cancer 
and, thus, the reasons behind jaundice should be thoroughly investigated 
(Schmidt-Hansen 2016). Additionally, new-onset diabetes can be a sign of 
pancreatic cancer (Schmidt-Hansen 2016). However, no specific guidelines for 
screening patients with new-onset diabetes are available. Almost 50% of 
pancreatic cancer patients have been diagnosed with diabetes during the 
preceding two years (Zhang 2016).  

Symptoms typically vary depending on the site of pancreatic cancer (Zhang 
2016). Those with cancer involving the head of the pancreas have signs related 
to biliary tract obstruction, including jaundice, nausea, vomiting, dark urine, 
light stool color, and pruritus (Zhang 2016). Those with cancer in the body or 
tail of the pancreas more commonly present with non-specific symptoms, such 
as abdominal pain that radiates to the sides of the body and back (Zhang 2016).  

There seems to be an association between the prevalence of cancer 
symptoms and the systemic inflammatory response (Roxburgh 2014). It has 
even been suggested that patients with an elevated systemic inflammatory 
response and a substantial burden of cancer-related symptoms should be 
treated with non-steroidal anti-inflammatory drugs (Roxburgh 2014). 

Interestingly, a study found that patients who seek medical assistance 
within a month of symptom presentation and those diagnosed within two 
months of symptom presentation are at a greater chance of undergoing 
surgical resection (Deshwar 2018). 

Imaging techniques to diagnose pancreatic cancer include ultrasound, 
abdominal computed tomography (CT), positron-emission CT (PET-CT), 
endoscopic retrograde cholangiopancreaticography (ERCP), magnetic 
resonance imaging (MRI), magnetic resonance cholangiopancreatography 
(MRCP), and endoscopic ultrasound (EUS). The approach depends on the 
symptoms of the patient, as well as the hospital policy. The least invasive 
method is abdominal ultrasound. However, due to the retroperitoneal location 
of the pancreas, it is poorly visualized, making abdominal ultrasound a poor 
screening tool (Long 2005).  
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CT should be performed with a contrast to ensure the best possible result 
(Fogel 2017). Imaging in both arterial and venous phases is required for proper 
tumor evaluation (Fogel 2017). With multiphasic contrast-enhanced imaging, 
the relationship between the tumor and the nearby vessels can be thoroughly 
examined (Callery 2009). The American College of Radiology suggests 
abdominal CT with intravenous (IV) contrast as the go-to diagnostic tool. 
However, abdominal MRI both with and without IV contrast is usually 
appropriate (Qayyum 2017). However, contrast-enhanced CT shows vascular 
involvement superior to MRI. Additionally, the cost of CT is lower than MRI.  
CT has a predictive value of unresectability of up to 100% but a lower 
predictive value of resectability, ranging from 76% to 90% (Callery 2009). The 
ambiguity of CT to detect tumors smaller than 10 mm or even 20 mm make 
the early diagnosis of pancreatic cancer difficult. As this would be the stage for 
the disease to be discovered for maximum survival, unfortunately, the 
sensitivity of CT to find tumors this small remains at only around 40% (Muller 
1994). In these cases, EUS appears to offer better detection rates (Muller 1994, 
Yasuda 2011). Interestingly, CT scans appear abnormal even 12 to 18 months 
before PDAC diagnosis (Singh 2020). During ERCP and EUS, histological 
samples are possible, including brush cytology (non-specific), fine-needle 
aspiration (FNA), and fine-needle biopsy (FNB).  In a recent randomized-
controlled trial (RCT), the sensitivity, specificity, and histological yield of EUS-
guided FNA (with rapid onsite evaluation) and FNB were compared. Both had 
a sensitivity of >90% and a specificity of 100%. However, the histological yield 
was significantly higher with FNB (88.7% vs. 39.2%) (Chen 2021). 
Furthermore, transabdominal ultrasound or abdominal CT without IV 
contrast is usually not appropriate for diagnosing pancreatic cancer. The same 
tools apply for the evaluation of resectability after neoadjuvant therapy 
(Qayyum 2017).  

Carbohydrate antigen 19-9 (CA19-9) is the most commonly adopted and 
the only FDA-approved (Food and drug administration, USA) biomarker for 
pancreatic cancer. It is the only biomarker recommended by the National 
Comprehensive Cancer Network (NCCN) guidelines. CA19-9 is a sialylated 
Lewis blood group antigen, and 5% to 10% of the Caucasian population are 
considered Lewis-negative and, thus, unable to synthesize CA19-9 (Scará 
2015). This could result in false-negative levels even in advanced pancreatic 
cancer (Scará 2015). Among symptomatic patients, the sensitivity of CA19-9 is 
around 80% and the specificity 80% to 90% (Satake 1994, Kim 2004, 
Ballehaninna 2012). CA19-9 levels correlate with tumor burden and disease 
progression. CA19-9 can also be secreted by normal biliary epithelium, and 
levels can be elevated in biliary infections and inflammatory processes of the 
pancreas. Furthermore, levels can increase in benign biliary strictures and 
extra-pancreatic malignancies, mainly due to biliary obstruction (Scoggings 
2004, Kannagi 2007). The role of CA19-9 in pancreatic cancer is best 
established in patient-specific follow-up. Carcinoembryonic antigen (CEA) is 
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another commonly adopted biomarker in pancreatic cancer, although not 
recommended by the NCCN guidelines.  

Many studies have recently examined liquid biopsies and circulating tumor 
cells as possible tools for the early detection of pancreatic cancer. Combined 
circulating tumor DNA (ctDNA) test with CA19-9 proved to detect early-stage 
pancreatic cancer better than either alone (Cohen 2017). Additionally, 
microRNAs (miRNAs) from blood samples have been suggested as possible 
biomarkers to detect pancreatic cancer since they are overexpressed already in 
the precursor lesions (Alemar 2015). 

Pancreatic cancer is staged according to the American Joint Committee on 
Cancer (AJCC) guidelines. Previously, the 7th edition (Edge 2010) was 
employed, and from 2016 onwards, the 8th edition (Kakar 2016) has been 
applied more commonly. Table 1 states the differences between these two 
guideline editions. With the 8th edition, the tumor limitation to the pancreas 
was erased, and the new lymph node metastasis classification was introduced. 
Staging remained the same for stage IA to IIB. Stage III disease was previously 
characterized by T4NxM0 but now additionally with TxN2M0, x representing 
any number. Staging for stage IV remained the same. For the accurate lymph 
node metastasis diagnosis, a minimum of 12 lymph nodes should be examined 
(Slidell 2008).  

It is important to classify patients according to resectability to assess 
patients most likely to benefit from neoadjuvant therapy. Pancreatic cancer is 
divided into non-metastatic and metastatic disease. Non-metastatic disease 
includes resectable, borderline resectable, and locally advanced unresectable 
disease (Evans 2015). Borderline resectable patients are at a high risk of a 
margin-positive resection due to vascular involvement, and, usually, 
operations include vascular resections (Evans 2015).  

Preoperative diagnosis of pancreatic cancer is challenging because of the 
difficulties related to biopsies and brush cytology uncertainty in cancer origin. 
Surgery and pathological assessment of the surgical specimen ultimately verify 
the diagnosis.  Studies including patients who do not undergo resection likely 
include patients suffering from other pancreatic malignancies than pancreatic 
ductal adenocarcinoma, including cholangiocarcinoma, among others.  
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 7th edition (Edge 2010) 8th edition (Kakar 2016) 
TNM   
  T1 Limited to the pancreas, ≤2 cm ≤2cm 
  T2 Limited to the pancreas, >2cm >2cm but ≤4cm 
  T3 Extends beyond the pancreas, T4 

criteria not met 
>4cm 

  T4 Involvement of celiac axis or SMA Involvement of celiac axis or SMA 
  N0 No regional LNM No regional LNM 
  N1 Regional LNM present 1 to 3 regional LNM 
  N2 — ≥4 regional LNM 
  M0 No distant metastasis No distant metastasis 
  M1 Distant metastasis Distant metastasis 
Stage   
  IA T1N0M0 T1N0M0 
  IB T2N0M0 T2N0M0 
  IIA T3N0M0 T3N0M0 
  IIB T1-3N1M0 T1-3N1M0 
  III T4NxM0 T4NxM0 or TxN2M0 
  IV TxNxM1 TxNxM1 

x=any number, T=tumor size, N=lymph nodes, M=metstasis, LNM=lymph node metastasis.  
 
Criteria for resectability vary but have roughly the same principles: resectable 
disease has no artery involvement and only slight venous contact, borderline 
resectable has mostly ≤180° abutment with arteries and even more with veins 
amenable to reconstruction, and locally advanced is characterized with >180° 
encasement of arteries and veins not possible for reconstruction (Table 2). In 
2016, an international consensus on the criteria and definition of borderline 
resectable pancreatic cancer patients was reached (Isaji 2017). This was based 
on anatomical, biological, and conditional dimensions. Anatomical definition 
(BR-A) divides borderline resectable into BR-PV having venous involvement 
alone and BR-A having arterial involvement with or without venous 
involvement. Biological factors (BR-B) consider patients suspicious to 
metastasis. Patients with CA19-9 level >500 IU/ml or confirmed regional 
lymph node metastasis would classify as borderline resectable. Conditional 
factors (BR-C) consider the performance status of the patient and their 
comorbidities that could predict morbidity and mortality after surgery. The 
Eastern Cooperative Oncology Group (ECOG) performance score of 2 or more 
would classify as borderline resectable pancreatic cancer. With these 
conditions, patients are divided into BR-A, B, or C, or the combination of these 
criteria. Additionally, a classification for borderline resectable and locally 
advanced type A and type B has been proposed (Evans 2015). This 
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classification divides locally advanced patients based on arterial involvement 
and potential for surgery after neoadjuvant therapy, type A being considered 
possible for surgery after neoadjuvant therapy and type B having a non-
reconstructable tumor-artery anatomy (Evans 2015). 

Resection rates after neoadjuvant therapy are 50% to 70%, however, 
dependent on the study setting (Katz 2016, Hackert 2016, Jang 2018, 
Kommalapati 2018, Javed 2019). In a systematic review and meta-analysis of 
nearly 1000 borderline resectable patients, an exploration rate of 77% and a 
resection rate of 69% were reached (Dhir 2017). Best resection rates are among 
patients who have received FOLFIRINOX as neoadjuvant therapy (Hackert 
2016).  

All patients should be evaluated by a multidisciplinary team in high-
volume centers (Bockhorn 2014). Many patients present with indeterminate 
lesions of the liver or lungs at diagnosis; CT might not be sufficient for the 
evaluation of these lesions (Ducreux 2015). In some cases, only follow-up will 
tell the nature of these lesions. With the high recurrence rates, it is believed 
that pancreatic cancer is likely to be a systemic disease at diagnosis even 
without metastases detectable via imaging (Sohal 2014). 

 AHBPA/SSO/SS
AT1 

NCCN2 Alliance3 MDACC4 IAP5, anatomical  

Resectab
le 
   Artery 

No CA/SMA/CHA 
involvement 

No CA/SMA/CHA 
involvement 

- No 
CA/SMA/CHA 
involvement 

No CA/SMA/CHA 
involvement 

   Vein No involvement 
(SMV/PV/SMV-
PV confluence) 

Tumor contact 
≤180° without vein 
irregularity 

- No 
involvement 
(SMV/PV/SM
V-PV 
confluence) 

No tumor contact or 
unilateral narrowing 
(SMV/PV) 

Borderli
ne 
Resectab
le 
   Artery 

Abutment in SMA, 
short-segment 
encasement in 
CHA, no CA 
involvement 

Head/uncinated: 
CHA contact without 
CA/HA contact, 
SMA ≤180° 
Body/tail: CA ≤180° 
or CA >180° without 
the involvement of 
the aorta 

<180° 
contact in 
SMA/ CA. 
Reconstructa
ble short-
segment 
contact of 
any degree in 
CHA 

Abutment in 
CA/SMA, 
abutment or 
short-segment 
encasement in 
CHA 

BR-A: arterial 
involvement only or 
with venous 
involvement. 
SMA/CA <180° 
without 
deformity/stenosis. 
CHA contact without 
contact of PHA/CA. 
No aortal contact. 
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*with a possible vessel for reconstruction, **without a possible vessel for reconstruction, 
***not exceeding the inferior border of the duodenum. MCW=Medical College of Wisconsin, 
MDACC=MD Anderson Cancer Center, AHBPA=American Hepato-Pancreato-Biliary 
Association, SSAT=Society for Surgery of the Alimentary Tract, SSO=Society for Surgical 
Oncology, IAP=International Association of Pancreatology. CA=celiac artery, SMA=superior 
mesenteric artery, CHA=common hepatic artery, SMV=superior mesenteric vein, PV=portal 
vein, IVC=inferior vena cava, PHA=proper hepatic artery. 1Vauthey 2009, 2Tempero 2019, 
3Katz 2013, 4Varadhachary 2006, 5Isaji 2017 

Primary prevention and early detection seem to be the best tools to improve 
pancreatic cancer survival. Screening appears to be practical only in high-risk 
individuals covering those with hereditary syndromes or a strong family 
history of pancreatic cancer (Wada 2015).  

 The Cancer of the Pancreas Screening (CAPS) consortium developed by 
the Johns Hopkins University has recommended patients with a family history 
of pancreatic cancer to be screened if the following applies: first-degree 
relatives with pancreatic cancer from a pancreatic cancer kindred with at least 
two affected first-degree relatives, those with PJ syndrome, and AT, partner 
and localizer of BRCA2 (PALB2), CDKN2A (p16), mutL homolog 1 (MLH1), 
mutS homolog 2/6 (MSH2 and MSH6), or BRCA1/2 mutation carriers with 
criteria for family history varying by gene mutation (Canto 2013, Goggins 
2020). Additionally, patients with hereditary pancreatitis should be screened 
irrespective of gene status (Goggins 2020). The screening method should 

   Vein Abutment, 
encasement, or 
short-segment 
occlusion in 
SMV/PV/SMV-PV 
confluence 

>180° contact 
SMV/PV, ≤180° 
with vessel 
irregularity/thromb
osis*, solid contact 
with IVC 

≥180° in 
SMV/PV, 
reconstructa
ble occlusion 

Segmental 
venous 
occlusion, 
abutment with 
narrowing 

BR-PV: SMV/PV 
involvement alone 
(≥180° or bilateral 
narrowing/occlusion
***), no arterial 
contact/invasion 

Locally 
Advance
d 
   Artery  

Tumor 
encasement of 
CA/SMA/CHA, 
unreconstructable 

Solid tumor contact 
>180° with the 
SMA/CA. Contact 
with CA and aortic 
involvement 

- Tumor 
encasement of 
CA/SMA/CHA, 
unreconstructa
ble 

Tumor 
contact/invasion 
≥180° in SMA or CA. 
Tumor contact with 
CHA sowing 
contact/invasion of 
the PHA/CA. Aortal 
contact or invasion 

   Vein  Unreconstructable 
SMV/PV 

Unreconstructable 
SMV/PV 

- Unreconstruct
able SMV/PV 

Bilateral 
narrowing/occlusion 
of the SMV/PV, 
exceeding the 
inferior border of the 
duodenum 
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include EUS and or MRI. Screening should not begin before the age of 50; 
however, screening should start 10 years earlier than the youngest affected 
family member in pancreatic cancer kindreds and even younger with genetic 
mutation carriers (Goggins 2020). Annual screening is recommended 
(Goggins 2020). Additionally, screening has been proposed for the following 
patients with genetic mutations: FAMMM with a known genetic mutation and 
HNPCC patients with a family history of pancreatic cancer (Syngal 2015).   

Many studies have investigated diagnostic biomarkers to detect pancreatic 
cancer early. As pancreatic cancer is relatively common in the population, it 
has apparent precursor lesions, survival dependens on the disease stage, and 
carries vast cancer-related mortality rates, finding a biomarker for early 
detection seems feasible. However, the accuracy of studied biomarkers thus 
far is not cost-effective for the whole population but could be feasible for high-
risk individuals. Although screening high-risk individuals seems to prolong 
their survival (Lu 2015), studies are yet to confirm whether screening affects 
the overall survival rates.   
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Neoadjuvant therapy is preoperative oncological therapy, including 
chemotherapy and radiotherapy, and is generally administered to patients 
with borderline resectable pancreatic cancer. The NCCN guidelines 
recommend it as the go-to treatment for borderline resectable disease. Many 
studies have also examined neoadjuvant therapy for upfront resectable 
patients. However, the evidence is still not strong enough to recommend this 
approach. Among locally advanced unresectable patients, neoadjuvant 
therapy is effective and radical resections can be reached. However, only in 
20% of the patients (Gemenetzis 2019).  

Advantages of neoadjuvant therapy include a more likely success of 
multimodal therapy, early delivery of systemic therapy, the possibility to treat 
the micrometastatic disease, finding patients who most likely would not have 
benefitted from surgery due to disease progression, downstaging of cancer, 
and an improved R0 resection rate (Evans 2008, Stokes 2011, Tzeng 2014, 
Desai 2015, Labori 2016). With neoadjuvant therapy, the 
chemoresponsiveness of the tumor can be tested before surgery. Neoadjuvant 
therapy is associated with reduced tumor size, lower N-stage, higher radical 
resection rates, decreased perineural and perivascular invasion, and fewer 
poorly differentiated tumors (Schorn 2017). Postoperative complication rates 
(Clacvien 3 or greater) after neoadjuvant chemoradiotherapy or stereotactic 
body radiation did not differ in borderline resectable and locally advanced 
pancreatic cancer patients (Blair 2018). Possible disadvantages of neoadjuvant 
therapy include progression during neoadjuvant therapy and, thus, 
endangering the possibility of surgery (Desai 2015). This can also be seen as 
an advantage since these patients would probably not have benefitted from 
surgery in the first place. Additional disadvantages include toxicity and the 
need for biopsy or other confirmation of the disease before administering 
neoadjuvant therapy (Desai 2015). Furthermore, questions about the number 
of cycles administered, risks of progression over R0 resection, the role of 
radiotherapy, and the management of patients not suitable for resection after 
neoadjuvant therapy have been raised (Hidalgo 2010). Biliary tract 
obstruction should be cleared before administering chemotherapy since 
chemotoxicity increases with inadequate excretion of metabolites (Cote 2012).  

Recently, neoadjuvant therapy in pancreatic cancer management has been 
a target of avid research. In the best-case scenario, neoadjuvant therapy can 
downstage locally advanced tumors (Gemenetzis 2019, Chen 2021) and 
increase the likelihood of a radical resection in borderline resectable cases 
(Jang 2018, Versteijne 2020). Borderline resectable patients remain at a 
higher risk of margin-positive resection and early disease recurrence after 
surgery and, thus, are routinely administered neoadjuvant therapy before 
surgery (Callery 2009, Katz 2008, Katz 2011, Tempero 2012). The targets of 
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neoadjuvant therapy comprise local attack of the tumor, lymph-node 
sterilization, surgical margin sterilization, attack of the systemic disease and 
micrometastases undetectable via imaging, and the evaluation of tumor 
biology (Katz 2008, Katz 2011). However, patient selection for administering 
neoadjuvant therapy for upfront resectable patients is still controversial 
(Mokdad 2016, De Geus 2017).  In the PREOPANC trial, neoadjuvant therapy 
did not show any significant survival benefit in resectable patients, although 
borderline resectable patients experienced a survival benefit (Versteijne 
2020). However, disease-free survival was longer among patients treated with 
neoadjuvant therapy. Among patients who underwent resection, those who 
received both neoadjuvant therapy and adjuvant therapy survived longer than 
those who received only adjuvant therapy (35.2 vs. 19.8 months) (Versteijne 
2020). In contrast to this, the first meta-analysis comparing neoadjuvant 
therapy and surgery first in localized pancreatic cancer showed that, in all 
patients, neoadjuvant therapy offers a survival benefit over upfront surgery 
(25.4 vs. 19.4 months) (Cloyd 2020).  

Recently, stereotactic body radiation (SBRT) has become appealing for its 
ability to minimize interruptions in chemotherapy and shorter radiation 
periods. Promising results of local disease control have been reported (Chuong 
2013, Rajagopalan 2013, Mellon 2015, Rashid 2016, Shaib 2016, Toesca 2017). 
A trial investigating the effects of neoadjuvant FOLFIRINOX, preoperative 
SBRT, and intraoperative radiotherapy in borderline resectable patients has 
been registered (Paiella 2021). An abstract presented at the 2020 ASCO 
Annual Meeting showed that modified-dose FOLFIRINOX (mFOLFIRINOX) 
was superior to mFOLFIRINOX and SBRT (Katz 2021). 

Neoadjuvant therapy regimens are chosen based on the resectability and 
stage of pancreatic cancer. Additionally, patient performance status and 
comorbidities impact the decision. The NCCN guidelines recommend 
FOLFIRINOX, mFOLFIRINOX, gemcitabine combined with nab-paclitaxel or 
cisplatin, with the possibility of subsequent chemoradiation for resectable and 
borderline resectable disease. Systemic therapy or chemotherapy with 
chemoradiation or SBRT is recommended for locally advanced disease. 
Regimens include FOLFIRINOX, mFOLFIRINOX, and gemcitabine combined 
with nab-paclitaxel. Other recommendations include gemcitabine with 
erlotinib, gemcitabine with capecitabine, gemcitabine or capecitabine alone, 
and fluorouracil (5-FU), among others. For patients with poor performance 
status, gemcitabine or capecitabine alone, or 5-FU is recommended. In the 
case of inferior performance status, palliative care is a possibility. However, 
new research is published constantly, and many trials in the neoadjuvant 
setting are ongoing in phases II and III. The ESPAC-5F is an ongoing phase II 
trial comparing upfront surgery with different preoperative therapies for 
borderline resectable pancreatic cancer. Preliminary results show a survival 
benefit with neoadjuvant therapy over upfront surgery with any studied 
regimen (Ghaneh 2020).  
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Treatment regimen Notes 
FOLFIRINOX*, 
mFOLFIRINOX 

Not all patients are fit for FOLFIRINOX 

Gemcitabine + nab-
paclitaxel 

Used in a metastatic setting as well 

Gemcitabine + other 
regimens 

The most common therapeutic agents combined 
with gemcitabine include cisplatin and 
capecitabine. 

Gemcitabine  Gemcitabine singularly for poor performance status 

+- radiotherapy Radiotherapy with a sensitizing agent if the 
response after chemotherapy is insufficient 

*FOLFIRINOX includes folinic acid, fluorouracil (5-FU), irinotecan, and oxaliplatin. 
mFOLFIRINOX constitutes 75% of the standard dosage. 

Pancreatic surgery is demanding for both the patient and the surgeon. 
Pancreatic surgery is carried out from the upper midline or bilateral subcostal 
incision. The most common operation for pancreatic cancer is the 
pancreaticoduodenectomy. Pancreaticoduodenectomy is divided into three 
phases: exploration for extra-regional spread not detected by imaging, tumor 
resection, and the reconstruction of the pancreatobiliary and intestinal tracts 
(Wolfgang 2013). Pancreaticoduodenectomy is employed with right-sided 
pancreatic cancer of the head, neck, or uncinate process. The gallbladder, 
duodenum, head of the pancreas, proximal jejunum, and the distal common 
bile duct are excised with appropriate gastrointestinal reconstructions. 
Reconstructions include pancreaticojejunostomy (pancreas to jejunum), 
hepaticojejunostomy (bile duct to jejunum), and gastrojejunostomy (stomach 
to jejunum). The proximal end of the jejunum is closed, and an adequate 
remaining blood supply needs to be present. In a pylorus-preserving 
pancreaticoduodenectomy, the entire stomach and proximal duodenum are 
preserved, and a duodenojejunostomy is performed instead. With pancreatic 
cancer in the body or tail, distal or total pancreatectomy is performed.  

Regional lymph nodes of interest for standard lymphadenectomy during 
pancreatic surgery are located along the gallbladder, the common bile duct, 
the head of the pancreas, the anterior hepatic artery (HA), the portal vein (PV), 
the superior mesenteric vein (SMV), and the right side of the superior 
mesenteric artery (SMA); celiac, splenic, and the left gastric artery nodes 
should not be included (Tol 2014).  
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Vascular reconstruction techniques include partial venous excision with direct 
closure, partial venous excision using a patch, segmental resection with 
anastomosis, and segmental resection with interposed venous conduit and 
several anastomoses (Bockhorn 2014). Venous tumor adhesion is regarded as 
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being due to the anatomy and location of the tumor, whereas arterial 
infiltration is a symptom of aggressive disease nature (Yekebas 2008, 
Mollberg 2011). Although arterial resections harbor the highest mortality 
rates, survival is still longer when compared to exploration only or palliative 
treatment. Due to high local and distant recurrence rates, extended resection 
has been proposed. However, it appears that extended pancreatectomy does 
not guarantee longer survival in more advanced disease. Furthermore, with 
extended surgery, mortality and morbidity rates increase (Kulemann 2015, 
Hartwig 2016). Interestingly, a study by Hackert et al. examined surgically 
treated patients with oligometastatic disease – resectable liver metastases (1 
to 3) or aortocaval nodes – and reported that it could be carried out safely and 
offers longer survival over palliative treatment. However, patient selection for 
this type of surgery is controversial (Hackert 2017).   

In a radical R0 resection, all cancer tissue is histologically removed, and 
clear surgical margins are >1 mm throughout the specimen. R1 resection is 
usually defined as surgical margins <1 mm, however, differing from 0-1 mm in 
published articles. Due to the contact with nearby blood vessels, patients with 
borderline resectable disease are more likely to undergo an R1 resection (Katz 
2014). SMA is the most likely location of R1 margins. Emerging techniques for 
vascular resections have enabled more patients to undergo pancreatic 
resections, and in some cases, a vascular resection is necessary for radical 
resection margins (Katz 2014). R2 resection is defined as visible cancerous 
tissue left behind. 

Pancreatic surgery still accounts for high morbidity rates even though 
surgery-related mortality has decreased (Winter 2006, Raman 2013). 
Centralization has improved survival and decreased mortality rates (Gooiker 
2014, Seppänen 2017, Ahola 2018). In a Finnish cohort of patients undergoing 
pancreatic surgery, 68% were pancreaticoduodenectomies, 21% distal 
pancreatectomies, and 3% total pancreatectomies (Seppänen 2017). Other 
procedures, such as stenting, accounted for 6% (Seppänen 2017). The in-
hospital mortality rate was 2.1%, and the re-operation rate was 5% (Seppänen 
2017).  

Patients typically attend the operating hospital for follow-up. NCCN 
guidelines for follow-up include follow-up every three to six months for the 
first two years postoperatively and annually after that. In Finland, follow-up is 
referred to health centers after five years of follow-up in tertiary care centers.  
Follow-up for the first five years includes CT, physical examination, and 
laboratory tests, including CA19-9. Follow-up looks for any signs and 
symptoms of disease recurrence.  The clinical value of CA19-9 is best described 
in follow-up and is an excellent marker of disease recurrence and treatment 
response in a metastatic setting. The use of positron emission tomography 
(PET-CT) could add value for detecting recurrent disease, especially when CT 
is negative but disease recurrence is suspected (Daamen 2018). Surgery after 
local recurrence is not common practice, and patient selection is controversial. 
However, a survival benefit over exploration has been reported (Strobel 2013).  
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Complications after pancreatic surgery (for non-malignant and malignant 
tumors) are divided into five classes, from I to V (Dindo 2006, DeOlivieira 
2006). Grade I complications include deviations from standard approaches, 
including antiemetics, antipyretics, analgesics, diuretics, electrolytes, 
physiotherapy, and wound infections treated bedside. Grade II complications 
include further pharmacological interventions, blood transfusions, and total 
parenteral nutrition. Grade III complications include any surgical, endoscopic, 
or radiologic intervention divided into A (not under general anesthesia) and B 
(under general anesthesia). Grade IV complications include life-threatening 
complications requiring intermediate or intensive care unit management. 
Grade IV complications are further divided into A (single-organ dysfunction) 
and B (multiorgan dysfunction). Grade V stands for the death of a patient.  

Morbidity after pancreatic surgery is common, 50% to 65% (DeOlivieira 
2006, Grombyer 2007, Watanabe 2017). Following complication rates have 
been reported: infections 17%, delayed gastric emptying (DGE) 13%, fistulas 
9%, and cardiopulmonary complications 5%. For grade III or higher, 
complications have been reported: infection 8%, delayed gastric emptying 7%, 
and fistula 4% (DeOlivieira 2006). Most common infections include wound 
infections and urinary tract infections. Age did not correlate with complication 
severity or complication rate. Cardiovascular disease emerged as the only 
significant risk factor for complications in multivariate analysis (DeOlivieira 
2006).  In a study from Helsinki University Hospital, a grade B-C fistula rate 
of 2.6% and a 28% rate of biochemical leak were reported (Vuorela 2020). 
Additionally, a grade B-C DGE rate of 10%, re-operation rate of 6%, and a 
postoperative hemorrhage rate of 7% were reported (Vuorela 2020).  

Pancreatic fistulas are common after pancreatic surgery. Other 
postoperative complications include hemorrhage, delayed gastric emptying, 
pseudoaneurysms, intra-abdominal abscesses, and anastomotic strictures. 
Perioperative hydrocortisone decreases complications in high-risk patients 
after pancreaticoduodenectomy, including fistulas, hemorrhage, and delayed 
gastric emptying (Laaninen 2016). Additionally, perioperative pasireotide – a 
somatostatin analog – has effectively prevented clinically significant fistulas 
(Allen 2014, Seppänen 2017, Vuorela 2020). On the other hand, the decrease 
in albumin levels after surgery is associated with increased fistula risk (Gruppo 
2018). 

Pancreatic fistula was previously defined as grade A, B, and C. Nowadays, 
the classification is a biochemical leak (previously grade A), grade B, and grade 
C. However, no fistula should be reported if the leakage is not clinically 
relevant, even if high enough to be classified. Drain output of any measurable 
volume of fluid with an amylase level of >3 times the standard upper limit and 
a clinically relevant condition of the patient would be considered as fistula. 
Therefore, patients with drainage and no change in clinical condition would 
be considered as a biochemical leak. Grade B fistula requires changes in the 
management of the patient, the drain is in place for more than three weeks, or 
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it needs to be repositioned. Grade C leads to organ failure, requires re-
operation, or leads to mortality (Bassi 2017). The mortality risk of grade C 
fistulas is 35% (McMillan 2016). 

There are several criteria for DGE after surgery. According to the 
International Study Group for Pancreatic Surgery (ISGPS) criteria, DGE is 
divided into grades A, B, and C. Grade A DGE: the nasogastric tube (NGT) is 
required on the postoperative day (POD) 4 to 7, or reinserted after removal by 
POD 3, or the patient is unable to tolerate a solid diet by POD 7 but resumes 
to solid diet by POD 14. Grade B: the NGT is required from POD 8 to 14 or 
reinserted after POD 7, or the patient cannot tolerate total oral intake by POD 
14 but resumes to a solid diet by POD 21. Grade C: NGT cannot be 
discontinued, NGT reinsertion after POD 14, or the patient cannot tolerate 
solid oral intake by POD 21. DGE grade A does not typically delay the patient’s 
discharge, DGE grade B typically prolongs the patient’s hospital stay, and DGE 
grade C is a major complication, prolongs the patient’s discharge, and delays 
any planned adjuvant therapy (Wente 2007). Other complications seem to 
increase the incidence of delayed gastric emptying (Mohammed 2017). 

Postoperative hemorrhage is divided into grades A, B, and C, defined by the 
time of onset, location, and severity (Wente 2007). A is early (within 24h of 
the operation), the clinical condition is well, severity is mild, and there are no 
therapeutic consequences. Grade B occurs either early (severe) or late (mild), 
and grade C occurs late (after 24h) and is regarded as severe. Severe means a 
large volume of blood loss (Hb drop of 3 g/dl or more), a clinically significant 
impairment, the need for blood transfusions (more than three units), and 
invasive treatment. Anything less is regarded as mild. Interestingly, 
intraoperative blood transfusions have been associated with poorer survival, 
possibly at least partly due to immunosuppressive effects (Kulemann 2015). 

Adjuvant therapy is the curative-intent oncological therapy given after 
surgery. Radiation as a part of adjuvant therapy remains controversial. Studies 
have reported both a survival benefit and no survival benefit, in addition to an 
even poorer survival among those treated with radiation postoperatively 
(Neoptolemos 2001, Neoptolemos 2004, Corsini 2008, Herman 2008). 
Radiation has been suggested for patients with R1 resection. Nowadays, the 
suggested adjuvant therapies, in order, are mFOLFIRINOX, gemcitabine and 
capecitabine, and single gemcitabine (Ducreux 2015). According to the NCCN 
guidelines, other adjuvant therapy possibilities include 5-FU with leucovorin, 
capecitabine, and chemoradiation.  

In the CONKO-1 trial, a 6-month gemcitabine regimen after complete 
resection resulted in an increased overall and disease-free survival compared 
to observation alone (Oettle 2007). In a long-term follow-up study, the 5-year 
and 10-year survival rates were 20.7% and 12.2%, respectively, for patients 
receiving gemcitabine in the adjuvant setting (Oettle 2013). Survival rates 
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were 10.4% and 7.7% for those not receiving adjuvant therapy, respectively 
(Oettle 2013).  

In the ESPAC-4 trial, 6-month single gemcitabine and 6-month 
gemcitabine with capecitabine after complete resection were compared 
(Neoptolemos 2017). Median overall survival was longer among patients who 
had received gemcitabine with capecitabine (Neoptolemos 2017). The median 
relapse-free survival times did not differ significantly.  

In the PRODIGE trial, gemcitabine and modified-dose FOLFIRINOX, 
mFOLFIRINOX, were compared (Conroy 2018).  Median disease-free survival 
times differed significantly, 21.6 months among those who received 
mFOLFIRINOX and 12.8 months among those who received gemcitabine. 
Median overall survival times were 54.4 months and 35.0 months, respectively 
(Conroy 2018).  

The preliminary results of the APACT trial reported a significant survival 
benefit with gemcitabine and nab-paclitaxel over single-gemcitabine 
(Tempero 2019). Combination therapy is more efficient than single 
therapeutic regimens; in the ESPAC-4 trial, gemcitabine combined with 
capecitabine was more efficient than gemcitabine alone (Neoptolemos 2017). 
Progression and adverse effects lead to the discontinuation of adjuvant 
therapy in many patients. In the ESPAC-4 trial, 35% of patients in the 
gemcitabine arm discontinued their treatment due to toxicity, disease 
progression, patient decision, or death of the patient. In the gemcitabine with 
capecitabine arm, 46% discontinued their treatment (Neoptolemos 2017). In 
the PRODIGE trial, up to 75.9% of the patients in the mFOLFIRINOX group 
reported grade 3 or 4 adverse events, compared to 52.9% in the gemcitabine 
group. 

Unresectable disease represents locally advanced unresectable disease or 
metastatic disease. Approximately 80% of diagnosed pancreatic cancer 
patients present with unresectable disease. Unresectable disease is 
approached with chemotherapy or chemoradiotherapy. Comorbidities and 
performance status should be evaluated and palliative care planned early as 
possible (Sohal 2018). Adequate imaging is recommended for thorough 
disease evaluation (Sohal 2018). 

Metastatic disease is usually recommended to be approached with 
FOLFIRINOX, mFOLFIRINOX, or gemcitabine and nab-paclitaxel if the 
performance status is good enough (Conroy 2011, Sohal 2018).  For those with 
inferior performance status, gemcitabine or capecitabine alone or 5-FU is 
recommended. Additionally, gemcitabine with cisplatin is an option. After 
disease recurrence or progression through a specific regimen, treatment 
proceeds with another regimen. 

Palliative procedures (including stents) and treating the symptoms and 
comorbidities are crucial for patients with unresectable disease. Self-
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expanding metallic stents seem to be better than plastic stents for patients 
receiving chemotherapy in both palliative and neoadjuvant settings 
(Vehviläinen 2021). Additionally, avoiding unnecessary therapies and 
procedures is essential. Therapy should be tailored based on the patient’s 
needs and wants, prognosis, and life expectancy. Quality of life and pain 
management should never be forgotten. Steroids seem to reduce cancer-
related pain (Haywood 2005). In the case of neuropathic pain, amitriptyline, 
valproate, or gabapentin can be useful (Johnson 2009). For extreme pain, a 
celiac plexus block may be used (Mercadante 2015). 

Pancreatic exocrine insufficiency (PEI) is widely associated with pancreatic 
cancer and pancreatic resections (Dominíniquez-Muñoz 2009). PEI is 
approached with oral pancreatic enzyme therapy, which appears to improve 
quality of life and even survival (Dominíniquez-Muñoz 2018).   

The poor survival rates argue for additional investigation for possible 
treatment regimens. With the extensive involvement of immunological 
pathways in pancreatic cancer, immunotherapy has been studied as a potential 
therapy, especially with other already used regimens (Shibuya 2014). Immune 
checkpoint inhibitors and adoptive cellular therapies have been suggested. 
The tumor microenvironment is abundant with immunosuppressive cells, and 
targeting these could prove feasible.  

Different innate immune targets have been studied as possibilities for 
immunotherapy, including TLRs, retinoic-acid inducible gene I- (RIG-I) like 
receptors, and stimulators of interferon genes. The Bacillus Calmette-Guerin 
applied in bladder cancer treatment is a TLR agonist (Galluzzi 2012). In 
pancreatic cancer, no immunotherapy is in clinical practice outside clinical 
trials.  

An allogeneic granulocyte-macrophage colony-stimulating factor-secreting 
tumor vaccine has been tested in a single-arm study (Lutz 2011). The 
immunotherapy was given together with 5-FU-based chemoradiation. Median 
disease-specific survival was 25 months, and median disease-free survival was 
17 months. No significant difference in median survival was recorded 
compared to the surgically treated patients at the hospital who did not receive 
immunotherapy.  

Erlotinib, an epidermal growth factor receptor inhibitor, has been studied 
in pancreatic cancer patients. Added to gemcitabine, it did not improve 
survival in patients who underwent radical surgery (Sinn 2017). Additionally, 
ipilimumab – a T cell checkpoint inhibitor – and anti-PD-L1 (programmed 
death ligand 1) therapy for programmed cell death have been studied with no 
response to survival rates (Royal 2010, Brahmer 2012). Tremendous potential 
for both was reported in numerous other cancer types (Silva 2017). Vascular 
and endothelial growth factor inhibitors, and multikinase inhibitors with 
antiangiogenic activity have been tested with no promise in pancreatic cancer 
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(O’Reilly 2010, Kindler 2010, Kindler 2011, Kindler 2012, Michl 2013, Rougier 
2013). Targeting angiogenesis has been postulated to have failed due to the 
hypovascular nature of the stroma (Michl 2013).  

The genetic changes specific to pancreatic cancer have been a target of 
possible future therapies. However, many have proved unsuccessful, including 
the most prevalent mutation in the oncogene KRAS (Liu 2014, Bournet 2016). 
Additionally, targeting the tumor stroma has been studied (Li 2012, Thomas 
2019).  

Organoids, three-dimensional organotypic cultures, are employed to model 
pancreatic cancer and are used for therapeutic interventions. Tumor cells can 
be extracted from surgical samples or biopsy tissue, cultured and grown, and 
tested for the sensitivity of possible adjuvant therapy regimens (Baker 2016). 
However, culturing organoids has proved demanding. Additionally, there are 
no immunological or stromal compartments in the cultures, and as stated 
earlier, stroma plays a central role in pancreatic cancer. This also prevents the 
testing of immunotherapeutics and drugs targeting the stroma (Baker 2016).  

In the future, patients could undergo DNA sequencing or have organoids 
grown from their tissue samples to personalize oncological therapy to each 
patient’s needs. Today, early detection, determining patients at high risk, and 
screening them seem to be the most promising tools for prolonged survival. 
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The overall 5-year survival rate has not improved drastically over the past 
decades, ranging from 5% to 10%, although advances in surgical techniques, 
perioperative care, and treatment regimens have been achieved (Schneider 
2005, Hsu 2010, Siegel 2019). However, for surgically treated patients and 
different subpopulations, survival has improved during the past decades. 
Despite this, the 5-year survival rate remains poor even after a successful 
resection, at 20% to 25% (Vincent 2011, Seppänen 2017). However, new 
oncological approaches have shown promising results (Conroy 2018). 
According to estimates, pancreatic cancer continues to increase in incidence 
and lead to more cancer-related deaths in the future. The main reasons are the 
lack of effective treatment options and the lack of tools for early detection 
(Rahib 2014).  

The survival of pancreatic cancer has been reported to be largely stage-
dependent. Survival varies significantly between studies, depending on the 
percentage of surgically treated patients, disease stage, and other tumor-
related and patient-related factors. The 5-year survival rate for localized 
pancreatic cancer is around 34%, regional disease around 12%, and metastatic 
disease 3% (Siegel 2019). The median survival for resectable pancreatic cancer 
has previously been reported to range from 14 (Stage III) to 46 (Stage IA) 
months (Vincent 2011, Kwon 2018). The survival of borderline resectable 
pancreatic cancer has been reported to be around 14 to 43 months (Kim 2017, 
Cloyd 2017, Quan 2018, Javed 2019, Versteijne 2020), not affected by stage as 
much as upfront resectable disease. The survival of locally advanced 
unresectable disease varies considerably between studies and has been 
reported to be 9 to 19 months (Sawaki 2009, Crane 2009, Loehrer 2011, Crane 
2011, Sudo 2011). From randomized controlled trials, the survival of 
metastatic pancreatic cancer is 5 to 11 months depending on the treatment 
regimens administered (Moore 2007, Conroy 2011, Von Hoff 2013, Desai 
2015). Using multiple agents has been proved to be superior to gemcitabine 
alone. However, increased toxicity limits the use of multiple agents (Conroy 
2011). Adjuvant therapy reduces the likelihood of early recurrence (Groot 
2019). Generally, adjuvant therapy improves survival in pancreatic cancer. 
However, only around 2/3 of all patients complete the entire course, and the 
discontinuation of the treatment is associated with decreased survival (28 m 
vs. 15 m) (Valle 2014). Additionally, only about 50% of patients with 
preoperatively planned adjuvant therapy are fit for adjuvant therapy after 
surgery (Fathi 2015). Patients treated with neoadjuvant therapy are more 
likely to complete multimodal therapy than patients who undergo upfront 
surgery and are subsequently intended to be treated with adjuvant therapy 
(Tzeng 2014). 
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In resectable disease, mFOLFIRINOX as adjuvant therapy, median 
survival times up to 54 months have been reached compared to 35 months 
with single-gemcitabine in the same study (Conroy 2018). However, a higher 
incidence rate of adverse effects was recorded with mFOLFIRINOX, and not 
all patients can undergo this toxic treatment (Conroy 2018). 

The survival of borderline resectable patients has improved over the past 
decades. This is mainly due to oncological treatment regimens that have 
enabled more successful margin-negative resections (Cloyd 2017, Jang 2018). 
Neoadjuvant therapy seems beneficial, especially in advanced disease (Mirkin 
2016, De Geus 2017). A randomized controlled trial in Korea was terminated 
early due to the drastic survival benefits of neoadjuvant therapy over upfront 
surgery in borderline resectable patients (Jang 2018). In an extensive study of 
8 000 patients, neoadjuvant therapy was also beneficial in early-stage 
pancreatic cancer (Mokdad 2016). Many studies have varying patient 
inclusion criteria. Furthermore, the criteria for borderline resectable disease 
varies between centers and countries.    

The advantage of neoadjuvant therapy over adjuvant therapy in resectable 
patients has not been established (Wolfgang 2013). However, studies show 
that neoadjuvant therapy increases the likelihood of multimodal therapy 
(Tzeng 2014, Labori 2016). Resection is not possible in all cases after 
neoadjuvant therapy, and the median survival after exploration only has been 
reported to be 8.5 months (Hackert 2016). At Johns Hopkins, borderline 
resectable patients were reported to have a median survival of 28.8 months if 
operated on and 14.5 months if not operated on, with a resection rate of 64% 
(Javed 2019). Survival dependends not on radiographic downstaging but 
histological changes, such as lymph node involvement, resection margin 
status, and histological treatment response (Katz 2012). Among patients 
undergoing neoadjuvant therapy, FOLFIRINOX-based treatment, R0 
resection, and postoperative adjuvant therapy were associated with better 
postoperative survival, whereas tumor size >30 mm with decreased survival 
(Ren 2021).  

Patients with locally advanced disease can sometimes undergo resection 
after neoadjuvant therapy, and patient selection should be thoroughly 
considered. In a 415-patient cohort, 20% underwent surgery after neoadjuvant 
therapy, and those who underwent surgery survived significantly longer than 
those who did not undergo resection (35 months vs. 16 months) (Gemenetzis 
2019). A meta-analysis by Chen et al. showed that FOLFIRINOX-based 
neoadjuvant therapy harbors the potential to improve resection rates, the 
number of R0 resections, and median survival in locally advanced disease 
(Chen 2021). 

Disease progression even after five years has been reported, meaning that 
reaching a 5-year survival does not guarantee actual long-term survival 
(Ferrone 2008). Furthermore, a study re-evaluating all 5-year survivors found 
that the majority was, in fact, not suffering from pancreatic ductal 
adenocarcinoma. After the re-evaluation, the corresponding 5-year survival 
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rate for pancreatic ductal adenocarcinoma was only 0.2% (Carpelan-
Holmström 2005). Other findings among those surviving beyond five years 
were mucinous cystadenomas, ampullary or periampullary carcinomas, 
endocrine tumors, IPMN, and chronic pancreatitis (Carpelan-Holmström 
2005).  

Patients with recurrence limited to lungs have been reported to survive 
significantly longer after disease recurrence than other patients (Wangjam 
2015). This could be due to cancer biology (Deeb 2015).   

Furthermore, patients with pancreatic cancer are at a higher risk for 
psychiatric diseases. Pancreatic cancer is associated with an increased risk of 
depression (Mayr 2010). Additionally, men with pancreatic cancer are at an 
increased risk of suicide, up to 11 times compared to the general population 
(Turaga 2011). 

In a German cohort, the 8th edition of the AJCC pancreatic cancer staging has 
proved to better stratify patients in terms of prognosis than the 7th edition 
(Schlitter 2017). In the 7th edition, many patients with tumors extending 
beyond the pancreas were classified as T3, and the prognostic differences 
between these patients were not easily elucidated. The majority of pancreatic 
cancer patients would fall into stage IIB irrespective of tumor size. However, 
the new edition is strictly size-based and differentiates better between the T 
classes in prognosis. The newly introduced N classification, including N0, N1, 
and N2, based on the number of positive lymph nodes, did not show clinical 
relevance over the old N classification that included only N0 and N1 (Schlitter 
2017). Another study, however, found that survival is significantly longer in 
those with one or two positive lymph nodes than those with three or more 
positive lymph nodes (Tarantino 2016).  

Patients with larger tumors have a poorer prognosis; however, unfavorable 
outcomes are also encountered among patients with small tumors (Franko 
2013, Shin 2014, Izumi 2014, Hur 2015). Lymph node negativity and low 
lymph node ratio – the number of positive lymph nodes to the number of 
lymph nodes studied – are factors associated with longer survival in resectable 
pancreatic cancer (Åkenberg 2016).  

Tumor differentiation is one of the most established prognostic factors in 
pancreatic cancer. Patients with well differentiated tumors appear to survive 
longer, even multiple times longer than those with poorly differentiated 
tumors (DSS 77 months vs. 20 months; DFS 63 months vs. 9 months) (Crippa 
2012). Tumor differentiation has even been considered to predict survival 
better than tumor size and lymph node positivity (Wasif 2010). The addition 
of tumor differentiation to the AJCC staging criteria has been suggested (Wasif 
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2010). From different preoperative factors, only cancer-related symptoms 
correlated with the incidence of poorly differentiated tumors (Crippa 2012). 
Compared to patients with well or moderately differentiated tumors, those 
with poorly differentiated tumors appear to benefit more likely from adjuvant 
therapy (Crippa 2012). Neoadjuvant therapy has been suggested for poorly 
differentiated tumors, although the diagnosis before surgery can be difficult. 
However, poorly differentiated tumors are potentially identified from 
preoperative biopsies; poorly differentiated carcinomas feature overly 
malignant-looking and enlarged nuclei with strong anisonucleosis (Hruban 
2007). 

Resection margin involvement associates with local recurrence (Ghaneh 
2019). Patients with an R2 resection have been reported to survive less than 
12 months, a survival comparable to locally advanced unresectable disease 
(Willett 1993, Sohn 2000). However, due to varying definitions and 
investigation techniques, the impact of not reaching radical resection or 
reaching a radical resection on patient outcomes is controversial (Ethun 
2016).  

In patients treated with neoadjuvant therapy, fibrosis and the reduction in 
viable cancer cells have been associated with a favorable prognosis (Chatterjee 
2012). The tumor viability after neoadjuvant chemotherapy is associated with 
postoperative survival (Townend 2018). Patients with a complete 
(pathological) response after neoadjuvant chemoradiation therapy have a 
survival advantage (60 months) over those with a near-complete response (27 
months) and a limited response (26 months, p=0.001) to neoadjuvant therapy 
(He 2018). In patients treated with neoadjuvant therapy, FOLFIRINOX and 
negative nodal status are associated with prolonged survival (He 2018).  

Perineural invasion is associated with early disease recurrence (Fouquet 
2014). Additionally, other studies have reported the negative prognostic value 
of perineural invasion (Shimada 2011, Kondo 2015). 

Based on subsequent survival, early recurrence was previously defined as 
recurrence within 12 months postoperatively in a large patient cohort (Groot 
2019). Large tumor size, poorly differentiated tumor histology, 
lymphovascular invasion, and LNR >0.2 were associated with early recurrence 
(Groot 2019). Recurrence within 6 months is more common in patients whose 
tumor size is >30mm (Matsumoto 2015).  

In this thesis, CRP and CA19-9 are primarily studied. Additionally, the 
prognostic value of tumor tissue expression of TLRs is examined. In studies 
III and IV, we additionally investigated the prognostic value of CEA, albumin, 
bilirubin, platelets, and leukocytes.  
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CRP is an acute-phase protein produced by the liver as a part of the 
systemic inflammatory response. Additionally, as CRP levels increase, 
albumin levels decrease during systemic inflammation (Gabay 1999, Fanali 
2012). Furthermore, albumin has been linked to reflect the patient’s 
nutritional status (Fanali 2012), and low postoperative levels predict 
incomplete adjuvant therapy (Matsumoto 2015). Systemic inflammatory 
response and elevated tumor markers have been reported to predict poor 
outcomes in surgically treated pancreatic cancer patients (Salmiheimo 2016); 
CRP levels correlate with tumor burden and aggressiveness (Shibuya 2014). 
Elevated CRP, with varying cut-off values from 1 to 20 mg/l, associates with 
poor prognosis (Sanjay 2012, Szkandera 2014, Salmiheimo 2016). However, 
not all studies reported a correlation between CRP and prognosis (Pine 2009, 
Garcea 2011). The Glasgow prognostic score (GPS) predicts survival in lung 
cancer (Forrest 2003) and pancreatic cancer (Yamada 2016, Salmiheimo 
2016), among other cancer types. The modified Glasgow prognostic score 
(mGPS) is preferred based on a more extensive study evaluating multiple 
cancer types (Proctor 2011). The mGPS predicts survival in pancreatic cancer 
studies as well (Yamada 2016, Salmiheimo 2016).  

CA19-9 is the most widely used biomarker in pancreatic cancer. Both 
preoperative and postoperative levels have been associated with survival, in 
addition to changes during chemotherapy and follow-up. Normalization of 
CA19-9 levels during neoadjuvant therapy in resectable and non-resectable 
patients has been associated with a more favorable prognosis (Tzenf 2014). In 
non-resectable disease, the CA19-9 levels are applied as a marker of response 
to therapy (Bernhard 2010, Ballehaninna 2012, Martin 2012). Patients with 
low preoperative levels have been reported to survive longer (Ballehannina 
2012, Sugiura 2012); patients with levels <37 kU/l had a median survival of 32 
to 36 months and those with elevated levels a median survival of 12 to 15 
months. Furthermore, CA19-9 >100 kU/l has been associated with early 
recurrence and a grim postoperative prognosis (Sugiura 2012). High 
preoperative CA19-9 levels indicate patients at high risk for clinically occult 
metastatic disease (Maithel 2008, Satoi 2011, Sugiura 2012). During 
neoadjuvant therapy, CA19-9 levels decrease in the majority of patients 
(Boone 2014). The decrease in CA19-9 levels correlates with resectability 
(Boone 2014). Furthermore, the CA19-9 response associates with resection 
margin, the histopathologic response rate, and survival (Boone 2014). The 
elevation of CA19-9 most likely indicates disease recurrence or progression 
through oncological therapy. CA19-9 is employed as a prognostic marker 
postoperatively during follow-up (Humphris 2012, Martin 2012, Strobel 
2013). With persisting elevated CA19-9 levels postoperatively, patients 
experience worse survival rates (Berger 2008).  

Approximately 5% to 10% of Caucasians cannot produce CA19-9 due to 
Lewis antigen-negativity (Kim 2004, Berqquist 2016). Interestingly, patients 
with CA19-9 levels under the detection limit have been reported to have a 
superior median survival to CA19-9 secretors overall, and survival is 
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equivalent to those with normal levels (Berger 2004, Berqquist 2016). The 
reasons are unknown.  

A high TLR expression has been associated with poor survival in many 
cancer types, including breast, lung, and colon cancer (Eyking 2011, Thomas 
2012, Ahmed 2013). Results in pancreatic cancer studies vary. A high TLR9 
expression has been associated with longer survival (Leppänen 2017). TLRs 2 
and 4 have shown contradictory results (Leppänen 2017, Lanki 2018). 
Furthermore, a high TLR1 expression has correlated with longer survival 
(Lanki 2019). Finally, the negative expression of TLRs 1, 3, 7, or 9 predicted a 
shorter survival (Lanki 2019). TLRs are discussed in more detail in section 
6.2.4.3.  

Due to the dismal prognosis of pancreatic cancer, many studies have tried to 
find the perfect prognostic biomarker for pancreatic cancer. A combined effect 
of different cytokines affects patient survival, suggesting that multiple 
inflammatory pathways contribute to the progression of pancreatic cancer 
and, thus, impact survival (Babic 2018). Table 4 lists well-known biomarkers 
studied in pancreatic cancer. Additionally, circulating exosomes have been 
studied as potential biomarkers, and the CancerSEEK multi-analyte blood test 
showed promising results (Mendt 2018, Cohen 2018).   
 

Biomarker Prognostic effect ref 
CEA A high CEA level is associated with 

shorter survival. 
Lee 2013 

Cancer antigens CA125, CA15-3, CA72-4, and 
CA242 have been analyzed, with no 
predictive value. 

Louhimo 2004, 
Zhang 2012 

CTCs CTCs are associated with shorter 
survival and earlier recurrence. 
CTCs are believed to be the source 
of metastases. 

Z’Graggen 2001, 
Vona 2004, Kurihara 
2008, de 
Albuquerque 2012, 
Hofman 2012, 
Tjensvoll 2014, Poruk 
2016, Gemenetzis 
2018 

cfDNA, ctDNA Detected ctDNA in the bloodstream 
predicted worse overall and 
disease-free survival. Patients 
treated with neoadjuvant therapy 

Hadano 2016, Groot 
2019 
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sTNF-RII=soluble tumor necrosis factor receptor type II, MIC-1=macrophage inhibitory 
cytokine-1, PLR=platelet-to-lymphocyte ratio, NLR=neutrophil-to-lymphocyte ratio, 
cfDNA=cell-free DNA, ctDNA=circulating tumor DNA, CTC=circulating tumor cell, 
ROC=receiver operating characteristic. The mGPS and GPS are composed of CRP and 
albumin levels. See Table 8 for details. 

Biomarker Prognostic effect Ref 
T cells, CD cells High levels of CD4+ cells and CD8+ cells 

are associated with longer survival. A 
high ratio of T regs and CD4+ correlated 
with poorer survival. The presence of 
tumor-associated lymphocytes, CD3, 
CD8, and CD20, is associated with 
improved survival. 

Ino 2013, Tewari 
2013, Homma 
2014 

are less likely to have ctDNA 
detected. The persistence of ctDNA 
postoperatively is associated with 
short disease-free survival. 

NLR Elevated NLR is associated with 
poor survival. 

Kusumanto 2003, 
Aliustaoglu 2010, 
Wang 2012, Stotz 
2013, Yang 2015, 
Takakura 2016 

CRP, IL-6, sTNF-
RII, MIC-1 

High levels are associated with 
decreased survival. 

Babic 2018 

PLR High PLR is associated with a poor 
prognosis. 

Smith 2009 

CRP-to-Albumin 
ratio 

An elevated CRP-to-Albumin ratio 
is associated with shorter survival. 

Haruki 2016, Lee 
2016, Liu 2017, Hang 
2017 

CRP-to-
Lymphocyte 
ratio 

Neutrophil-to-Lymphocyte ratio, 
Platelet-to-Lymphocyte ratio, CRP-
to-Albumin-ratio, Neutrophil-to-
Albumin ratio, Platelet-to-Albumin 
ratio, and CRP-to-Lymphocyte 
(CLR) ratio were compared. CLR 
was the most accurate to predict 
survival using the area under the 
ROC curve.  

Fran 2020 
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Macrophages The presence of pan-macrophages and 
M2 macrophages is associated with 
shorter survival. A high ratio of M1 
macrophages to pan-macrophages is 
associated with longer survival. 

Ino 2013 

Neutrophils The presence of neutrophils is associated 
with shorter survival. 

Ino 2013 

Annexin-A8 High expression is more prevalent with 
poorly differentiated tumors. High 
expression is associated with poor 
survival. 

Pimiento 2015 

P-cadherin, E-
cadherin  

Overexpression of P-cadherin is linked to 
worse survival. 

Sakamoto 2015 

hENT1 In patients expressing hENT1, treatment 
with gemcitabine is associated with 
longer survival. In patients treated with 
neoadjuvant therapy, no survival benefit 
was recorded.  

Spartlin 2004, 
Farrell 2009, 
Marechal 2009, 
Kawada 2012, 
Greenhalf 2014, 
Nordh 2014 

SMAD4, 
SMAD7 

Loss of SMAD4 expression correlates 
with poor survival. High expression of 
SMAD7 correlates with longer survival.  

Wang 2009, 
Shugang 2016 

MMPs MMPs 1-3, 7-9, 11, 12, and 14 have been 
analyzed. Only MMP-7 expression is 
associated with survival. High expression 
correlates with a shorter survival. 

Jones 2004 

Podocalyxin High expression predicts poorer 
outcome. 

Saukkonen 2015 

PROX1 and 
beta-catenin 

High expression predicts longer survival. Saukkonen 2016 

UCHL5 Positive nuclear expression is associated 
with longer survival. 

Arpalahti 2017 

SPARC Stromal and cytoplasmic expression are 
related to worse prognosis. 

Sinn 2014 

CES2 In patients treated with FOLFIRINOX, 
high CES2 expression associates with 
longer survival.  

Capello 2015 

hENT1=human equilibrative nucleoside transporter 1, SMAD=signal transducer protein, 
MMP=matrix metalloproteinase, PROX1=prospero homeobox1, UCHL5=ubiquitin carboxyl-
terminal hydrolase L5, SPARC=secreted protein acidic and rich in cysteine (a glycoprotein), 
CES2=carboxylesterase 2 
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These studies aimed to find prognostic factors for patients treated with 
neoadjuvant therapy and investigate the effects of neoadjuvant therapy on 
systemic and local inflammatory markers of pancreatic cancer. 

 
 
• To find prognostic factors for pancreatic cancer patients treated with 

neoadjuvant therapy (Studies I-IV) 
 

• To find possible sub-populations of pancreatic cancer patients who 
would benefit from neoadjuvant therapy and to compare 
clinicopathological patient characteristics between patients treated 
with neoadjuvant therapy and those undergoing upfront surgery (Study 
I) 

 
• To investigate the significance of TLR expression in pancreatic cancer 

patients treated with neoadjuvant therapy (Study II) 
 

• To examine the effects of systemic inflammatory markers along with 
preoperative laboratory values on pancreatic cancer survival (Study III) 

 
• To study the effect of changes in laboratory values during neoadjuvant 

therapy on pancreatic cancer survival (Study IV) 
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A search for pancreatic ductal adenocarcinoma (PDAC) patients from the 
prospectively maintained Helsinki University Hospital database was 
conducted. This resulted in 399 consecutive PDAC patients operated on 
between July 2000 and December 2015 (Studies I and II) and 460 consecutive 
PDAC patients operated on between July 2000 and December 2016 (Studies 
III and IV). Table 6 shows the number of patients and study period for each 
study, and Figure 6 the flow of patients in each study. In total, 94 patients were 
treated with neoadjuvant therapy, and 182 patients underwent upfront 
surgery. These propensity-scored patients matched for sex, age, and time of 
surgery at a 1:2 ratio underwent upfront surgery after diagnosis. Patients with 
stage IV disease, patients who underwent emergency surgery, and those who 
died from surgery-related complications were excluded from survival analyses 
in all studies. Those with missing tissue samples for building tissue microarray 
were excluded from Study II. Patients with missing plasma samples, oral 
immunosuppressive medication, an ongoing infection at the time of surgery, 
and emergency surgery were excluded from Study III. In addition to the 
exclusion criteria for Study III, those with inadequate laboratory value data 
before and after neoadjuvant therapy and those who had an infection requiring 
antibiotic treatment within four weeks before the beginning of neoadjuvant 
therapy, were excluded from Study IV. Patient characteristics and survival 
data were retrospectively obtained from a prospectively maintained database 
using patient records and the Finnish Population Registry. Death certificates 
were collected from Statistics Finland. The REMARK criteria for reporting 
prognostic tumor markers were applied (McShane 2005).  

Pancreatic cancer staging was done according to the 7th edition of the 
American Joint Committee on Cancer (AJCC) in Study I. The 8th edition was 
applied in Studies II-IV.  

The studies were conducted in line with the Declaration of Helsinki. All studies 
were approved by the Helsinki University Hospital Surgical Ethics Committee 
(226/E6/2006, extensions 4/17/2013 and 3/27/2019) and the National 
Supervisory Authority of Welfare and Health. All patients signed a written 
informed consent form agreeing to their blood samples, histological specimen, 
and data to be collected and used for research purposes. 
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Study Years Number of 
patients 

NAT US Median 
follow-
up 

I 2000-2015 223 74 149 2.1 years 

II 2000-2015 216 71 145 2.3 years 

III 2000-2016 212 76 136 2.2 years 

IV 2000-2016 68 68 - 2.7 years 

NAT=patients treated with neoadjuvant therapy, US=patients undergoing upfront surgery. 

NAT=neoadjuvant therapy, US=upfront surgery, TLR=toll-like receptor, CRP=c-reactive 
protein 
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In borderline resectable patients, the tumor was in contact with either the 
portal vein, the superior mesenteric vein, or the superior mesenteric artery; 
based on imaging, the vessels needed to be amenable to reconstruction. 
Borderline resectable patients had no distant metastases visible via imaging. 
Neoadjuvant therapy was administered to borderline resectable patients 
except for one in Study I, taking part in a clinical trial in the early 2000s. This 
patient was later excluded from subsequent studies due to lacking data. 

Neoadjuvant therapy regimens consisted of FOLFIRINOX, single 
gemcitabine, or gemcitabine combined with capecitabine, cisplatin, or nab-
paclitaxel. Radiotherapy was administered to 24% to 39% of the patients 
depending on the study. All neoadjuvant therapy regimens are listed in 
Appendix I. 

A radiologist reviewed all available CT and MRI scans taken before and 
after neoadjuvant therapy to determine the effect of neoadjuvant therapy on 
tumor size. The tumor size in the axial plane was measured before and after 
neoadjuvant therapy (Study I). There were nine patients with inadequate 
imaging. 

A radical resection was considered as resection margins >1 mm reported in 
the pathology reports. 
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During the early 2000s, adjuvant therapy was not administered to all patients. 
Nowadays, adjuvant therapy is administered to all patients that are considered 
fit for the treatment. This does not lead to bias in our study since both patient 
groups have undergone surgery and received treatment during the same 
inclusion years. Adjuvant therapy was typically administered after four weeks 
postoperatively, with delays due to complications or inadequate postoperative 
recovery. The window for starting adjuvant therapy was considered one to 
three months postoperatively.  

Patients were classified into no adjuvant therapy, adjuvant therapy, and 
palliative therapy. Those classified into no adjuvant therapy did not receive 
postoperative therapy in a curative-intent setting but might have received 
treatment after disease progression. Patients were classified into adjuvant 
therapy if the treatment regimen began in a curative-intent setting within 
three months postoperatively, even though progression would have happened 
during the given therapy or it was discontinued due to adverse effects. 
Palliative therapy included patients with metastasis confirmed before the 
beginning of intended adjuvant therapy.  

All administered adjuvant therapy regimens are listed in Appendix II. 
Treatment regimens most commonly included single gemcitabine, 
gemcitabine combined with cisplatin or capecitabine, or FOLFIRINOX. None 
of the patients that had received neoadjuvant therapy received radiotherapy 
as their adjuvant therapy regimen. Four out of 182 patients that had 
undergone upfront surgery were administered radiotherapy as part of their 
adjuvant therapy regimen.  
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The tissue microarrays (TMA) comprised formalin-fixed and paraffin-
embedded surgical tissue samples that were obtained from the archives of the 
Department of Pathology, Helsinki University Hospital. In total, 71 tissue 
samples of patients treated with neoadjuvant therapy and 145 tissue samples 
of patients undergoing upfront surgery were suitable to be used for the TMA.  

A senior pathologist reviewed all tissue samples to confirm the PDAC 
diagnosis. Representative tumor areas were marked on an online server on the 
scanned tumor slides stained with hematoxylin and eosin.  

Kononen et al. previously described the applied TMA technique (Kononen 
1998). Six 1.0-mm-diameter punches were taken from each patient’s surgical 
tissue sample (focusing on tumor cells) and mounted onto the recipient 
paraffin block with a semiautomatic TMA instrument (Beecher Instruments, 
Silver Spring, MD, USA).  
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The prepared TMA blocks were freshly cut into 4-μm-thick sections. First, they 
were deparaffinized in xylene. Next, they were rehydrated through a gradually 
diminishing concentration of ethanol to distilled water. Then, the slides were 
treated in a Pre-Treatment module (Lab Vision Corp, Fremont, CA, USA) in 
either a Tris-HCl pre-treatment buffer (8.5pH; TLRs 1, 2, and 4) or a Tris-
EDTA buffer (pH 9.0; TLRs 3, 5, 7, and 9) for 20 minutes at 98˚C for antigen 
retrieval. An Autostainer 480 by Lab Vision was used for the staining 
procedure. The Dako REAL EnVision Detection system was used to visualize 
the antigen-antibody reaction (Peroxidase/DAB+, Rabbit/Mouse; Dako, 
Glostrup, Denmark). The antibodies used in Study III are listed in Table 7. 
Antibodies for TLR5 and TLR9 were mouse antibodies, and for the remaining 
TLRs, rabbit antibodies.  

In every staining series, skin and tonsil samples served as positive controls. 
Only tumor cells were analyzed. Cytoplasmic staining of tumor cells was 
scored as negative (0), mild (1), moderate (2), or strong (3). If present, nuclear 
and membranous staining were also scored. Nuclear staining was scored as 
yes (1) or no (0). Membranous staining (TLR 9) showed apparent intensity 
differences and was classified as cytoplasmic staining: from 0 to 3. 
Membranous staining appeared on both the cell and nuclear membranes. For 
TLR7, staining in the cytoplasm and the nuclear membrane were assessed 
together. Patients with multiple scores among their samples were classified 
according to the highest score. Due to statistical reasons, the staining 
intensities were divided into low (0-1) and high (2-3). The stainings were first 
scored independently by the PhD student and a senior pathologist. Both were 
blinded to data and outcome. This was followed by discussing any differences 
in scoring until consensus was reached.  

 

TLR Antibody Dilution Company 
  1 (H-90):sc-30000  1:100 Santa Cruz Biotechnology, Santa Cruz, CA, USA 

  2 (H-175):sc-10739  1:100 Santa Cruz Biotechnology, Santa Cruz, CA, USA 

  3 OABF00700  1:1500 Santa Cruz Biotechnology, Santa Cruz, CA, USA 

  4 (H-80):sc-10741  1:50 Aviva Systems Biology, San Diego, CA, USA 

  5 NBP2-24787  1:100 Novus Biologicals, Littleton, CO, USA 

  7 NBP2-24906  1:300 Novus Biologicals, Littleton, CO, USA 

  9 (26C593):sc-52966  1:300 Santa Cruz Biotechnology, Santa Cruz, CA, USA 
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All available preoperative plasma samples (n=212; neoadjuvant therapy n=76, 
upfront surgery n=136) were analyzed. After collecting the samples 
preoperatively, they were kept in freezers at -80˚C until retrieval for analysis. 
High-sensitivity CRP was identified from plasma samples. The high-sensitivity 
CRP method applied measures lower levels (even levels <1 mg/l) of circulating 
CRP than standard methods. A monoclonal antibody (anti-hCRP, code 6405, 
Medix Biochemica, Espoo, Finland) was used to capture CRP and as a tracer 
in a sandwich assay.  The method has been described in more detail previously 
(Salmiheimo 2016).  

Other preoperative laboratory values used consisted of laboratory tests 
routinely analyzed at the clinical laboratory of Helsinki University Hospital. 
These included CA19-9 (n=212), albumin (n=211), CEA (n=210), leukocytes 
(n=212), platelets (n=212), and bilirubin (n=211). Samples for CRP (96%, 
n=204) and routine laboratory tests (97%, n=206) were primarily collected 
within four days before surgery. Samples for tumor markers were primarily 
collected within seven days before surgery (90%, n=191; range 1-60 days). 
Among patients treated with neoadjuvant therapy, all samples were collected 
following neoadjuvant therapy. For study IV, the samples for laboratory tests 
were primarily collected within two weeks before the beginning of neoadjuvant 
therapy (97%, range 0-29 days) and one to four days preoperatively (97%, 
range 1-9 days), after neoadjuvant therapy. Values both before and after 
neoadjuvant therapy were available for 68 patients.  

The applied cut-off values are listed in Table 8. The manufacturer’s 
recommended cut-off values were applied for CEA, leukocytes, platelets, and 
bilirubin. For albumin, the cut-off value was based on the Glasgow Prognostic 
Score (GPS) (Forrest 2003) and the modified Glasgow Prognostic Score 
(mGPS) (Proctor 2011). The cut-off value for CA19-9 was based on the 
literature (Steinberg 1990). For CRP, the cut-off value was based on the 
commonly employed cut-off value in Finland (3 mg/l). The exact cut-off values 
were applied in Studies III and IV.  

In Study III, a preoperative prognostic score combining CRP and CA19-9 
was formed as follows: both CRP and CA19-9 below the cut-off values, either 
CRP or CA19-9 above the cut-off value, and both CRP and CA19-9 above the 
cut-off values.  

Study IV examined the changes in CRP, CA19-9, and other routine 
laboratory values during neoadjuvant therapy. The decrease in CA19-9 during 
neoadjuvant therapy was based on the literature (Boone 2014): a decrease of 
<50%, a decrease of 50% to 90%, and a decrease of >90%. Patients whose 
CA19-9 level normalized (to ≤37 kU/l) or remained at a normal level were 
classified as a decrease of >90% due to similar survival patterns and statistical 
reasons. Additionally, the combined change in CRP and CA19-9 was examined. 
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 Cut-off 
CRP (mg/l) <3 vs. ≥3 
CA19-9 (kU/l) ≤37 vs. >37 
Combined CRP and CA19-9*  
  1 CRP <3 and CA19-9 ≤37 
  2 CRP <3 and CA19-9 >37 

or 
CRP ≥3 and CA19-9 ≤37 

  3 CRP ≥3 and CA19-9 >37 
Albumin (g/l) <35 vs. ≥35 
CEA (µg/l) ≤5 vs. >5 
Leukocytes (E9/l) <3.4 vs. 3.4-8.2 vs. >8.2 
Platelets (E9/l) <150 vs. 150-360 vs. >360 
Bilirubin (µmol/l) ≤20 vs. >20 
GPS score  
  0 CRP ≤10 and albumin ≥35 
  1 CRP >10 or albumin <35 
  2 CRP >10 and albumin <35 
mGPS score  
  0 CRP ≤10 
  1 CRP >10 
  2 CRP >10 and albumin <35 

*used in Study III. 
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The Fisher’s exact test and linear-by-linear association were applied for 
categorical variables. The Mann-Whitney U-test and Jonckheere-Terpstra test 
were applied for continuous variables. Variable normality was tested with the 
Kolmogorov-Smirnov test. In Study II, the Spearman’s rank correlation test 
was used to determine correlations between TLR expressions.  

Survival was estimated with the Kaplan-Meier method and compared with 
the Breslow (Study I) or Log Rank (Studies II-IV) test. The Breslow test 
emphasizes survival differences during the early study period and was adopted 
in Study I. The Log Rank test was applied in Studies II-IV. Multivariate 
analyses were carried out with the Cox proportional hazards method. The 
endpoint was disease-specific survival. Clinically relevant and statistically 
significant variables were included in the models. All variables were tested 
independently with a time-dependent variable. If they did not meet the 
constant proportional hazard rate over time, the model was either divided or 
stratified with the variable not meeting the assumption. All variables were 
examined for possible interactions in each model. When determining the 
model, the rule of 10 reached endpoints for each included variable was 
employed. In Study I, the multivariate model included stage, LNR, 
neoadjuvant therapy, and adjuvant therapy; the model was divided by tumor 
grade due to interactions. In Study II, the model included age, sex, stage, 
adjuvant therapy, perivascular invasion, and TLR expression intensity. In 
Study III, the model included age, sex, stage, adjuvant therapy, perivascular 
invasion, resection margin status, albumin, and the combination of CRP and 
CA19-9; the model was stratified by tumor grade. In Study IV, the model 
included age, sex, stage, adjuvant therapy, perivascular invasion, and the 
change in CEA, CRP, and CA19-9. Separate models for CRP and CA19-9 were 
conducted due to the small patient number. In study III, the area under the 
receiver operating characteristic (ROC) curve was calculated to estimate the 
combination of CRP and CA19-9.  

In Study I, disease-specific survival (DSS) was calculated from the 
beginning of treatment to death due to pancreatic cancer. The beginning of 
treatment was defined as the first day of oncological treatment for patients 
treated with neoadjuvant therapy and the date of surgery for others. Disease-
free survival (DFS) was calculated from the beginning of treatment to the first 
record of disease progression. In Studies II-IV, survival was calculated from 
surgery because we analyzed biological material collected only before or 
during surgery. In Study IV, survival from the beginning of treatment was 
additionally applied when investigating the prognostic value of pre-
neoadjuvant therapy laboratory values. Other causes of death or no endpoint 
achievement resulted in patient censoring. Patients with missing data were 
censored from survival analyses. All statistical analyses were carried out with 
SPSS (v24, IBM, New York, NY, USA). All tests were two-tailed, and a p-value 
of <0.05 was considered significant.  
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Patient characteristics for patients in Studies I-IV are listed in Table 9. The 
number of R0 (76% vs. 71%) and R1 (24% vs. 29%) resections did not differ 
significantly between patients treated with neoadjuvant therapy and those 
undergoing upfront surgery. Vascular resections were more frequent among 
patients treated with neoadjuvant therapy (54% vs. 30%, p<0.001). 

Radiotherapy was a part of neoadjuvant therapy in 24% to 39% of patients 
depending on the study: in Study I 29 patients (39%), in Study II 31 patients 
(35%), in Study III 23 patients (32%), and in Study IV 16 patients (24%) 
received radiotherapy. Patients treated with neoadjuvant therapy had 
significantly smaller tumors (p=0.002) and fewer lymph node metastases 
(p<0.001), resulting in more cases of early-stage disease (AJCC 7th p=0.004 
and AJCC 8th p<0.001).   

An overview of the CT scans before and after neoadjuvant therapy showed 
tumor shrinkage. Before neoadjuvant therapy, the median tumor size was 31 
mm (range 10-89 mm), and after treatment, 23 mm (range 0-47 mm). Our 
analyses did not show any correlation between radiological response and 
survival. There were three patients with no viable tumor tissue after 
neoadjuvant therapy, one of them died from other reasons at 4.2 years, and 
the other two are still living disease-free at 4.7 and 6.5 years at the time of 
writing this thesis. Four patients underwent another pancreatic resection after 
local recurrence. Two of these patients had disease recurrence within a year of 
the second operation and later died, one patient experienced metastases after 
the second operation, and one patient was disease-free one year 
postoperatively.  

Figure 7 shows the Kaplan-Meier curves separately for all patients, patients 
undergoing neoadjuvant therapy, and patients who underwent upfront 
surgery in terms of AJCC 7th and 8th staging. Among patients treated with 
neoadjuvant therapy, stages IIB and III, according to the AJCC 7th edition, 
were combined for statistical reasons. Furthermore, in both the 7th and 8th 
classifications, stage 0 patients (2 patients) were combined with stage IA 
patients.  

In January 2020, four patients had experienced disease recurrence after 
five years postoperatively. Two of these patients had experienced disease 
recurrence six years postoperatively. Interestingly, three of these four patients 
underwent a re-resection. 
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 NAT (n=94) US (n=182) p-value 

Age, median (range) 66 (40-83)  66 (45-82) 0.732 
Age, ≥65 years 51 (54%) 95 (52%) 0.800 

Gender, female 52 (55%) 103 (57%) 0.898 
pTN* (AJCC 7th vs. 8th 
edition) 

   

T0  3 (3%) vs. 3 (3%) - 0.015 
T1  11 (12%) vs. 25 (27%) 9 (5%) vs. 24 (13%) 0.001 
T2  20 (21%) vs. 56 (60%)  38 (21%) vs. 127 (70%)  

T3  58 (62%) vs. 9 (9%) 135 (74%) vs. 31 (17%)  

T4  2 (2%) vs. 1 (1%) -  
N0 48 (51%) vs. 48 (51%) 50 (27%) vs. 50 (27%) <0.001 
N1  46 (49%) vs. 31 (33%)  132 (73%) vs. 81 (45%) <0.001 
N2 - vs. 15 (16%) - vs. 51 (28%)  

LNR*, <20%  83 (88%) 132 (73%) 0.003 
Stage* (AJCC 7th vs. 8th 
edition) 

   

0 2 (2%) vs. 2 (2%) - 0.004 
IA 6 (6%) vs. 13 (14%) 6 (3%) vs. 13 (7%) <0.001 
IB 10 (11%) vs. 30 (32%) 20 (11%) vs. 34 (18%)  

IIA 28 (30%) vs. 2 (2%) 24 (13%) vs. 3 (2%)  
IIB 46 (49%) vs. 31 (33%) 132 (73%) vs. 81 (45%)  

III 2 (2%) vs. 16 (17%) 0 vs. 51 (28%)  

Pathological tumor size 
(mm), median (IQR) 

25 (20-35) 30 (25-40) 0.002 

Grade    
1 15 (16%) 33 (18%) 0.673 

2 55 (59%)  112 (62%)  
3  19 (25%) 34 (20%)  

R0 resection margin 71 (76%) 130 (71%) 0.760 
Vascular resection 51 (54%) 54 (30%) <0.001 
Perineural invasion* 64 (68%) 140 (77%) 0.079 
Perivascular invasion* 26 (28%) 67 (37%) 0.107 

Adjuvant therapy 65 (69%) 119 (65%) 0.738 
     Discontinuation 20 (21%) 40 (22%)  

Death, pancreatic cancer 72 (77%) 148 (81%) 0.438 

    Other 2 (2%) 28 (15%)  
    Alive 20 (21%) 6 (4%)  

NAT=neoadjuvant therapy, US=Upfront surgery, AJCC=American Joint Committee on 
Cancer, LNR=Lymph node ratio, NS=non-significant. *6 patients (US) lacked information on 
perivascular invasion, 3 patients (US) lacked information on perineural invasion 
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Survival differences were evaluated between 2000 and 2015 and in two 
consecutive periods from 2000 to 2009 and from 2010 to 2015. Both median 
DSS [34 months (95% CI 29-39 months) vs. 26 months (95% CI 20-32 
months), p=0.016] and DFS [22 months (95% CI 17-27 months) vs. 13 months 
(95% CI 9-17 months), p=0.001] were longer among patients treated with 
neoadjuvant therapy between 2000 and 2015. Interestingly, there were no 
differences in survival between patients treated with neoadjuvant therapy and 
those undergoing upfront surgery during 2000-2009. However, among 
patients treated between 2010 and 2015, neoadjuvant therapy was associated 
with significantly longer survival. Between 2010 and 2015, both median DSS 
and DFS were longer among patients treated with neoadjuvant therapy than 
those undergoing upfront surgery [DSS 35 months (95% CI 25-44 months) vs. 
26 months (95% CI 20-31 months), p=0.008 and DFS 25 months (95% CI 13-
36 months) vs. 13 months (95% CI 6-21 months), p=0.001]. The survival times 
were significantly different only when survival was calculated from the 
beginning of treatment and not from surgery.  

With patients undergoing upfront surgery, neither DSS nor DFS improved 
from 2000-2009 to 2010-2015. However, among patients treated with 
neoadjuvant therapy, an improvement in DFS was noted, from 15 to 25 months 
(p=0.007). Among patients treated with neoadjuvant therapy, resection 
margin status was not associated with survival. However, among patients 
undergoing upfront surgery, R0 resection was associated with longer DFS (16 
vs. 7 months, p=0.001). 

This study additionally found that neoadjuvant therapy benefits patients 
with poorly differentiated tumors [DSS 30 months (95% CI 7-42 months) vs. 
11 months (95% CI 8-15 months), p=0.004; DFS 21 months (95% CI 11-31 
months) vs. 7 months (95% CI 5-8 months), p=0.001] and advanced-stage 
disease (IIB-III vs. IA-IIA) [DSS 34 months (95% CI 29-40 months) vs. 20 
months (95% CI 14-26 months), p=0.006 and DFS 21 months (95% CI 12-29 
months) vs. 10 months (95% CI 7-13 months), p=0.001] when compared to 
upfront surgery. The multivariate model was divided by grade due to 
interactions between tumor grade and neoadjuvant therapy; neoadjuvant 
therapy emerged as an independent prognostic factor among patients with 
poorly differentiated tumors [DSS hazard ratio (HR) 0.37, 95% CI 0.17-0.84, 
p=0.018; DFS HR 0.40, 95% CI 0.17-0.92, p=0.030]. Comparison between 
patients with early-stage (IA-IIA) or well differentiated tumors did not show 
any differences in survival.  

Patients were grouped according to neoadjuvant therapy and adjuvant 
therapy: 1) neoadjuvant therapy, surgery and adjuvant therapy, 2) 
neoadjuvant therapy and surgery, 3) surgery and adjuvant therapy, 4) surgery 
only. Median survival times were significantly different: those who underwent 
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neoadjuvant therapy, surgery, and adjuvant therapy had a median survival of 
35 months (95% CI 33-37 months). Patients who underwent upfront surgery 
and were administered adjuvant therapy had a median survival of 29 months 
(95% CI 23-36 months). Finally, patients treated with neoadjuvant therapy 
and surgery had a median survival of 26 months (95% CI 23-30 months) and 
those who underwent surgery only a median survival of 18 months (95% CI 10-
26 months) (p=0.001). Additionally, the median disease-free survival times 
differed significantly: neoadjuvant therapy, surgery, and adjuvant therapy 
reached a median DFS of 23 months (95% CI 13-32 months), neoadjuvant 
therapy and surgery a median DFS of 18 months (95% CI 11-25 months), 
surgery and adjuvant therapy a median DFS of 14 months (95%CI 9-18 
months), and surgery only a median DFS of 9 months (95% CI 5-13 months) 
(p=0.001).  

Recurrence rates at six months (19% vs. 22%) and one year (42% vs. 48%) 
postoperatively were not significantly different between patients treated with 
neoadjuvant therapy and those undergoing upfront surgery.  

In study I, the emphasis was on the benefits of neoadjuvant therapy. Hence, 
survival was calculated from the beginning of treatment. Survival was 
estimated with the Breslow test to compare differences, especially during the 
early years. The median time between the beginning of neoadjuvant therapy 
and surgery was 4 months [interquartile range (IQR) 3-6 months], meaning 
that the survival benefit for those treated with neoadjuvant therapy was a little 
longer than the duration of neoadjuvant therapy.  
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Among patients treated with neoadjuvant therapy, TLR staining was 
successful and scorable in 69 to 71 (out of 71) patients depending on the 
receptor, and in 143 to 144 (out of 145) patients among patients undergoing 
upfront surgery. In one patient who underwent upfront surgery, none of the 
studied TLRs were scorable due to technical reasons. Table 10 shows the 
distribution of expression intensities for all stained TLRs among patients 
treated with neoadjuvant therapy and those who underwent upfront surgery. 

Cytoplasmic staining was recorded for all receptors 1-5, 7, and 9. In 
addition to cytoplasmic staining, TLRs 2, 4, and 5 showed nuclear expression 
(TLR2: 69% and 82%; TLR4: 54% and 55%; TLR5 83% and 76% among 
preoperatively treated and upfront resected, respectively) and TLR9 
membranous expression. Negative cytoplasmic expression was rare: TLR5 was 
negative in 9% (neoadjuvant therapy) to 15% (upfront surgery), and negativity 
for the other receptors appeared in 0% to 4% of patients. Figure 8 shows the 
cytoplasmic expression intensities of tumor cells from score 0 to 3 (TLR4), 
nuclear expression (TLR5), and cytoplasmic and membranous expression in 
TLR9.  

Patients treated with neoadjuvant therapy showed high immunopositivity 
(2-3) more frequently among TLRs 1, 3, and 9 than patients who underwent 
upfront surgery (TLR1: 81% vs. 70%, p=0.008; TLR3: 92% vs. 68%, p=0.001; 
TLR9 cytoplasmic: 83% vs. 42%, p<0.001; TLR9 membranous: 53% vs. 25%, 
p=0.002). The staining intensity of other TLRs did not differ significantly 
between patient groups. Patients treated with neoadjuvant therapy were 
grouped according to neoadjuvant regimen into 1) chemo-only and 2) 
radiotherapy (Supplementary data, Study II). High TLR5 expression was 
recorded more frequently among patients treated with chemo-only (62% vs. 
33%, p=0.026). Other TLR expression intensities did not correlate with the 
given neoadjuvant regimen.  

Among patients treated with neoadjuvant therapy, TLR expression did not 
associate with disease stage or preoperative CRP (Supplementary data, Study 
II). Among patients who underwent upfront surgery, high TLR7 expression 
was more frequent among patients with stage IA-IIA disease than patients 
with stage IIB-III disease. Furthermore, the higher the expression intensity of 
TLR7, the lower the preoperative CRP value was (Supplementary data, Study 
II). Expression intensity did not correlate with tumor grade in either patient 
group (data not shown).  
 
 
 
 



Results 

66 

 



 

67 
 

 NAT (n=71) US (n=145) p-value 
TLR 1    

0-1 13 (18%) 41 (28%) 0.008 
2-3 57 (81%) 102 (70%)  

TLR 2    
0-1 13 (18%) 21 (14%) 1.000 
2-3 58 (82%) 122 (84%)  

TLR 3    
0-1 4 (6%) 45 (31%) 0.001 
2-3 65 (92%) 98 (68%)  

TLR 4    
0-1 10 (14%) 22 (14%) 0.371 
2-3 60 (85%) 121 (83%)  

TLR 5    
0-1 35 (49%) 72 (50%) 0.777 
2-3 36 (51%) 71 (49%)  

TLR 7    
0-1 22 (31%) 60 (41%) 0.660 
2-3 49 (69%) 83 (57%)  

TLR 9, 
cytoplasm 

   

0-1 11 (15%) 83 (57%) <0.001 
2-3 59 (83%) 61 (42%)  

TLR 9, 
membrane 

   

0-1 33 (47%) 107 (74%) 0.002 
2-3 37 (53%) 37 (26%)  

NAT=neoadjuvant therapy, US=upfront surgery. Inadequate staining: TLR 1: 1 NAT and 2 US 
patients; TLR2: 2 NAT patients; TLR3: 2 NAT and 2 US patients; TLR4: 1 NAT and 2 US 
patients; TLR5: 2 US patients; TLR7: 2 US patients, TLR9: 1 NAT and 1 US patient. 

 
The Kaplan-Meier analyses for each TLR for patients treated with neoadjuvant 
therapy and those undergoing upfront surgery are shown in Table 11. TLR1 
expression intensity was associated with disease-specific survival among 
patients treated with neoadjuvant therapy. However, among patients 
undergoing upfront surgery, high expression intensity of TLRs 7 and 9 was 
associated with longer disease-specific and disease-free survival and high 
TLR1 expression with longer disease-free survival (Table 11). 
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 NAT (95% CI) 
months 

p-value US (95% CI) 
months 

p-value 

TLR 1     
DSS      

0-1 18 (5-32) 0.029 21 (11-31) 0.070 
2-3 32 (29-35)  30 (20-40)  

DFS     
0-1 10 (7-12) 0.140 9 (7-11) 0.047 
2-3 16 (12-19)  12 (7-17)  

TLR 2     
DSS      

0-1 43 (21-64) 0.444 30 (1-60) 0.802 
2-3 30 (22-38)  26 (19-33)  

DFS     
0-1 11 (1-21) 0.474 10 (3-16) 0.781 
2-3 14 (11-18)  12 (8-15)  

TLR 3     
DSS      

0-1 12 (-) 0.666 26 (16-37) 0.668 
2-3 30 (25-35)  27 (17-37)  

DFS     
0-1 7 (-) 0.440 9 (6-12) 0.326 
2-3 15 (11-18)  13 (6-20)  

TLR 4     
DSS      

0-1 30 (19-40) 0.688 26 (10-42) 0.885 
2-3 30 (22-38)  26 (18-35)  

DFS     
0-1 9 (0-25) 0.759 8 (2-14) 0.884 
2-3 14 (11-18)  12 (9-15)  

TLR 5     
DSS      

0-1 30 (22-37) 0.789 23 (17-29) 0.095 
2-3 31 (22-40)  31 (19-43)  
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NAT=neoadjuvant therapy, US=upfront surgery. 
 

Multivariate analysis was conducted based on univariate analysis. In the 
multivariate model, including age, sex, stage, adjuvant therapy, perivascular 
invasion, and TLR expression (each TLR studied in a separate model), high 
TLR1 expression and adjuvant therapy predicted a better postoperative 
outcome among patients treated with neoadjuvant therapy (Table 13).  

Among patients undergoing upfront surgery, perivascular invasion and 
stage IIB-III were associated with a worse outcome, whereas adjuvant therapy 
and high TLR5 and TLR7 expression intensity with a better outcome 
postoperatively in the multivariate analysis (Table 13).  
 
 
 

DFS     
0-1 14 (7-21) 0.429 10 (7-13) 0.162 
2-3 14 (10-19)  14 (5-22)  

TLR 7     
DSS      

0-1 31 (11-51) 0.359 17 (11-23) 0.002 
2-3 30 (24-36)  33 (18-48)  

DFS     
0-1 14 (6-23) 0.463 8 (6-10) 0.007 
2-3 14 (10-18)  16 (10-23)  

TLR9 
Cytoplasm 

    

DSS      
0-1 24 (9-39) 0.567 25 (19-32) 0.045 
2-3 32 (29-35)  38 (16-59)  

DFS     
0-1 9 (5-14) 0.757 9 (6-12) 0.044 
2-3 16 (12-19)  18 (13-23)  

TLR9 
Membranous 

    

DSS      
0-1 25 (19-32) 0.988 26 (18-33) 0.426 
2-3 32 (30-33)  33 (14-52)  

DFS     
0-1 17 (8-25) 0.380 10 (8-13) 0.983 
2-3 14 (11-17)  16 (11-22)  
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NAT, 
n=76 
(%) 

US, 
n=136 

(%) 

Median for 
NAT (IQR) 

Median for 
US (IQR) 

CRP (mg/l)     

<3 40 (53) 65 (48) 2.7 (1.2-5.9) 3.0 (1.5-8.6) 

≥3 36 (47) 71 (52)   

CA19-9 (kU/l)     

≤37 31 (41) 43 (32) 91 (15-373) 125 (22-667) 

>37 45 (59) 93 (68)   

CRP and CA19-9     

CRP <3 and CA19-9 ≤37 19 (25) 20 (15) - - 

CRP ≥3 or CA19-9 >37 33 (43) 68 (50)   

CRP ≥3 and CA19-9 >37 24 (32) 48 (35)   

Albumin (g/l)     

<35 15 (20) 28 (21) 38.0 (35.9-39.9) 38.0 (35.2-
40.4) 

≥35 60 (79) 108 (79)   

Missing 1 (1) 0   

CEA (µg/l)     

≤5.0 65 (86) 106 (78) 2.7 (1.5-4.0) 2.9 (1.7-4.5) 

>5.0 10 (13) 29 (21)   

Missing 1 (1) 1 (1)   

Bilirubin (µmol/l)     

≤20 73 (96) 87 (64) * 8 (6-11) 15 (9-32) * 

>20 2 (3) 49 (36)   

Missing 1 (1) 0   

Platelets (E9/l)     

<150 6 (8) 11 (8) 220 (192-276) 241 (195-289) 

150-360 61 (80) 115 (85)   

>360 9 (12) 10 (7)   

Leukocytes (E9/l)     
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<3.4 5 (7) 2 (1) 5.9 (4.8-7.3) 6.1 (5.4-7.8) 

3.4-8.2 59 (78) 108 (79)   

>8.2 12 (16) 26 (20)   
GPS score (CRP mg/l, 
albumin g/l)     

0 (CRP ≤10 and albumin 
≥35) 65 (85) 107 (79) - - 

1 (CRP >10 or albumin 
<35) 5 (7) 17 (12)   

2 (CRP >10 and albumin 
<35) 5 (7) 12 (9)   

Missing 1 (1) 0   
mGPS score (CRP 
mg/l, albumin g/l)     

0 (CRP ≤10) 55 (72) 91 (67) - - 

1 (CRP >10) 15 (20) 33 (24)   
2 (CRP >10 and albumin 

<35) 5 (7) 12 (9)   

Missing 1 (1) 0   
NAT=neoadjuvant therapy, US=upfront surgery, GPS=Glasgow prognostic score, 
mGPS=modified Glasgow prognostic score, IQR=interquartile range. Missing data: albumin 
missing for 1 NAT patient, CEA missing for 1 NAT and 1 US patient, bilirubin missing for 1 
NAT patient; hence, mGPS and GPS missing for 1 NAT patient. *Difference between NAT and 
US p<0.001. This table was reproduced from the original article III by Nurmi et al. The article 
is licensed under a creative commons license: http://creativecommons.org/licenses/by/4.0/. 
The format of the table was changed.  

Table 15 shows the survival analysis when CRP and CA19-9 are combined in a 
prognostic score. The cut-off value for CRP was 3 mg/l and for CA19-9 37 kU/l. 
Figure 9 depicts the Kaplan-Meier curves for the prognostic score for all 
patients, patients treated with neoadjuvant therapy, and patients who 
underwent upfront surgery. 

5-year survival rates among patients with CRP and CA19-9 levels below the 
cut-off values were 49% (alive) and 45% (disease-free). Among these patients, 
the tumor was well differentiated in 8, moderately in 21, and poorly in 7. Data 
were missing for 3 patients due to complete response. Of these patients, 21 
patients presented with stage IA-IIA and 18 patients with stage IIB-III disease. 
Out of 39, 20 patients were treated with neoadjuvant therapy. All but one 
patient with CRP and CA19-9 levels below the cut-off values exhibited normal 
albumin levels. Among patients with either CRP or CA19-9 above the cut-off 
value, the survival rates at 5 years were 23% and 15%, respectively. Finally, for 
those with CRP and CA19-9 above the cut-off value, the survival rates at 5 years 
were 10% and 6%, respectively. The area under the ROC curve at 5 years 
postoperatively was 0.686 (95% CI 0.597-0.776). 
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Among patients treated with neoadjuvant therapy, the 5-year survival rates 
for those with CRP and CA19-9 levels below the cut-off values were 54% (alive) 
and 51% (disease-free). Among patients with either CRP or CA19-9 above the 
cut-off value, the survival rates at 5 years were 16% and 15%, respectively. 
Finally, among those with CRP and CA19-9 above the cut-off value, the 
survival rates at 5 years were 4% and 4%, respectively.  

Among patients who underwent upfront surgery, the 5-year survival rates 
for those with CRP and CA19-9 levels below the cut-off values were 44% (alive) 
and 40% (disease-free). Among patients with either CRP or CA19-9 above the 
cut-off value, the survival rates at 5 years were 27% and 16%, respectively. 
Finally, among those with both CRP and CA19-9 above the cut-off value, the 
survival rates at 5 years were 12% and 8%, respectively. 
 

 DSS (95% CI), 
months 

p-
value 

DFS (95% CI), 
months 

p-
value 

All patients 
(n=212) 

    

  1 54 (-) <0.001 36 (3-68) <0.001 
  2 27 (22-32)  13 (10-16)  
  3 16 (12-21)  8 (6-10)  
NAT patients 
(n=76) 

    

  1 -* <0.001 48 (-)* <0.001 
  2 27 (16-36)  13 (9-18)  
  3 16 (10-22)  9 (5-12)  
US patients 
(n=136) 

    

  1 46 (25-67) 0.001 24 (5-44) <0.001 
  2 27 (21-33)  13 (9-17)  
  3 16 (11-22)  8 (5-11)  

NAT=Neoadjuvant therapy, US=upfront surgery, DSS=disease-specific survival, 
DFS=disease-free survival. *The median has not been reached yet, and the 95% CI could not 
be calculated. The number of patients censored at the end of follow-up was too high, and, 
hence, the number of events that occurred (=death/disease recurrence) was too low to 
calculate the median survival and 95% CI.  
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Figure 9 was reproduced from the original article III by Nurmi et al. The article is licensed 
under a creative commons license: http://creativecommons.org/licenses/by/4.0/. Two 
figures were combined.  

Among patients treated with neoadjuvant therapy, CRP, albumin, GPS, mGPS, 
and tumor markers CA19-9 and CEA were associated with DSS and DFS (Table 
16, Figures 10 and 11). With the applied cut-off values, platelets, bilirubin, or 
leukocytes did not associate with DSS or DFS (Table 16).  

Among patients undergoing upfront surgery, CRP, CA19-9, bilirubin, and 
GPS were associated with DSS, although only CRP and CA19-9 with DFS 
(Table 16, Figures 10 and 11). Albumin, CEA, mGPS, platelets, or leukocytes 
did not associate with DSS or DFS (Table 16, Figure 11).  
 

NAT=neoadjuvant therapy, US=upfront surgery, DSS=disease-specific survival, 
DFS=disease-free survival, GPS=Glasgow prognostic score, mGPS=modified Glasgow 
prognostic score. Bilirubin: ≤20 vs. >20, platelets: <150 vs. 150-360 vs. >360, leukocytes: <3.4 
vs. 3.4-8.2 vs. >8.2, GPS: score 0 vs. 1 vs. 2, mGPS: score 0 vs. 1 vs. 2. 

 NAT (95% CI), months p-
value US (95% CI), months p-

value 

Platelets     

DSS 19 (12-26) vs. 30 (23-37) vs. 39 
(18-60) 0.247 45 (14-76) vs. 26 (22-30) vs. 20 

(0-42) 0.772 

DFS 10 (3-18) vs. 14 (11-17) vs. 20 (0-
41) 0.435 17 (7-26) vs. 12 (10-14) vs. 11 (2-

19) 0.664 

Leukocytes     

DSS 15 (8-21) vs. 32 (28-36) vs. 22 (0-
45) 0.414 17 (-) vs. 25 (21-30) vs. 33 (16-

49) 0.919 

DFS 11 (1-22) vs. 14 (8-20) vs. 12 (7-17) 0.792 12 (-) vs. 12 (10-14) vs. 13 (12-15) 0.884 

Bilirubin     

DSS 30 (25-36) vs. 16 (-) 0.421 27 (19-36) vs. 21 (14-27) 0.048 

DFS 14 (10-17) vs. 5 (-) 0.147 12 (9-15) vs. 12 (9-15) 0.279 

GPS     

DSS 34 (26-41) vs. 22 (15-29) vs. 16 (3-
29) 0.013 27 (21-34) vs. 23 (13-34) vs. 12 

(0-34) 0.049 

DFS 17 (11-23) vs. 9 (4-14) vs. 10 (3-17) 0.007 12 (10-15) vs. 13 (9-17) vs. 12 (3-
21) 0.313 

mGPS     

DSS 32 (24-39) vs. 30 (30-30) vs. 16 (3-
29) 0.043 27 (22-32) vs. 21 (8-35) vs. 12 

(0-34) 0.090 

DFS 14 (8-20) vs. 14 (13-14) vs. 10 (3-
17) 0.043 13 (10-15) vs. 10 (2-18) vs. 12 (3-

21) 0.216 
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Figures 10 and 11 were reproduced from the original article III by Nurmi et al. The article is 
licensed under a creative commons license: http://creativecommons.org/licenses/by/4.0/. 
Figures were combined.  
 
 
Among preoperatively treated patients with disease recurrence within 12 
months postoperatively, CRP and CA19-9 levels were significantly higher and 
albumin levels lower than among patients with no disease recurrence (Table 
17). Patients reaching a 5-year survival had a significantly lower median CRP 
level than those who did not survive for 5 years. Furthermore, only one patient 
treated with neoadjuvant therapy with CRP >3 mg/l survived for more than 5 
years. Additionally, among preoperatively treated patients, CA19-9 levels 
associated with T and N class: patients with T0-T2 tumors had significantly 
lower CA19-9 levels than patients with T3-T4 tumors (median 87 vs. 250 kU/l, 
respectively, p=0.045), and patients with N0 disease had significantly lower 
CA19-9 levels than patients with N1 or N2 tumors (median 69 vs. 91 vs. 682 
kU/l, respectively, p=0.047). Patients who underwent a radical resection 
presented with lower CA19-9 levels than patients who did not undergo a 
radical resection (median 39 vs. 456 kU/l, p<0.001); however, CRP (median 
2.3 vs. 3.5 mg/l p=0.508) or albumin (median 38.2 vs. 36.9 g/l, p=0.108) 
levels did not differ significantly. Cause of death (PDAC vs. alive/other) 
associated with CRP, CA19-9, and albumin levels: those who had died from 
PDAC had higher CRP and CA19-9 levels and lower albumin levels.  

Among patients undergoing upfront surgery with disease recurrence within 
12 months after surgery, CA19-9 levels were significantly higher and albumin 
levels lower than among patients with no recurrence (Table 17). Patients 
reaching a 5-year survival had significantly lower CA 19-9 levels and higher 
albumin levels than those who did not survive for 5 years postoperatively. 
Patients who underwent a radical resection presented with lower CA19-9 levels 
than patients who did not undergo a radical resection (median 63 vs. 307 kU/l, 
p=0.007). CRP (median 2.6 vs. 3.9 mg/l p=0.400) or albumin (median 37.9 
vs. 38.3 g/l, p=0.834) levels did not differ significantly. 

The univariate and multivariate analyses are presented in Table 18. Among 
patients treated with neoadjuvant therapy, CRP, CA19-9, and adjuvant therapy 
predicted postoperative survival, whereas among patients undergoing upfront 
surgery stage, adjuvant therapy, perivascular invasion, CRP and CA19-9 
predicted postoperative survival.  
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NAT=neoadjuvant therapy, US=upfront surgery, IQR=interquartile range, DSS=disease-
specific survival, DFS=disease-free survival. This table was reproduced from the original 
article III by Nurmi et al. The article is licensed under a creative commons license: 
http://creativecommons.org/licenses/by/4.0/. The format of the table was changed, and data 
was left out. 

 
 
 
 
 
 
 
 

 
 
 

 CRP,  
median (IQR) 

p-
value 

CA19-9, 
median (IQR) 

p-
value 

Albumin, 
median (IQR) 

p-
value 

NAT patients       

DSS (months)       

<12 (n=15) 4.0 (1.5 - 7.9) 0.118 566 (215 - 1124) <0.001 36.0 (34.0 -39.7) <0.001 
12-24 (n=15) 4.5 (1.1 - 11.0)  104 (31 - 250)  37.0 (34.3 -39.9)  
>24 (n=46) 1.9 (1.0 -4.8)  31 (10 - 167)  38.2 (37.0 -40.2)  

DFS (months)       
<12 (n=37) 4.4 (1.6 -8.6) 0.002 215 (58 -693) <0.001 36.5 (34.1 -39.5) <0.001 

12-24 (n=16) 3.5 (1.1 - 10.6)  26 (11 -387)  39.4 (37.8 -40.8)  

>24 (n=23) 1.5 (0.9 -2.6)  27 (6 - 90)  38.0 (36.7 -40.1)  

5-year survival       
yes (n=9) 1.5 (0.9 -2.4) 0.004 92 (7 - 239) 0.434 39.8 (35.5 -41.5) 0.434 
no (n=41) 4.9 (1.8 -11.2)  125 (24 - 377)  37.9 (35.3 -40.5)  

US patients       
DSS (months)       

<12 (n=32) 6.3 (2.2 -17.4) 0.034 333 (54 - 2263) 0.001 36.2 (34.5 -39.4) 0.011 
12-24 (n=32) 3.3 (1.5 -6.7)  250 (50 -926)  37.4 (35.2 -41.0)  
>24 (n=72) 2.5 (1.4 -6.7)  64 (16 - 327)  38.7 (36.6 -40.7)  

DFS (months)       
<12 (n=67) 3.6 (1.8 -11.3) 0.097 299 (55 - 1110) 0.021 36.8 (35.1 -40.0) 0.005 

12-24 (n=32) 3.6 (1.4 -11.2)  77 (20 - 318)  37.5 (34.6 -40.3)  
>24 (n=37) 2.3 (1.1 -6.4)  30 (6 - 205)  39.9 (37.7 -41.3)  

5-year survival       
yes (n=25) 2.5 (1.5 -6.1) 0.231 30 (6 - 129) 0.001 39.9 (38.0 -42.0) <0.001 
no (n=100) 3.4 (1.5 -9.3)  179 (48 - 855)  37.2 (34.9 -40.0)  



 

81 
 

U
pf

ro
nt

 s
ur

ge
ry

 M
ul

tiv
ar

ia
te

 

p-
va

lu
e 

0.
31

6 

0.
33

2 

<
0

.0
0

1 

<
0

.0
0

1 

0
.0

0
2 

  

0.
47

2 

   

0.
50

5 

0
.0

0
2 

0
.0

0
1 

0
.0

0
3 

H
R

 (9
5%

 C
I)

 

0.
78

6 
(0

.4
91

-
1.

25
9)

 

0.
79

6 
(0

.5
02

-
1.

26
2)

 

3.
37

9 
(1

.8
38

- )
0

.3
54

 
(0

.2
14

-

2.
20

8 
(1

.3
53

-

  

1.
22

4 
(0

.7
05

-
2.

12
5)

 

   

1.
20

0 
(0

.7
02

-
2.

04
8)

 

re
f 

4.
12

4 
(1

.8
57

-

3.
34

8 
(1

.4
88

- )

U
ni

va
ri

at
e p-

va
lu

e 

0.
48

1 

0.
09

2 

<
0

.0
0

1 

0
.0

46
 

<
0

.0
0

1 

0.
68

3 

0.
70

2 

0.
11

1 

0
.0

0
2 

0.
73

5 

0
.0

0
4 

0.
07

2 

0
.0

0
1 

0
.0

25
 

0
.0

0
1 

H
R

 (9
5%

 C
I)

 

0.
87

3 
(0

.5
99

-
1.

27
2)

 

0.
71

7 
(0

.4
88

-
1.

05
5)

 

2.
33

4 
(1

.4
79

-
3.

68
2)

 

0
.6

68
 (

0
.4

49
-

0
.9

94
) 

2.
29

9 
(1

.5
47

-
3.

41
5)

 

0.
91

4 
(0

.5
94

-
1.

40
7)

 

1.
08

5 
(0

.7
15

-
1.

64
7)

 

0.
68

8 
(0

.4
34

-
1.

09
0)

 

re
f 

1.
09

5 
(0

.6
47

-
1.

85
2)

 

2.
42

1 
(1

.3
22

-
4.

43
5)

 

1.
51

2 
(0

.9
63

-
2.

37
4)

 

re
f 

2.
10

3 
(1

.0
96

-
4.

0
37

) 

3.
30

6 
(1

.6
84

-
6.

49
1)

 

N
eo

ad
ju

va
nt

 th
er

ap
y M
ul

tiv
ar

ia
te

 

p-
va

lu
e 

0.
83

3 

0.
99

3 

0.
84

2 

0
.0

0
7 

0.
98

7 

  

0.
22

6 

   

0.
47

5 

0
.0

33
 

0
.0

19
 

0
.0

13
 

H
R

 (9
5%

 C
I)

 

1.
07

2 
(0

.5
59

-
2.

05
6)

 

0.
99

7 
(0

.5
35

-
1.

85
7)

 

0.
93

2 
(0

.4
69

-
1.

85
4)

 

0
.4

28
 (

0
.2

31
-

0
.7

92
) 

1.
00

6 
(0

.4
66

-
2.

17
1)

 

  

0.
60

8 
(0

.2
72

-
1.

36
0)

 

   

1.
34

2 
(0

.5
98

-
3.

00
9)

 

re
f 

3.
14

0
 (

1.
21

2-
8.

13
8)

 

3.
96

2 
(1

.3
30

-
11

.8
0

4)
 

U
ni

va
ri

at
e p-

va
lu

e 

0.
98

2 

0.
98

6 

0.
29

1 

0
.0

0
2 

0.
15

3 

0.
06

7 

0.
65

7 

0
.0

31
 

0.
75

4 

0.
72

3 

0.
45

9 

0
.0

20
 

<
0

.0
0

1 

0
.0

0
2 

<
0

.0
0

1 

H
R

 (9
5%

 C
I)

 

0.
99

4 
(0

.5
96

-
1.

65
8)

 

0.
98

6 
(0

.5
96

-
1.

69
3)

 

1.
32

1 (
0.

78
8-

2.
21

6)
 

0
.4

32
 (

0
.2

55
-

0
.7

32
) 

1.
48

2 
(0

.8
64

-
2.

54
3)

 

1.
77

4 
(0

.9
60

-
3.

28
1)

 

0.
88

9 
(0

.5
30

-
1.

49
4)

 

0
.5

16
 (

0
.2

83
-

0
.9

40
) 

re
f 

1.
13

0 
(0

.5
75

-
2.

22
2)

 

1.
37

3 
(0

.5
93

-
3.

17
6)

 

2.
10

5 
(1

.1
27

-
3.

93
2)

 

re
f 

3.
54

5 
(1

.6
0

7-
7.

81
8)

 

6.
63

7 
(2

.8
97

-
15

.2
0

7)
 

   

Ag
e 

at
 o

pe
ra

tio
n,

 <
65

 y
 

Se
x,

 m
al

e 

St
ag

e,
 II

B-
II

I v
s.

 II
A-

II
A 

Ad
ju

va
nt

 th
er

ap
y 

Pe
ri

va
sc

ul
ar

 in
va

si
on

 

Pe
ri

ne
ur

al
 in

va
si

on
 

Va
sc

ul
ar

 re
se

ct
io

n 

R
ad

ic
al

 re
se

ct
io

n 

Tu
m

or
 d

iff
er

en
tia

tio
n,

 w
el

l 

m
od

er
at

e 

po
or

 

Al
bu

m
in

, <
35

 g
/l

 

CR
P 

an
d 

CA
19

-9
, 1

 

2 3 

HR=hazards ratio, CI=confidence interval. 1=CRP <3 mg/l and CA19-9 ≤37 kU/l, 2= CRP <3 
mg/l or CA19-9 ≤37 kU/l, 3= CRP ≥3 mg/l and CA19-9 >37 kU/l. This table was reproduced 
from the original article III by Nurmi et al. The article is licensed under a creative commons 
license: http://creativecommons.org/licenses/by/4.0/. The format of the table was changed. 
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 Before NAT 
(n=68) 

After NAT 
(n=68) 

Median before 
NAT (IQR) 

Median after 
NAT (IQR) 

CRP (mg/l)     

<3 37 (54%) 41 (60%) - - 

≥3 31 (46%) 27 (40%)   

CA19-9 (kU/l)     

≤37 16 (24%) 30 (44%) 298 (53-1816) 76 (10-318) 

>37 52 (76%) 38 (56%)   

Albumin (g/l)     

<35 23 (34%) 13 (19%) 37.0 (32.7-38.5) 37.9 (36.3-40.3) 

≥35 40 (59%) 55 (81%)   

Missing 5 (7%) -   

CEA (µg/l)     

≤5.0 49 (72%) 56 (82%) 2.9 (1.7-5.3) 2.6 (1.4-4.2) 

>5.0 17 (25%) 11 (17%)   

Missing 2 (3%) 1 (1%)   

Bilirubin 
(µmol/l) 

    

≤20 42 (62%) 66 (97%) 17 (9-28) 8 (6-10) 
>20 26 (38%) 2 (3%)   

Platelets (E9/l)     

<150 2 (3%) 9 (13%) 249 (214-306) 215 (184-292) 

150-360 58 (85%) 49 (72%)   

>360 8 (12%) 10 (15%)   

Leukocytes 
(E9/l) 

    

<3.4 1 (1%) 5 (7%) 6.4 (5.6-8.1) 5.7 (4.6-7.0) 

3.4-8.2 52 (76%) 56 (82%)   

>8.2 15 (23%) 7 (11%)   

NAT=neoadjuvant therapy, IQR=interquartile range 
 
Table 19 shows the number of patients for each laboratory value according to 
the applied cut-off values along with the median values before and after 
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neoadjuvant therapy. The Helsinki University Hospital laboratory determines 
only CRP values of ≥3 mg/l numerically, and anything less is classified as ‘<3 
mg/l’. Hence, only categorical data are shown here. The CRP levels maintained 
at <3 mg/l in 23 patients (34%) and at ≥3 mg/l in 13 patients (19%). In 14 
patients (21%), the CRP level increased from <3 mg/l to ≥3 mg/l (increase 
range 2 to 31 units) and in 18 patients (26%) decreased from ≥3 mg/l to <3 
mg/l. CRP change was not associated with pTN classification, stage, tumor 
differentiation, perivascular or perineural invasion, vascular or radical 
resection status (Supplementary data, Study IV). 

The CA19-9 levels remained at >37 kU/l in 38 patients (56%) after 
neoadjuvant therapy. In 14 patients (21%), the CA19-9 levels normalized to 
≤37 kU/l, and in 16 patients (23%), the levels remained at ≤37 kU/l. The CA19-
9 levels rose in seven patients (10%) during neoadjuvant therapy (range of 
increase 118 to 5456 kU/l); however, these patients had elevated levels (>37 
kU/l) already before neoadjuvant therapy.  In 54 patients (79%), the CA19-9 
levels decreased by >50%, and out of these 40 patients (74%) experienced a 
decrease of >90%. However, the change in CA19-9 was associated with pTN 
classification, tumor size, and thus, stage. Patients with a decrease of >90% in 
CA19-9 had smaller tumors and fewer nodal metastases, and thus, more 
patients had early-stage disease (Supplementary data, Study IV).  

The albumin levels remained at ≥35 g/l in 35 patients (51%), and increased 
to ≥35 g/l in 18 patients (26%). Furthermore, in five patients (7%), the albumin 
levels decreased to <35 g/l, and in five patients (7%), the levels remained at 
<35 g/l. After neoadjuvant therapy, the bilirubin level was elevated (>20 
μmol/l) in two patients (3%). 

 
The pre-treatment CRP or albumin level did not associate with survival. 
However, the change during neoadjuvant therapy did (Tables 20 and 21). 
Furthermore, the CA19-9 and CEA levels before neoadjuvant therapy and the 
change during neoadjuvant were associated with postoperative survival 
(Tables 20 and 21).  

Patients with their CRP level remaining at <3 mg/l survived significantly 
longer than those with an increased CRP level (median DSS 42 months vs. 24 
months, p=0.001, median DFS 17 months vs. 10 months, p=0.007) (Table 20, 
Figure 12). The median survival times were different among patients whose 
CRP remained <3 mg/l, normalized to <3mg/l, increased to ≥3 mg/l or 
remained ≥3 mg/l (DSS p=0.002; DFS p=0.005) (Table 20, Figure 12). 
Additionally, patients were analyzed as those whose level remained at or 
decreased to <3 mg/l and those whose level increased to or remained at ≥3 
mg/l. Patients whose CRP remained at or decreased to <3 mg/l survived 
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significantly longer than those whose CRP increased to or remained at ≥3 mg/l 
(DSS p<0.001, DFS p=0.001) (Table 20, Figure 12).  

Patients with a ≤50% CA19-9 decrease had a median DSS of 17 months 
compared to 17 months among those with a 50% to 90% decrease and 47 
months among those with a >90% decrease (p<0.001) (Table 20, Figure 12). 
Median DFS were 7 months, 7 months, and 25 months, respectively (p<0.001) 
(Table 20, Figure 12). Among patients with a CA19-9 decrease of ≤90%, the 5-
year survival rate was <10%, compared to 37% among patients whose level 
decreased by >90%. Furthermore, survival was analyzed among patients 
whose level remained at or decreased to ≤37 kU/l and those whose level 
increased to or remained at >37 kU/l (median DSS 47 months vs. 18 months, 
p<0.001; median DFS 31 months vs. 9 months, p<0.001 (Table 20, Figure 12).  

The median disease-specific survival times were different whether the CEA 
level remained ≤5.0 μg/l (42 months), decreased to ≤5.0 μg/l (34 months), 
remained at >5.0 μg/l (16 months) or increased to >5.0 μg/l mg/l (15 months, 
p=0.017) (Table 20). The median DFS did not differ significantly across 
different CEA level groups (Table 20).  

Patients whose albumin levels remained at or decreased to <35 g/l survived 
significantly shorter than those whose levels remained at or increased to ≥35 
g/l (median DSS 17 months vs. 37 months, p=0.019; median DFS 5 months vs. 
16 months, p=0.009).  

 
 
 
 

 
n (%) 

DSS, months 
(95% CI) 

p-
value 

DFS, months 
(95% CI) 

p-
value 

CRP      

Remained at <3 mg/l 
23 

(34%) 
42 (26-59) 0.002 17 (7-27) 0.005 

Decreased to <3 mg/l 
18 

(26%) 
48 (37-60)  48 (-)  

Increased to ≥3 mg/l 
14 

(21%) 
24 (18-30)  11 (9-13)  

Remained at ≥3 mg/l 
13 

(19%) 
25 (1-49)  10 (4-16)  

CRP      
Remained at or 
decreased to <3 mg/l 

41 
(60%) 

47 (39-56) <0.001 25 (6-45) 0.001 

Remained at or 
increased to ≥3 mg/l 

27 
(40%) 

24 (16-32)  11 (9-13)  
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CA19-9      

<50% 
14 

(21%) 
17 (14-20) <0.001 7 (3-11) <0.001 

50-90% 
14 

(21%) 
15 (0-35)  7 (0-15)  

>90% 
40 

(58%) 
47 (39-56)  25 (8-41)  

CA19-9      

≤37 kU/l 
16 

(24%) 
47 (39-56) <0.001 31 (3-59) <0.001 

>37 kU/l 
52 

(76%) 
18 (5-31)  9 (6-12)  

Albumin1      

Remained at <35 g/l 5 (7%) 14 (0-34) 0.103 5 (0-14) 0.058 

Decreased to <35 g/l 5 (7%) 17 (-)  5 (-)  

Increased to ≥35 g/l 
18 

(26%) 
34 (15-52)  13 (10-17)  

Remained at ≥35 g/l 
35 

(51%) 
37 (23-52)  17 (13-20)  

Albumin1      
Remained at or 
decreased to <35 g/l 

10 
(15%) 

17 (8-25) 0.019 5 (0-11) 0.009 

Remained at or 
increased to ≥35 g/l 

53 
(78%) 

37 (27-47)  16 (13-20)  

CEA2      
Remained at ≤5.0 
μg/l 

45 
(66%) 

42 (31-53) 0.017 17 (8-25) 0.113 

Decreased to ≤5.0 
μg/l 

11 
(16%) 

34 (9-58)  20 (5-35)  

Remained at >5.0 
μg/l 

4 (6%) 16 (13-19)  6 (0-14)  

Increased to >5.0 μg/l 6 (9%) 15 (2-27)  10 (0-22)  
Patients with a CA19-9 decrease above 90% include patients whose levels normalized during 
neoadjuvant therapy or remained at normal levels (≤37 kU/l). Survival times are shown in 
median survival times. DSS=disease-specific survival, DFS=disease-free survival. 1Missing in 
5 patients. 2Missing in 2 patients. Reproduced from the original article IV with permission 
from S. Karger AG. 
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 DSS, months (95% 

CI) 
p-

value 
DFS, months (95% 

CI) 
p-

value 
CRP before     
<3 mg/l 36 (33-39) 0.627 18 (14-21) 0.185 
≥3 mg/l 41 (17-66)  21 (1-41)  
CRP after     
<3 mg/l 47 (39-56) <0.001 25 (6-45) 0.001 
≥3 mg/l 24 (16-32)  11 (9-13)  
CA19-9 before     
≤37 kU/l 53 (-) 0.010 53 (-) 0.003 
>37 kU/l 30 (24-36)  15 (12-19)  
CA19-9 after     
≤37 kU/l 47 (39-56) <0.001 31 (3-59) <0.001 
>37 kU/l 18 (5-31)  9 (6-12)  
Albumin 

before1 
    

<35 g/l 30 (21-40) 0.910 17 (12-21) 0.886 
≥35 g/l 36 (26-46)  20 (14-27)  
Albumin after1     
<35 g/l 17 (8-25) 0.014 5 (9-11) 0.005 
≥35 g/l 37 (27-48)  17 (9-24)  
CEA before2     
≤5.0 μg/l 42 (29-55) 0.049 17 (8-25) 0.271 
>5.0 μg/l 24 (14-36  20 (5-35)  
CEA after2     
≤5.0 μg/l 39 (29-49) 0.003 17 (9-25) 0.038 
>5.0 μg/l 16 (14-19)  10 (4-17)  

With values before NAT, survival was calculated from the beginning of treatment, and after 
NAT, survival was calculated from surgery. DSS=disease-specific survival, DFS=disease-free 
survival, CI=confidence interval. 1Missing in 5 patients, 2Missing in 2 patients. 
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Patients at risk                                                                          median survival time (95% CI)
1 24 22     19 15      11   6 42 months (26-59 months) 
2 18 16         14 13       7   5 48 months (37-60 months)
3 14 14      7 2       1   1 24 months (18-30 months) 
4 12 9      8 5       3   2 25 months (1-49 months)

p=0.002
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Remained at or decreased to <3 mg/l (1)
Remained at or increased to ≥3 mg/l (2)

Patients at risk                                                                              median survival time (95% CI)
1       41   37        32     27 17     10     47 months (39-56 months) 
2       27   22        14      6 3      1     24 months (16-32 months)

    p<0.001
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p<0.001
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Furthermore, the changes in CRP and CA19-9 levels were combined in two 
separate models (Figure 13). In model 1, a cut-off of 50% was employed for 
CA19-9. Patients whose CRP level remained at or decreased to <3 mg/l and 
CA19-9 level decreased by >50% (n=38, 56%) had a median DSS of 48 months 
and a median DFS of 31 months, whereas those whose either CRP level 
remained at or decreased to <3mg/l or CA19-9 level decreased by >50% (n=19, 
28%) had a median DSS of 24 months and a median DFS of 11 months. Finally, 
among patients whose CRP level was at ≥3 mg/l and the CA19-9 level had 
decreased by ≤50% (n=11, 16%), had a median DSS of 19 months and a median 
DFS of 9 months (DSS p<0.001, DFS p<0.001) (Figure 13). The 5-year survival 
rates were 41%, 5%, and 9%, respectively.  

In model 2, a cut-off of 90% was employed for CA19-9. Among patients 
whose CA19-9 levels decreased by >90% or with normalized levels and a CRP 
level normalizing to <3 following neoadjuvant therapy (n=11, 16%), the 
median DSS or DFS have not been reached yet. Among those with CA19-9 level 
decreasing by >90% or with normalized levels and whose CRP level remained 
at <3 mg/l following neoadjuvant therapy (n=19, 28%), median DSS was 47 
months and median DFS 20 months. The remaining patients (n=38, 56%) 
were analyzed together and had a median DSS of 24 months and a median DFS 
of 10 months (DSS p<0.001, DFS p<0.001) (Figure 13). The 5-year survival 
rates were 64%, 36%, and 10%, respectively.  
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The median survival times (DSS and DFS) according to bilirubin, platelets, 
and leukocytes before and after neoadjuvant therapy are presented in Table 
22. Additionally, the median survival times according to changes in bilirubin, 
platelets, and leukocytes are shown in Table 22. 

 n (%) DSS, months 
(95% CI) 

p-
value 

DFS, months 
(95% CI) 

p-
value 

Bilirubin before 
NAT 

     

≤20 μmol/l 42 (62%) 41 (28-55) 0.284 19 (6-33) 0.041 

>20 μmol/l 26 (38%) 35 (28-41)  17 (19-24)  

Bilirubin after 
NAT 

     

≤20 μmol/l 66 (97%) 33 (24-42) 0.276 14 (9-19) 0.143 

>20 μmol/l 2 (3%) 16 (-)  5 (-)  

Bilirubin change      

Remained at ≤20 
μmol/l 

40 (59%) 37 (25-50) 0.289 15 (1-28) 0.046 

Decreased to ≤20 
μmol/l 

26 (38%) 30 (23-38)  13 (5-21)  

Remained at >20 
μmol/l 

0 -  -  

Increased to >20 
μmol/l 

2 (3%) 16 (-)  5 (-)  

Platelets before 
NAT 

     

<150 E9/l 2 (3%) 11 (-) 0.048 7 (-) 0.126 

150-360 E9/l 58 (85%) 36 (22-49)  19 (14-25)  

>360 E9/l 8 (12%) 49 (-)  15 (0-59)  

Platelets after 
NAT 

     

<150 E9/l 9 (13%) 24 (10-37) 0.147 11 (9-13) 0.286 

150-360 E9/l 49 (72%) 33 (28-38)  14 (10-17)  

>360 E9/l 10 (15%) 42 (-)  36 (3-69)  

Platelets change      

Decreased 13 (19%) 25 (17-32) 0.779 11 (5-17) 0.492 

Remained the same 48 (71%) 34 (22-45)  15 (10-19)  

Increased 7 (10%) 39 (17-61)  20 (0-39)  
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Based on the Kaplan-Meier analysis, the change in CEA and CRP were grouped 
into patients whose CEA decreased to or remained at ≤5.0 μg/l and those 
whose CEA increased to or remained at >5.0 μg/l, and patients whose CRP 
remained at or decreased to <3 mg/l, patients whose levels increased to ≥3 
mg/l, and those whose levels remained at ≥3 mg/l. In the univariate analysis, 
age, sex, stage, adjuvant therapy, perivascular and perineural invasion, 
vascular resection, resection radicality, and the change in all laboratory tests 
were analyzed. Adjuvant therapy (HR 0.42, p=0.007) and CA19-9 decreasing 
by >90% (HR 0.287, p<0.001) predicted a favorable outcome, whereas 
perivascular invasion (HR 2.02, p=0.018), an albumin level decreasing to <35 
g/l (HR 3.169, p=0.022), a CEA level remaining at or increasing to >5 μg/l (HR 
3.935, p=0.004), and a CRP level remaining at ≥3 mg/l (HR 3.95, p=0.004) 
an unfavorable postoperative outcome. Based on the univariate analysis, two 
multivariate models were constructed (Table 23). A CRP level remaining at ≥3 
mg/l predicted a worse outcome (HR 2.766, p=0.008). Furthermore, a CA19-
9 level decreasing by >90% predicted a better outcome (HR 0.297, p=0.006). 
CEA, increasing to or remaining at >5 μg/l, was associated with a poor 
postoperative outcome in both multivariate models (with CRP HR 3.002, 
p=0.007; with CA19-9 HR 2.281, p=0.046). 
 
 
 
 
 
 

Leukocytes 
before NAT 

     

<3.4 E9/l 1 (1%) - 0.607 - 0.463 

3.4-8.2 E9/l 52 (76%) 37 (27-47)  18 (12-24)  

>8.2 E9/l 15 (23%) 35 (26-44)  18 (11-25)  

Leukocytes after 
NAT 

     

<3.4 E9/l 5 (7%) 15 (8-21) 0.550 11 (1-22) 0.840 

3.4-8.2 E9/l 56 (83%) 34 (23-45)  14 (7-21)  

>8.2 E9/l 7 (10%) 32 (28-35)  12 ((11-13)  

Leukocytes 
change 

     

Decreased 17 (25%) 24 (3-45) 0.601 11 (5-18) 0.347 

Remained the same 46 (68%) 33 (25-41)  14 (8-19)  

Increased 5 (7%) -  -  
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 Hazards ratio (95% CI) p-value 
Model 1 (with CRP)   
Age 1.011 (0.977-1.046) 0.534 
Sex, female 0.872 (0.461-1.646) 0.672 
Stage, IA-IIA vs. IIB-III 0.805 (0.408-1.589) 0.533 
Adjuvant therapy 0.420 (0.205-0.861) 0.018 
Perivascular invasion 1.033 (0.485-2.199) 0.934 
CEA, increased to or remained at >5 μg/l 3.002 (1.357-6.642) 0.007 
CRP, remained at or decreased to <3 mg/l ref  
Remained at ≥3 mg/l 2.766 (1.300-5.885) 0.008 
Increased to ≥3 mg/l 1.973 (0.827-4.705) 0.126 
Model 2 (with CA19-9)   
Age 0.988 (0.952-1.025) 0.517 
Sex, female 0.984 (0.525-1.846) 0.960 
Stage, IA-IIA vs. IIB-III 1.182 (0.541-2.583) 0.675 
Adjuvant therapy 0.423 (0.203-0.881) 0.022 
Perivascular invasion 1.437 (0.645-3.203) 0.375 
CEA, increased to or remained at >5 μg/l 2.281 (1.015-5.124) 0.046 
CA19-9 decrease, <50% ref  
50-90% 0.571 (0.224-1.455) 0.240 
>90% 0.297 (0.124-0.708) 0.006 
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The studies in this thesis give insight into the prognosis and clinical and 
histopathological characteristics of borderline resectable pancreatic cancer 
patients treated with neoadjuvant therapy. Factors for both favorable and 
unfavorable outcomes were investigated. Additionally, this thesis shares 
information on inflammatory markers in patients treated with neoadjuvant 
therapy.  
 
Study I showed that neoadjuvant therapy is beneficial, especially in patients 
with aggressive disease, that is, patients with poorly differentiated tumor 
histology or stage IIB-III disease. Generally, patients with a poorly 
differentiated tumor histology or an advanced disease stage have a grim 
prognosis. Interestingly, among patients with well or moderately 
differentiated tumor histology and patients with early-stage disease (IA-IIA), 
no survival differences were noted between patients treated with neoadjuvant 
therapy and those undergoing upfront surgery. Furthermore, this is in line 
with previous studies on the survival effects of neoadjuvant therapy in upfront 
resectable patients (Versteijne 2020).  

During the past decades, improvements in surgical techniques and general 
perioperative patient care have decreased surgery-related morbidity and 
mortality (Winter 2006, Siegel 2019). In a Johns Hopkins study, the 
perioperative mortality declined from 30% to 1% during 1970-2006 (Winter 
2006). Additionally, the in-hospital stay halved during 1980-2006 (Winter 
2006). However, the overall survival of pancreatic cancer has not improved 
drastically, underlying the importance of oncological treatments and 
multimodal therapy.  

Previously, neoadjuvant therapy has been recommended for pancreatic 
cancer patients with poorly differentiated tumors based on their survival 
benefit from adjuvant therapy (Crippa 2012). Our results agreed with previous 
findings. Hence, we argued that oncological treatment is most likely more 
beneficial in aggressive disease. However, tumor differentiation is not usually 
determined before surgery, complicating the use of patient-specific treatment 
options with the diagnostic techniques available today. Response to 
oncological treatment is dependent on many factors, such as tumor biology 
and reagent delivery to the tumor.  

Contradictory results regarding the radiological response to neoadjuvant 
therapy and survival have been published (Katz 2012, Murakami 2017).  
However, the histopathological treatment response seems to affect survival. 
Furthermore, complete histopathological response offers patients with 
borderline resectable and locally advanced pancreatic cancer the best outcome 
(Mellon 2016). In the studies in this thesis, there were three patients with no 
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viable primary tumor tissue after neoadjuvant therapy, one of them died from 
other reasons at 4.2 years postoperatively, and the other two were still living 
disease-free at the last follow-up in January 2020, at 4.7 and 6.5 years 
postoperatively. These patients had histological verification of pancreatic 
cancer before neoadjuvant therapy.  

Positive resection margins, an R1 resection, is a strong negative prognostic 
marker in pancreatic cancer. However, definitions and the quality of the 
pathologic assessment differs vastly in the literature (Rau 2012). R1 rates are 
more commonly seen in borderline resectable pancreatic cancer patients 
because of the contact with nearby blood vessels (Katz 2014). Additionally, 
morbidity and mortality after surgery, poor long-term survival, high 
recurrence rates, and early metastases are seen in borderline resectable 
patients more often than in upfront resectable patients. In the studies in this 
thesis, there were no differences in the R0 vs. R1 resection rates between 
patients treated with neoadjuvant therapy and those undergoing upfront 
surgery. However, as stated, borderline resectable patients were treated with 
neoadjuvant therapy before resection, and the rates could have been different 
without preoperative oncological therapy. Furthermore, as expected, the rate 
of vascular resections was significantly higher in patients who had been 
treated with neoadjuvant therapy.  

There has been debate about the actual long-term survival of pancreatic 
cancer. Even five-year disease-free survival does not guarantee a cure of the 
disease (Perysinakis 2013). In our cohort, with the last follow-up in January 
2020, four patients had experienced disease recurrence after five years 
postoperatively, two of these after six years. Additionally, it has been 
postulated that patients with extended survival without recurrent disease were 
most likely not suffering from PDAC in the first place (Carpelan-Holmström 
2005). Therefore, the histological specimen should be evaluated carefully to 
guarantee comparable survival rates.  

Retrospective studies have shown that neoadjuvant therapy is beneficial for 
borderline resectable patients. The administration of neoadjuvant therapy for 
resectable patients remains controversial (Mokdad 2016, De Geus 2017). A 
prospective study in Korea was terminated early because the borderline 
resectable patients undergoing neoadjuvant chemoradiation survived 
significantly longer than the borderline resectable patients who underwent 
upfront surgery (Jang 2018). Furthermore, even though the authors argued 
the statistical competence of the results, neoadjuvant therapy does not seem 
to be beneficial in upfront resectable disease even though it delayed disease 
recurrence (Versteijne 2020). Patients treated with neoadjuvant 
chemoradiation had fewer nodal metastases and underwent a radical resection 
more frequently, ultimately not affecting overall survival (Versteijne 2020). 
RCTs on this topic are ongoing at the time of writing this thesis. Furthermore, 
in the PREOPANC trial, neoadjuvant therapy did not show any significant 
survival benefit in resectable patients, although it did in borderline resectable 
patients (Versteijne 2020). Among patients who underwent surgery, those 
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who received both neoadjuvant therapy and adjuvant therapy survived longer 
than those who received only adjuvant therapy (35.2 vs. 19.8 months) 
(Versteijne 2020). In contrast to this, the first meta-analysis comparing 
neoadjuvant therapy and surgery first in localized pancreatic cancer showed 
that in all patients, neoadjuvant therapy offers a survival benefit over surgery 
first (25.4 vs. 19.4 months) (Cloyd 2020).  The overall resection rates did not 
differ significantly, although patients treated with neoadjuvant therapy were 
more likely to undergo a margin-negative resection and have negative lymph 
nodes (Cloyd 2020). With only a few randomized controlled trials, small 
sample sizes, and patient heterogeneity, the results of studies concerning 
neoadjuvant therapy are difficult to adapt clinically. The meta-analysis 
published in 2020 argued that new RCTs should be carried out with up-to-
date oncological combination therapies (Cloyd 2020).  

 
 
Study II examined the expression patterns and prognostic value of TLRs 1-5, 
7, and 9. The immunopositivity of TLRs 1, 3, and 9 was more frequently strong 
among patients treated with neoadjuvant therapy than among those 
undergoing upfront surgery. This could be due to different reasons, including 
the local effects of neoadjuvant therapy and different stage distribution 
between patient groups. Additionally, the expression patterns of TLRs were 
different from those in normal, healthy tissue. This agrees with previous 
findings (Kumar 2009, Vax 2014, Jouhi 2014). Generally, TLRs 1, 2, 4, and 5 
are expressed on cell membranes, and TLRs 3, 7, and 9 on cell organelles 
(Kumar 2009, Vax 2014). In Study II, cytoplasmic staining was recorded 
among all TLRs 1-5, 7, and 9. In addition to cytoplasmic staining, TLRs 2, 4, 
and 5 showed nuclear expression and TLR9 membranous expression. 

Among patients treated with neoadjuvant therapy, a high TLR1 expression 
was associated with survival, whereas among those undergoing upfront 
surgery, high TLR5 and TLR7 expression intensity was associated with 
survival. Among patients treated with neoadjuvant therapy, there were more 
patients with early-stage disease, which could also affect the survival 
differences. To our best knowledge, this is the first study investigating TLR 
expression and survival in pancreatic cancer patients treated with neoadjuvant 
therapy. Previously, high expression of TLRs 1, 2, 4, and 9 have been 
associated with prolonged survival in pancreatic cancer patients who 
underwent upfront surgery (Leppänen 2017, Lanki 2018, Lanki 2019). The 
methodology was similar to ours, even though Leppänen et al. applied a 
different scoring scheme. Meanwhile, negative expression in TLRs 1, 3, 7, or 9 
has been associated with shorter survival. However, another study did not find 
any association between TLR2 and TLR4 expression and survival (Leppänen 
2017). 

Pancreatic cancer is known for its microenvironment featuring chronic 
inflammation and hypoxic conditions that promote tumor growth. 
Vascularization is different on the periphery of the tumor and the areas of 



 

95 
 

dense desmoplastic reaction, indicating that cells with different characteristics 
survive best in different areas (Olive 2009, Jacobetz 2013). Pancreatic cancer 
cells, therefore, need to be able to survive under these extreme conditions. 
Chronic inflammation and hypoxia both promote damage-associated 
molecular patterns to can activate and stimulate TLR-mediated signaling. 
Hypoxic conditions further activate genetic and metabolic changes in the 
cancer cells, eventually helping the cancer cells to survive (Olive 2009, 
Jacobetz 2013). These events could stimulate endogenous DAMPs to disperse, 
leading to the activation of TLR-mediated signaling. Furthermore, 
neoadjuvant therapy induces local inflammatory and immunological reactions 
(Shibuya 2014), by theory increasing DAMP-mediated activation.  

TLR-mediated signaling and its effects on tumor progression and 
ultimately on survival is likely dependent on the disease stage and, therefore, 
different in early carcinogenesis and advanced tumor stage. TLR expression 
and TLR signaling are closely linked to inflammation-mediated cancer cell 
proliferation as well as tumor progression (Grimming 2016). Furthermore, 
TLRs exist on both primary and metastatic tumor sites in pancreatic cancer 
(Vaz 2014). Thus, TLRs could be involved in the metastatic potential of 
pancreatic cancer (Vaz 2014). TLR studies share inconclusive data on the 
effects of TLR-mediated signaling and TLR expression, underlining their 
shifting effects during different stages of pancreatic carcinogenesis and tumor 
progression, with the addition of patient-related factors (Shojaei 2009, Ochi 
2012, Grimming 2015, Zhou 2015, Zambrinis 2015). Additionally, the 
contradictory results suggest that TLRs could behave differently in vivo. 
Therefore, in vitro setups seem insufficient to explain the precise 
relationships. Finally, TLRs seem to act synergistically generating different 
cytokine responses with different TLR combinations, making it far more 
complicated to study them (Tan 2014).  

Pancreatic cancer survival seems to be dependent on both tumor- and 
patient-related factors. Study II demonstrated that among patients treated 
with neoadjuvant therapy, TLRs 1, 3, and 9 were more frequently expressed 
with high immunopositivity than among patients who underwent upfront 
surgery. Interestingly, among patients treated with neoadjuvant therapy, high 
TLR1 expression was associated with a favorable outcome postoperatively, 
whereas a high TLR5 and TLR7 expression intensity among patients who 
underwent upfront surgery.  

 
In Study III, routine preoperative laboratory tests and high-sensitivity CRP 
were investigated as prognostic factors. The combination of CRP and CA19-9 
predicted long-term postoperative survival and identified those with an 
unfavorable postoperative outcome with early disease recurrence. The score 
provides valuable information for patients treated with neoadjuvant therapy 
and those who underwent upfront surgery. The score seems to separate patient 
survival better among those treated with neoadjuvant therapy, underlying that 
a systemic inflammatory response and elevated tumor marker levels after 
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neoadjuvant therapy might reflect aggressive tumor biology. Both CRP and 
CA19-9 included in the score are readily available and affordable laboratory 
tests and give useful clinically relevant information on postoperative survival 
even before surgery. To our knowledge, no other marker or combination with 
this level of accessibility has previously been reported to predict survival like 
the combination of CRP and CA19-9. 

Cancer induces an inflammatory response associated with survival-related 
factors, such as cachexia, fatigue, and malnutrition (Diakos 2014). 
Additionally, an inflammatory response has been associated with higher 
treatment-related toxicity (Diakos 2014). In colon cancer, a high systemic 
inflammatory response associates with poor prognosis, and it seems that a 
high preoperative CRP level reflects other mechanisms than acute infection, 
perforation, or necrosis (Kersten 2013). In pancreatic cancer, high 
preoperative CRP and CA19-9 levels could be argued to indicate 
micrometastatic disease and predict inadequate postoperative recovery, 
interruptions, or poor delivery of adjuvant therapy, thus resulting in a poor 
prognosis.  

In the 2014 ISGPS recommendation, the systemic inflammatory response 
was recognized in the preoperative diagnostics of pancreatic cancer patients. 
Additionally, the use of mGPS or the platelet-to-lymphocyte ratio has been 
recommended (Bockhorn 2014). Our results agree with these 
recommendations. Our combination provided better postoperative survival 
information than the Glasgow prognostic score (Yamada 2016). Different 
prognostic scores that combine CRP and albumin, including the GPS, the 
mGPS, and the CRP-to-albumin ratio, have been proposed (Yamada 2016, 
Haruki 2016, Lee 2016, Liu 2017, Hang 2017). Median survival times ranging 
from 17 to 28 have been reported for both the GPS and mGPS in pancreatic 
cancer patients (Yamada 2016). In all studies, elevated CRP-to-albumin ratio 
correlates with a grim prognosis, although varying cut-offs were applied 
(Haruki 2016, Lee 2016, Liu 2017, Hang 2017).   

Furthermore, low-grade inflammation reflected by high-sensitivity CRP 
predicted postoperative survival. In our study, there was a correlation between 
only a slightly elevated CRP level and survival. The median CRP level of 
patients treated with neoadjuvant therapy and disease recurrence within 12 
months postoperatively (4.4 mg/l) was barely higher than the reference limit 
(3 mg/l) widely accepted by Finnish laboratories. Furthermore, in GPS and 
mGPS, this level would represent a low value. Furthermore, only one 
preoperatively treated patient with an elevated CRP level (≥3 mg/l) survived 
for more than 5 years; this patient had a CRP level of 3.93 mg/l. Interestingly, 
this agrees with previous results showing a correlation between low-grade 
inflammation and an increased risk of cardiovascular death (Ridker 2016). 

Previously, a normal preoperative CA19-9 level (<37 kU/l) has been 
associated with multiple times longer survival than elevated levels 
(Ballehannina 2012). Additionally, the CA 19-9 level is associated with the 
proportion of R0 resections, the histopathological response of treatment, and 
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survival among patients treated with neoadjuvant therapy (Boone 2014). 
These results agree with ours: patients with normal CA19-9 had a median 
survival of up to 46 months. However, in our cohort, the CA19-9 level was not 
associated with resection margin status. CA19-9 level associated with tumor 
stage, pTN classification, and cause of death.  

After publishing study III, a similar prognostic score, including the 
American Society of Anesthesiologists (ASA) score, CA19-9, CEA, CRP, 
albumin, and platelet count, was published (Hank 2021). From these factors, 
the Heidelberg Prognostic Pancreatic Cancer (HELLPP)-score was created. 
Risk points from 0 to 3 were given for each included factor, and risk points of 
3 or more compared to 0 points were individually associated with a grim 
survival. The results emphasize the importance of including inflammation-
related laboratory tests in estimating survival. Additionally, a study from 
Denmark applied the score introduced in Study III as a base for their 
inflammatory score and reported similar results (Kjaergaard 2021). 

The availability and affordability of these laboratory tests render them 
valuable in the preoperative evaluation of pancreatic cancer patients. 
Considering the overall poor prognosis of pancreatic cancer, the extraordinary 
prognosis of patients with a low CRP in combination with a low CA19-9 should 
be noted. These markers seem to reflect different aspects of pancreatic cancer. 
CA19-9 is a typical biomarker representing disease burden; however, CRP 
reflects the patient’s systemic reaction to the tumor. In the study, even a low-
grade systemic inflammation reflected by CRP significantly impacted on 
postoperative patient prognosis. Furthermore, this tool could be used to 
estimate whether the patient should be offered the continuation of 
neoadjuvant therapy or if the patient would benefit from surgery in the first 
place. 
 
Study IV demonstrated that changes in CRP and CA19-9 predict postoperative 
survival. Additionally, changes in CEA and albumin predicted postoperative 
survival. Even though the CRP level before neoadjuvant therapy did not 
correlate with survival, the normalization of CRP and the level after 
neoadjuvant therapy did. Furthermore, the CA19-9 level before and after 
neoadjuvant therapy and the change in CA19-9 were associated with the 
postoperative outcome.  

Inflammation appears to promote tumorigenesis and metastatic potential 
through different mechanisms, including facilitating cancer cell survival and 
proliferation, mediating immunosuppression via immune cells, and affecting 
cytokines and angiogenesis (Clark 2007, Grivennikov 2010, Grivennikov 2010, 
Rhim 2012, Baumgart 2013, Padoan 2019). Additionally, a systemic 
inflammatory response has been associated with tumor progression and 
metastatic potential (Grivennikov 2010, Grivennikov 2010, Rhim 2012). 
Furthermore, a high systemic inflammatory response and a high CA19-9 level 
are associated with tumor burden (Shibuya 2014). In esophageal and rectal 
cancer, the pre-treatment CRP level associates with treatment response 
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(Badakhshi 2016, Dreyer 2017). Our results did not agree with these. In our 
cohort, patients with an elevated CRP level before neoadjuvant therapy and 
normalization during neoadjuvant therapy had an extended median survival 
of 48 months. Furthermore, the CRP level before neoadjuvant therapy was not 
associated with the outcome. The change in CRP did not associate with tumor 
size, pTN classification, or disease stage; however, the decrease in CA19-9 level 
did. CRP and CA19-9 seem to reflect different dimensions in cancer, and 
although the CRP level was not associated with tumor burden, it could predict 
better recovery after surgery, better response to adjuvant therapy, or other 
patient-related factors that affect survival. Based on this, CRP and CA19-9 
might reflect different aspects.  

Patients whose CRP decreased to or remained at <3 mg/l during 
neoadjuvant therapy survived significantly longer than those whose CRP level 
increased to or remained at ≥3 mg/l. This could indicate a good treatment 
response or reflect the systemic effects of the tumor. Previously, in initially 
unresectable locally advanced pancreatic cancer, a high CRP level after 
neoadjuvant chemoradiotherapy predicted a worse outcome (Naumann 2019).  

Changes in CA19-9 levels during oncological therapy predict survival in 
resectable and non-resectable pancreatic cancer patients (Ziske, 2003, Wong 
2008, Mamon 2011, Tzeng 2014, Boone 2014). Previously, a CA19-9 decrease 
from 20% to 75% was reported to predict better survival in pancreatic cancer 
patients receiving gemcitabine chemotherapy (Ziske 2003, Wong 2008). 
Contradictory results have also been published (Mamon 2011).  A CA19-9 
decrease below 50%, a decrease between 50% to 90%, and a decrease above 
90% predicted postoperative survival (Boone 2014). A decrease of >50% was 
associated with better overall survival (28 months vs. 11 months). Over 70% of 
patients experienced a decrease of more than 50% during neoadjuvant 
therapy. A decrease of >50% predicted a R0 resection in borderline resectable 
patients. None of the patients whose level increased during neoadjuvant 
therapy underwent a radical resection. A complete histopathologic response 
was only recorded among those whose levels decreased more than 90%. In our 
study, patients with a decrease of >90% or normalization reached a median 
survival of 47 months. Additionally, the 5-year survival rate among patients 
with a CA19-9 decrease of ≤90% was <10%, a remarkably low 5-year survival 
rate for surgically treated PDAC patients. According to previous data, patients 
whose CA19-9 levels normalize during neoadjuvant therapy survive longer 
than those whose CA19-9 do not normalize (Murakami 2017, Tsai 2020). 
Normalization was reported as a better prognostic factor than the magnitude 
of change. Interestingly, in Study IV, using the cut-offs of 50% and 90% or the 
normalization of CA19-9 to ≤37 kU/l predicted survival similarly. Median 
survival times among patients whose level decreased <50% or between 50% to 
90% were nearly the same, at 17 and 15 months. There were nine patients with 
CA19-9 levels ≤37 kU/l before the beginning of neoadjuvant therapy, and they 
were all living disease-free at the end of follow-up. 
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In locally advanced pancreatic cancer, the increase in CRP and CA19-9 
levels independently associates with survival (Naumann 2019). The results of 
Study IV support this. Interestingly, in a subgroup analysis, those with weight 
loss and skeletal muscle mass reduction of more than 5% did not benefit from 
resection (Naumann 2019). Therefore, patients whose CRP or CA19-9 level 
increases during neoadjuvant therapy should be carefully assessed for signs of 
disease progression, and their performance status for surgery should be 
thoroughly considered. This is supported by the IAP consensus on the 
definition of borderline resectable disease, which assesses patients in 
anatomical, biological, and conditional categories, considering the patient’s 
tumor marker levels and performance status, among others (Isaji 2017). 
Among patients with an increase in CRP or CA19-9, the benefits and possible 
disadvantages of surgery should be considered. These patients might benefit 
from the continuation of oncological therapy as much as from surgery. The 
median survival of locally advanced unresectable disease is 9-19 months 
(Loehrer 2011, Crane 2011, Sudo 2011).  

Based on the prognostic score introduced in Study III, we tested assessing 
these two markers together also in Study IV. Assessing these two markers 
together seemed to predict postoperative survival better than assessing them 
separately. Patients whose CRP level remained at or decreased to <3 mg/l and 
with a CA19-9 level decrease >50%, had a median survival of 48 months. 
However, if only CRP or CA19-9 decreased, the median survival was only 24 
months, and the 5-year survival rate dropped from 41% to 5%. Furthermore, if 
CRP increased to or remained at ≥3 mg/ and CA19-9 decreased ≤50%, the 
median survival was 19 months. Moreover, patients whose CA19-9 level 
decreased by >90% and CRP level decreased from ≥3 mg/l to <3 mg/l 
experienced a 5-year survival rate of 64%. The median DSS and DFS were not 
reached by the end of the follow-up. Despite the CRP change, patients with a 
CA19-9 level decrease of <90% had a significantly shorter median survival. 
Additionally, even if the CA19-9 level decreased by >90%, but CRP increased 
to or remained at ≥3 mg/l, median survival times were significantly shorter 
than among those with CRP level <3 mg/l.  

Study IV showed that changes in CRP, CA19-9, CEA, and albumin during 
neoadjuvant therapy predict postoperative survival. The normalization of CRP 
and a CA19-9 level decrease by >90% or level normalization predicted an 
excellent postoperative outcome.  Additionally, combining these markers 
predicted postoperative survival.    
 
The strengths of the studies in this thesis include the reliable and vast clinical 
data and follow-up data. Additionally, the studies had a long follow-up period. 
The main strength is comparing both patients treated with neoadjuvant 
therapy and patients who underwent upfront surgery. However, the studies 
naturally have some limitations. Unfortunately, we could not identify those 
who underwent neoadjuvant therapy but never were considered for resection 
due to disease progression or other causes. Despite this bias, this thesis 
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specifically focused on patients who underwent resection for pancreatic 
cancer. Additionally, borderline resectable and resectable patients were 
compared, resulting in different stage distributions and patient 
characteristics. There were no systematically collected blood samples before 
and after neoadjuvant therapy; therefore, the high-sensitivity method applied 
in Study III could not be reciprocated in Study IV. Furthermore, the studied 
patient groups are relatively small, and the patients were treated during 17 
years with changes in treatment regimens during this time. However, most 
excluded patients were treated during the early 2000s, and exclusions were 
mainly due to missing data from these years. However, these studies bring new 
information on the prognostic factors of pancreatic cancer patients treated 
with neoadjuvant therapy. In the future, pancreatic cancer treatment will be 
more personalized. We need to focus on finding the best possible treatment 
for every patient and avoid unnecessary procedures. We still need to 
investigate why treatment responses vary significantly between patients and 
identify patients at risk of early recurrence after surgery.  
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• Classic prognostic factors, such as tumor differentiation, stage, or 

resection radicality, did not affect survival in patients treated with 

neoadjuvant therapy. High TLR1 expression, low preoperative CRP and 

CA19-9, and the decrease in CRP and CA19-9 during neoadjuvant 

therapy predicted a better postoperative outcome among patients 

treated with neoadjuvant therapy 

• Neoadjuvant therapy appears to be effective, especially among patients 

with advanced disease stage and poorly differentiated tumors. Patients 

treated with neoadjuvant therapy had smaller tumors, fewer nodal 

metastases, and less perineural and perivascular invasion  

• The expression intensity of TLRs 1, 3, and 9 was more frequently high 

among patients treated with neoadjuvant therapy. Thus, neoadjuvant 

therapy seems to affect the immunological signaling pathways in 

pancreatic cancer. Among NAT patients, high TLR1 expression was 

associated with longer survival, whereas, among patients undergoing 

upfront surgery, high expression of TLR5 and TLR7 associated with a 

more favorable prognosis  

• Systemic inflammatory markers associated with survival in patients 

treated with neoadjuvant therapy and those who underwent upfront 

surgery. Combining preoperative CRP and CA19-9 in a prognostic score 

predicts long-term survival in pancreatic cancer patients  

• The changes in CRP, CA19-9, albumin, and CEA levels during 

neoadjuvant therapy predict postoperative survival.  
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Regimen 
10 x Gemcitabine 3-8 cycles 
4 x Gemcitabine 3-4 cycles, and gemcitabine chemoradiotherapy 50,4 Gy 
1 x Gemcitabine 3 cycles, and capecitabine chemoradiotherapy 45 Gy 
2 x Gemcitabine 1 cycle, Nab-paclitaxel + gemcitabine 2 cycles 
1 x Gemcitabine 1 cycle, gemcitabine + cisplatin 7 cycles, gemcitabine 2 cycles 
11 x Gemcitabine chemoradiotherapy 50,4 Gy 
1 x Gemcitabine chemoradiotherapy 50,4 Gy, and gemcitabine + cisplatin 4 cycles 
30 x Gemcitabine + cisplatin 3-7 cycles 
7 x Gemcitabine + cisplatin 3-6 cycles, and gemcitabine chemoradiotherapy 45-60Gy 
4 x Gemcitabine + cisplatin 3-7 cycles, and capecitabine chemoradiotherapy 50,4Gy 
1 x Gemcitabine + cisplatin + capecitabine 3 cycles 

2 x Gemcitabine + capecitabine 3-5 cycles 
4 x Gemcitabine + nab-paclitaxel 3-5 cycles 
10 x Folfirinox 5-9 cycles 
1 x Folfirinox 5 cycles and Stereotactic body radiation therapy 
1 x Folfirinox 3 cycles, and Gemcitabine + nab-paclitaxel 3 cycles 
1 x Folfirinox 2 cycles, gemcitabine + cisplatin 3 cycles, gemcitabine 
chemoradiotherapy 50.4Gy 
2 x Not specified 
1 x Radiotherapy only 50.4 Gy 
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NAT (n=65) US (n=119) 
Regimen Regimen 

45 x Gemcitabine 1-8 cycles 103 x Gemcitabine 1-6 cycles 
1 x Gemcitabine 1 cycle, changed to 
cabecitabine 3 cycles 

5 x Gemcitabine chemoradiotherapy  

8 x Gemcitabine + cisplatin 3-4 cycles 4 x Gemcitabine 1-3 cycles, changed to 
capecitabine 2-8 cycles 

3 x Gemcitabine + cisplatin 1-3 cycles, 
reduced to gemcitabine 2-3 cycles 

2 x Gemcitabine + nab-paclitaxel 6-8 cycles 

2 x Gemcitabine + capecitabine 2-3 cycles 4 x Capecitabine 3-7 cycles 
2 x Gemcitabine + nab-paclitaxel 3-9 cycles 1 x Gemcitabine x4, changed to Folfirinox x2 

2 x Capecitabine 5-8 cycles  
1 x Folfirinox 7 cycles  
1 x Folfirinox 1 cycle, changed to gemcitabine 
3 cycles 
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