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Wykaz stosowanych skrotow (wedlug kolejnosci alfabetycznej)

ACE-i — inhibitory konwertazy angiotensyny (angiotensin-converting-enzyme inhibitors)
ARB — antagoni$ci receptora angiotensyny Il (angiotensin Il receptor blockers)

BMI — wskaznik masy ciata (body mass index)

BRCA - gen podatnos$ci na raka piersi (breast cancer susceptibility gene)

CEA — antygen karcynoembrionalny (carcino-embryonic antigen)

CLR - stosunek stezenia biatka C-reaktywnego do bezwzglednej liczby catkowitej limfocytow
(CRP/lymphocyte ratio)

CRP - biatko C-reaktywne (C-reactive protein)

DM - cukrzyca (diabetes mellitus)

FPR - odsetek falszywie pozytywnych wynikow (false positive rate)
HTN — nadcis$nienie tetnicze (hypertension)

IGF-1 - insulinopodobny czynnik wzrostu 1 (insulin-like growth factor I)

Krzywa ROC — krzywa pokazujaca zaleznosci wskaznikow TPR (True Positive Rate) oraz

FPR (False Positive Rate) (receiver operating characteristic curve)

mFOLFIRINOX - schemat chemioterapii oparty na fluorouracylu, leukoworynie,
irynotekanie, oksaliplatynie (chemotherapy regimen: fluorouracil, leucovorin, irinotecan,

oxaliplatin)

N2 — przerzuty w 4 1 wigcej regionalnych wezlach chtonnych wedhug klasyfikacji TNM

(metastases in 4 or more lymph nodes in TNM classification)
OS — przezycie catkowite (overall survival)
PC — rak trzustki (pancreatic cancer)

Skala ECOG - skala sprawnosci wedlug Eastern Cooperative Oncology Group (Eastern

Cooperative Oncology Group performance status scale)

T2 — rozmiar guza pomiedzy 2 i 4 cm wedlug klasyfikacji TNM (tumour size between 2 and 4
cm in TNM classification)



TPR - odsetek prawdziwie pozytywnych wynikow (true positive rate)

Vs. — kontra (versus)



Streszczenie w jezyku polskim

Wstep

Rak trzustki, wedlug polskich danych statystycznych z 2021 roku, stanowi szdstag w kolejnosci
przyczyng zgonow z powodu nowotworéow ztosliwych. Ten typ nowotworu cechuje niski
5 - letni wspotczynnik przezycia nieprzekraczajacy 10%. Na zte rokowanie ma wpltyw kilka
czynnikow, m.in. brak specyficznych objawdw oraz czgsto obserwowana oporno$¢ na
konwencjonalne leczenie. Jedynie okolo 20% przypadkow raka trzustki rozpoznaje si¢
w stadium, w ktorym mozliwe jest przeprowadzenie doszczetnego zabiegu operacyjnego,
wigzacego si¢ z mozliwoscig wyleczenia.

Jednym z waznych aspektow klinicznych pacjenta z rozpoznaniem raka trzustki jest
wspotwystepowanie innych chorob. Stan ogdlny pacjenta oraz choroby przewlekie wptywaja
nie tylko na dobor odpowiednich strategii leczenia, lecz rowniez maja zwigzek z odpowiedzig

na zastosowane leczenie onkologiczne oraz rokowaniem pacjenta.

Cele rozprawy doktorskiej
Gtowny cel naukowy:
Identyfikacja czynnikow zwigzanych z chorobami towarzyszacymi, ktore wpltywaja na

rokowanie pacjentdOw z rozpoznaniem raka trzustki.

Cele szczegdtowe przedstawionego cyklu publikacji:

1. Identyfikacja czynnikéw prognostycznych w grupie pacjentdow z rakiem trzustki
i cukrzyca wraz z analiza wptywu cukrzycy na przebieg leczenia oraz rokowanie
pacjentow.

2. Identyfikacja czynnikow prognostycznych w grupie pacjentow z rakiem trzustki
1 nadci$nieniem t¢tniczym wraz z analiza wptywu nadcis$nienia tetniczego na przebieg
leczenia oraz rokowanie pacjentow.

3. Identyfikacja czynnikoOw prognostycznych w grupie pacjentdow z rakiem trzustki
i wskaznikiem masy ciata (BMI) > 25 kg/m? wraz z analiza wplywu nadwagi/otytosci
na przebieg leczenia oraz rokowanie pacjentow.

4. Charakterystyka pacjentow z rakiem trzustki i dodatnim wywiadem medycznym
w kierunku wystepowania drugiego nowotworu wraz z analizg przezycia grup

z dodatnim i1 uyjemnym wywiadem.



5. Wyodrebnienie wskaznika laboratoryjnego, ktory umozliwi oceng rokowania pacjentow

z rakiem trzustki.

Material i metody
Do badania wtaczono 175 pacjentdow z rozpoznaniem gruczolakoraka trzustki, ktorzy byli
leczeni chemioterapig o zatozeniu adjuwantowym lub paliatywnym i otrzymali wigcej niz
1 kurs chemioterapii. Nast¢gpnie na potrzeby przeprowadzanych analiz pacjenci zostali
podzieleni na nastgpujace grupy:

1. Pacjenci chorzy na cukrzyce versus (vs.) pacjenci z prawidtowa glikemig.

2. Pacjenci chorzy na nadci$nienie t¢tnicze vs. pacjenci z prawidlowym ci$nieniem

tetniczym.
3. Pacjenci z BMI > 25 kg/m? vs. pacjenci z BMI < 25 kg/m?.
4. Pacjenci z dodatnim wywiadem w kierunku drugiego nowotworu pierwotnego
vs. pacjenci z wywiadem ujemnym.

Badanie miato charakter retrospektywny. Analizowane informacje obejmowaty dane:
demograficzne, kliniczne, patomorfologiczne oraz laboratoryjne oznaczane w trakcie
kwalifikacji do chemioterapii. Ponadto przeanalizowane zostaty dane dotyczace operacji wraz
z powiklaniami, dane dotyczace chemioterapii wraz z jej skutkami ubocznymi oraz dane
dotyczace przezycia pacjentow.
Przy uzyciu krzywej pokazujacej zaleznosci wskaznikow TPR (True Positive Rate) oraz FPR
(False Positive Rate) (krzywa ROC), wyodrebnilismy wskaznik laboratoryjny, ktory moze
umozliwi¢ ocen¢ rokowania pacjentow — stosunek stezenia biatka C-reaktywnego do
bezwzglednej liczby catkowitej limfocytow (CLR).
Przy uzyciu odpowiednich testow statystycznych przeprowadzone zostaty analizy statystyczne.

Przyjety poziom istotno$ci wynosit p < 0,05.

Wyniki

Badanie 1: Pacjenci chorzy na cukrzyce vs. pacjenci z prawidlowg glikemia.

Pacjenci chorzy na cukrzyce stanowili 42,3% grupy badanej. Cechowat ich istotnie dluzszy
czas przezycia calkowitego (22 miesigce vs. 18 miesigey; p < 0,050). Po dalszym podziale
pacjentow na leczonych chemioterapiag adjuwantowa 1 paliatywna, obserwacja zostata
potwierdzona jedynie w grupie leczonej paliatywnie (18 miesigcy vs. 13 miesiecy; p < 0,034).

Pacjenci chorzy na cukrzyce istotnie czgsciej chorowali na nadci$nienie tetnicze (p < 0,024),



mieli nizszy wskaznik CLR w trakcie kwalifikacji do chemioterapii (p < 0,050) oraz rzadziej
doswiadczali neutropenii jako dziatania niepozadanego chemioterapii adjuwantowe]
(p <0,034). Do korzystnych czynnikow rokowniczych zwigzanych z dtuzszym przezyciem
catkowitym pacjentow nalezaty: lokalizacja nowotworu w gltowie trzustki (p = 0,050), brak
przerzutdw w weztach chtonnych (p = 0,020), stezenie antygenu karcynoembrionalnego (CEA)
< 5 ng/mL (p = 0,019), stgzenie biatka C-reaktywnego (CRP) < 5 mg/L (p < 0,001) oraz
wskaznik CLR < 1,8 (p = 0,001). W analizie wieloczynnikowej jako najsilniejszy czynnik

prognostyczny zostato wyodrebnione st¢zenie CRP <5 mg/L (p <0,001).

Badanie 2: Pacjenci chorzy na nadci$nienie t¢tnicze vs. pacjenci z prawidtowym ci$nieniem
tetniczym.

Pacjenci chorzy na nadcis$nienie tetnicze stanowili 52,6% grupy badanej. Nie stwierdzono
istotnych statystycznie réznic w czasie przezycia catkowitego, poroéwnujac grupge pacjentow
chorych na nadci$nienie tetnicze z grupa pacjentdow z prawidlowym ci$nieniem tetniczym.
Pacjentow z nadci$nieniem tg¢tniczym cechowal starszy wiek w momencie postawienia
diagnozy raka trzustki (66,3 lat vs. 61,0 lat; p < 0,001), czgstsze rozpoznanie nowotworu bez
przerzutow odleglych (p = 0,005) oraz czestsze wspdtwystepowanie cukrzycy (p = 0,033). Do
korzystnych czynnikow prognostycznych zwiazanych z dtuzszym przezyciem catkowitym
pacjentéw z nadci$nieniem t¢tniczym i rakiem trzustki nalezaly: wyzsze BMI (p = 0,002),
wspotwystepowanie cukrzycy (p = 0,003), stosowanie inhibitoréw konwertazy angiotensyny
lub antagonistéw receptora angiotensyny II (ACE-i/ARB) (p = 0,003) oraz CLR < 1,8
(p = 0,013). Stosowanie ACE-i/ARB bylo najsilniejszym czynnikiem prognostycznym w tej
grupie badanej (p = 0,034).

Badanie 3: Pacjenci z BMI > 25 kg/m? vs. pacjenci z BMI < 25 kg/m?.

Pacjenci z BMI > 25 kg/m? stanowili 32,0% grupy badanej. Nie stwierdzono istotnych
statystycznie rdéznic w czasie przezycia catkowitego, porownujac grupe pacjentow z BMI > 25
kg/m2 z grupa pacjentdw z prawidtowa masa ciata. Pacjenci z BMI > 25 kg/m? istotnie czesciej
mieli diagnozowang chorobe z autoimmunizacji, gtownie przewlekle autoimmunizacyjne
zapalenie tarczycy (p = 0,020). W aspekcie raka trzustki czesciej mieli stwierdzane przerzuty
w 4 1 wiecej regionalnych weztach chlonnych (N2) (p = 0,041), rozmiar guza 2 — 4 cm (T2) (p
= 0,022) oraz doswiadczali neutropenii jako dzialania niepozadanego chemioterapii
paliatywnej (p = 0,014). W grupie pacjentéw z BMI > 25 kg/m? wyzsze BMI byto zwiazane
z dluzszym przezyciem catkowitym (p = 0,021), podczas gdy stezenie CRP > 5 mg/L
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z krotszym przezyciem catkowitym (p = 0,025). BMI bylo najsilniejszym czynnikiem

prognostycznym w tej grupie badanej (p = 0,021).

Badanie 4: Pacjenci z dodatnim wywiadem w kierunku drugiego nowotworu pierwotnego
vs. pacjenci z wywiadem ujemnym.

Pacjenci z dodatnim wywiadem w kierunku drugiego nowotworu pierwotnego stanowili 5,3%
grupy badanej (15 przypadkow). Do innych nowotworow pierwotnych nalezaty: rak piersi
(5 przypadkow), rak jajnika (3), rak jelita grubego (3), rak prostaty (2),
rak watrobowokomoérkowy (1) oraz grasiczak (1). W przypadku pierwszego nowotworu
pierwotnego w wickszosci przypadkéw uzyskano catkowite wyleczenie lub remisje. Sredni
czas przezycia catkowitego od diagnozy pierwszego nowotworu wynosit 75 miesigcy,
natomiast od diagnozy drugiego nowotworu pierwotnego 14 miesigcy. Nie stwierdzono istotnej
statystycznie roznicy w czasie wolnym od progresji (p = 0,440) oraz w czasie przezycia

calkowitego (p = 0,280) pomi¢dzy badanymi grupami.

Whioski

1. Cukrzyca jest czestym schorzeniem pacjentow z rozpoznaniem raka trzustki i wigze si¢
z lepsza prognoza, szczegdlnie w przypadku pacjentdow z chorobg w stadium rozsiewu.
Dalsze badania sa konieczne, aby ustali¢ dokladny mechanizm zwigzany z tym
zjawiskiem. Czynnikami prognostycznymi diluzszego przezycia catkowitego w tej
grupie pacjentow sa: lokalizacja nowotworu w gltowie trzustki, stezenie CEA <5 ng/mL,
stezenie CRP < 5 mg/L oraz wskaznik CLR < 1.8.

2. Stosowanie ACE-i/ARB istotnie wplywa na lepsze rokowanie pacjentéw
z nadci$nieniem tetniczym 1 rakiem trzustki. Innymi czynnikami prognostycznymi
dluzszego przezycia catkowitego w tej grupie pacjentdow jest wyzsze BMI,
wspotwystepowanie cukrzycy oraz wskaznik CLR < 1.8. Samo wspotwystepowanie
nadci$nienia tetniczego nie jest istotne rokowniczo.

3. Wyzsze BMI jest najsilniejszym korzystnym rokowniczo czynnikiem prognostycznym
w grupie pacjentdw z rakiem trzustki i BMI > 25 kg/m?. Moze mieé to zwigzek
z wolniejszym rozwojem kacheksji nowotworowej, a tym samym lepszej tolerancji
1 odpowiedzi na leczenie.

4. Dodatni wywiad medyczny w kierunku wystepowania drugiego nowotworu nie wptywa

na czas przezycia caltkowitego pacjentow z rozpoznaniem raka trzustki.
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5. Stosunek CRP do bezwzglednej liczby catkowitej limfocytow moze by¢ dobrym, tanim

1 tatwo dostgpnym czynnikiem prognostycznym.
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Streszczenie w jezyku angielskim

Title
Assessment of the prognostic value of chosen clinical and pathomorphological factors in the

group of patients with diagnosed pancreatic cancer.

Introduction

Pancreatic cancer (PC) is the sixth leading cause of cancer-associated deaths in Poland,
according to statistical reports gathered in 2021. The five-year overall survival (OS) rate is less
than 10%. Poor prognosis is associated with several factors, encompassing a long asymptomatic
course of disease and frequently observed resistance to most conventional treatment options.
Complete surgical resection provides the only chance for a cure; however, only 20% of patients
are diagnosed with resectable disease.

Comorbidities are one of the most meaningful clinical aspects of patients with PC. The patient's
general condition and comorbidities influence the choice of oncological treatment, further

treatment response, and survival.

The aims of the doctoral dissertation
The main objective of the doctoral dissertation was to identify variables associated with

comorbidities that influence the prognosis of patients with PC.

Specific objectives:

1. Identifying variables influencing the prognosis of patients with PC and diabetes mellitus
(DM). Analysing DM's impact on the course of treatment and prognosis.

2. Identifying variables influencing the prognosis of patients with PC and hypertension
(HTN). Analysing HTN influence on the course of treatment and prognosis.

3. Identifying variables influencing the prognosis of patients with PC and body mass index
(BMI) > 25 kg/m?. Analysing BMI > 25 kg/m? influence on the course of treatment and
prognosis.

4. Characterising patients with PC and concomitant malignancy with further survival
analysis.

5. Establishing new laboratory parameter to assess the prognosis of patients with PC.
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Material and methods:

In the study, we included 175 patients with pancreatic ductal adenocarcinoma who were treated
with adjuvant or palliative chemotherapy and received more than one course of chemotherapy.
Subsequently, for further analysis, patients were subdivided into the following groups:

1. Patients with DM vs. patients without DM (non-DM).

2. Patients with HTN vs. patients without HTN (non-HTN)).

3. Patients with BMI > 25 kg/m? vs. patients with BMI < 25 kg/m?.

4. Patients with concomitant malignancy vs. patients without concomitant malignancy.
The study was designed in retrospective character. The analysed data encompassed
demographic variables, clinical variables, pathological variables, treatment data, laboratory
findings before the first course of chemotherapy, survival, and progression time.

By performing receiver operating characteristic curve (ROC curve) analyses, we established
laboratory parameter rated before the first course of chemotherapy to assess prognosis —
C - reactive protein/lymphocyte ratio (CLR). Statistical analysis using appropriate tests was

conducted. Results were regarded as significant with a p-value of < 0.05.

Results:

Study no. 1: Patients with DM vs. patients without DM.

DM was diagnosed in 42.3% of all patients with PC. Patients with DM had significantly higher
median overall survival (OS) than those without (22 months vs. 18 months, p < 0.050). The
analysed group was further subdivided into a group receiving adjuvant chemotherapy and
a group receiving palliative chemotherapy. Longer survival was confirmed only in the
palliatively treated group (18 months vs. 13 months, p < 0.034). Patients with DM were more
often diagnosed with HTN (p < 0.024), had lower CLR levels (p < 0.050), and less often
suffered from neutropenia as a side effect of adjuvant chemotherapy (p < 0.034). Tumour
location in the pancreatic head (p = 0.050), lack of nodal involvement (p = 0.020), level of
carcinoembryonic antigen (CEA) < 5ng/mL (p = 0.019), C-reactive protein (CRP)
<5mg/L (p <0.001) and CLR < 1.8 (p = 0.001) were significantly associated with longer OS.
In the multivariate analysis, CRP level < 5mg/LL was the strongest predictor of survival

(p <0.001).
Study no. 2: Patients with HTN vs. patients without HTN.

HTN was diagnosed in 52.6% of all patients with PC. No significant difference in OS between
non-HTN and HTN groups was confirmed. Patients with HTN were more likely to be older
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(66.3 vs. 61.0; p <0.001), have DM (p = 0.033), and be diagnosed without distant metastases
(p = 0.005). Higher BMI (p = 0.002), usage of angiotensin-converting-enzyme inhibitors/
angiotensin II receptor blockers (ACE-I/ARB) (p = 0.003), diagnosis of DM (p = 0.003), and
CLR < 1.8 (p=0.013) were associated with longer OS. Usage of ACE-I/ARB was the strongest
predictor of survival (0.034).

Study no. 3: Patients with BMI > 25 kg/m? vs. patients with BMI < 25 kg/m?.

Of 175 patients with PC, 56 (32.0%) were overweight or obese. No significant difference in OS
between BMI > 25 and BMI < 25 groups was established. Patients with BMI > 25 kg/m? were
more likely to have an autoimmune disease, especially chronic lymphocytic thyroiditis
(p = 0.020), metastases in 4 or more lymph nodes (N2) (p = 0.041), tumour size between 2 and
4 cm (T2) (p = 0.022) and experience neutropenia as a side effect of palliative chemotherapy
(p = 0.014). Higher BMI was associated with longer survival (p = 0.021), whilst CRP level
> 5 mg/L. with shorter survival (p = 0.025). In further analysis, BMI was confirmed as the

strongest predictor of survival (p = 0.021).

Study no. 4: Patients with concomitant malignancy vs. patients without concomitant
malignancy.

Fifteen patients enrolled in this work accounted for 5.3% of all analysed cases. All patients were
presented with PC and other primary malignancies, encompassing breast (5), ovarian (3),
colorectal (3), prostate (2), hepatocellular (1) carcinomas, and thymoma (1). In most cases of
first primary cancers, complete response or remission was achieved. The median OS was 75.0
months from the diagnosis of the first primary cancer and 14.0 months from the second primary
cancer diagnosis. There was no significant difference in progression-free survival (p = 0.440)

and OS (p = 0.280) between patients with and without a history of other malignancies.

Conclusions:

1. DM is prevalent among patients with PC. It is associated with longer median OS,
especially in the palliatively treated group. Further studies are required to discover the
exact mechanism associated with this phenomenon. Tumour localisation in the
pancreatic head, CEA < 5 ng/mL, CRP <5 mg/L and CLR < 1.8 are prognostic factors

associated with longer survival.
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. Regarding HTN, the disease itself does not influence survival, but the use of ACE-
I/ARB is correlated with better survival. Other prognostic factors associated with longer
OS are higher BMI, the coexistence of DM and CLR < 1.8.

. Higher BMI is the strongest prognostic factor associated with longer survival in patients
with BMI > 25 kg/m? and PC. Obese patients slower develop cachexia and, as a result,
might better tolerate and respond to oncological treatment.

Second primary tumours do not affect the OS of patients with PC.

CRP to lymphocyte ratio can be a feasible prognostic factor.
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Wstep uzasadniajacy polaczenie wskazanych publikacji w jeden cykl, jak i komentujacy

osiagnie¢cie naukowe kandydata na tle dotychczasowego stanu wiedzy

Rak trzustki, wedlug polskich danych statystycznych z 2021 roku, stanowi szdstag w kolejnosci
przyczyng zgondow z powodu nowotworow ztosliwych. W 2021 zdiagnozowano w Polsce 1876
nowych przypadkow zachorowan na raka trzustki, co daje mu 10 miejsce na liscie najcze¢sciej
wystepujacych nowotwordéw ztosliwych [1]. Nie zostaly poznane dokladne przyczyny
1 mechanizmy rozwoju raka trzustki, niemniej jednak wyodrebniono kilka czynnikow ryzyka,
takich jak palenie papierosow, otytos¢, cukrzyca, naduzywanie alkoholu oraz dodatni wywiad
rodzinny [2]. Najczgstszym typem histologicznym raka trzustki, rozpoznawanym w ponad 90%
przypadkéw jest gruczolakorak trzustki [3]. Ten typ nowotworu cechuje niski 5-letni wskaznik
przezycia catkowitego nieprzekraczajacy 10%. Na zte rokowanie ma wptyw kilka czynnikow,
a mianowicie brak specyficznych objawoéw, az do osiggniecia wysokiego stopnia
zaawansowania, co bezposrednio wigze si¢ z po6zng diagnoza, szybki rozwodj przerzutow
odleglych, czgsto obserwowana oporno$¢ na konwencjonalne leczenie oraz specyficzne
mikro$rodowisko guza [4]. Plan leczenia pacjenta z rozpoznaniem raka trzustki wymaga
wielodyscyplinarnego podejscia, uwzgledniajacego stadium zaawansowania nowotworu oraz
stan sprawnos$ci pacjenta i choroby towarzyszace. Mozliwosci terapeutyczne obejmujg przede
wszystkim chirurgie, chemioterapi¢ oraz radioterapi¢ [5]. Jedynie okoto 20% przypadkoéw raka
trzustki rozpoznaje si¢ w stadium, w ktérym mozliwe jest przeprowadzenie doszczetnego
zabiegu operacyjnego, wigzacego si¢ z mozliwoscig wyleczenia. Aby zmniejszy¢ ryzyko
nawrotu choroby, pacjenci po operacji kwalifikowani sg do chemioterapii adjuwantowej,
najczgsciej w  schemacie mFOLFIRINOX (fluorouracyl, leukoworyna, irynotekan
1 oksaliplatyna). Niemniej jednak, niemal 80% pacjentdow po resekcji guza pierwotnego,
w ciggu 5 lat doswiadcza nawrotu choroby 1 wymaga leczenia paliatywnego [6].

W zwigzku z niesatysfakcjonujagcymi wynikami leczenia i mata liczba dostgpnych opcji
terapeutycznych, obecnie trwajg intensywne badania, ktorych wyniki umozliwityby poprawe
rokowania. W trakcie ostatniej dekady byliSmy $§wiadkami ogromnego wzrostu wiedzy
dotyczacej biologii raka trzustki oraz jego zréznicowania [7, 8]. Zdobyta do tej pory wiedza na
temat heterogennos$ci nowotworu na poziomach molekularnym i komoérkowym musi zostaé
przeniesiona na grunt kliniczny. W zwiazku z powyzszym, wyzwaniem, przed ktorym stoja
wspotczesni naukowcy jest przetozenie zdobytej wiedzy na zaprojektowanie nowych metod
leczenia oraz wyodrebnienie parametréw lub wskaznikéw, ktore w rzetelny sposdb umozliwig

ocen¢ rokowania pacjentow, w tym odpowiedzi na zastosowane leczenie. Dzigki temu
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zaistniataby mozliwos$¢ lepszego, spersonalizowanego doboru schematu leczenia, jak rowniez
stworzenia nowych zalecefn oraz dofaczenia do standardowych metod leczenia raka trzustki
lekéw z innych grup.

Jednym z waznych aspektéw klinicznych pacjentdéw z rozpoznaniem raka trzustki jest
wspotwystepowanie innych chorob. Stan ogdlny pacjenta oraz choroby przewlekie wptywaja
nie tylko na dobor odpowiednich strategii leczenia, lecz rowniez maja zwigzek z odpowiedzig
na zastosowane leczenie onkologiczne oraz rokowaniem pacjenta [9]. Najczesciej stwierdzane
choroby przewlekle pacjentdw z rakiem trzustki zwigzane sg z zespotem metabolicznym [10].
Jednoczesnie, badania wskazuja, ze skladowe zespotu metabolicznego s3 jednymi
z najistotniejszych czynnikéw ryzyka rozwoju tego nowotworu [11]. Klasycznie definicja
zespotu metabolicznego skupiata si¢ na sprzyjaniu rozwojowi chorob uktadu krazenia
o podtozu miazdzycowym [12]. Jednakze, wydaje sig, iz definicja ta powinna zosta¢ rowniez
rozszerzona o aspekt onkologiczny. Jako kryterium rozpoznania zespotu metabolicznego
przyjmuje si¢ otylo$¢ oraz dwa sposrod trzech: podwyzszone ci$nienie tetnicze, podwyzszone
stezenie cholesterolu innego niz lipoproteiny o duzej gestosci (HDL) lub nieprawidlowy
metabolizm glukozy [13]. W zwigzku z duzym rozpowszechnieniem skladowych zespotu
metabolicznego w populacji pacjentow z rakiem trzustki, istotnym wydaje si¢ zbadanie jego

wplywu na przebieg leczenia oraz rokowanie pacjentow.

Przed przystapieniem do badan, dokonalismy rozlegtej analizy literatury oraz obecnych badan
klinicznych celem wytonienia schorzen towarzyszacych wraz z konkretnymi parametrami,
ktére w naszej ocenie bylyby istotnym aspektem choroby pacjentéw z rozpoznaniem raka
trzustki. W zatozeniu, wylonione i zbadane czynniki moga wplyna¢ na rokowanie pacjentow
z rakiem trzustki, jak rdwniez umozliwi¢ prognozowanie odpowiedzi na zastosowane leczenie,
a w przysztosci opracowanie nowych strategii leczenia. Po opracowaniu grupy badanej
przeprowadzilismy dodatkowe analizy przy uzyciu krzywej pokazujacej zaleznosci
wskaznikow TPR (True Positive Rate) oraz FPR (False Positive Rate) (krzywa ROC), celem
wyodrebnienia wskaznika laboratoryjnego, ktory umozliwitby ocene rokowania pacjentow. Na
podstawie analizy, do dalszych badan wytypowalismy stosunek st¢zenia biatka C-reaktywnego
do bezwzglednej liczby catkowitej limfocytow (CLR).

Cykl publikacji rozpoczyna rozdzial w monografii dotyczacy czynnikéw wptywajacych na

rozw6j nowotworow przewodu pokarmowego, w tym raka trzustki (Rozdzial w Monografii

Fudalej M, Badowska-Kozakiewicz A. Czynniki wpbywajgce na rozwoj nowotworow przewodu
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pokarmowego. W: Wybrane choroby nowotworowe — diagnostyka i leczenie. Redakcja: Kinga
Kalbarczyk, Monika Macigg. Wydawnictwo Naukowe Tygiel. Lublin 2021). Analizowane
czynniki obejmowaly m.in. otylo§¢, modyfikacje szlaku sygnatowego insuliny
1 insulinopodobnego czynnika wzrostu 1 (IGF-1) oraz przewlekly stan zapalny. Aktywacja
receptorow dla insuliny 1 IGF-1 powoduje pobudzanie kaskad sygnalowych zwigzanych ze
stymulacja podziatow komorkowych i angiogenezy, a z drugiej strony hamowaniem apoptozy
[14]. Otylo$¢ zwigzana jest ze stanem przewleklego zapalenia z powodu infiltracji tkanki
tluszczowej przez komoérki uktadu immunologicznego, prowadzacej w efekcie do zwigkszone;j
sekrecji cytokin prozapalnych [15].

Kolejna publikacje cyklu stanowi omoéwienie nowych metod leczenia rozsianego raka trzustki
(Publikacja 1 Fudalej M, Kwasniewska D, Nurzynski P, Badowska-Kozakiewicz A, Mekal D,
Czerw A, Sygit K, Deptatla A. New treatment options in metastatic pancreatic cancer. Cancers.
2023, 15(8):2327) z uwzglednieniem czynnikow wptywajacych na rokowanie pacjentéw oraz
zwigzanych z lekoopornosciag na konwencjonalne leczenie chemioterapeutyczne. Artykut
omawia rowniez trudnosci zwigzane z wprowadzeniem nowych metod leczenia, ktore sg z
powodzeniem stosowane w innych typach nowotworow.

W ostatnich latach zostaly odkryte ztozone mechanizmy opornosci raka trzustki na
immunoterapi¢, dlatego tez nowe strategie leczenia powinny by¢ réownie ztozone
i wielokierunkowe, aby te opornos$¢ przetamac. Wieloptaszczyznowy wptyw stanu zapalnego
oraz odpowiedzi immunologicznej organizmu na rozw0j nowotworu, jego progresj¢ oraz
powstanie przerzutow odlegtych, a tym samym rokowanie pacjentéw jest niezaprzeczalny [16,
17]. Niemniej jednak, nadal nie zostal opracowany parametr zapalny, ktory umozliwilby
rzetelng oceng rokowania pacjentdw z rozpoznaniem raka trzustki.

Poza niskg wrazliwoscig komorek raka trzustki na immunoterapi¢, rownie niska jest ich
wrazliwo$¢ na leczenie anty-angiogenne. Moze to mie¢ zwigzek z opisywanymi w przypadku
raku trzustki zjawiskami takimi jak kooptacja naczyfn, mimikra naczyniowa oraz
waskulogeneza. W zwiazku z powyzszym, zamiast na aspekcie anty-angiogennym, niektore
badania skupiajg si¢ na proébach normalizacji sieci naczyn w obrebie nowotworu, w celu
lepszego dostarczenia chemioterapeutykow, a tym samym poprawy skutecznos$ci
konwencjonalnego leczenia [18]. Jednym z badanym lekow jest antagonista receptora
angiotensyny Il —losartan, stosowany powszechnie w leczeniu nadci$nienia t¢tniczego (badania
kliniczne: NCT05077800, NCT04106856). Nieznany jest jednak doktadny wplyw samego
nadci$nienia tetniczego oraz lekdw stosowanych w jego terapii na odpowiedz na leczenie oraz

rokowanie pacjentdw z rozpoznaniem raka trzustki.
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Szeroko zbadanym aspektem rozwoju raka trzustki sg rowniez mutacje genetyczne dotyczace
komoérek nowotworowych, jak rdwniez genetyczne predyspozycje do wystepowania kilku
nowotworow np. w przypadku mutacji gendw podatno$ci na raka piersi (BRCA) [19]. Znacznie
mniej zbadany jest aspekt kliniczny, w tym wpltyw zachorowania na inny nowotwor przed
rozpoznaniem lub w trakcie leczenia raka trzustki, na rokowanie pacjentow.

W zwigzku z omawianymi wcze$niej czynnikami, ktére moga wplywac na rokowanie i leczenie
pacjentéw z diagnoza raka trzustki nasze badania skupity si¢ na chorobach i dolegliwo$ciach
towarzyszacych, takich jak cukrzyca (Publikacja 2 Badowska-Kozakiewicz A, Fudalej M,
Kwasniewska D, Durlik M, Nasierowska-Guttmejer A, Mormul A, Wiloszek E, Czerw A, Banas
T, Deptata A. Diabetes mellitus and pancreatic ductal adenocarcinoma — prevalence,
clinicopathological variables, and clinical outcomes. Cancers. 2022; 14(12):2840) nadwaga,
otylo$¢, nadcisnienie tetnicze (Publikacja 3 Fudalej M, Cichowska I, Badowska-Kozakiewicz
A, Deptata A. The prevalence and impact of overweight and hypertension among patients with
pancreatic cancer. Oncology in Clinical Practice. Published online: 2024-03-05), oraz inne
nowotwory (Publikacja 4 Fudalej M, Badowska-Kozakiewicz A, Kwasniewska D, Cichowska
I, Deptata A. Pancreatic cancer concomitant with other malignancies — single centre
experience. NOWOTWORY J Oncol. 2024, 74(1):20-26). Publikacje stanowity cykl trzech prac
oryginalnych omawiajacych czestos¢ wystepowania powyzszych chordb towarzyszacych, dane
demograficzne badanej populacji (wiek, pte¢), dane kliniczne (wskaznik masy ciala (BMI),
palenie papierosow, wywiad rodzinny w kierunku choréb nowotworowych, choroby
towarzyszace, ocen¢ sprawnosci wedtug Eastern Cooperative Oncology Group (ECOQG)), dane
patomorfologiczne (lokalizacj¢ nowotworu, wielko$¢ guza pierwotnego, zajecie weztow
chtonnych, stopien ztosliwosci histologicznej, marginesy resekcji, angioinwazje,
neuroinwazj¢), dane laboratoryjne oceniane przed podaniem pierwszego kursu chemioterapii,
dane dotyczace operacji wraz z powiktaniami, dane dotyczace chemioterapii wraz z jej
skutkami ubocznymi oraz dane dotyczace przezycia pacjentéw. W publikacjach dotyczacych
nadci$nienia tetniczego, nadwagi/otytosci oraz cukrzycy pacjenci zostali podzieleni na grupy
w zalezno$ci od wspolwystepowania lub nie danej choroby, a nastepnie stworzone grupy
porownano pod katem opisanych powyze] danych. W publikacji dotyczacej
wspotwystepowania innych chorob nowotworowych zbadano ich wplyw na rokowanie
pacjentéw oraz omowiono mozliwe przyczyny wspotwystgpowania choréb nowotworowych.
Na podstawie przeprowadzonych badan, poprzedzonych analiza literatury, wyodrgbniono

czynniki wplywajace na rokowanie oraz leczenie pacjentéw z rozpoznaniem raka trzustki.

20



Zalozenia i cel pracy

Zatozeniem pracy bylo zbadanie rozpowszechnienia i charakterystyki chorob towarzyszacych
w populacji pacjentdOw z rozpoznaniem raka trzustki oraz analiza ich wplywu na przebieg
leczenia 1 rokowanie. Szczegdlna uwaga zostala poswigcona skladowym zespotu
metabolicznego — otylosci, podwyzszonemu cisnieniu tgtniczemu oraz nieprawidtowemu
metabolizmowi glukozy. Ponadto, skupiono si¢ na parametrach zwigzanych ze stanem

zapalnym, celem wyodrebnienia laboratoryjnego czynnika prognostycznego.

Glowny cel naukowy przedstawionego cyklu publikacji:
Identyfikacja czynnikow zwigzanych z chorobami towarzyszacymi, ktére wplywaja na

przebieg leczenia oraz rokowanie pacjentdw z rozpoznaniem raka trzustki.

Cele szczegolowe przedstawionego cyklu publikacji:

1. Identyfikacja czynnikow prognostycznych w grupie pacjentow z rakiem trzustki
i cukrzyca wraz z analiza wptywu cukrzycy na przebieg leczenia oraz rokowanie
pacjentow.

2. Identyfikacja czynnikow prognostycznych w grupie pacjentow z rakiem trzustki
1 nadci$nieniem tetniczym wraz z analiza wptywu nadci$nienia tetniczego na przebieg
leczenia oraz rokowanie pacjentow.

3. Identyfikacja czynnikéw prognostycznych w grupie pacjentow z rakiem trzustki
i wskaznikiem masy ciata (BMI) > 25 kg/m? wraz z analiza wplywu nadwagi/otytosci
na przebieg leczenia oraz rokowanie pacjentow.

4. Charakterystyka pacjentow z rakiem trzustki i dodatnim wywiadem medycznym
w kierunku wystepowania drugiego nowotworu wraz z analizg przezycia grup
z dodatnim i uyjemnym wywiadem.

5. Wyodrebnienie wskaznika laboratoryjnego, ktory umozliwi oceng rokowania pacjentow

z rakiem trzustki.
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Czynniki wplywajace na rozwoj nowotworow
przewodu pokarmowego

1. Wstep

Nowotwory przewodu pokarmowego naleza do najczescie) diagnozowanych
nowotworow na swiecie — w ciagu 1 roku stanowia one ponad 4 miliony nowych przy-
padkow [1]. W zaleznosci od zastosowanego podziahi, pod pojeciem .nowotworow
przewodu pokarmowego” mozemy wyrézmé przynajmniej 10 réznych jednostek
chorobowych, ktére do pewnego stopnia dziela ze soba wspolna charakterystvke [2].
Sa one zwiazane z wysoka smiertelnoscia. co klasyfikuje je wsrod wiodacych prob-
lemow wspoélczesnej ochrony zdrowia [3].

Kancerogeneza jest niezwykle zlozonyvm zjawiskiem. wiazacym sie z przebiegiem
wielu zmian na poziomie komorkowym. Domiesienia w literaturze sugeruja wplvw
heterogennych czynnikow na jej inicjacje 1 dalszy przebieg. Do tych czynnikéow naleza
m.in. infekcje (zaré6wno wirusowe. jak 1 bakteryjne) 1 stymulowany przez nie proces
zapalny. zaburzenia w homeostazie mikrobioty oraz nadmiemny rozwoj tkanki thiszczo-
wej 1 zwiazane z tym zaburzenia metaboliczne 1 hormonalne [4-6]. Celem niniejsze) pracy
jest omowienie najnowszych doniesien opiswjacych molekularne mechanizmy zwia-
zane z czynnikami wplywajacymi na rozwo) nowotworow przewodu pokarmowego.

2. Infekcje

Nowotwory przewodu pokarmowego wykazuja tendencje do rozwoju na podlozu
trwajacego procesu zapalnego zwiazanego z infekcja bakteryjna lub wirusowa [3]. Sza-
cuje sie. ze okolo 13% wszystkich nowotworow na swiecie ma zwiazek z infekcjami.
a gldéwnymi patogenami zwiazanymi z kancerogeneza sa Helicobacter pviori (H. pviori).
onkogenne typy wirusa brodawczaka ludzkiego (HPV) oraz wirusy zapalenia watroby
typu B 1 C (HBV, HCV). Odpowiadaja one w sumie za ponad 90% wszystkich przy-
padkéw nowotworow zwiazanych z infekcjanmu [4]. Aby zrozumie¢ mechanizm kan-
cerogenezy zwiazany z infekcjami powinmismy pochyli¢ sie nad biologia molekulama
tego zagadnienia. Onkogenne wirusy RNA (m.mn. HCV) mnicjuja rozwd] nowotworu
przez zjawisko przewleklego zapalenia 1 produkcji reaktywnych form tlenu (ROS).
DNA-wirusy, takie jak HPV. HBV czy wirus Epstema-Barr (EBV). bezposrednio od-
dzialyja na proteiny zwiazane m.in. z punktami kontrolnymi cyklu komorkowego.
apoptoza. regulacja dlugosci telomerow. czy mechanizmami naprawy DNA [7]. Pato-
geny. ktore moga uczestniczy¢ w kancerogenezie nowotwordw przewodu pokarmo-
wego zostaly zebrane w tabeli 1.

Infekecja bakteria Helicobacter pylori, a w jej konsekwenci przewlekle zanikowe
zapalenie blony sluzowe) zoladka jest glownym czynnikiem ryzyka rozwoju raka
zoladka typu jelitowego [8]. Za wirulencje A. pviori odpowiada okolo 30 genow. wsrod

! marta fudalej@wum edupl Zaklad Profilaktyki Onkologicznej, Wydzial Nauk o Zdrowm, Warszawski
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ktorych najwazniejszymi sa cytotoksyna wakuolizujaca. gen A zwiazany z cytotoksyna
oraz izomeraza fosforybozyloantraanilinowa. Indukuja one zwigkszone uwalnianie
prozapalnyvch cytokin, apoptoze w komorkach nablonkowych zoladka oraz prowadza
do zmian genetycznych 1 fenotypowych nablonka [9]. Zakazenie H. pyviori prowadz
tym samym do zapalenia zamkowego blony sluzowej. a nastepme dalszej kaskady zmian
obeymujace; metaplazje 1 dysplazje zakonczona rakiem zoladka [10]. Badania wska-
zuja, ze populacyjne badania przesiewowe 1 leczenie H. pviori jest mozliwe do wyko-
nania 1 efektywne kosztowo w zapobieganiu raka zoladka. jednak moze prowadzi¢ do
antybiotykoopormosci 1 negatywnego wplywu na fizjologiczna mikroflore przewodu
pokarmowego [4. 11].

Wirus brodawczaka ludzkiego zwiazany jest glownie z nowotworami plaskona-
blonkowymi (plaskonablonkowy rak przelyku. plaskonablonkowy rak odbytu) oraz
w mniejszvin  stopniu z gruczolakorakamui (gruczolakorak przelyku. gruczolakorak
zoladka) [3] HPV promuje kancerogeneze przez bezposrednie 1 posrednie mechanizmy
zwiazane z onkoprotemami. redukcja odpowiedzi immunologiczne; gospodarza 1 in-
dukcja zapalenia [12]. Onkoproteiny E6/E7 zwiazane z HPV inaktywiya réznorodne
antyonkogeny (np. RB1. p53) oraz oddzialya na wiele supresorowych oraz onkogen-
nych sciezek sygnalowych takich jak Notch czy TGFp [13].

Glowna role w onkogenezie raka watrobowokomorkowego (HCC) odgrywa zapa-
lenie wywolywane przez HBV lub HCV. Przewlekle zapalenie wielokrotnie stvmuluje
odpowiedz immunologiczna uszkadzajaca hepatocyty. ktore sa nastepnie regenerowane.
W efekcie prowadzi to do akumulacji onkogennych mutacji 1 zmian epigenetycznych
promujacych kancerogeneze [13]. Co wigce). udowodniono, ze HBV moze stymulo-
wacé rozwd] zmiany nowotworowe] W trzech roznych mechanizmach: 1. mtegracj
wirusowego DNA z genamu gospodarza zwiazanymi z kancerogeneza: 2. promocji
niestabilnosci genetyczne): 3. oddzialvwania wirusowych bialek na funkcje komorki
poprzez aktywacje onkogennych sciezek i1 uwrazliwienie hepatocytéw na mutageny
[14]. HCV z kolei nie jest okreslany jako bezposrednio onkogenny. Podejrzewa sig. ze
zakazenie HCV sprzyja wytworzeniu rakotworczego srodowiska promujacego nowo-
tworowa przemiange niezakazonych hepatocytow — jest to tzw. efekt swiadka
(bystander effect) [15].

Tabela 1 Zestawienie patogenow, ktdre moga uczestmczyé w kancerogenezie wybranych nowotwordw
przewodu pokarmowego

Patogeny, ktére moga uczestniczyé

: MNowotwor przewodu pokarmowego
w kancerogenezie P P g

Helicobacter pylori Rak zoladka (typ jelitowy)
Rak przelyku,
Wirus brodawezaka ludzkiego (HPV) rak zoladka,
rak odbytu
Wirus zapalenia watroby typu B (HBV) Rak watrobowokomérkowy
Wirus zapalenia watroby typu C (HCV) Rak watrobowokomérkowy
Rak przelylu,
: _ rak zoladka,
Wirus Epstema-Barr (EBV) rak o dbqt} tu
enteropatyczny chioniak T-komérkowy
Wirus Johna Cunninghama (JCV) Rak jelita grubego
Cytomegalowirus (CMV) Rak jelita grubego
Ludzla wirus niedoboru odpornose: (HIV) Rak odbytu

Zrodla: [3. 4. 16]
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3. Mikrobiota

Mikrobiom (mikrobiota) jest zbiorem mikroorganizmow skladajacym sie z wirusow.,
bakterii. grzybow 1 archeondéw odpowiadajacym za utrzymanie odpowiedniej homeo-
stazy organizmu [17]. Najnowsze badania donosza. ze mikrobiota przewodu pokarmo-
wego czlowieka bierze udzial w nicjaci 1 progresji kancerogenezy oraz moduluje odpo-
wiedz na leczenie 1 wystapienie skutkow ubocznych terapii. W zwiazku z powyzszym
stworzono termin ,,onkobiom™ okreslajacy pole badan naukowych nad wplywem mikro-
bioty na mechanizm rozwoju nowotworow [18].

Obecnie badania skupiaja sie glownie nad powiazaniem mikrobiomu z rozwojem
nowotworow trzustki. przelyku, zoladka. jelita grubego 1 watroby [3. 18. 19]. Watroba.
poprzez zyle wrotna. jest narazona na stalg ekspozycje mikroorganizméw przewodu
pokarmowego. Wzorce molekularne zwiazane z patogenami (ang. pathogen associated
molecular patterns., PAMPs) poprzez receptory toll-podobne (ang. foll-like receptors,
TLR) pobudzaja hepatocyty do zapalemia, proliferaci 1 wldkmenia. Co wiecej. powoduja
one zwiekszona ekspresje czynnika wzrostu hepatocytéw 1 hamya apoptoze. co moze
prowadzi¢ do kancerogenezy [20. 21].

W przypadku raka jelita grubego mikroorganizmem. ktéry jest najczesciej laczony
z procesem kancerogenezy jest Streprococcus gallolvticus (S. gallolvticus). Podejrzewa
s1¢. ze nie jest on bezposrednim promotorem kancerogenezy. ale czynnikiem pomocni-
czym. ktory napedza rozwd) nowotworu [22]. Jednym z postulowanych mechanizmow
jest bakterio-zalezna stymulacja zapalenia udowodniona przez zwigekszona ekspresje
prozapalnych molekul takich. jak interleukina 1 (IL-1). interleukina 8 (IL-8) 1 cvyklo-
oksygenaza (COX)-2 [23]. Co wiece]. udowodniono. ze S. gallohticus czerpie korzysci
z mikrosrodowiska nowotworu — zwigkszone stezenie produktow glikolizy takich jak
tfruktozo-6-fosforan czy kwas 3-fosfoglicerynowy. stymuluje mnozenie si¢ tej bakteru
[24]. Innymi bakteriami powiazanymi z kancerogeneza raka jelita grubego sa m.in.
Fusobacterium nucleatum, Bacteroides firagilis, Escherichia coli i Enterococcus faecalis
[5]. Stymuluja one rozwod] nowotworu poprzez produkcje genotoksyn uszkadzajacych
DNA Iub wplywajacych na cykl komérkowy [25]. produkcje ROS powodujacych nie-
stabilnos¢ chromosomalna [26] oraz zwigckszenie ekspres)i genow onkogenezy 1 zapa-
lenia przez aktywacje szlaku E-kadheryna/p-katenina [27].

W przypadku raka trzustki obecnosé baktern stwierdzono w 76% probek pocho-
dzacych z tego nowotworu [28]. Rozne badamia sugeryja. ze bakteriami szczegolnie
Zwiazanymi z patogeneza raka trzustki sa te pochodzace z jamy ustnej. Kolonizuja one
przewod pokarmowy oraz moga przedostawac sie do krwi podeczas Zzucia, higieny jamy
ustnej. czy tez procedur dentystycznych [29]. Mikroorganizmami najczesciej laczonymi
z patogeneza raka trzustki sa Fusobacterium spp. Udowodniono, ze biora one udzial
w kancerogenezie poprzez sekrecje czynnika wirulencji FadA. ktéry laczy sie z recep-
torem znajdujacym si¢ na komorkach srodblonka (CDHS) lub E-kadheryna 1 pobudza
sciezke sygnalowa P-kateniny. co w nastepstwie prowadzi do zwiekszone] ekspresji
onkogenow oraz genow zwiazanych ze stanem zapalnym [30]. Zbadano réwniez, ze
obecnosé bakterii Fusobacterium moze by¢ czynnikiem prognostycznym zwiazanym
z krotszym przezyciem calkowitym pacjentow (ang. overall survival. OS) [31]. Z dugiej
strony. protekeyjny efekt przed rozwojem raka trzustki moze wykazywac Neisseria
mucosa. W jamie ustnej spelnia ona ochronna role poprzez metabolizowanie zwiazkow
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o niskim pH w slabe, lotne kwasy. Jej podobnie protekcyjna rola postulowana jest
w raku trzustki. w ktérym kwasne. hipoksemiczne mikrosrodowisko sprzyjaloby roz-
wojow1 przerzutow odleghych [29. 32].

4. Otylos¢

W ciagu ostatnich lat zauwazono wzrost czestosci wystgpowania otylosci. ktory jest
szczegolnie nasilony w krajach wysokorozwinietych. W przeciagu ostatnich 3 dekad
rozpowszechnienie otylosci oszacowano na 27.5% wsrod dorostych 1 47.1% wsrod
dziec1 [33]. Otylos¢ zostala sklasyfikowana jako czynnik ryzyka wielu choréb nowo-
tworowych [34]. zajmujac drugie miejsce po paleniu papieroséw wsrdd najczestszych
Przyczyn rozwoju nowotworu [35].

Aby zbada¢ zaleznos$¢ pomiedzy otyloscia a rozwojem nowotworow zazwyczaj
uzywa si¢ takich parametrow jak wskaznik masy ciala (body mass index BMI) oraz
stosunek obwodu talit do obwodu bioder (Waist—-Hip Ratio WHR). Otylos¢ powiazano
z wyzszym ryzykiem rozwoju takich nowotworow przewodu pokarmowego jak rak
jelita grubego. rak trzustki. rak watrobowokomorkowy. rak pecherzyka zolciowego.
rak zoladka 1 gruczolakorak przelyku [36]. Z kolei. w przypadku raka plaskonablonko-
wego przelyku wyzsze BMI 1 WHR powiazano z mniejszym ryzykiem jego rozwoju [37].

Obecnie postulowane hipotezy wyjasniajace zaleznos¢ pomiedzy otyloscig 1 kan-
cerogeneza obejmuja m.in. modyfikacje szlaku sygnalowego insuliny 1 insulinopodob-
nego czynnika wzrostu-1 (IGF-1) oraz przewlekle zapaleme zwiazane z tkanka thiszczo-
wa [6. 36]. Otylos¢ zwiazana jest ze stanem przewleklego zapalenia z powodu infil-
tracji tkanki thuszczowej przez komorki ukladu immunologicznego (m.in. makrofagi).
prowadzace) w efekcie do zwiekszone) sekrecji cytokin prozapalnych [38]. Zjawiska
hipermsulinemi 1 msulinoopornosci sa natomuiast bardzo czesto stwierdzane u osob
otylych [39]. Aktywacja receptorow dla insuliny 1 IGF-1 powoduje pobudzanie kaskad
sygnalowych zwiazanych ze stymulacja podzialow komorkowych. angiogenezy 1 ha-
mowaniem apoptozy [40]. Nowotworem. w ktorym udowodniono wyrazny zwiazek
pomiedzy hiperinsulinemia. zapaleniem 1 kancerogeneza jest rak jelita grubego.
W przypadku innych nowotwordéw obecnie dostepne badania przedstawiaja heterogenne
wymiki [41].

5. Podsumowanie

Znajomos¢ czynnikow ryzyka poszezegolnych nowotworow przewodu pokarmo-
wego umozliwi wdrozenie odpowiedniej profilaktyki oraz wczesnego leczenia zapo-
biegajacego rozwojowi nowotworu. Ponadto, zbadanie mechanizmow molekularnych
laczacych infekcje 1 zjawiska zachodzace w tkance thiszczowej z procesem kancero-
genezy ulatwi zaprojektowanie spersonalizowanego leczemia hamujacego przebieg
przemian nowotworowych prawidlowych komorek. Pomimo licznych badan analizu-
jacych te zaleznosci. czesto brakuje w nich konsensusu. co implikuje potrzebe dalszego
zglebiania tematu. Nowotworem o najwigkszej liczbie badan 1 wyciagnietych z nich
wiioskow jest rak jelita grubego. co ma najprawdopodobnie) zwiazek z duza liczeb-
noscia grup badanych. Inne. rzadsze nowotwory wymagaja obecnie zdecydowanie
wigkszej liczby analiz celem opracowania jednolitych wmoskow.
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Uwagi ogolne

Prace wykonano w ramach projektu realizowanego w latach 2020-2021 finanso-
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Literatura

L.

LA

10.

11.

Ferlay I.. Soerjomataram I.. Dikshit R.. Eser S., Mathers C., Rebelo M., Parkin D. M.,
Forman D.. Bray F.. Cancer incidence and mortality worldwide: sources, methods and
major patterns in GLOBOCAN 2012, Int J Cancer. 136(5). 2015, s. E359-86.

Meyerhardt J.A., Tepper L.E., Venook A.P.. Special Series: Advances in GI Cancer, J Clin
Oncol. 33(16), 2015, 5. 1717-20.

Costa N.R., Gil da Costa R.M.. Medeiros R.. 4 viral map of gastrointestinal cancers. Life
Sci. 199, 2018. 5. 188-200.

de Martel C., Georges D., Bray F., Ferlay J.. Clifford G.M., Global burden of cancer
aftributable to infections in 2018 a worldwide incidence analysis, Lancet Glob Health,
8(2) 2020, s. e180-2190.

Panebianco C., Potenza A.. Andrinlli A.. Pazienza V.., Exploring the microbiota to beffer
understand gastrointestinal cancers physiology, Clin Chem Lab Med. 56(9) 2018.

5. 1400-1412.

Karczewski J.. Begier-Krasifiska B., Staszewski R.. Poplawska E.. Gulczynska-Elhadi K.,
Dobrowolska A.. Obesity and the Risk of Gasirointestinal Cancers, Dig Dis Sci, 64(10),
2019, s. 2740-2749.

Pandey N.V.. DNA viruses and cancer: insights from evolutionary biology, Virusdisease,
31(1). 2020. s. 1-9.

Shichijo S.. Hirata Y., Characteristics and predictors of gastric cancer afier Helicobacter
pvlori eradication, World J Gastroenterol, 24(20). 2018, s. 2163-2172.

Sukri A.. Hanafiah A.. Mohamad Zin N.. Kosai N.R.. Epidemiology and role of
Helicobacter pylori virulence factors in gastric cancer carcinogenesis, Apmis, 128(2).
2020, 5. 150-161.

Mentis A A, Boziki M., Grigoriadis N., Papavassiliou A.G., Helicobacter pyiori infection
and gastric cancer biology: fempering a double-edged sword, Cell Mol Life Sci, 76(13),
2019, 5. 2477-2486.

Song Z.Q. . Zhou L.Y., Helicobacter Pylori and Gastric Cancer: Clinical Aspects, Chin
Med J (Engl). 128(22). 2015. s. 3101-5.

. Estévao D.. Costa N.R.. Gil da Costa R.M.. Medeiros R.. Hallmarks of HPV

carcinogenesis: The role of E6, E7 and ES5 oncoproteins in cellular malignancy, Biochim
Biophys Acta Gene Regul Mech, 1862(2), 2019, s. 153-162.

. Gaglia M.M., Munger K.. More than just oncogenes: mechanisms of tumorigenesis by

human viruses, Curr Opin Virol, 32, 2018, s. 48-59.
Levrero M. . Zucman-Rossi I.. Mechanisms of HBV-induced hepatocellular carcinoma,
T Hepatol. 64(1 Suppl), 2016. s. S84-s101.

. Dash S.. Aydin Y., Widmer K.E.. Nayak L., Hepafocellular Carcinoma Mechanisms

Associated with Chronic HCV Infection and the Impact of Direct-Acting Anfiviral
Treatment, J Hepatocell Carcinoma, 7. 2020, s. 45-76.

Mirzaei H., Goudarzi H.. Eslami G., Faghihloo E., Role of viruses in gastrointestinal
cancer, J Cell Physiol, 233(5). 2018, s. 4000-4014.

7. Belkaid Y.. Harrison O.J.. Homeostatic Immunity and the Microbiota, Immunity. 46(4),

2017, 5. 562-576.

117

30



Marta M. Fudalej, Anna M. Badowska-Kozakiewicz

18.

30,

31.

Yu Q.. Jobin C.. Thomas R.M.. Implications of the microbiome in the development and
freatment of pancreatic cancer: Thinking outside of the box by looking inside the gut,
Neoplasia, 23(2). 2021, s. 246-256.

Weng M.T., Chiun Y.T.. Wei P.Y.. Chiang C.W., Fang H.L., Wei S.C., Microbiota and
gastrointestinal cancer, J Formos Med Assoc, 118 Suppl 1. 2019, s, 832-g41.

Wiest R., Albillos A.. Trauner M., Bajaj I1.S.. Jalan R.. Targeting the gut-liver axis in liver
disease, T Hepatol. 67(5), 2017, s. 1084-1103.

. Dapito D.H.. Mencin A.. Gwak G.Y.. Pradere I.P., JTang M.K.. Mederacke I.. Caviglia

J.M.. Khiabanian H., Adeyemi A.. Bataller R., Lefkowitch J.H.. Bower M., Friedman R.,
Sartor R.B.. Rabadan R.., Schwabe R.F.. Promofion of hepatocellular carcinoma by the
infestinal microbiota and TLR4, Cancer Cell, 21(4), 2012, s. 504-16.

. Pasquereau-Kotula E.. Martins M., Aymeric L.. Dramsi S.. Significance of Streptococcus

gallolyticus subsp. gallolyticus Association With Colorectal Cancer, Front Microbiol, 9,
2018. 5. 614.

Abdulamir A.S., Hafidh R R., Bakar F.A.. Molecular detection, quantificafion, and
isolation of Streptococcus gallolyticus bacteria colonizing colorectal fumors:
inflammation-driven potential of carcinogenesis via IL-1, COX-2, and IL-8, Mol Cancer,
9.2010. s. 249.

Boleij A.. Dutilh B.E.. Kortman G.A.. Roelofs R., Laarakkers C.M.. Engelke U.F..
Tjalsma H.. Bacterial responses to a simulated colon fumor microenvironment, Mol Cell
Proteomics, 11(10), 2012, 5. §851-62.

. Buc E.. Dubois D.. Sauvanet P.. Raisch J.. Delmas J.. Darfeuille-Michaud A.. Pezet D..

Bonnet R.. High prevalence of mucosa-associated E. coli producing cyclomodulin and
genotoxin in colon cancer, PLoS One, §(2), 2013, s. 56964,

Balamuugan R.. Rajendiran E.. George S.. Samuel G.V., Ramakrishna B.S.. Real-fime
polymerase chain reaction quantification of specific butyrate-producing bacteria,
Desulfovibrio and Enterococcus faecalis in the feces of patients with colorectal cancer,
J Gastroenterol Hepatol. 23(8 Pt 1). 2008. s. 1298-303.

7. Rubinstein ML.R., Wang X.. Liu W.. Hao Y.. Cai G., Han Y.W.. Fusobacterium nucleatum

promotes colorectal carcinogenesis by modulating E-cadherin/f-catenin signaling via its
FadA adhesin, Cell Host Microbe, 14(2). 2013, s. 195-206.

Geller L.T., Barzily-Rokni M.. Danino T.. Jonas O.H.. Shental N., Nejman D.. Gavert N.,
Zwang Y., Cooper Z.A.. Shee K., Thaiss C.A.. Reuben A., Livay J., Avraham R..
Frederick D.T.. Ligorio M.. Chatman K., Johnston S.E., Mosher C.M., Brandis A., Fuks
G.. Gurbatri C., Gopalakrishnan V., Kim M.. Hurd M.W.. Katz M., Fleming J., Maitra A..
Smith D.A.. Skalak M.. Bu I., Michaud M.. Trauger S.A., Barshack I.. Golan T.. Sandbank
I., Flaherty K.T.. Mandinova A.. Garrett W.S., Thayer S.P.. Ferrone C.R., Huttenhower C.,
Bhatia S.N.. Gevers D., Wargo J.A., Golub T.R., Straussman R.. Pofenfial role of
intratumor bacteria in mediating tumor resistance to the chemotherapeutic drug
gemcitabine, Science, 357(6356), 2017, s. 1156-1160.

Sun H., Zhao X., Zhou Y., Wang J.. Ma R., Ren X., Wang H.. Zou L.. Characterization of
Oral Microbiome and Exploration of Potential Biomarkers in Patients with Pancreatic
Cancer, Biomed Res Int, 2020, 2020, s. 4712498.

Gholizadeh P.. Eslami H.. Kafil H.S.. Carcinogenesis mechanisms of Fusobacterium
nucleatum, Biomed Pharmacother, 89, 2017, s. 918-925.

Mitsuhashi K.. Nosho K., Sukawa Y.. Matsunaga Y., Ito M., Kurihara H.. Kanno S.,
Igarashi H.. Naito T.. Adachi Y.. Tachibana M.. Tanuma T., Maguchi H., Shinohara T..
Hasegawa T.. Imamura M.. Kimura Y., Hirata K., Marmyama R.. Suzuki H.. Tmai K..
Yamamoto H.. Shinomura Y.. Associafion of Fusobacterium species in pancreafic cancer
fissues with molecular features and prognosis, Oncotarget, 6(9), 2015. s. 7209-20.

118

31



Coymniki wplywajgee na rozwdj nowotwordw przewodu pokarmowego

L]
| S

. Lim G.. Tang C.M., Exley R.M.. Non-pathogenic Neisseria: members of an abundant,
multi-habitat, diverse genus, Microbiology (Reading), 161(7). 2015, s. 1297-1312.

33. Apovian C.M., Obesity: definition, comorbidifies, causes, and burden, Am J Manag Care,
22(7 Suppl). 2016, s. s176-85.

34. De Pergola G.. Silvestris F.. Obesity as a major 1isk factor for cancer, J Obes, 2013, 2013,
5. 291546.

35. Lauby-Secretan B.. Scoccianti C., Loomis D., Grosse Y., Bianchini F.. Straif K.. Body
Fatness and Cancer-Viewpoint of the LARC Working Group, N Engl T Med. 375(8), 2016.
s. 794-8.

36. Mwrphy N.. Jenab M., Gunter M.J.. Adiposity and gastrointestinal cancers: epidemiology,
mechanisms and future directions, Nat Rev Gastroenterol Hepatol. 15(11). 2018, s. 659-670.

37. World Cancer Research Fund/American Institute for Cancer Research. Continuous
Update Project Expert Report 2018. Diet, nutrition, physical activity and oesophageal
cancer, 02.02.2021.

38. Crusz S.M., Balkwill F.R.. Inflammation and cancer: advances and new agents, Nat Rev
Clin Oncol, 12(10). 2015, 5. 584-96.

39. Miao Z., Alvarez M., Ko A.. Bhagat Y.. Rahmani E.. Jew B.. Heinonen S., Muiioz-
Hernandez L.L.. Herrera-Hernandez M., Aguilar-Salinas C.. Tusie-Luna T., Mohlke K.L..
Laakso M.. Pietildinen K. H.. Halperin E.. Pajukanta P.. The causal effect of obesity on
prediabetes and insulin resistance reveals the important role of adipose fissue in insulin
resistance, PLoS Genet, 16(9), 2020, s. e1009018.

40. Pollak M., The insulin and insulin-like growth factor receptor family in neoplasia: an
update, Nat Rev Cancer, 12(3). 2012, 5. 159-69.

41. Gunter MLT., Riboli E.. Obesity and gastrointestinal cancers - where do we go from here?

Nat Rev Gastroenterol Hepatol, 15(11), 2018 s. 651-652.

Czynniki wplywajace na rozwoj nowotworow przewodu pokarmowego

Streszezenie

Nowotwory przewodu pokarmowego naleza obecnie do najezescie] diagnozowanych nowotwordw na
$wiecte. Kancerogeneza jest niezwykle zlozonym procesem, na ktéry wplyw maja heterogenne czynniki
endo- 1 egzogenne. Naleza do nich min. infekeje 1 stymulowany przez nie proces zapalny, zaburzenia
w homeostazie mikrobioty oraz nadmierny rozwdj tkanki tluszczowe] 1 nastepowe zaburzemia metaboliczne
thormonalne. Celem niniejszego artykuhu jest oméwienie molekularnych mechanizméw zwiazanych z tymu
czynmkami. Znajomosé mechanizmow laczacych czynniki ryzyka z procesem kancerogenezy umozliwi
zaprojektowanie efektywne] profilaktyki 1 leczema spersonalizowanego hammjacego przebieg nowotwo-
rowych przemian prawidtowych komorek Pomimo licznych badan analizujgeych te zaleznosei, czesto
brakuje w nich konsensusu, co implikuje potrzebe dalszego zglebiania tematu.

Slowa kluczowe: kancerogeneza, onkologia, nowotwory przewodu pokarmowego, infekcje, rak jelita grubego

Factors influencing development of gastrointestinal carcinomas

Abstract

Gastroimntestinal cancers are qualified as the most commonly diagnosed cancers worldwide. Carcinogenesis
15 a remarkably complex process, influenced by various endo- and exogenic factors, encompassing mfec-
tions, alferations m microbiota homeostasis and obesity leading to the metabolic and hormonal disorders.
The mam aim of this article 1s to discuss the molecular mechamisms associated with the aforementioned
factors. Extensive knowledge of mechanisms connecting risk factors with carcinogenesis will further allow
to design effective prevention and personalized treatment Despite various, numerous studies analyzing this
association, no common consensus has been established. It implicates in further need to deepen this knowledge.
Keywords: carcinogenesis, oncology, gastrointestinal neoplasms, mfections, colorectal cancer
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Simple Summary: The poor prognosis of pancreatic cancer (PC) is associated with several factors,
such as diagnosis at an advanced stage, early distant metastases, and remarkable resistance to most
conventional treatment options. The pathogenesis of PC seems to be significantly more complicated
than originally assumed. To develop effective treatment schemes prolonging patient survival, a
multidirectional approach encompassing different aspects of the cancer is needed. Particular direc-
tions have been established; however, further studies bringing them all together and connecting the
strengths of each therapy are needed. This review aims to provide an overview of new or emerging
therapeutic strategies for the more effective management of metastatic PC.

Abstract: Pancreatic cancer (PC) is the seventh leading cause of cancer death across the world. Poor
prognosis of PC is associated with several factors, such as diagnosis at an advanced stage, early distant
metastases, and remarkable resistance to most conventional treatment options. The pathogenesis
of PC seems to be significantly more complicated than originally assumed, and findings in other
solid tumours cannot be extrapolated to this malignancy. To develop effective treatment schemes
prolonging patient survival, a multidirectional approach encompassing different aspects of the cancer
is needed. Particular directions have been established; however, further studies bringing them all
together and connecting the strengths of each therapy are needed. This review summarises the
current literature and provides an overview of new or emerging therapeutic strategies for the more
effective management of metastatic PC.

Keywords: pancreatic cancer; KRAS; oncology; targeted therapy; immunotherapy

1. Introduction

Pancreatic cancer (PC) is the seventh leading cause of cancer death across the world,
with an incidence of 2.5% and a mortality of 4.5% [1]. Its global burden has more than
doubled over the past 25 years [2]. PC mainly affects older patients, with a median age
of 70 at diagnosis. Only ~10% of patients are diagnosed before the age of 55 [3]. PC is
asymptomatic until the disease reaches its advanced stage, which is directly associated
with a low survival rate. Indeed, no screening program has been introduced to improve
prognosis through early diagnosis [4]. Although the exact causes of PC development are still
insufficiently explored, several risk factors have been established, such as cigarette smoking,
positive family history and genetics, diabetes mellitus, obesity, dietary factors, alcohol use,
and lack of physical activity [5]. PC types can be divided into two large cohorts—exocrine
and neuroendocrine PC. Over 90% of PC cases develop in the exocrine tissue and, of these,
pancreatic ductal adenocarcinoma (PDAC) is the most frequent histological subtype [6].
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PANCREATIC
CANCER

The American Joint Committee on Cancer (AJCC) introduced tumour, lymph node, and
metastasis classifications to stratify patients and assess prognosis [7]. Multidisciplinary
treatment is the most common choice for patients with diagnosed PC and encompasses
surgery, chemotherapy, chemoradiotherapy, and supportive care [8-10]. Unfortunately, in
most cases, patients are diagnosed at an advanced or metastatic stage of the disease. The
most common sites of distant metastases are the liver (90%), lymph nodes (25%), lung (25%),
peritoneum (20%), and bones (10-15%). In these cases, palliative chemotherapy is the only
treatment option, and nearly all patients eventually relapse and require second-line options
with limited choice [11-15].

Translational discoveries have shown that PC is highly heterogeneous at the molecular
and cellular levels, and this is partially responsible for the high levels of resistance to
treatment [16]. In the last decade, we have witnessed an increased interest in PC biology that
has produced a substantial increment in knowledge of pancreatic cancer progression. Now
the major challenge is to translate this acquired knowledge into better patient outcomes [17].
One of the initiating events in 70-95% of PDAC is an activating point mutation in the
Kirsten rat sarcoma viral oncogene homologue (KRAS) oncogene. [18,19]. Multiple studies
suggest that multigene profiling, including the determination of the KRAS status should
be considered as a routine diagnostic workup (Figure 1). Patients with PDAC with wild-
type KRAS represent a distinct subgroup who may benefit from further comprehensive
molecular profiling to improve their outcomes [20]. This review summarises the current
literature and provides an overview of new or emerging therapeutic strategies for the more
effective management of metastatic PC.

Sotorasib,
Adagrasib

KRASG12C

v

KRAS
mutated
Clinical trials
multigene o] KRAS oS o ]
profiling wild type Clinical trials
BRCAL/2 Olaparib
others

Pembrolizumab

Figure 1. Multigene profiling of metastatic pancreatic cancer, with regard to KRAS mutation. Based
on the literature review of [20-25].

2. KRAS

The Kirsten rat sarcoma viral oncogene homologue (KRAS) encodes the KRAS
protein—a small guanosine triphosphatase (GTPase) acting as a molecular switch for differ-
ent cellular processes and cycling between an active guanosine triphosphate (GTP)-bound
and an inactive guanosine diphosphate (GDP)-bound state to regulate signal transduc-
tion [16,26]. The KRAS protein connects cell membrane growth factor receptors with
transcription factors and intracellular signalling pathways, which results in cellular growth,
proliferation, and survival [16]. KRAS mutation is an early event present in stage 1 pancre-
atic intraepithelial neoplasia [27]. An activating point mutation of the KRAS oncogene is the
initiating event in most PDAC cases [18,19]; thus, the Ras signalling pathway might become
a prime target for inhibitor development and present an effective treatment modality for
PDAC [27]. Various research studies have been conducted so far; nevertheless, two issues
have arisen: first, the long-standing reputation of KRAS as an undruggable molecule; the
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second—the existence of escape mechanisms despite KRAS inactivation [16]. As various
targeted therapies have failed to elicit sufficient clinical benefits, KRAS seems to be an
elusive target in PDAC. The structure of the KRAS protein lacks deep hydrophobic pockets,
and its high affinity to GTP prevents the development of effective KRAS inhibitors [28].
Various highly selective and potent inhibitors against kinases in the Ras signalling network
have been developed.

In PDAC, the most mutations in the KRAS gene occur in codon 12. There are five
common mutations at codon 12, and these mutations account for >90% of KRAS muta-
tions; G12D is the most common mutation (51%), followed by G12V (30%), G12R (15%),
and G12C/S (2% each). It is now clear that KRAS mutations differ in their sensitiv-
ity to targeted drugs; even those in codon 12 are not all equal. A MEK1/2 inhibitor—
selumetinib—had some activity against heavily pretreated KRASG12R-mutant PDAC and
offered a median PFS of 3 months and median OS of 9 months. However, the results of
the study suggest that alternative strategies beyond MEK inhibition with a single agent
are required [21,27]. Perhaps a combination of a MEK 1/2 inhibitor plus chemotherapy
could be more effective. Cobimetinib plus gemcitabine were applied to patients suffering
from the metastatic KRASG12R-mutant PDAC that progressed after FOLFIRINOX and
gemcitabine/nab-paclitaxel chemotherapy. In a small group of six patients who were
treated with such a combination, one partial response and five stable disease responses
were achieved with a median progression-free survival of 6 months and overall survival of
8 months [29].

The other G12D and G12V mutations have poor prognoses. Nevertheless, in the
case of KRAS Gly12Cys (KRASG12C) mutations, there are early indications that inhibitors
(e.g., sotorasib and adagrasib) might be effective in solid tumours with a KRASG12C
mutation, especially among patients with non-small-cell lung cancer [30]. Sotorasib specifi-
cally and irreversibly inhibits KRASG12C by trapping it in the inactive GDP-bound state
via interaction with the P2 pocket of the switch II region, which is present only in the
inactive GDP-bound conformation of KRAS [26]. The data from the newest phase I/II
CodeBreaK100 trial confirmed that sotorasib demonstrated clinically meaningful anticancer
activity with a 21.1% objective response rate and an 84.2% disease control rate among pa-
tients with pretreated KRASG12C-mutated advanced pancreatic cancer [22,23]. KRASG12C
is an uncommon mutation found in approximately 2% of pancreatic tumours [27]; however,
if this approach proves effective, further efforts should be put to inhibit more common
mutations. On the basis of sotorasib anticancer activity, another clinical study is planned to
determine the safety, tolerability, and efficacy of sotorasib in combination with chemother-
apy (liposomal irinotecan + 5 fluorouracil + leucovorin or gemcitabine + nab-paclitaxel) for
patients with advanced KRASp.G12C-mutant pancreatic cancer with the progression of the
disease after first-line treatment (NCT05251038).

Due to difficulties in targeting the KRAS mutation itself directly or through down-
stream effector pathways, other approaches have been proposed and encompass cancer
vaccines [31,32].

Up to 12% of PC do not harbour the KRAS mutation [33,34]. Distinctly different molec-
ular compositions of KRAS wild type (KRAS WT) tumours suggest potentially different
molecular pathogenesis mechanisms of this type of PC [20]. Whole-genome sequencing
improved the definition of the genetic landscape of KRAS WT PC and presented the occur-
rence of several genetic alterations, which can become potential targets for therapies [35].
Multiple studies conducted on KRAS WT tumours identified targetable oncogene fusions
such as ALK, BRAEF FGFR2, MET, NRG1, NTRK1, NTRK3, RAF1, ROS51, EGFR, ERBB4,
FGFR3, and RET. To provide new and meaningful treatment advances, prospective stud-
ies are needed to identify the optimal method of targeted treatment for each oncogene
fusion [36]. For example, NRG1 rearrangement confers susceptibility to ERBB inhibitors
and anti-epidermal growth factor receptor (EGFR) antibodies. So far, single trials have
demonstrated the effectiveness of an HER-family kinase inhibitor—afatinib—in patients
with an oncogenic NRG1 fusion [24,37]. As another example, scientists reported a case
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series of four patients diagnosed with PC presenting ALK-fusions who were treated with
an ALK-inhibitor with promising results [38]. In terms of BRAF-driven PC cases, they are
supposed to be sensitive either to BRAF inhibitors, MEK inhibitors, or combined thera-
peutical strategies [39]. One of the ongoing clinical trials is analysing the combination of a
BRAF inhibitor—encorafenib—and a MEK inhibitor—binimetinib—for the treatment of PC
in patients with the BRAF V600E mutation (NCT04390243). Recently, nimotuzumab—a
humanised monoclonal antibody against EGFR—combined with gemcitabine improved
median overall survival by 2.5 months over the gemcitabine plus placebo (11.9 vs. 8.5,
respectively; p = 0.025) in a prospective randomised-controlled, double-blinded multicentre
phase III pivotal trial for locally advanced or metastatic pancreatic cancer, with a decrease of
50% in mortality risk (HR = 0.50). Subgroup analyses revealed even more survival benefits
in a group of patients without biliary obstruction (11.9 vs. 8.5 months; HR = 0.54; p = 0.037)
and without surgical procedures (15.8 vs. 6.0 months; HR = 0.40) [40].

Further clinical studies might provide an accurate method for targeting KRAS WT
fusions and other molecular changes and, as a result, offer more effective therapeutic
strategies [36].

3. Others
3.1. Germline Mutations—BRCA

Regular DNA damage occurs due to both endo- and exogenous stressors; thus,
cells have evolved a complex DNA damage response (DDR). A key hallmark of
carcinogenesis—genomic instability—arises owing to defects in the DDR with or without
increased replication stress. Defects in the DDR provide targetable vulnerabilities rela-
tively specific to cancer cells that can be exploited for clinical benefit with the use of DDR
inhibitors [41]. The most accurately studied class of DDR inhibitors are the inhibitors
of the poly(ADP-ribose) polymerase (PARP-inhibitors) [42]. PARP inhibitors (PARPis),
for example, olaparib, target cancer cells with a homologous recombination repair (HRR)
deficiency. The most prominent target gene is the breast cancer gene (BRCA). PARPis trap
DNA-PARP-1 complexes and disrupt the PARP-1 catalytic cycle, leading to replication
fork destabilisation and consequent double-strand breaks. For tumour cells with BRCA
mutations, HRR loss results in cell death [43,44]. PDAC was reported to present a close
relationship with BRCA gene mutations, thus patients might benefit from treatment with
PARPis [45]. In the Pancreas Cancer Olaparib Ongoing (POLO) trial, olaparib, as a mainte-
nance treatment, improved progression-free survival (PFS) compared with the placebo after
platinum-based induction chemotherapy in patients with PDAC and germline BRCA1/2
mutations (7.4 months and 3.8 months, respectively; HR 0.53; p = 0.004); nevertheless, no
significant difference in overall survival (OS) between the trial groups was observed [46].
Significantly prolonged PFS should translate to a better health-related quality of life; thus,
olaparib was approved in 2019 as a maintenance therapy for germline BRCA-mutated
metastatic PDAC patients, despite the lack of statistically significant OS improvement [47].
At the annual Gastrointestinal Cancers Symposium in January 2021, the investigators
reported an update on the study outcomes and presented facts potentially influencing
survival. They stated that the study was inadequately powered to detect a difference in
OS between the two groups. Moreover, OS might have been biased since patients in the
placebo group received multiple subsequent lines of therapies upon disease progression
and after stopping the study medication. Additionally, 26% of patients in the placebo arm
received olaparib after disease progression [48]. On the other hand, the randomised phase
I study SWOG S1513 evaluated the safety and efficacy of second-line treatment with other
PARPis—veliparib and mFOLFIRI versus FOLFIRI alone (control) —for PDAC patients;
however, the authors concluded that neither PFS nor OS was improved with the addition
of veliparib [49].

Some preclinical studies proved that PARPis modulate the immune microenvironment
by, among others, increasing programmed cell death ligand 1 (PD-L1) expression [50].
Going further, several clinical studies conducted on solid tumours demonstrated the
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preliminary efficacy of the PARP and immune checkpoint inhibitor combination. Based
upon these data, the randomised phase II SWOG 52001 trial aims to evaluate the PFS of
metastatic pancreatic cancer patients with germline BRCA1 or BRCA2 mutations treated
with olaparib + pembrolizumab (anti-PD-L1 antibody) compared with olaparib alone as
maintenance therapy [51]. Furthermore, Lundy et al. [52] (2022) have recently described
a case of metastatic pancreatic adenocarcinoma harbouring a germline BRCA1 mutation
and a high tumour mutation burden that demonstrated an excellent response to initial
platinum-based chemotherapy followed by a complete radiologic response to maintenance
immunotherapy with pembrolizumab and PARP inhibition. Based on the fact that the
addition of PARPis to the immune checkpoint blockade could complement the clinical
benefit of immune checkpoint inhibition, another precision medicine phase II study is
being conducted. The trial assesses the efficacy and safety of the combination of olaparib,
durvalumab (anti-PDL1 antibody) and tremelimumab (anti-CTLA4 antibody) in patients
with several types of solid cancers, including pancreatic cancer, with at least one mutation
in homologous repair genes [53]. Some of the ongoing clinical trials on PARP inhibitors in
PC treatment are presented in Table 1.

Table 1. Ongoing clinical trials on PARP inhibitors in pancreatic cancer treatment (data derived from
https://clinicaltrials.gov/ (accessed on 12 November 2022)).

Identifier Phase Mutations Drug (or Combination) Neoplasm
Olaparib + pembrolizumab
. following multi-agent, low-dose
No specific hemotherapy with itabi Untreated metastatic PC
NCT04753879 Phase 11 generic targets cnemo .erap3 Wl gem{_:l mne, nireated metas 1C
nab-paclitaxel, capecitabine,
cisplatin, and irinotecan (GAX-CI)
NCT02498613  Phase II No specific Olaparib + cediranib maleate Metastatic/ unresectable PC
genetic targets (among others)
NCT05411094  Phase No specific Olaparib + durvalumab + Locally advanced, unresectable PC
genetic targets radiation therapy
NCT04858334  Phase II BRCA1/20rPALB  O'aparib following the completion o 10 pe
of surgery and chemotherapy
NCT04409002  Phase II No specific Niraparib + dostarlimab + Metastatic PDAC
genetic targets radiation therapy
NCT03553004  Phase I Genes involvedin  \yoarib Metastatic PC
DNA repair
BRCA1/2 . . . .
NCT04493060 Phase 11 and PALBE2 Niraparib + dostarlimab Metastatic PDAC
Locally advanced/metastatic
NCT03140670 Phase 11 BRCA1/20or PALB2  Rucaparib PDAC (that has not progressed on
platinum-based therapy)
NCT03337087  PhaseII BRCA1/2or PALB2  Rucaparib + liposomal irinotecan + = \p. i, i ic pC (among others)
fluorouracil + leucovorin calcium
Genes involved .
. . Locally advanced/metastatic PC
NCT04550494 Phase 11 in DNA Talazoparib Y

damage response

(among others)

3.2. Tumour Stroma

The PDAC tumour microenvironment (TME) consists of carcinoma-associated fibrob-
lasts (CAFs), pancreatic stellate cells (PSCs), pericytes, neurons, endothelial cells, infiltrating
immune cells, and extracellular matrix (ECM) proteins [54,55]. A desmoplastic reaction
to the tumour is a histopathological hallmark of PDAC, both in primary tumours and
metastases [56]. Desmoplasia is known to be responsible for creating a mechanical barrier
around the PDAC tumour cells. As a result, it prevents appropriate vascularisation, limits
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exposure to chemotherapy, and causes poor immune cell infiltration [54]. Several attempts
were made to disrupt TME as a potential therapeutic target for PC. One of them focused on
hyaluronan, a major constituent of the stromal ECM. Researchers used human recombinant
PH20 hyaluronidase (PEGPH20) for hyaluronan depletion. Despite the first promising
results in which the addition of PEGPH20 enhanced the effects of gemcitabine plus nab-
paclitaxel as shown by improved PFES [57], further results in PC treatment were rather
disappointing [58,59]. Another approach aimed to target specific signalling pathways
responsible for the development of the tumour stroma. Hedgehog (HH) signalling plays
a major role in TME development with its involvement in myofibroblast differentiation
and the induction of stroma-derived growth-promoting molecules. The expression of its
primary ligand, Sonic Hedgehog (SHH), is an early event in pancreatic carcinogenesis
and correlates with KRAS mutation [60]. Pre-clinical studies proved that HH pathway
inhibition altered the fibroblast composition and immune infiltration in the PC microenvi-
ronment and thus might become a meaningful therapeutic target [61]; nevertheless, clinical
trials with HH inhibitors turned out to have unsuccessful results. In the phase II study,
the addition of the HH inhibitor vismodegib to chemotherapy did not improve efficacy in
patients with newly diagnosed metastatic PC [62]. These results were in line with previous
ones, in which the addition of vismodegib to gemcitabine in an unselected cohort also
did not improve PES and OS in patients with metastatic PC [63]. A dense fibroblast-rich
stromal matrix covering the tumour nest in the PC limits the access of therapeutic agents to
the tumour cells [64]. To overcome this issue, cyclic RGD (Arginine-Glycine-Aspartic acid)
peptide ligand-decorated nanocarriers were devised to target abundantly expressed avp3
and av 35 integrin receptors of tumour vascular endothelial cells in the pancreatic tumour
to deliver the therapeutic plasmid DNA [65].

Several contradictions were observed between preclinical and clinical responses and
across several clinical trials focused on stromal desmoplasia. The tumour-promoting
role of desmoplasia is well established; however, accumulating evidence demonstrates
that desmoplasia is not entirely tumour-promoting. It is a physical barrier limiting drug
exposure, but it also exhibits protective effects in restraining tumour growth and further
progression [54,59]. The aforementioned failures imply also that targeting desmoplasia
alone is not sufficient.

3.3. Angiogenesis

Different anti-angiogenic drugs have been approved by the Food and Drug Adminis-
tration (FDA) for the treatment of various malignancies, including colorectal cancer [66],
renal cell carcinoma [67], and ovarian cancer [68]. Yet, in terms of PC cancer treatments,
multiple clinical trials of anti-angiogenic agents have been carried out with disappointing
results. PC is characterised by an excessive deposition of the stromal matrix, which affects
angiogenesis; thus, further exploration of stromal depletion should be conducted. Other
possible mechanisms for the poor efficacy of anti-angiogenic therapies in PC encompass
vessel co-option, vasculogenic mimicry, and vasculogenesis. They represent alternative
and compensatory mechanisms of tumour growth and progression and thus may play a
key role in resistance [69]. Anti-angiogenic therapies are based on the theory that tumours
are unable to grow without the proper formation of new blood vessels [70]; nevertheless,
while this treatment hinders the blood supply to the tumour, it also diminishes drug de-
livery at the same time [71,72]. Some studies have focused on vascular normalisation to
enable proper drug delivery. Jacobetz et al. (2013), in the genetically engineered mouse
model of PDAC, demonstrated that the enzymatic depletion of hyaluronan induced re-
expansion of tumour blood vessels, which results in an increased intratumoural delivery
of chemotherapeutics and, as a result, prolonged the survival of the mouse model [73].
Chauhan et al. (2013) proved that the angiotensin inhibitor losartan reduces stromal colla-
gen and hyaluronan production, which results in increased vascular perfusion and drug
delivery and potentiates chemotherapy in PC models [74]. Losartan, along with other
agents, is now under investigation in clinical trials concerning both its role in blood flow
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improvement and transforming growth factor beta (TGF- ) function suppression in PC.
The suppression of the TGF- function is believed to stop cancer cells from becoming
resistant to chemotherapy [25] (clinical trials: NCT05077800, NCT04106856, NCT03563248).

The vascular endothelial growth factor (VEGF), fibroblast growth factor (FGF), and
platelet-derived growth factor (PDGF), together with their receptors, are highly
expressed in PC; however, single-target anti-angiogenic agents have been studied for
combined therapy in PC with limited success [75]. Resistance to VEGE-directed therapy
may derive from signalling from other angiokinases. To overcome this therapeutic fail-
ure, a triple angiokinase inhibitor targeting VEGFR1/2/3, FGFR1/2/3 and PDGFRe/
signalling—nintedanib—was explored in the preclinical models of pancreatic cancer [76].
Although, in vitro, nintedanib neither presented anti-proliferative effects nor sensitised
tumours cells to chemotherapy, in vivo, it blunted primary tumour growth and metasta-
sis, reduced microvessel density and fibroblast activation, induced hypoxia, but did not
promote an epithelial-mesenchymal transition in multiple preclinical models of PC. In
the subsequent study, conducted on experimental PDAC, nintedanib presented strong,
antitumor activity both as a single agent and in the combination with gemcitabine [77].
Based on the above findings, nintedanib is currently in a clinical trial as a combined therapy
with gemcitabine plus nab-paclitaxel for advanced PC (NCT02902484).

Another direction is associated with gene delivery strategies, which have successfully
delayed PC progression via an anti-angiogenesis approach. Generally, strategies for anti-
angiogenesis gene therapy might be divided into two categories: (1) the delivery of genes
encoding endogenous angiogenesis inhibitors or their receptors; or (2) blockage of excessive
genes encoding growth factors or their receptors. As an example, in xenografted pancreatic
tumours, the exogenous delivery of a nanocarrier loaded with a plasmid DNA encoding
soluble VEGF-1 (or soluble fms-like tyrosine kinase-1), a potent antiangiogenic protein,
captured VEGE, exerting an antiangiogenic effect [78,79]. In another study, conditionally
replicative adenovirus expressing human endostatin presented a special ability to duplicate
and kill PC cells both in in vitro and in vivo models [80].

34. Immunotherapy

So far, immunotherapy has proven effective in many malignancies, including lung
cancer [81], renal cell carcinoma [82], and melanoma [83]; however, the incorporation of this
therapy to the standard treatment method of PC has met with numerous obstacles [84,85].
The key contributors to these failures are a low tumour mutational burden and immunosup-
pressive TME—PC is described as an immunologically “cold” tumour [54,86]. Extensive
analyses of PC genomic datasets showed that only a small subset of PC is immunologically
active [54]. The TME of PC is primarily characterised by the poor infiltration of effector
T cells and prominent myeloid inflammation [84]. Nevertheless, recent studies proved
that theories about the poor immunogenicity of PC might be slightly oversimplified. The
low immunogenicity and antigenicity of PDAC are regulated by complex mechanisms
influencing the interplay of myeloid, lymphoid, and stromal cellular compartments; thus,
to overcome resistance, equally sophisticated treatment strategies should be developed [87].

Monotherapy with immune checkpoint inhibitors targeting CTLA-4 and the pro-
grammed cell death protein-1 (PD-1)/ programmed cell death ligand-1 (PD-L1)) has mostly
failed to elicit efficacy in patients with PC [88,89]. The reasons for this failure are
multifactorial—first of all, only a very small subset (~1%) of PC patients present a high
burden of microsatellite instability (MSI-high). Moreover, PC has low baseline PD-1+ T-cell
infiltration into the tumour [84]. Nonetheless, for patients with mismatch repair deficient
or MSI-high PC, the FDA has approved the anti-PD-1 immune checkpoint inhibitor—
pembrolizumab [90]. Other approaches were proposed to combine immune checkpoint
inhibition with different therapies. Some trials combined an immune checkpoint blockade
with chemotherapy based on an immunogenic aspect of chemotherapy; however, most
of them are phase [ studies, with no conclusive beneficial evidence reported [14,91-93].
Radiotherapy was also proved to be immunogenic [94]; thus, new strategies aim at the re-

39



Cancers 2023, 15, 2327

8of 18

introduction of radiotherapy in the treatment of PC. Mouse tumour models demonstrated
improved survival and tumour volume reduction under a combination of radiotherapy
and PD-L1 blockade compared with a single modality. Moreover, after radiotherapy, the
expression of PD-L1 in tumour cells was elevated [95]. McCarthy et al. (2021) described
a case report of near complete pathologic response to pembrolizumab and radiotherapy
in a patient with locally advanced PDAC [96]. The recent phase II study revealed that
the combination of stereotactic body radiotherapy plus pembrolizumab and trametinib
(mitogen-activated protein kinase (MEK) inhibitor) could be a novel treatment option for
patients with locally recurrent pancreatic cancer after surgery [97].

Chimeric antigen receptor (CAR)-T cell therapy represents an emerging therapeutic
option for PC. This therapy utilises genetically engineered T cells redirected to specific
cancer-associated antigens to elicit potent cytotoxic activity [98]. Current CAR-T cell thera-
pies fail to improve survival in PC patients. The main barriers are created by the distinct
TME; thus, recent efforts have focused on targeting TME along with CAR T cell therapy [99].
Solid tumours have additional challenges compared with haematological diseases, and the
success of CAR T-cell therapy in PC requires a more sophisticated approach. For example,
the co-administration of checkpoint-blocking antibodies or cell-intrinsic PD-1 resistance
mechanisms might further improve CAR T-cell efficacy [100].

Efforts to broaden the impact of immunotherapy in PDAC are focusing on two major
approaches. The first approach is to stimulate the anti-tumour T cell responses by multi-
targeted strategies. A second approach examines immune-based strategies to condition
tumours for enhanced responsiveness to chemotherapy [92]. All the examples described
above prove that immunotherapy might become effective in PC treatment, but definitely as
a part of a multi-agent strategy rather than monotherapy. Different therapeutic strategies,
encompassing immunotherapy, are presented in Figure 2.

3.5. Cancer Vaccines

Various vaccine-based studies have been conducted in PC. Therapeutic cancer vac-
cines encompass whole-cell, dendritic cell, DNA, and peptide vaccines. They provoke the
presentation of immunogenic cancer antigens (tumour cells, tumour-related proteins, genes
expressing tumour antigens) to the immune system and result in cancer antigen-specific
cytotoxic T lymphocyte activation and a subsequent anti-cancer immune response [101].
One of the well-known vaccines is GVAX, an allogenic whole-cell cancer vaccine gener-
ated from a PDAC cell line genetically modified to express the granulocyte-macrophage
colony-stimulating factor [102]. A phase II study from 2015 showed that PC patients with
previously treated disease achieved better OS with the combination of GVAX with cy-
clophosphamide (Cy) and CRS5-207 (live, attenuated Listeria monocytogenes expressing
mesothelin) compared with historical OS achieved with chemotherapy alone. However, a
subsequent three-arm study from 2019 analysing GVAX/Cy + CR5-207 (arm 1), CR5-207
alone (arm 2), and standard chemotherapy (arm3) did not meet its primary efficacy end-
points and demonstrated that the combination of Cy/GVAX + CR5-207 did not improve
survival over chemotherapy [103].

PD-1/PD-L1 blockade with vaccine therapy was proved to facilitate the infiltration
of effector T cells in PC [104]. Vaccination is suspected to improve tumour immune
recognition in metastatic PC and increase the response to PD-1/PD-L1. A combination
of vaccines with immune checkpoint blockades may improve the outcomes of PC pa-
tients [105]. The latest reports from ongoing clinical trials confirmed that combining GVAX
with the dual immune-targeting of PD-1 blockade and CD137 agonism may enhance
disease-free survival (DFS) in resectable PDAC patients treated in peri-operative and post-
adjuvant settings (NCT02451982) [106]. Currently, researchers are also conducting a phase
1I trial of GVAX/Cy combined with nivolumab (anti-PD-1) and stereotactic body radiation
therapy followed by definitive resection for patients with borderline resectable PDAC
(NCT03161379).
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Figure 2. Scheme representing different therapeutic strategies.

Considering other vaccines, in the phase Il study, the peptide cocktail vaccine OCV-C01
combined with gemcitabine showed a median DFS of 15.8 months, which was an improve-
ment compared with gemcitabine alone (a DFS of 12.0 months) [73]. IMM-101 is a sys-
temic immune modulator comprising heat-killed whole-cell Mycobacterium obuense [107].
Neves et al. (2015) [108] first published a case report describing a patient with metastatic
PC who underwent a synchronous resection of the primary tumour and metastatic site after
multimodality neoadjuvant therapy with gemcitabine, nab-paclitaxel and immunotherapy
backbone with IMM-101, as well as consolidation chemoradiotherapy. As a result, the
pathological examination of specimens showed a complete response at both sites, and
the patient remained alive for four years from initial diagnosis, with continued mainte-
nance immunotherapy. Afterwards, in a randomised, open-label, phase II study, IMM-101
combined with gemcitabine among 101 untreated patients with advanced PC improved
OS (7.2 months vs. 5.6 months with gemcitabine alone) and PFS (4.4 vs. 2.3 months).
These results should warrant further evaluation in an adequately powered confirmatory
study [109]. Currently, the exact benefit of introducing cancer vaccines to PC treatment is

still under investigation. For example, neoantigen vaccines are studied both as neoadjuvant
(NCT05111353) and adjuvant therapeutic strategies (NCT03956056, NCT04810910).
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3.6. Nanocarriers

As previously described, pancreatic tumours are characterised by immunosuppressive
and desmoplastic TME, which creates major challenges in developing effective treatment.
Nanocarriers present the potential to revolutionise cancer therapy. Advances in protein
engineering have contributed to novel nanoscale targeting approaches that may improve
the prognosis of oncological patients [110]. Latest advances in nanotechnology have
enabled the development of multiple nanocarrier-based formulations. These improve both
drug delivery and immunotherapy-based approaches for PC [111]. Nanoparticle-based
strategies for delivering anticancer drugs and biologics substantially minimise undesirable
systemic spread. Effective nanomedicines should circulate in the blood while avoiding
unspecific interactions with blood components and reticuloendothelial systems (RES) [112].
The non-specific capture of nanocarriers by RES organs, particularly the liver, causes
a substantial decrease in the delivery efficiency of nanomedicines to target tissues and
impairs their pharmacokinetic properties [113,114]. To avoid the adsorption of opsonin
proteins, which facilitate nanomedicine recognition and elimination by RES, nanomedicines
are modified with biocompatible materials, such as polyethylene glycol (PEG) [115-117].
Another concern is associated with factors affecting drug delivery and penetration in the
stroma of pancreatic cancer. 30 nm sized nanocarriers were proved to effectively penetrate
the poorly permeable pancreatic tumours to achieve antitumor activity compared to 70 nm
sized nanocarriers [118].

In 2015, the FDA approved liposomal irinotecan in combination with 5-FU and leu-
covorin for clinical use to treat patients with metastatic PDAC who had previously been
treated with gemcitabine-based chemotherapy. Patients treated with all three drugs gained,
on average, 2 months of survival and had a 3.1-month delay in tumour growth [119]. Nev-
ertheless, due to exposure to blood proteins, liposomal formulations lose selectivity, which
increases their toxic effect [120]. Recent studies in PDAC animal models demonstrated that
the mesoporous silica nanoparticle platform might improve irinotecan loading, efficacy,
and safety [121]. Another example of a widely used clinical-stage nanomedicine for PC
therapy is the nanoparticle albumin-bound paclitaxel (nab-paclitaxel). The nanoparticle
albumin-bound platform allows for formulating hydrophobic drugs while largely miti-
gating the need to use toxic excipients. As a result, the drug is better tolerated and can
be used at higher doses with faster administration [122]. Recent studies suggest that the
use of chitosan-based nanoformulation as a carrier of gemcitabine and 5-FU improves the
therapeutic effect and decreases toxicity in PC. Chitosan is a linear polysaccharide which is
able to affect some characteristics of drugs, such as half-life, toxicity, time of circulation,
and release profile [123].

3.7. Microbiome

The human microbiome is defined as the microorganisms that reside in the human
body, such as bacteria, viruses, fungi, protozoa, and their genomes. Numerous studies
proved that gut microbiota influences the host immune response to a tumour and affect
the response to cancer treatment. Currently, the association between locally resident or
intratumour microbiota and carcinogenesis and outcomes of cancer therapies is the focus
of microbiome research [124]. In terms of PC, Geller et al. (2017, 2018) demonstrated that
analysed PDAC tumour samples harboured Gammaproteobacteria, which are capable of
metabolising gemcitabine to the inactive form of 2’,2’-difluorodeoxyuridine using cyti-
dine deaminase [125,126]. In another study, analysing PDAC patients receiving adjuvant
gemcitabine, authors proved that patients without Klebsiella pneumoniae (belonging to
Gammaproteobacteria) in bile culture had better progression-free survival (PFS) than those
with K. pneumoniae. Additionally, treatment with quinolones improved median overall
survival [127]. The aforementioned studies suggest that microbial dysbiosis might induce
gemcitabine resistance, and appropriate antibiotic therapy may reverse this resistance and
improve patient outcomes.
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As previously discussed, immunotherapy in PC was found to be of limited effective-
ness. The microbiota may alter the tumour microenvironment and immune cell infiltration
in PC and potentially impact the efficacy of immunotherapy [128]. In the PDAC ortho-
topic mouse model, antibiotic-mediated microbial ablation enhanced antitumour immunity
and increased susceptibility to checkpoint-targeted immunotherapy by upregulating PD-1
expression on effector T cells [129]. Thus, the combination of checkpoint-directed im-
munotherapy with specific microbiota ablation might emerge as a potential treatment
strategy for PC [130]. Microbiome-based immunotherapy for PC should be tailored to
specific bacterial taxa and immune cells. Microbial ablation studies demonstrated that
the immunosuppressive microenvironment in PDAC is mediated by microbial Toll-like
receptor (TLR) ligation; nevertheless, the exact functions and immunogenic properties of
specific microbiota are still under investigation [131].

A microbiota-derived approach should be taken into account, and numerous clinical
trials evaluating the effect of the microbiome on PC are currently ongoing. A prospective
translational tissue collection trial aims, among others, to establish molecular reasons for
drug resistance and to investigate particular microorganisms colonising PC individuals
and detect their impact on patient outcomes (NCT03840460). Another study is attempting
to provide a new theoretical basis in which the gut microbiota regulates the subtype and
anti-tumour effect of anti-mesothelin CAR-T therapy in PC (NCT04203459). The trial is
based on the hypothesis established in other malignancies that gut microbiome modulation
carries the potential for enhancing CAR-T cell responses [132]. The newest pilot study is
designed to modulate the microbiome with ciprofloxacin and metronidazole to further
enable the efficacy of neoadjuvant checkpoint-based immunotherapy with pembrolizumab
following mFOLFIRINOX chemotherapy in surgically resectable PDAC (NCT05462496).
Preclinical studies proved that the alteration of the microbiome modulates TME and the
immune system, which affects the efficacy of chemotherapy and immune-targeted therapies
in PC [133]. Drugs for PC with different mechanisms of action are summarised in Table 2.

Table 2. Drugs approved by FDA for pancreatic cancer.

Drug Mechanism of Action

converts to its only active metabolite, fluorouracil, by thymidine

Capecitabine phosphorylase [134]

inhibits the intracellular phosphorylation of tyrosine kinase

Erlotinib associated with the epidermal growth factor receptor [135]

inhibits the mTOR (mammalian target of rapamycin)

Everolimus serine/ threonine kinase signal transduction pathway [136]

inhibits thymidylate synthase and incorporation of its metabolites

S-fluerouracil into RNA and DNA [137]

converts into active triphosphorylated nucleotides interfering with

Gemcitabine DNA synthesis and targeting ribonucleotide reductase [138]

binds reversibly to the topoisomerase [-DNA complex and prevents

Liposomal irinotecan repair of single-strand breaks [139]

Nab-paclitaxel targets microtubules and causes mitotic arrest at G2/M phase [140]
Olaparib inhibits the poly (ADP-ribose) polymerase [46]
Sunitinib inhibits cellular signalling by targeting multiple receptor tyrosine

kinases [141]

4. Conclusions

Developing effective treatment regimens to prolong the survival of patients with
metastatic pancreatic cancer requires a multi-pronged approach to different aspects of
cancer. The individual lineages described in this review have been established, and patients
with metastatic PC now have more therapeutic strategies to choose from. However, the
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final results of many studies have yet to be published, so further clinical trials are needed
to bring them all together and combine the strengths of each therapy.
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Abbreviations

PC Pancreatic cancer

PDAC Pancreatic ductal adenocarcinoma

AJCC American Joint Committee on Cancer

KRAS Kirsten rat sarcoma viral oncogene homologue
GTPase Guanosine triphosphatase

GTP Guanosine triphosphate

GDP Guanosine diphosphate

KRASG12C KRAS Gly12Cys

ALK Anaplastic lymphoma kinase

BRAF V-raf murine sarcoma viral oncogene homolog B1
FGFR2 Fibroblast growth factor receptor 2

MET Mesenchymal-epithelial transition factor
NRG1 Neuregulin 1

NTRK1 Neurotrophic receptor tyrosine kinase 1
RAF1 RAF proto-oncogene serine / threonine-protein kinase
ROS1 Proto-oncogene tyrosine-protein kinase ROS is
EGFR Epidermal growth factor

ERBB4 Erb-B2 Receptor Tyrosine Kinase 4

RET Rearranged during transfection

DDR DNA damage response

PAPR Poly(ADP-ribose) polymerase

PARPis Poly(ADP-ribose) polymerase inhibitors
HRR Homologous recombination repair

BRCA Breast cancer gene

POLO Pancreas Cancer Olaparib Ongoing

PFs Progression-free survival

(05 Owerall survival

PD-L1 Programmed cell death ligand 1

CTLA4 Cytotoxic T-lymphocyte-associated protein 4
TME Tumour microenvironment

CAFs Carcinoma-associated fibroblasts

PsCs Pancreatic stellate cells

ECM Extracellular matrix

PEGPH20 PH20 hyaluronidase

HH Hedgehog

SHH Sonic Hedgehog

FDA Food and Drug Administration

TGF-p Transforming growth factor beta

VEGF Vascular endothelial growth factor

FGF Fibroblast growth factor

PDGF Platelet derived growth factor
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PD-1 Programmed cell death protein-1
MSI  Microsatellite instability

MEK Mitogen-activated protein kinase
CAR  Chimeric antigen receptor

Cy Cyclophosphamide

DFS  Disease-free survival

TLR  Toll-like receptors
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Simple Summary: The aim of this study is to describe the prevalence of diabetes mellitus (DM)
among patients with the diagnosis of pancreatic ductal adenocarcinoma (PDAC), analyse the associa-
tion between the occurrence of DM and clinicopathological factors, and detect variables influencing
overall survival. Diabetes mellitus is prevalent among patients with pancreatic cancer. In our study,
patients with diabetes mellitus receiving palliative chemotherapy had significantly higher median OS
than those without. Among variables influencing survival, TNM stage, nodal involvement, tumour
site, levels of CEA and CRP were confirmed.

Abstract: Background: pancreatic ductal adenocarcinoma (PDAC) is the seventh leading cause of
cancer-related deaths with increasing incidence and link to the onset of diabetes mellitus (DM). The
aim of this study is to describe the prevalence of DM among patients with the diagnosis of PDAC,
analyse the association between the occurrence of DM and clinicopathological factors, and detect
variables influencing overall survival. Methods: a retrospective analysis of medical records was
performed. The patients were divided into non-DM (1 = 101) and DM (1 = 74) groups. Statistical
analysis with the usage of appropriate tests was conducted. Results: Patients in the groups of
DM and NODM had significantly longer median OS5 than the non-DM group. Nodal involvement,
tumour location, level of CEA, CRP and CRP/lymphocytes ratio were significantly associated with
OS among patients with any type of DM. Neutropenia was less frequently observed in the DM group.
Conclusions: DM is prevalent among patients with pancreatic cancer. In our study, patients with DM
receiving palliative chemotherapy had significantly higher median OS than those without DM. The
increased comprehension of the mechanisms of the relationship between DM and pancreatic cancer
needs further research, which might provide avenues for the development of novel preventive and
therapeutic strategies.
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1. Introduction

Pancreatic cancer (PC) is the seventh leading cause of cancer-related deaths worldwide.
Unlike other malignancies, incidence continues to increase, with a slight improvement in
survival rates [1,2]. Specifically, pancreatic ductal adenocarcinoma (PDAC) is the most
common pancreatic malignancy, representing over 90% of the pancreatic lesions [3]. Com-
plete surgical resection provides the only chance for a cure; however, only 20% of patients
are diagnosed with resectable disease. Additionally, 80% of surgically resected PDACs
experience recurrence within five years of the resection [4]. PC patients” overall 5-year
survival rate is <5% [5]. Poor prognosis is associated with several factors, encompassing
diagnosis at an advanced stage, early distant metastases, remarkable resistance to most
conventional treatment options and a dense tumour microenvironment [3]. Identifying
risk factors might lead to the earlier detection of pancreatic cancer and a more favourable
prognosis. One potentially significant risk factor for this malignancy is diabetes mellitus
(DM) [6]. Type 2 diabetes mellitus (T2DM) is the most prevalent form of diabetes, estimated
for approximately 90% of diabetic patients. Hyperglyceamia results from resistance to
insulin action combined with inadequate insulin secretion [7]. Clinical and experimental
analysis revealed that pancreatic cancer is frequently linked to the onset of DM [8]. Studies
confirm that the highest risk for PDAC is observed within the first two years after diabetes
diagnosis [9]. Moreover, surgical procedures, both Whipple and distal resection, might
lead to new-onset diabetes mellitus (NODM); however, the exact risk of this complication
is unknown [10]. NODM is defined as a disease caused by the loss or destruction of the
pancreatic endocrine parenchyma [7].

Despite the close relationship between DM and PDAC, little is known about the exact
prevalence and impact of T2DM and NODM on clinical outcomes in PDAC [11]. Available
information concerning this subject is limited and inconsistent. Various studies suggested
that DM did not significantly affect overall survival (OS), whereas others found that DM
significantly reduced survival [12].

Our study aims to describe the prevalence of diabetes mellitus among patients diag-
nosed with PDAC, analyse the association between the occurrence of DM and clinicopatho-
logical factors and detect variables influencing overall survival (OS).

2. Materials and Methods
2.1. Patients and Data Collection

We retrospectively analysed the medical history of 285 patients with the diagnosis of
pancreatic cancer [C25 according to the International Statistical Classification of Diseases
and Related Health Problems (ICD-10)], who were treated in the Department of Oncology
and Haematology and Department of Gastroenterological Surgery and Transplantation at
the Central Clinical Hospital (CSK) of the Ministry of Interior and Administration (MSWiA)
in Warsaw, Poland between February 2012 and March 2021. After excluding 52 patients with
neuroendocrine tumours and 58 patients who received only one course of chemotherapy,
175 patients were included in the study for the analysis (Figure 1). The analysed medical
data encompassed sex, age, ECOG, other diseases (diabetes, hypertension, immunological
and malignancies), pathological variables (tumour site, tumour size, histological grading,
nodal involvement, tumour stage, neuro- and angioinvasion and resection margin), treat-
ment data (type of the operation, vascular reconstruction, postoperative complications,
adjuvant and palliative chemotherapy with side effects), laboratory findings, survival and
progression time.
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285 patients with
pancreatic cancer

110 patients excluded
58 with neuroendocrine tumours
52 who received only 1 course
of chemotherapy

175 patients
included

101 without DM | 74 with DM

|4? with T2DM 27 with NODM

Figure 1. Summary of study design with inclusion and exclusion criteria.

2.2. Study Design

The patients were divided into two following groups: patients without diabetes
mellitus (non-DM) ( = 101) and patients with DM (n = 74). The DM group was further
sub-divided into T2DM and NODM. Diabetes mellitus was diagnosed according to the

below criteria:

(i) Two consecutive fasting glucose levels >140 mg/dL (7.8 mmol/L);

(i) Random plasma glucose >200 mg/dL (11.1 mmol/L) in patients with classic symp-
toms of hyperglycaemia or hyperglycaemic crisis; or

(iii) 2-h plasma glucose >200 mg/dL (11.1 mmol/L) during an oral glucose tolerance
test (OGTT).

Tumour staging was performed according to the American Joint Cancer Committee
(AJCC) Staging Manual, 8th edition. Deaths were identified by reviewing the medical
records. Recurrence was detected by abdominal and chest computed tomography (CT)
during the follow-up period. The study focused on the DM group—the non-DM group
was enrolled for the comparison concerning clinicopathological variables.

2.3. Statistical Analysis

Statistical analysis was conducted with the usage of IBM SPSS Statistics 27. All anal-
ysed variables are presented as mean and standard deviation or frequency with percentages.
Differences in categorical variables were assessed as appropriate by either Chi-square or
Fisher-exact test. The Student’s test and one-way analysis of variance were used to compare
continuous variables. Survival (presented as median value) was calculated from the time
of diagnosis of pancreatic cancer to the time of death from any cause. Alive patients were
censored at their last follow-up. Survival was estimated using the Kaplan-Meier method
and compared using the log-rank test. The Cox proportional hazards model was used to
determine the prognostic factors in the univariate analysis of survival rates. The prognostic
factors detected in univariate analyses as statistically significant were analysed further
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with multivariate Cox regression. The analysis was performed using the backward method
based on the Wald statistic. In each step of this method, one prognostic factor with the
weakest association with survival was excluded. The multivariate analyses allowed for
indicating the strongest prognostic factor. A p-value of <0.05 (two-sided) was regarded as
statistically significant in all analyses.

24. Ethics Approval and Consent to Participate

The work described in this article has been carried out in accordance with the Code
of Ethics of the World Medical Association (Declaration of Helsinki) on medical research
involving human subjects, which is the ethical principles defined in the Farmington Con-
sensus of 1997. The study was acknowledged by the Bioethics Committee of the Medical
University of Warsaw (AKBE/144/2022).

3. Results

Seventy-four patients with both DM and PDAC were enrolled in the analysis. Forty-
seven of them were diagnosed with type 2 diabetes, while 27 developed NODM after the
surgery (which accounted for 21.2% of all operated patients in the study). The majority
of patients with DM were men (54.1%) with ECOG 1 status (71.6%). The mean age of the
patients was 64.3 [standard deviation (SD) 8.2, range: 40-87]. Most of the patients were
diagnosed with PDAC in the head of the pancreas (77.0%), in the IIB stage (29.7%), and with
grading 2 (57.2%). Nodal involvement was confirmed in 33.9% of cases. Neuroinvasion
was confirmed in 87.5% of the analysed samples, while angioinvasion in 69%.

Concerning other diseases, 9 patients were diagnosed with autoimmune disease
(8—hypothyroidism, 1—rheumatoid arthritis), 45 with hypertension, and 8 with other
cancers, encompassing prostate, breast, ovarian and colorectal malignancies. Forty-eight
patients received adjuvant chemotherapy, and 74.5% of them developed adverse effects,
among which neutropenia was the most common one. Thirty-one patients (64.6%) in the
adjuvant group experienced disease progression and further received palliative therapy.
Twenty-six patients received palliative chemotherapy from the beginning. In total, 57
patients eventually received palliative treatment, and 71.9% of them developed adverse
effects, among which neutropenia was the most common one. Concerning T2DM treatment,
22 patients received metformin, 23 insulin, 1 empagliflozin, and 1 sulphonylurea.

Statistical analysis comparing the non-DM group with other studied groups is pre-
sented in Table 1. Hypertension was more often diagnosed among the DM group (p < 0.024)
and T2DM group (p < 0.011) than in the non-DM group. In the laboratory findings, pa-
tients with DM had a lower CRP/lymphocytes (CLR) ratio before the first course of the
chemotherapy (p < 0.050). Neutropenia as the side effect of adjuvant chemotherapy was
more frequently observed in the non-DM group than in the DM group (p < 0.034) and
NODM group (p < 0.013). On the other hand, neutropenia as the side effect of palliative
chemotherapy was more frequently observed in the non-DM group than in the DM 2 group
(p < 0.020). There were no significant differences in the pathological variables.

Median OS was 18, 22 20, and 23 months in the non-DM, DM, T2DM and NODM
groups, respectively. Patients in the groups of DM and NODM had significantly higher
median OS than the non-DM group (p < 0.050 and 0.017, respectively). Analysed groups
were further sub-divided into a group receiving adjuvant chemotherapy and a group re-
ceiving palliative chemotherapy (presented with advanced disease at the time of diagnosis).
Regarding adjuvant chemotherapy, no difference in survival between non-DM and DM
groups was detected; nevertheless, the NODM group had a significantly higher median
OS than the non-DM group (26.5 months vs. 20.5 months, p < 0.028). In terms of palliative
chemotherapy, patients with DM had significantly higher median OS than those without
DM (18 months vs. 13 months, p < 0.034) (Figures 2 and 3).
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Table 1. Characteristics of the three study groups and comparison to the non-DM group.
. Non-DM (1 = 101) DM (n =74) T2DM (n = 47) NODM (n = 27)
Variable
M £+ SD/u (%) M £ SD/n (%) - M =+ SD/nu (%) o M =+ SD/u (%) e
MD (95% CI) MD (95% C)  } MD (5% C))  } MD (95% CI)
Gender (male) 47 (46.5%) 40 (54.1%) 0.326 27 (57 .4%) 0.216 13 (48.1%) 0.881
Age (years) 63.41 4+ 10.68 64.30 4+ 8.23 0.550 65.66 £ 7.99 0.200 61.93 4+ 8.26 0.506
ECOG (0/1/2) 6/75/17 6/54/14 0.927 5/35/7 0.893 1/20/6 0.441
History of other cancers 9 (8.9%) 8(11.1%) 0.632 7 (15.2%) 0.255 1(3.8%) 0.686
Autoimmune disease 11 (10.9%) 9 0.936 7 0.717 2 1.000
Hypertension 44 (43.6%) 45 (60.8%) 0.024 31 (66.0%) 0.011 14 (51.9%) 0.442
Adverse
effects—adjuvant 44 (83.0%) 35 (74.5%) 0.295 24 (82.8%) 1.000 11 (61.1%) 0.099
chemotherapy
Neurological 4 (7.5%) 2 (4.3%) 0.681 2 (6.9%) 1.000 0 0.566
Neutropenia 38 (71.7%) 24 (51.1%) 0.034 17 (58.6%) 0.228 7 (38.99%) 0.013
Hepatological 2 (3.8%) 4 (8.5%) 0.416 2 (6.9%) 0.612 2(11.1%) 0.265
Adverse
effects—palliative 67 (83.8%) 41 (71.9%) 0.095 24 (68.6%) 0.065 17 (77.3%) 0.531
chemotherapy
Neurological 14(17.5%) 7 (12.3%) 0.403 4(11.4%) 0.410 3 (13.6%) 1.000
Neutropenia 44 (55.0%) 22 (38.6%) 0.058 11 (31.4%) 0.020 11 (50%) 0.677
Hepatological 5(6.3%) 6 (10.5%) 0.525 5(14.3%) 0.170 1 (4.5%) 1.000
Operative complications 5(7.0%) 3 (5.6%) 1.000 2 (6.3%) 1.000 1 (4.5%) 1.000
Neuroinvasion 43 (79.6%) 35 (87.5%) 0.315 24 (88.9%) 0.365 11 (84.6%) 1.000
Angioinvasion 46 (85.2%) 29 (69.0%) 0.058 21 (72.4%) 0.160 8 (61.5%) 0.110
Grading (1/2/3) 11/51/14 9/39/12 0.964 5/27/7 0.965 4/12/5 0.632
T(1/2/3/4) 2/15/51/5 1/15/34/2 0.689 1/11/19/2 0.519 0/4/15/0 0.825
N (0/1/2) 13/43/16 17/25/11 0.181 9/17/6 0.508 8/8/5 0.121
M (0/1) 56,/45 52/22 0.046 32/15 0.145 20/7 0.080

TNM Stage ) - - _
(IA /IB/IIA/IIB/1II/IV) 1/3/5/31/12/45 1/6/6/22/10/21 0.268 1/5/2/15/5/15 0.354 0/1/4/7/5/6 0.156

Localisation 77/9/7/3/2/3 57/4/5/0/4/4 0475  33/3/5/0/3/3 0414 24/1/0/0/1/1 0.579

Metastases 29/4/30/3/9 25/6/11/3/3 0.131 16/4/7/2/2 0.219 9/2/4/1/1 0.440

CEA > 5ng/mL 22 (32.8%) 19 (36.5%) 0.673 15 (40.5%) 0.432 4 (26.7%) 0.765

CA19-9 > 371U/ mL 51 (56.7%) 38 (58.6%) 0.824 26 (57.8%) 0.902 12 (60.0%) 0.785

CRP/lymphocytes ratio > 1.8~ 37 (66.1%) 21 (46.7%) 0.050 17 (50.0%) 0.131 4 (36.4%) 0.092
Lymphocytes > o 0/ 40 ) o/

1 % 103/ 1L 93 (92.1%) 66 (91.7%) 0.922 42 (89.49%) 0.552 24 (96.0%) 0.687
Haemoglobin > 12 g/dL 63 (63.6%) 51 (70.8%) 0.324 33 (70.2%) 0.434 18 (72.0%) 0.432
Platelets > 400 x 10%/uL 18 (17.8%) 11 (15.3%) 0.659 6 (12.8%) 0.437 5 (20.0%) 0.777

CRP >5mg/L 28 (59.0%) 18 (40.0%) 0.316 15 (44.1%) 0.588 3 (27.3%) 0.167
0s 18 (15.7-20.3) 22 (18.4-26.6) 0.050 20(15.9-24.1) 0.462 23 (16.0-30.0) 0.017
DFS 12 (9.0-15.0) 9 (7.7-10.3) 0.533 9(4.9-13.1) 0.706 7 (4.9-9.1) 0.580
PFS 5(3.9-6.1) 6 (4.34-7.6) 0.206 6 (4.6-7.4) 0.389 7 (4.7-9.3) 0.230

Abbreviations: Non—DM—gmup without diabetes mellitus, DM—diabetes mellitus, TZDM—t_\_!pe 2 diabetes
mellitus, NODM—new-onset diabetes mellitus, M—mean, SD—standard deviation, i—number, MD—median,
95% CI—95% Confidence Interval, OS5—overall survival, DFS—disease-free survival and PFS—progression-free
survival. p * non-DM vs. DM, p ** non-DM vs. T2DM and p *** non-DM vs. NODM. Bolded value - value
statistically significant.
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Figure 2. Overall survival of pancreatic cancer patients in DM and non-DM groups.
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Figure 3. Overall survival of pancreatic cancer patients in the non-DM, T2DM and NODM groups.

No significant differences concerning DFS and PFS were confirmed (Table 1).

In the univariate analysis for survival in all DM patients, nodal involvement (N2 stage)
(p = 0.020), tumour location (p = 0.050), level of CEA (p = 0.019), CRP (p < 0.001) and CLR
(p = 0.001) were significantly associated with OS (Table 2). These prognostic factors were
analysed further in multivariate Cox regression using the backward method based on Wald
statistics. The results are depicted in Table 3. Out of five prognostic factors analysed, the
CRP level was the last excluded, meaning it was the strongest predictor of survival in the

DM group.
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Table 2. Univariate analyses of prognostic factors for overall survival—DM group.

Variable HR (95% CI) p-Value
Age (vears) 0.986 (0.952-1.021) 0.424
Gender - -
Female Ref -
Male 1.194 (0.690-2.063) 0.526
Autoimmune disease 0.660 (0.260-1.676) 0.382
Hypertension 0.643 (0.372-1.112) 0.114
T i, i,
T1 Ref -
T2 0.336 (0.041-2.729) 0.308
T3 0.254 (0.032-1.996) 0.192
T4 0.456 (0.040-5.222) 0.528
N - -
NO Ref -
N1 1.692 (0.768-3.730) 0.192
N2 3.163 (1.200-8.338) 0.020
M - -
Mo Ref -
M1 1.524 (0.852-2.725) 0.156
TNM stage - -
IA Ref -
IB 0.310(0.033-2.862) 0.301
ITA 0.149 (0.015-1.465) 0.103
1B 0.302 (0.039-2.359) 0.254
1 0.551 (0.067—4.513) 0.579
v 0.450 (0.058-3.450) 0.449
Angioinvasion 1.193 (0.525-2.712) 0.674
Neuroinvasion 0.563 (0.192-1.653) 0.296
R i,
RO Ref 0.081
R1 1.789 (0.930-3.442)
Grading - -
G1 Ref -
G2 1.691 (0.659—4.339) 0.275
G3 2.155(0.711-6.531) 0.175
Tumour site - -
Head Ref -
Other 1.809 (0.999-3.277) 0.050
Operation type - -
Whipple Ref -
Other 1.367 (0.688-2.717) 0.372
Vascular reconstruction 1.242 (0.543-2.842) 0.608
Adverse effects—adjuvant chemotherapy 1.521 (0.650-3.557) 0.333
Neutropenia 1.673 (0.792-3.535) 0.178
Hepatological 1.113 (0.263-4.722) 0.883
Adverse effects—palliative chemotherapy 1.025 (0.544-1.931) 0.939
Neutropenia 0.651 (0.356-1.191) 0.163
Hepatological 1.182 (0.418-3.345) 0.751
Neurological 0.490 (0.173-1.386) 0.179
History of other cancers 1.907 (0.838—4.337) 0.124
CEA 1.004 (1.001-1.007) 0.019
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Table 2. Cont.

Variable HR (95% CI) p-Value
CA 19-9 1.000 (0.999-1.002) 0.059
Lymphocytes 0.956 (0.844-1.082) 0.475
CRP/lymphocytes ratio 1.032 (1.013-1.053) 0.001
Haemoglobin 0.954 (0.720-1.263) 0.741
Platelets 1.001 (0.999-1.003) 0.249
Calcium 0.446 (0.051-3.899) 0.465

CRP 1.017 (1.008-1.025) <0.001

Abbreviations: Ref-reference. Bolded value-value statistically significant.

Table 3. Multivariate analysis of prognostic factors for overall survival—DM group.

Variable HR (95% CI) p-Value
Step 1
N - -
NO Ref -
N1 1.180 (0.182-7.667) 0.862
N2 1.239(0.126-12.214) 0.854
Tumour site - -
Head Ref -
Other 1.149 (0.226-5.833) 0.867
CEA 1.006 (0.983-1.030) 0.620
CRP/lymphocytes ratio 0.984 (0.900-1.075) 0.718
CRP 1.027 (0.965-1.092) 0.401
Step 2
Tumour site - -
Head Ref -
Other 1.030 (0.352-3.011) 0.957
CEA 1.006 (0.984-1.028) 0.621
CRP/lymphocytes ratio 0.988 (0.917-1.065) 0.756
CRP 1.024 (0.971-1.079) 0.381
Step 3
CEA 1.005 (0.984~-1.028) 0.623
CRP/lymphocytes ratio 0.988 (0.917-1.065) 0.988
CRP 1.024 (0.972-1.079) 0.369
Step 4
CEA 1.005 (0.984-1.027) 0.633
CRP 1.016 (0.997-1.035) 0.095
Step 5
CRP 1.017 (1.008-1.025) <0.001

Abbreviations: Ref-reference. Bolded value-value statistically significant.

In NODM group, only the TNM stage was independent prognostic factor for survival
(p < 0.015, HR 1.774 95% CI 1.116-2.822) (Table 4). The multivariate analysis was not
performed in this case because there was only one statistically significant prognostic factor.
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Table 4. Univariate analyses of prognostic factors for overall survival—NODM group.

Variable HR (95% CI) p-Value
Age 0.563 (0.229-1.383) 0.210
Gender -
Female Ref 0.187
Male 0.517 (0.194-1.377)
Hypertension 0.418 (0.164-1.069) 0.069
Nodal involvement 3.142 (0.808-12.216) 0.098
TINM stage ]
(IA/IB/TIA /TIB/ I /IV) 1.774 (1.116-2.822) 0.015
R -
RO Ref 0.081
R1 1.287 (0.443-3.737)

Abbreviations: Ref-reference. Bolded value-value statistically significant.

In T2DM group, nodal involvement (N2 stage) (p = 0.023), CRP level (p < 0.001) and
CLR (p = 0.004) were significantly associated with OS (Table 5). The results of subsequent
multivariate analysis are depicted in Table 6. Out of three prognostic factors analysed,
the CRP level again was the last one excluded, meaning it was the strongest predictor of
survival in the T2DM group.

Table 5. Univariate analyses of prognostic factors for overall survival—T2DM group.

Variable HR (95% CI) p-Value
Age (years) 0.978 (0.926-1.033) 0.426
Gender - -
Female Ref -

Male 0.898 (0.639-1.263) 0.536
Autoimmune disease 0.962 (0.334-2.771) 0.942
Hypertension 0.732 (0.358-1.500) 0.393
T - _
T1 Ref -
T2 0.268 (0.030-2.383) 0.238
T3 0.196 (0.025-1.702) 0.139
T4 0.358 (0.0304.325) 0.419
N - _
NO Ref -
N1 1.383 (0.465-4.111) 0.560
N2 5.342 (1.264-22.564) 0.023
M - -
MO Ref -
M1 1.524 (0.852-2.725) 0.156
TNM stage - -
IA Ref -
IB 0.179 (0.017-1.900) 0.154
1B 0.215 (0.025-1.827) 0.159
11 0.734 (0.079-6.829) 0.786
IV 0.255 (0.029-2.172) 0.211
Angioinvasion 2,023 (0.670-6.109) 0.212
Neuroinvasion 0.865 (0.194-3.863) 0.849
R -
RO Ref 0.064
R1 2.185 (0.956—4.996)

59



Cancers 2022, 14, 2840 10 of 17
Table 5. Cont.
Variable HR (95% CI) p-Value
Grading - -
Gl Ref -
G2 2111 (0.494-9.014) 0.313
G3 1.433 (0.259-7.920) 0.680
Tumour site - -
Head Ref -
Other 1.705 (0.841-3.454) 0.139
Operation type - -
Whipple Ref -
Other 1.307 (0.567-3.184) 0.555
Vascular reconstruction 0.877 (0.295-2.606) 0.814
DM treatment - -
Insulin Ref -
Metformin 0.726 (0.363-1.451) 0.364
Adverse effects—adjuvant chemotherapy 0.833 (0.237-2.934) 0.776
Neutropenia 1.055 (0.376-2.957) 0.919
Adverse effects—palliative chemotherapy 0.745 (0.336-1.650) 0.468
Neutropenia 0.541 (0.215-1.259) 0.191
Hepatological 0.763 (0.228-2.556) 0.662
Neurological 0.224 (0.030-1.669) 0.144
History of other cancers 1.748 (0.695-4.396) 0.235
CEA 1.012 (0.978-1.048) 0.493
Lymphocytes 0.964 (0.840-1.107) 0.607
CRP/lymphocytes ratio 1.013 (1.004-1.022) 0.004
Haemoglobin 0.900 (0.639-1.263) 0.536
Calcium 0.738 (0.050-10.854) 0.825
CRP 1.018 (1.007-1.028) <0.001

Abbreviations: Ref-reference. Bolded value-value statistically significant.

Table 6. Multivariate analyses of prognostic factors for overall survival—T2DM group.

Variable HR (95% CI) p-Value
Step 1
N - -
NO Ref -
N1 0.620 (0.169-2.280 0.472
N2 2.116 (0.390-11.471) 0.385
CRP/lymphocytes ratio 0.998 (0.904-1.102) 0.971
CRP 1.017 (0.950-1.089) 0.629
Step 2
N - -
NO Ref -
N1 0.616 (0.177-2.139) 0.445
N2 2.097 (0.416-10.562) 0.370
CRP 1.016 (0.995-1.037) 0.134
Step 3
CRP 1.018 (1.007-1.028) <0.001

Abbreviations: Ref-reference. Bolded value-value statistically significant.
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4. Discussion

Our study focused on various aspects to characterize patients with both DM and PC.
We investigated not only oncological variables but also pathological and surgical ones. In the
analysis, we incorporated data about chemotherapy schemes with side effects and also DM
medicaments. Pancreatic cancer and DM are bidirectionally associated—DM is proved to be
both the cause and consequence of PDAC [13]. In the analysed sample, 42.3% of patients
developed DM—type 2 before the PDAC diagnosis or new-onset DM after the surgery. These
results are in line with previous ones, in which the prevalence of DM among PDAC patients
is estimated to reach 40-65% [11]. Except for PDAC, the prevalence of diabetes in other
malignancies is similar to that of healthy controls [14]. Various mechanisms are responsible
for the strong correlation between DM and PDAC. Clinical studies proved that the 3 cell
response (measured by response to an oral glucose load, hyperglycaemic clamp or glucagon
stimulation) is impaired in patients with PDAC [14]. Insulin released by B cells might
indirectly promote carcinogenesis via acting on the growth hormone/insulin-like growth
factor (GH/IGF) axis and increasing levels of free and bioactive insulin-like growth factor-1
(IGE-1) [15]. Both insulin and redundant IGF-1 reveal trophic effects on insulin receptors on
acinar cells and IGF-I receptors present in any nearby cells, including transformed ones. As a
result, insulin and IGF-1 promote their survival and proliferation, thus possibly contributing
to the observed increased risk of developing PDAC [16]. Moreover, inadequate glycaemic
control leads to producing increased levels of advanced glycation end products (AGE). AGE
activate their receptors, which bind certain other ligands (inflammatory cytokines and 5100
family) that are implicated in inflammation and PDAC progression [17].

Our study revealed no significant differences in the pathological variables between
DM and non-DM groups. In the study by Hank et al. [18] (2019) conducted on patients un-
dergoing pancreatic resection, diabetic patients had significantly larger tumours, increased
lymph-node involvement and higher rates of perineural and lympho-vascular invasion.
Chuet al. [19] (2010) proved tumour size as the only pathological variable differentiating
DM and non-DM groups. Ben et al. [20] (2012) detected that the percentage of cases with
neural invasion in those with DM was significantly higher than those without DM.

Oncological patients with pre-existing diabetes have 50% higher post-operative mortal-
ity rates, probably due to greater inflammation risk [19,21]. On the other hand, consistently
with previous findings, in this study, DM was not associated with a higher rate of post-
surgical complications [18,22,23]. However, Chu et al. [22] (2010) suggested that the role of
PDA C-associated DM as a risk factor for postresection pancreatic fistula should be further
explored, as in their study DM patients had a significantly higher likelihood of developing
fistulas. Pancreatic cancer related-DM improves after the resection of tumour mass despite
surgical removal of a variable amount of pancreatic tissue, which supports the hypothesis
that pancreatic carcinoma cells induce DM themselves [6].

Reports concerning the exact impact of DM on the overall survival of patients with PC
are ambiguous. Our study revealed that patients with DM had significantly higher median OS
than those without DM. After subdividing patients into those receiving adjuvant or palliative
chemotherapy, DM positively impacted survival only among patients with advanced disease.
However, DM treatment with neither insulin nor metformin served as a prognostic factor
for OS. Numerous studies suggested that DM is associated with reduced OS [6,18,20,24-26].
On the contrary, other studies proved that DM does not affect pancreatic cancer OS or even
improve survival [27-31]. The meta-analysis conducted by Mao et al. [12] (2015) suggested
the negative effect of DM on survival primarily among patients with resectable tumours
but not in those with late-stage disease. Chu et al. [19] proved that compared with non-
DM, NODM was independently associated with survival reduction after PDAC resection;
nevertheless, a reduction in patients with longstanding DM versus those without DM turned
out to be no longer statistically significant. Choi et al. [32] (2016) revealed that individuals
with advanced PC and DM tend to survive longer than those without DM. They linked
this phenomenon to metformin usage, which conferred a prognostic benefit. Moreover, in
the paper introduced during the 2013 ASCO Annual Meeting [, it was suggested that in
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patients with advanced tumours, recent-onset DM and metformin treatment are positive
prognostic indicators associated with longer OS [33]. Various preclinical studies demonstrated
a positive impact of metformin on PC through increasing the chemosensitivity of PC cells
to gemcitabine [34], presenting an anti-tumour effect in combination with liraglutide [35]
synergistically with pitavastatin activating apoptosis and autophagy in PC cells [36], or
finally inhibiting tumour growth, and prolonging the overall survival in mice model [37].
Concerning insulin, the recent study by Pretta et al. [38] (2021) revealed that insulin-treated
patients compared with non-DM had a significantly increased survival in the multivariate
analysis. The role of insulin in carcinogenesis is disputed. According to preclinical and
clinical trials, it is generally considered to promote tumour growth; however, there is no
unanimity, as Pircher et al. [39] (2018) proved that insulin might suppress the activation of
mTOR and inhibit tumour growth.

Several studies reported that tumour sites influenced survival. Our study aligns with
these findings and confirms that patients with PDAC located in the head have a worse
prognosis. The various analysis also suggested that pancreatic body and tail locations
were independent indicators for better survival [40,41]. It might be linked to the pancreatic
head’s more complex lymphatic drainage system and is more frequently associated with
higher nodal involvement [42,43]. Moreover, it could be correlated with intervention
differences. The resection of distal pancreatic tumours is safer and more feasible [44]. Body
or tail location does not lead to malignant biliary obstruction and thus is not associated
with potential biliary drainage and further complications delaying appropriate surgery [45].
Contrastingly, a few studies suggested better outcomes among patients with head tumours.
The authors explained it with an additional period resulting from an earlier diagnosis
rather than tumour biology or differences in interventions [41].

Neuropathy is a common adverse effect associated with gemcitabine-nab-paclitaxel
and mFOLFIRINOX chemotherapy schemes [46,47]. On the other hand, DM is the most
common cause of autonomic neuropathy; nevertheless, the pathophysiology of diabetic
neuropathy is not fully understood, and its aetiology seems to be multifactorial [48]. Interest-
ingly, our study revealed that patients with DM are not more likely to develop neuropathy
as a side effect of palliative chemotherapy. To our best knowledge, this is the first analysis
comparing the prevalence of neuropathy as a chemotherapy’s side effect between patients
with and without DM. Some studies confirmed only a significantly higher prevalence of
perineural invasion among patients with DM [19,49]. Jian et al. [50] (2020) analysed genes
associated with PDAC and involved in diabetic neuropathy progression. They selected ma-
trix metalloproteinase-9 (MMP9) as a prognostic marker for pancreatic cancer and possible
adjustment to the treatment of diabetes, pancreatic cancer and associated neuropathy.

The risk of PDAC declines with the increasing duration of DM [15]. This phenomenon
might be linked to possible lifestyle changes and selected glucose-lowering medication
usage. Various epidemiologic studies confirmed the association of metformin use with a
reduced incidence of PDAC among patients with DM; however, the published reports seem
to not be universally consistent [51]. Its anticancer effect might be associated with direct
actions on transformed pancreatic cells and systemic actions. Metformin inhibits synthesis
of mitochondrial adenosine triphosphate (ATP), leading to insufficient energy produc-
tion. As a result, it increases cellular adenosine monophosphate/adenosine triphosphate
(AMP/ATP) and adenosine diphosphate /adenosine triphosphate (ADP/ATP) ratios and
activates AMP-activated protein kinase (AMPK). Stimulated AMPK inhibits the synthesis
of macromolecules essential for further cell growth and inhibits the mechanistic target-of-
rapamycin complex (mTORc), responsible for activating various cellular pathways [52,53].
Lower blood glucose leads to decreased mitogenic insulin secretion and further attenuates
cell division [54]. In the studies conducted on genetic mice models, metformin inhibited
cancer initiation, suppressed chronic pancreatitis-induced tumorigenesis and presented
promising therapeutic effect in PDAC [37,55,56].

Various studies confirm that cancer progression is stimulated by systemic and local
inflammatory reactions [57]. The immune system might suppress tumour development
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or progression by destroying cells with mutations; however, it can also promote pancre-
atic cancer progression by establishing favourable conditions for immunosuppression
and further metastasis [58]. In terms of pancreatic cancer, one of the widely described
inflammation-based parameters is CRP/albumin ratio (CAR). CAR was established as a
strong prognostic and predictive factor in resectable and advanced tumours [59-61]. Lately,
Fan et al. [62] (2020) have suggested elevated CLR as an independent risk factor for poor
OS among PDAC patients. Another study by Strijker et al. [63] (2021) detected that CRP
combined with CA19-9, albumin and LDH had a prognostic value, which was at least
similar to that of ECOG performance status. The level of CLR is suspected to reflect the
state of equilibrium between the systemic inflammatory and immunologic response. In
our study, both higher CLR and higher CRP levels alone were significantly associated with
worse OS among all patients with DM. Our multivariate analysis suggested CRP level as
the strongest predictor of survival. CRP was previously claimed to associate with survival
and cachexia among patients with PDAC [64,65]. Although some analyses also suggest that
a reduced number of circulating white blood cells might present prognostic implications in
PDAC patients, in our study, leukopenia alone revealed no correlation with survival [66].

Our analysis revealed that among patients with PDAC, those with DM are significantly
more likely to develop hypertension, which is consistent with known risk factors for type
I DM. Epidemiological studies have proven that metabolic syndrome and its components
(hypertension, insulin resistance, central obesity, decreased levels of high-density lipoproteins
(HDL) cholesterol and elevated triglyceride levels) may independently or in combination
increase the risk of many types of cancer, including PDAC [67,68]. Moreover, some studies
suggest that obesity significantly reduces OS among PDAC patients [23]. Our study did not
include BMI in the analysis to compare. Xia et al. [69] (2020) suggested a potential joint effect of
CRP and metabolic syndrome in pancreas tumorigenesis. The disruption of the inflammatory
system is involved in the development of pancreatic cancer, and metabolic syndrome is related
to pancreatic cancer risk, with diabetes being the critical component [70]. Elevated CRP was
proven to be positively associated with the presence of the metabolic syndrome.

This study meets with some limitations. Firstly, it was a single-centre study. The
juxtaposition of results obtained in the different clinical centres would present a broader
view of the discussed subject. Secondly; it is a retrospective study and thus may present
some potential selection bias. The duration of DM was not directly reported due to the
encountered lack in the past medical history. Nonetheless, we firmly believe that outcomes
acquired in our centre are a meaningful puzzle piece in the knowledge concerning the
relationship between diabetes mellitus and pancreatic cancer.

5. Conclusions

Diabetes mellitus is prevalent among patients with pancreatic cancer. The results concern-
ing DM impact on PDAC patients’ survival are contradictory; however, in our study, patients
with DM receiving palliative chemotherapy had significantly higher median OS than those
without DM. Regarding adjuvant chemotherapy, no difference in survival between non-DM
and DM groups was detected; nevertheless, we have observed that the NODM patients had
a significantly longer median OS than the non-DM patients. Among variables influencing
survival, TNM stage, nodal involvement, tumour site, levels of CEA and CRP were confirmed,
with CRP level being the strongest one. As an adverse effect of chemotherapy, neutropenia
affects patients with DM less often. The increased comprehension of the mechanisms of the
relationship between DM and pancreatic cancer needs further research, which might provide
avenues for developing novel preventive and therapeutic strategies.
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PDAC Pancreatic ductal adenocarcinoma

PC Pancreatic cancer

DM Diabetes mellitus

NODM New-onset diabetes mellitus

T2DM Type 2 DM

(0] Overall survival

ICD-10 The International Statistical Classification of Diseases and Related Health Problems
CSK Central Clinical Hospital

MSWIA Ministry of Interior and Administration
ECOG Eastern Cooperative Oncology Group performance status
non-DM Group without diabetes mellitus

OGTT Oral glucose tolerance test

AJCC American Joint Cancer Committee

CT Computed tomography

sD Standard deviation

HR Hazard ratio

CRP C reactive protein

CLR CRP/lymphocytes ratio

M Mean

n Number

MD Median

95% CI 95% Confidence Interval

DFs Disease-free survival

PFS Progression-free survival

CEA Carcino-embryonic antigen

CA19-9 Carbohydrate antigen 19-9

TNM TNM Classification of Malignant Tumors

T Tumour size

N Lymph nodal involvement

M Distant metastasis

R Resection margin

GH/IGF Growth hormone/insulin-like growth factor
IGF-1 Insulin-like growth factor-1

AGE Advanced glycation end products

ASCO American Society of Clinical Oncology
mTOR The mammalian target of rapamycin
mFOLFIRINOX A chemotherapy regimen: FOL—folinic acid
F Fluorouracil (5-FU)

IRIN Irinotecan

OX Oxaliplatin

MMTP9 Matrix metalloproteinase-9

AMP/ATP Adenosine monophosphate/adenosine triphosphate
ADP/ATP Adenosine diphosphate/adenosine triphosphate
AMPK AMP-activated protein kinase

CAR CRP/albumin ratio

HDL High-density lipoproteins
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Abstract

Introduction. Pancreatic cancer (PC) remains one of the most deadly malignancies with rising inci-
dence. As therapeutical options seem unsatisfactory, great effort should be put into identifying and
reducing risk factors as well as distinguishing possible factors influencing patient cutcomes. The study
aimed to describe the prevalence of overweight and hypertension among PC patients, analyse the
possible association between overweight, hypertension and clinicopathological factors and distinguish
variables influencing survival.

Material and methods. A retrospective analysis of medical records was performed. The study was
designed in two branches: (1) the comparison of patients with hypertension (HTN group) and without;
(2) the comparison of patients with BMI = 25 and patients with BMI < 25. Statistical analysis with the
usage of appropriate tests was conducted.

Results. No differences in survival between studied groups in the two branches were determined, even
after subdividing into adjuvant and palliative types of treatment. Patients with HTN were more likely to
be older, have diabetes and be diagnosed without distant metastases. BMI, ACEls/ARBs use, diabetes,
CRP/lymphocyte ratio (CLR) and AJCC IIb stage influenced survival. Patients with overweight/obesity
were more likely to have an autoimmune disease, metastases in = 4 lymph nodes (N2), tumour size
between 2 and 4 cm (T2) and experience neutropenia as side effect of palliative chemotherapy. Higher
BMI and CRP level influenced survival.

Conclusions. The exact effect of ACEIs/ARBs on cancerogenesis should be further studied. CLR appears
to be a feasible marker for prognosis in PC.

Keywords: oncology, pancreatic cancer, hypertension, obesity

Introduction reflecting the increasing prevalence of PC key risk fac-
tors [2]. Non-hereditary risk factors for PC could be
divided into modifiable and non-modifiable. Modifi-
able encompass tobacco smoking. excessive alcohol
consumption, pancreatitis, obesity, type 2 diabetes
mellitus (DM), and metabolic syndrome, while non-
-modifiable factors include male sex, older age. and

ethnicity [3]. PC survival rates remain unsatisfactory,

Pancreatic cancer (PC) remains one of the most deadly
malignancies with a rising incidence. According to the
2020 Global Cancer Observatory (GLOBOCAN) re-
port, PC accounts for almost as many deaths as cases
and is currently the seventh leading cause of can-
cer death [1]. The incidence is projected to increase,
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after having slightly improved over the past 30 years
from < 3% to 9% for overall survival (OS). Low sur-
vival rates are primarily associated with advanced,
surgically unresectable stages of disease at the time
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of diagnosis [4]. Other factors influencing survival
include early distant metastases, resistance to conven-
tional treatment schemes, and a highly desmoplastic
tumor microenvironment. Pancreatic cancer treatment
options remain limited, as no immunotherapeutic or
anti-angiogenic regimens have been approved [5]. It
possible, the current approach encompasses multidis-
ciplinary treatment with surgery, chemotherapy, and
chemoradiotherapy [6]. The two approved, most com-
monly used chemotherapy regimens are mFOLFIRI-
NOX and gemcitabine with nab-paclitaxel. Despite
aggressive chemotherapy. most patients eventually re-
quire palliative care and symptom management [7].
As therapeutical options seem unsatisfactory, great
effort should be put into identifying and reducing risk
factors and distinguishing possible factors influenc-
ing patient outcomes. The growing incidence points
out metabolic syndrome and its components (insulin
resistance, central obesity, hypertension, and features
of atherogenic dyslipidemia) as some of the most sig-
nificant risk factors [8, 9]. Due to population aging,
it is estimated that the number of elderly PC patients
will continue to rise [10]. The aging population is
also associated with a higher prevalence of metabolic
syndrome [11]. It seems crucial to focus on charac-
terizing patients with PC concomitant with particular
components of metabolic syndrome. More specific

characterization might provide better patient care and
impact further outcomes.

Our study aimed to describe the prevalence of over-
weight and hypertension among PC patients, analyze
possible associations between overweight, hyperten-
sion, and clinicopathological factors, and distinguish
variables influencing survival.

Material and methods

Patients, data collection, and study design

We retrospectively analyzed patients diagnosed with
PC between 2012 and 2021 at the Central Clinical
Hospital of the Ministry of Interior and Administra-
tion in Warsaw, Poland. Clinical data from patients
were extracted from the hospital patient records. A to-
tal number of 175 patients was included in the study
for analysis after excluding 52 patients with neuroen-
docrine tumors and 58 patients who received only
one course of chemotherapy to reduce data vari-
ability and include information about adverse effects
of chemotherapy. The study was designed in two
branches:

1) comparison between patients with hypertension
(HTN group) and patients without hyperten-
sion (non-HTN group);

2) comparison of patients with BMI = 25 and pa-
tients with BMI < 25 (Fig. 1).

285 patients
with pancreatic cancer

110 patients excluded
58 with neuroendocrine

tumours
52 who received only one
course of chemotherapy

56 patients
with BMI = 25

119 patients
with BMI < 25

Y
______________ 178 patients L
: included :
NN SR . JEUSRR SN :
; BMI i i HYPERTENSION !

83 patients
without
hypertension

92 patients
with hypertension

Figure 1. Summary of study design with exclusion criteria; BMI — body mass index
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Figure 2. Histopathological image of pancreatic ductal adenocarcinoma (H&E, original magnification, 200x)

Analyzed data encompassed sex. age, weight,
height, cigarette smoking, family history of cancers,
history of other primary tumors, other diseases with
described treatment methods, World Health Organi-
zation (WHO) performance status, pathological vari-
ables (tumor site, tumor size. histological grading,
nodal involvement, tumor stage. resection margin)
(Fig. 2). treatment data (type of the operation, vascular
reconstruction, postoperative complications, adjuvant
and palliative chemotherapy, ad side effects), labora-
tory findings before the first course of chemotherapy,
survival, and progression time.

Body mass index (BMI) was calculated by dividing
weight in kilograms (kg) by height in square me-
ters (m). Data about weight and height were collected
before the first course of chemotherapy.

Hypertension was defined based on one or more of
the following criteria:

1) listed hypertension in patient history;

2) taking anti-hy pertensive medication or

3) systolic blood pressure (SBP) in the clinic
= 140 mm Hg and/or diastolic blood pressure

(DBP) = 90 mm Hg following repeated exami-
nation.

In the analyses considering smoking, we took into
account only active smoking. Laboratory findings
were analyzed before chemotherapy. The C-reactive
protein (CRP)/lymphocyte ratio (CLR) biomarker
was additionally established. For statistical analysis,
the cutoff value of 1.8 was confirmed based on the
study by Fan et al. [12].

Diabetes mellitus was defined based on one or
more of the following criteria:

1) diabetes listed in medical history;

2) two  consecutive  fasting  glucose  levels
= 140 mg/dL (7.8 mmol/L);
3) random plasma glucose = 200 mg/dL

(11.1 mmol/L) in patients with classic symptoms
of hyperglycemia or hyperglycaemic crisis or

4) 2-hour plasma glucose = 200 mg/dL
(11.1 mmol/L) during an oral glucose toler-
ance test.

The study did not include abnormal cholesterol and
triglyceride levels, as they were not routinely analyzed
before the first course of chemotherapy.

https://journals.viamedica.pl/oncology_in_clinical_practice 3



Tumor staging was performed according to the
American Joint Cancer Committee (AJCC) Staging
Manual, 8 edition. Recurrence was detected with ab-
dominal and chest computed tomography (CT) during
the follow-up period. The study’s primary endpoint
was defined as OS. OS was calculated from the date of
the histologically verified diagnosis (biopsies or mate-
rial from surgeries) to the date of the last follow-up or
death. Deaths were identified by reviewing the medi-
cal records.

Statistical analysis

IBM SPSS 26 Statistics was used for statistical analy-
sis. All analyzed variables were presented as means
and standard deviations or frequencies with per-
centages. Estimation of mean differences between
two independent groups was performed using the
Mann-Whitney U test. Relationships between the two
nominal variables were estimated using Pearson chi-
-squared or Fisher’s exact test. Median OS was calcu-
lated using the Kaplan-Meier method, and differences
were measured using the log-rank test, defined as the
time from diagnosis until death (living patients were
censored at the time of their last follow-up). Kaplan-
-Meier curves presented a summary of the data on
survival probability. Univariate and multivariate anal-
yses were conducted to examine the effect of single
or multiple potential prognostic parameters on me-
dian OS. Cox regression models were presented as
hazard ratios (HR) and were associated with a 95%
confidence interval (CI). An alpha level of 0.05 was
selected as statistically significant.

Ethical approval

The study was approved by the Bioethics Com-
mittee of the Medical University of Warsaw
(AKBE/144/2022). The work was carried out
following the Code of Ethics of the World Medical
Association (Declaration of Helsinki) on medical re-
search involving human subjects and the ethical
principle defined in the Farmington Consensus 1997.

Results

Group with hypertension

Of 175 PC patients, 92 (52.6%) were also diag-
nosed with HTN. From medical data, 53 schemes
of hypertensive treatment were retrieved. Most of
the patients were treated with two anti-hypertensive
drugs (37.5%), predominantly with the combina-
tion of angiotensin-converting enzyme inhibitors/an-
giotensin I receptor blockers (ACEIS/ARBs) and
B-blockers.

The majority of HTN patients were men (56.5%)
with WHO performance status 1 (72.5%). The mean
age was 66.3, with a range from 44 to 87. At the
beginning of chemotherapy, the median BMI was

23.7 kg/m2, while 39.8% of patients were overweight
or obese. Regarding medical history, 50.0% had DM,
12.0% autoimmune disease, 9.8% other primary tu-
mors, and 21.0% family history of cancers. History of
active smoking concerned 33.8% of patients.

Most patients in the studied group were diagnosed
with PC in the head of the pancreas (77.2%) with
52.2% having grade 2 while the most prevalent AICC
cancer stage was [IB (36.1%). Neuroinvasion was
confirmed in 80.0% of the analyzed samples, while
angioinvasion in 74.5%. Regarding treatment, 72.8%
of patients underwent surgery (74.6% — the Whip-
ple procedure). predominantly without further com-
plications. Eleven of the operated patients (16.4%)
required vascular reconstruction. Sixty-one patients
(91.1%) received adjuvant chemotherapy, primarily
based on gemcitabine (73.8%), with neutropenia as
the most common side effect (65.6%). Eight-seven
percent of patients eventually received palliative treat-
ment with gemcitabine and nab-paclitaxel as the most
common scheme (40.0%). Adverse effects were devel-
oped by 63.75% of palliatively treated patients, among
which neutropenia was the most common.

Statistical analysis comparing the HTN group with
the non-HTN group is presented in Table 1. Hyperten-
sion patients were more likely to be older (p < 0.001).
have DM (p = 0.033), and have no distant metastases
at the time of diagnosis (p = 0.005).

In Kaplan—-Meier analysis, no significant differ-
ences concerning OS. disease-free survival (DES),
and progression-free survival (PFS) were confirmed
(Tab. 1. Fig. 3-5).

The analyzed group was further subdivided into
a group receiving adjuvant chemotherapy and a group
receiving palliative chemotherapy (patients who pre-
sented with advanced disease at the time of diagnosis).
In general, patients treated with adjuvant chemother-
apy turned out to have significantly higher median OS
than patients with advanced disease (20 months vs. 14,
p < 0.00012). Nevertheless, no difference in survival
between non-HTN and HTN groups was detected.

In the univariate analysis for survival in the
HTN group, higher BMI (p = 0.002), using ACEIs/
/ARBs (p = 0.003), DM diagnosis (p = 0.003),
and CLR = 1.8 (p = 0.013) were associated with
longer survival. On the other hand, AJCC stage IIB
(p = 0.037) was associated with shorter survival
(Tab. 2).

Statistically significant prognostic factors were fur-
ther analyzed in multivariate Cox regression us-
ing the backward method based on Wald statistics.
ACEIs/ARBs use was the last excluded out of five
studied prognostic factors, which means it was the
strongest predictor of survival in the HTN group.
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Table 1. Baseline characteristics of participants according to hypertension occurrence with statistical analysis

Maria Fudalej et al., Overweight and hypertension among pancreatic cancer patients

Non-HTN group HTN group
Variable Mean £ SD/n (%)/MD (95% Cl) Mean = SD/n (%)/MD (95% Cl) p-value
Demography
Gender (male) 35 (42.2%) 52 (56.5%) 0.070
Age [years] 60.95 £ 1037 6634 + 833 < 0.001
Medical history
WHO status (0/1/2/0-1/1-2/2-3) 3.7%/75.3%/16.0%/0.0%/3.7%/1.2% 7.7%/72.5%/14.3%/2.2%/3.3%/0.0% 0517
BMI (= 25) 23 (32.4%) 33 (39.8%) 0.402
Histary of smoking 25 (39.19) 27 (33.8%) 0601
Autoimmune disease 9 {10.8%) 11{(12.006) 1.000
Diabetes mellitus 28 (33.7%) 46 (50.09) 0.033
History of other CA 7 (8.4%) 9 {9.8%) 0.799
Family history of CA 22 (34.3%) 17 (21.0%) 0.090
MNumber of relatives with CA 141 £ 067 135+ 049 0.986
Histopathology
Localisation of PC 0220
Head 75.9% 77.2%
Body 7.2% 7.6%
Tail 8.4% 5.4%
Head and body 3.6% 3.3%
Body and tail 1.2% 6.5%
Undetermined 3.6% 0.0%
Grading (G1/G2/G3/Gx) 12.0%/50.6%/13.3%/24.1% 10.99%/52.2%/16.3%/20.7% 0201
T(TUT2/T3/T4/Tx) 2.4%/14.5%/50.6%/4.80%/27 7% 1.19%/19.6%/46.7%/3.3%/29.3% 0818
N (NO/NT/N2/Nx) 13.3%/39.8%/18.1%/28.9% 20.7%/38.0%/13.0%/28.3% 0.542
M (MO/MT) 50.6%/49.4% 71.7%/28.3% 0.005
AJCC cancer stage (IA/IB/IA/IB/ I IV) 1.3%/1.3%/5.096/28.79%/13.8%/50.0% 1.29%/9.6%/8.4%/36.1%/13.3%/313% 0072
R (RO/R1/R2/None) 32.5%/32.5%/2.4%/32.5% 44.6%,/28.3%/0.0%/27.2% 0210
MNeuroinvasion 38 (86.49%) 40 (80.09%) 0583
Angioinvasion 37 (82.290) 38 (74.5%) 0460
Treatment
Adverse effects — adjuvant chemotherapy 28 (71.8%) 51(83.6%) 0.209
Meuropathy 2(5.1%) 4(6.6%) 1.000
Neutropenia 22 (56.49%) 40 (65.6%) 0402
Hepatological 3 (7.7%) 3(4.9%) 0676
Adverse effects — palliative chemotherapy 57 (80.39%) 51(77.3%) 0682
Neutropenia 33 (46.5%) 33 (50.096) 0734
Hepatological 7 (9.9%) 4(6.1%) 0.535
Neuropathy 12 (16.99%) 9 (13.6%) 0642
Operative complications 3(5.3%) 5 (7 4%) 0726
Laboratory findings
CEA > 5 ng/mL 20 (37.7%) 21 (31.8%) 0.562
CA19-9 = 37 IU/mL 44 (62.0%) 45 (53.6%) 0330
CLR=>18 26 (57.8%) 32 (57.1%) 1.000
LYM 1 x 103/ uL 213+£228 288 +6.00 0.289
HGB [g/dL] 1234+ 145 1254 +1.58 0.407
Pit 1 % 10%/ pL 29771 £ 15885 29012+ 11480 0717
CRP [mag/L] 3038 L6182 1457 £ 2298 0.110
Survival
0s 19.00 (15.89-22.11) 20.00 (15.42-2458) 0.255
DFS 13.00 (6.22-19.78) 12,00 (942-14.58) 0.809
PFS 5.00 (4.13-5.87) 700 (5.15-8.86) 0951

Bolded pvalue — value statistically significant; AJCC — The American Joint Committee on Cancer; BMI — body mass index; CA — cancer; CA19-9 — carbohydrate
antigen 19-9; CEA — carcinoembryonic antigen; CI — confidence interval; CLR — C-reactive protein/lymphocytes ratio; CRP — C-reactive protein; DFS — disease-free
survival; HGE — haemoglobin; HTN — hypertension; LYM — lymphocytes; M — distant metastases; MD — median; N — nodal involvement; n— number; 0S — overall
survival; PC — pancreatic cancer; PFS — progression-free survival; PLT — platelets; R — resection margin; S0 — standard deviation; T — tumour size; WHO status —

World Health Organization performance status
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Table 2. Univariate analysis of survival in the hypertension (HTN)

s rou
£ Hypertension group
2 08+ == None Variable HR (95% CI) p-value
= -~ Existing
a 0.5+ Age 1.014 (0.584-1.045) 0.358
§ 04 WHO performance status
a2 Ly 0 Ref -
E 0.2 h 1 0.192 (0.035-1.057) 0.058
8 P, 2 0.399 (0.093-1.707) 0.215
0.0 T
v T T T T r 041 0.264 (0.054-1.294) 0.100
0 20 40 60 80 100 1/2 0516 (0.046-5841) 0593
Months
BMI = 25
Figure 3. Overall survival of pancreatic cancer patients in the hy- No Ref -
pertension (HTN) and non-HTN groups Yes 0384 (0211-0670) 0.002
History of smoking
No Ref -
> 1.0 Yes 1.294 (0.742-2.258) 0.364
3 Hypertension Diabetes mellitus
=2 0.8+ -~ None
B - Existing No Ref -
T 0.5 Yes 0.399 (0.219-0.727) 0.003
g N ily hi f
2 04- Family history of CA
o gl No Ref -
% 0.2 \—H : Yes 0674 (0.355-1.278) 0.227
= "I_|I—| History of other CA
0 20 40 60 e et ~
Months Yes 0.565 (0.265-1.205) 0139
Number of
Figure 4, Disease-free survival of pancreatic cancer patients in anti-hypertensive drugs
the hypertension (HTN) and non-HTN groups 1 Ref -
2 0.582 (0.075-4.541) 0.606
3 0.521 (0.066-4.118) 0.536
-_'_:f“ 1.0 4 0579 (0.072-4.628) 0.606
E Hypertension 5 0.150(0.013-1.767) 0.132
o -
a e - r;c.'"‘?' ACEIs/ARBs usage
ol - Existing
g 0.5 No Ref -
; Yes 0.170(0.054-0.538) 0.003
44
i . LL B-blockers usage
g 0.2 No Ref -
Y Yes 0.848 (0414-1.738) 0653
2 0.0+
o ’ ’ - - - T T CCBs usage
0 10 20 30 40 50 60
Months No fef i
Yes 1.137(0573-2.257) 0713
Figure 5. Progression-free survival of pancreatic cancer patients Diuretics usage
in the hypertension (HTN) and non-HTN groups No Ref -
Yes 0.744 (0379-1.46) 0390
wa-blockers usage
Group with BMI > 25 No Ref -
Of 175 PC patients, 56 (32.0%) were overweight or es 1.806 (0.636-5.131) 0.267
obese. Most were men (51.8%) with WHO perfor- AJCC cancer stage
mance status 1 (78.6%). The mean age was 62.7, with 1B Ref -
arange from 40 to 82. At the beginning of chemother- 1A 0656 (0.247-1741) 0398
apy. the median BMI was 27.8 kg/m~, with a mean B 2035(1.045-3961)  0.037
of 28.5 kg;’m2 [standard deviation (SD) = 3.0, range l 0562(0.312-1.0132) 0055
25.0-36.2]. Y 0.792 (0.337-1.865) 0.594
—
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Table 2 cont. Univariate analysis of survival in the hypertension
(HTN) group

Variable HR (95% Cl) p-value
Adverse effects —
adjuvant chth

No Ref -

Yes 1.003 (0552-1.823)  0.993
Neutropenia

No Ref -

Yes 0763 (0.438-1.328) 0.339
Adverse effects —
palliative chth

No Ref -

Yes 0968 (0.541-1732) 0913
Neutropenia

No Ref -

Yes 1625 (0.966-2.734) 0.067
CLR>1.8

No Ref -

Yes 1.886(1.143-3.111) 0.013
LYM 1 x 103/ pL

=1 Ref -

> 0839(0356-1.977) 0.688
CRP [mg/L]

=5 Ref -

=5 1361(0.807-2.257)  0.247

Bolded p-value — value statistically significant; ACEls — angiotensin-converting
enzyme inhibitors; AJCC — The American Joint Committes on Cancer; ARBs —
angiotensin Il receptor blockers; BMI — body mass index; CA — cancer;
(CCBs — calcium channel blockers; chth — chemotherapy; O — confidence in-
terval; CLR— C-reactive protein/lymphocytes ratio; CRP — C-reactive protein; HR
— hazard ratic; LYM — lymphocytes; Ref — reference

Regarding medical history, 58.9% of patients had
HTN. 50.0% DM, 21.4% autoimmune disease, 7.14%
other primary tumors, and 18.5% family history of
cancers. History of active smoking concerned 30.2%.

Most patients in the studied group were diagnosed
with PC in the head of the pancreas (78.6%) with
51.8% having grade 2 while the most prevalent AJCC
cancer stage was [IB (21.6%). Neuroinvasion was
confirmed in 93.5% of the analyzed samples while
angioinvasion in 87.9%. Regarding treatment, 66.1%
of patients underwent surgery (83.8% — the Whipple
procedure ), predominantly without further complica-
tions. Four of the operated patients (10.8%) required
vascular reconstruction. Thirty-two (86.5%) received
adjuvant chemotherapy, primarily based on gemc-
itabine (68.8%). Twenty-five suffered from adverse
effects, predominantly neutropenia (76.0%). In to-
tal, 78.6% of patients eventually received palliative
treatment, primarily based on gemcitabine with nab-
-paclitaxel (65.9%). Adverse effects were developed
by 86.4% of palliatively treated patients, among which
neutropenia was the most common.

Statistical analysis comparing groups with
BMI < 25 and BMI = 25 is presented in Table 3. Pa-
tients with overweight or obesity were more likely to
have an autoimmune disease (p = 0.020), metastases
in 4 or more lymph nodes (N2) (p = 0.041), umor
size between 2 and 4 cm (T2) (p = 0.022); they were
more likely to experience neutropenia as a side effect
of palliative chemotherapy (p = 0.014).

In Kaplan-Meier analysis, no significant ditfer-
ences concerning OS. DFS, and PFS were confirmed,
even after subdividing into adjuvant and palliative
types of treatment (Tab. 3, Fig. 6-8).

In the univariate analysis for survival in the studied
group, higher BMI (p = 0.021) was associated with
longer survival, whilst a CRP level higher than 5 mg/L
(p = 0.025) with shorter survival (Tab. 4). In the fur-
ther multivariate analysis, BMI was confirmed as the
strongest predictor of survival.

Discussion

Worldwide, HTN is the leading modifiable risk fac-
tor for premature deaths. The prevalence and absolute
burden of HTN have increased over the past few years
[13]. Approximately 60% of the population is diag-
nosed with HTN by the age of 60 years, and about
65% of men and 75% of women develop high blood
pressure by 70. As the incidence of PC is also ris-
ing with age — 80% of the cases are diagnosed in
people between 60 and 80 years of age. HTN is preva-
lent in this group [14]. In our study, over half of the
analyzed group was diagnosed with HTN (52.6%).
and the group with HTN was significantly older than
the group without HTN (p < 0.001). In our previ-
ous analysis, DM was confirmed to be prevalent in
PC patients [15]. Our results were in agreement with
earlier studies, in which the prevalence of DM in PC
patients was estimated to reach 40-65% [16]. In the
current analysis, HTN patients were more likely to be
diagnosed with DM (p = 0.033). Moreover, DM di-
agnosis was confirmed to be a prognostic factor for
longer survival (p = 0.003). Reports regarding the im-
pact of co-incidence of DM and PC on survival are
ambiguous. Studies suggesting improved survival in
DM patients discuss the positive effect of metformin
on survival through various anti-cancer mechanisms
[17. 18].

Drug therapy for HTN is recommended to
come from one of four drug classes — calcium
channel blockers (CCBs). thiazide diuretics. and
ACEIs/ARBs. Two-drug treatment should be initiated
in patients with blood pressure over 20/10 mmHg
above the target [19]. In the studied group, most pa-
tients were treated with a two-drug combination, most
with a combination of ACEIS/ARBS and g-blockers.
In the univariate analysis, using ACEIS/ARBs was
associated with longer survival (p = 0.003). In the
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Table 3. Baseline characteristics of participants according to body mass index (BMI) with statistical analysis

BMI < 25 BMI = 25
Variable Mean £ SD/n (%)/MD (95% CI) Mean =+ SD/n (%)/ MD (95% Cl) p-value
Demography
Sex (male) 47 (48.09) 29 (51.8%) 0738
Age [years] 6488 + 982 6268 + 848 0.069
Medical history
WHO status (0/1/2/01/1-2) 4.2%0/75.8%/15.8%/0.0%/4.2% 5.4%/78.6%/14.3%/1.8%/0.0% 0.374
Histary of smoking 35 (40.29%) 16 (30.2%) 0.279
Hypertension 50 (51.080) 33 (58.9%) 0.402
Autoimmune disease 7(7.19%) 12 (21.4%) 0.020
Diabetes mellitus 35 (35.79%) 28 (50.096) 0.091
History of other CA 11(11.2%) 4(7.1%) 0.574
Family history of CA 28 (32.29) 10 (18.5%) 0.083
Number of relatives with CA 146+ 064 110031 0.087
Histopathology
Localisation of PC 0.896
Head 796% 786%
Body 7.1% 8.9%
Tail 5.1% 5.4%
Head and body 5.1% 1.8%
Body and tail 2.0% 3.6%
Undestermined 1.0% 1.8%
Grading (G1/G2/G3/Gx) 13.3%/49.0%/14.3%/23.5% 12.5%/51.8%/14.3%/21.4% 0.987
T(TUTAT3 T4/ Tx) 2.0%,/13.3%/57 .1%/5.1%/22.4% 0.0%,28.6%/33.9%,/3.6%/33.9% 0.022
N (NO/MN /N2 Nx) 18.4%/45.9%/13.3%/22.4% 14.3%/26.8%/25.0%/33.9% 0.041
M (MOMT) 64.3%/357% 58.9%/41.1% 0.604
AJCC cancer stage (IA/IB/IIA/IB/1II/IV) 1.1%6/4.3%/7.7%/37.6%/12.9%/36.6%  0.0%/7.8%/59%/216%/19.6%/45.1%  0.341
R (RO/R1/R2/Mone) 45 9%,/ 29 606/0.0%/24.5% 30.4%/35.7%/0.0%/33.9% 0.157
MNeuroirvasion 44 (78.6%) 29 (93.5%) 0.125
Angioinvasion 44 (75.99%) 29 (87 .9%) 0.273
Treatment
Adverse effects — adjuvant chemotherapy 49 (84.5%) 25 (78.1%) 0.566
Neuropathy 3(5.2%) 2(6.3%) 1.000
Neutropenia 40 (69.0%) 19 (59.4%) 0.366
Hepatological 5 (B.6%) 1(3.19) 0416
Adverse effects — palliative chemotherapy 56 (73.7%) 38 (86.4%) 0.115
Neutropenia 30 (39.5%) 28 (63.6%) 0.014
Hepatological 7 (9.29) 4(9.19%) 1.000
Neuropathy 14 (18.4%) 6(13.6%) 0615
Operative complications 5 (6.6%) 3 (B.19%) 0715
Laboratory findings
CEA = 5 ng/mL 22 (34.9%) 13 (32.5%) 0.834
CA19-9 = 37 1U/mL 50 (55.69) 30 (60.0%4) 0.722
CLR>18 34 (54.0%) 18 (60.0%) 0.658
LYM 1 x 103/ L 3.09+6.14 183069 0.707
HGE g/dL 1229+1.71 1269 +1.22 0.161
PLT 1 x 103/ pL 31227 £ 15045 267.64 £ 106.16 0.142
CRP [ma/L] 18.16 £ 41.80 2326 +51.16 0.308
Survival
Qs 1800 (15.27-2073) 2200(17.28-26.72) 0.352
DFSs 13.00(9.17-16.83) 14.00 (5.83-22.17) 0.757
PF5 6.00 (4.62-7.38) 7.00 (494-9.08) 0.523

Bolded p-value — value statistically significant; AJCC — The American Joint Committee on Cancer; CA — cancer; CA19-9 — carbohydrate antigen 19-9; CEA — carcinoem-
bryonic antigen; Cl — confidence interval; CLR — C-reactive protein/lymphocytes ratio; CRP — C-reactive protein; DFS — disease-free survival; HGB — haemoglobin; LYl
— lymphocytes; M — distant metastases; MD — median; N — nodal involvement; n— number; 0S — overall survival; PC — pancreatic cancer; PFS — progression-free
surnvival; PLT — platelets; R — resection margin; S0 — standard deviation; T — tumour size; WHO status — World Health Organization performance status
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Figure 6. Overall survival of pancreatic cancer patients with body
mass index (BMI) < 25 and BMI = 25
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Figure 7. Disease-free survival of pancreatic cancer patients with
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Figure 8. Progression-free survival of pancreatic cancer patients
with body mass index (BMI) < 25 and BMI = 25

subsequent multivariate Cox regression analysis
using the backward method, it was the strongest
predictor of survival in the HTN group. Similar to
our analysis, in the study by Nakai et al. (2010) [20],
the use of ACEIs/ARBs was associated with longer
PES and OS in patients with advanced PC receiving
gemcitabine in monotherapy. Results from large
population studies also imply that exposure to either
ARBs or ACEI after PC diagnosis is significantly
associated with improved survival [21]. Up-to-date

Table 4. Univariate analysis of survival in group with body mass
index (BMI) = 25

Variable HR (95% Cl) p-value
Age 0.981 (0.943-1.020) 0330
WHO performance status

0 Ref -

1 0.086 (0.005-1531) 0.095

2 0.674 (0.091-5017) 0700

01 0.556 (0.064-4.815) 0594
BMI 0.853 (0.745-0976) 0.021
History of smoking

No Ref -

Yes 0.696 (0.348-1.390) 0304
Hypertension

Mo Ref -

Yes 1.383 (0.740-2584) 0310
Diabetes Mellitus

Mo Ref -

Yes 1.202 (0.643-2.248) 0564
Autoimmune disease

No Ref -

Yes 0.964 (0.228-4.093) 0961
Family history of CA

No Ref -

es 0751(0331-1704) 0494
AJCC cancer stage

1B Ref -

IIA 0528 (0.121-2306) 0.3%

IIB 0.479(0.130-1757) 0267

Il 0.591(0.238-1464) 0255

Y 1.005(0430-2349) 0991
Tumour localisation

Head Ref -

Body 0.919(0.214-3.945) 0909

Tail 0753 (0.144-3931) 0737

Head and body 7.137 (0.563-90.463)0.129

Body and tail 7.137 (0563-90463)0.129
Adverse effects — adjuvant chth

Mo Ref -

Yes 0.890 (0.440-1837) 0771
Neutropenia

No Ref -

es 1.060 (0.557-2.018) 0.860
Adverse effects — palliative chth

Mo Ref -

Yes 1.250(0.646-2419) 0507
Neutropenia

No Ref -

es 1426 (0.770-2644) 0259
CLR>1.8

Mo Ref -

Yes 0.546(0.275-1.087) 0.085
LYM 1 x 103/ pL

<1 Ref -

> 1 058 (0.174-1.934) 0375
CRP [mg/L]

=5 Ref -

=5 1447 (1.221-1903) 0.025

Bolded pvalue - value statistically significant; AJOC — The American Joint
Committee on Cancer; CA — cancer; chth — chemotherapy; €l — confidence
interval; CLR — C-reactive protein/lymphocytes ratio; CRP — C-reactive protein;
HR — hazard ratio; LYM — lymphocytes; Ref — reference
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preclinical and clinical studies support the role of the
renin-angiotensin system (RAS) in regulating tumor
growth and metastasis in different neoplasms, encom-
passing PC [22]. In the pancreas, RAS components
are considered to mediate growth and further lead to
carcinogenesis [23]. Angiotensin II has two receptors
prevalent in human tissue — the angiotensin II type 1
(AT1) and the angiotensin 1I type 2 (AT2). Stimula-
tion of the AT1 receptor is associated with increased
cell proliferation, growth, and reduced apoptosis.
ACEIs inhibit angiotensin II systemic formation and
its downstream eftects through receptors. ARBs were
designed to displace angiotensin Il from the ATI
receptor [24]. Initial studies identified angiotensin 11
as a potent mediator of vascular endothelial growth
factor (VEGF) expression in PC cells through
an ATIl-dependent pathway. The inhibition of its
receptor by ARBs may inhibit tumor growth via
suppression of VEGF-mediated angiogenesis [21].
One of ARBs, telmisartan, turned out to inhibit PC
cell proliferation by inducing cell cycle arrest [25].
On the other hand, another ARB, losartan, reduced
stromal collagen and hyaluronan production in PC
models and, as a result, increased vascular perfusion
and drug delivery [5]. Currently, losartan is under
investigation in several PC clinical trials, including
the combination of losartan with mFOLFIRINOX and
beam proton radiation or the combination of losartan
with gemcitabine (NCTO01821729, NCT01276613).
Moreover, a phase II clinical study on the efficacy of
irbesartan with gemcitabine/nab-paclitaxel treatment
for patients with advanced PC is designed, as in
preclinical studies, irbesartan was proved to inhibit
chemotherapy resistance and consequently improve
the therapeutic efficacy in PC patients [26].

Our analysis did not present associations be-
tween CCBs, diuretics, or B-blocker use, and pa-
tient survival. Various studies analyzing the effect
of anti-hypertensive treatment on PC patient survival
demonstrate contradictory results. A meta-analysis by
Jiang et al. (2022) [27] confirmed that the use of
anti-hypertensive medication (ACEIs/ARBs, CCBs,
diuretics, B-blockers) does not have a negative ef-
fect on overall survival of PC patients; thus, they
should continue to use these drugs to prevent cardio-
vascular events. Yang et al. (2021) [28] suggested that
B-blockers usage before PC diagnosis is not correlated
with survival advantage; nevertheless, continuous use
before and after diagnosis presented survival bene-
fits. The mechanism remains unclear, and the authors
noted the need for further prospective studies [28].
Previous analysis conducted by Udumyanetal. (2017)
[29] revealed that patients using g-blockers had lower
cancer-specific mortality rates, especially users with
higher daily doses and localized disease at diagnosis.

In a retrospective cohort study, the authors concluded
that CCBs may prolong survival in PC patients [30].
Principe et al. (2022) [31] used CCBs, such as am-
lodipine, which inhibited pro-survival extracellular
signal-regulated kinase (ERK) signaling in vitro and
remarkably enhanced therapeutic responses to gem-
citabine in both orthotopic xenografts and transgenic
PC models. Further prospective studies are required to
establish the exact impact of anti-hypertensive treat-
ment on PC patient survival,

Although in our analysis, patients in the HTN
group were significantly more likely to be diagnosed
without distant metastases (p = 0.005). no impact of
HTN on progression or survival was observed, even
after further subdividing patients into receiving adju-
vant or palliative therapy. Patients with comorbidities,
such as hypertension, might be suspected to experi-
ence shorter survival or time to progression; never-
theless, in our study, this observation failed to achieve
statistical significance. This phenomenon might be
associated with receiving holistic care from doctors
with both internal medicine and oncology special-
ties. Moreover, being hospitalized in a multi-specialist
center provides patients with integrated care by mul-
tidisciplinary teams. Multidisciplinary teams might
become an effective tool to facilitate collaboration be-
tween different professionals and further improve out-
comes of patients with comorbidities. Similar to our
study, in a single-center analysis of 2323 PC patients,
HTN did not correlate with OS and showed no statisti-
cal significance in univariate analyses [32]. The study
by lede et al. (2022) [33] showed that median OS in
the HTN group was significantly longer than in the
non-HTN group; nevertheless, the multivariate anal-
ysis failed to identify the usage of anti-hypertensive
drugs as an independent prognostic factor for OS in
PC patients.

The CLR level reflects the equilibrium state be-
tween the systemic inflammatory and immunological
response. An elevated CLR indicates a decrease in
immune response and an increase in systemic inflam-
mation [34]. It seems unclear if the CLR could serve
as a prognostic marker in PC. In our previous analysis.
higher CLR and CRP levels were significantly associ-
ated with poorer OS in PC and DM patients. In the
current study, a higher CLR was also associated with
shorter survival in the HTN group (p = 0.013). Sim-
ilar results were obtained in the study by Fan et al.
(2020) [12] in which a CLR > 1.8 was correlated
with poorer survival of PC patients, both in univari-
ate and multivariate analysis. On the other hand, in
the group with BMI = 25 analyzed in our study, the
CLR failed to reach statistical significance as a prog-
nostic marker; nevertheless, a higher CRP level was
associated with shorter survival in this group. In the
study by Yuan et al. (2021) [35], pre-diagnostic lev-
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els of CRP were associated with reduced survival
in PC patients, demonstrating that chronic inflamma-
tion is a significant risk factor for PC and influences
further survival. A Mendelian randomization analy-
sis confirmed the causal mechanism in which obesity
induces chronic inflammation and contributes to PC
development [36]. Moreover, an increase in CRP lev-
els during chemotherapy with the mFOLFIRINOX
regimen positively correlated with disease progres-
sion [37].

On the one hand, obesity is a well-known modi-
fiable risk factor for PC; on the other hand, several
studies confirmed that a higher BMI was correlated
with longer survival in PC patients [32, 38-40]. These
findings concur with our results, in which a higher
BMI was also associated with longer survival in the
group with HTN and the group with overweight/obe-
sity. In the further multivariate analysis of the group
with BMI = 25, a higher BMI was the strongest pre-
dictor of survival. Interestingly, many previous studies
have reported that a BMI higher than 25 kg/m2 is
associated with improved survival in other malignan-
cies. This phenomenon was described as the “obesity
paradox™ [41]. Scientists trying to explain the obe-
sity paradox underlie that measurement of obesity
with BMI presents some limitations and cannot re-
flect metabolic and endocrine disruption [42]. Also,
in some cancers, unintentional weight loss may occur
before diagnosis: thus, weight at the time of diagno-
sis may be misleading [43]. On the other hand. it has
been suggested that lack of cachexia in obese patients
with advanced cancers may underlie this paradox [44].
Cachexia is a multifactorial syndrome defined by non-
-volitional weight loss, sarcopenia, anorexia, fatigue,
weakness, loss of appetite, taste alterations, and early
satiety [45]. It has been shown to affect approximately
50% of oncological patients and be driven by reduced
food intake and specific alterations in metabolism
caused by host-tumor interactions [46]. Insufficient
food intake is a significant driver of weight loss, while
metabolic changes and reduced activity contribute to
the loss of muscle mass, called sarcopenia [47]. PC
is associated with the highest frequency of develop-
ing cancer cachexia-sarcopenia syndrome. negatively
influencing tolerance and response to treatment and
survival [40]. In this context, obesity might correlate
with better survival; however, rigorous and prospec-
tive studies are necessary to define the impact of
obesity in the oncology setting.

This study had several limitations. It was a single-
-center study, and the juxtaposition of results collected
in other clinical centers would have ensured a more
reliable analysis. Moreover, we could not eliminate
potential selection bias due to the retrospective char-
acter of the research. The outpatient medical records

did not indicate the change in patients” weight both
before diagnosis and during treatment. No data about
exact blood pressure measurements was collected.
Nonetheless. we firmly believe that our outcomes pro-
vide new insight into the relationship between being
overweight, hypertension, and PC.

Conclusions

Although hypertension and overweight are prevalent
in PC patients, they seem to have no impact on out-
comes. In the studied groups, we managed to distin-
guish some variables influencing survival. The exact
effect of ACEIs/ARBs on cancerogenesis should be
further investigated. The CLR seems to be a feasible
marker of prognosis in PC.
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Introduction. Pancreatic cancer (PC) remains one of the most deadly tumours. The study aimed to describe a single-
-centre experience of PC concomitant with other malignancies.

Material and methods. Fifteen cases of PC associated with other primary malignancies were selected from the studied
cohort. Statistical analysis with the usage of appropriate tests was conducted.

Results. Patients were presented with PC and other malignancies, encompassing breast, ovarian, colorectal, prostate,
hepatocellular carcinomas, and thymoma. The median survival time was 75.0 months from the diagnosis of the first
primary cancer and 14.0 months from the second primary cancer diagnosis. There was no significant difference in
progression-free survival (p = 0.44) and overall survival (p = 0.28) between patients with and without a history of other

malignancies.

Conclusions. The long-term follow-up examinations for oncological patients may allow the early diagnosis of conco-
mitant malignancies. Nevertheless, results suggest that second primary tumours do not affect patients overall survival.

Key words: pancreatic cancer, oncology, survival

Introduction

Pancreatic cancer (PC) remains one of the most deadly tumours
[11. It accounts for approximately 2% of all malignancies and
is associated with 5% of cancer-related deaths [2]. Incidence
increases with age:itis rarely observed in the population under
25 years of age and is still relatively uncommaon for those under
40, while 809% of the cases are diagnosed in people between
60 and 80 [3]. Effective screening is unavailable; thus, most pa-
tients present with a locally advanced (30-35%) or metastatic
(50-5596) stage of the disease at diagnosis. Turmour cells are

highly invasive, leading to further disease development and
progression [4-6].

Metachronous cancers are defined as multiple primary
tumours developing atintervals. Patients with various previous
cancers have been shown to have a higher risk of developing
a subsequent second primary malignancy [7]. According to re-
cent statistics, metachronous malignancies will occur more fre-
guently due to higher survival rates and demographic changes
observed in developed countries [8]. [t seems unclear whether
metachronous malignancies present a specific correlation to
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previous tumaours or if we can distinguish any particular pattern
of metachronous spread [9]. Analyses of second malignant
neoplasms might provide clues about the aetiologic factors of
both primary and second cancer and contribute to identifying
groups of patients who would require enhanced surveillance.
Multiple primary cancers may be associated with a genetic
predisposition, environmental risk factors, iatrogenic effects of
prior oncological treatment, or a combination of all the above
factors [10]. On the other hand, an excess of a second primary
neoplasm compared with an expected occurrence may arise
from intensive medical surveillance after the first oncological
diagnosis [11]. Pancreatic cancers with metachronous neo-
plasms are rare, their incidence was reported to vary from
0.75% do 20% [12]. According to the best of our knowledge,
little is known about the significance of pancreatic cancer as
second malignancy.

The aim of the study was to describe a single-centre
experience of pancreatic cancer concomitant with other ma-
lignancies.

Materials and methods

Patients and data collection

We conducted a single-centre retrospective analysis of the
medical histories of 285 patients with a diagnosis of pancreatic
cancer (C25 according to the International Statistical Classifi-
cation of Diseases and Related Health Problems [ICD-101) who
were treated in the Clinic of Oncology and Haematology at
the Central Clinical Hospital (CSK) of the Ministry of Interior
(MSW) in Warsaw between February 2012 and March 2021.
From this cohort, we selected 15 cases of PC associated with
primary malignancies in other organs. Out of the 15 patients,
12 had a history of non-pancreatic primary tumaours diagnosed
between 1994 and 2020, while three patients were diagnosed
with a second primary tumour during PC treatment. Analy-
sed data encompassed sex, age, ECOG status, other diseases,
pathological variables (tumour site, tumour size, histological
grading, nodal involvement, tumour stage, resection margin),
treatment data (type of the operation, vascular reconstruc-
tion, postoperative complications, adjuvant and palliative
chemotherapy, with side effects), survival and progression
time. The period between both carcinomas measurad by the
first clinical diagnosis was established by analysing medical
records. Exclusion criteria encompassed less than two courses
of chemotherapy for PC and previous non-malignant tumours
or carcinoma in sifu.

Histopathology

The material came from the patients who underwent surgery
(Whipple's procedure or distal pancreatectormy with or without
splenectomy) and biopsies/excisional biopsies. Both macroscopic
and microscopic evaluations of the tumours were performed.
After routine initial processing with 10% formaldehyde and em-
bedding in paraffin, 5-um-thin tissue sections were obtained.
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Figure 1. Histopathological image of pancreatic ductal adenocarcinoma
(HE&E, original magnification, 200:)

Subsequently, the samples were stained with haematoxylin and
eosinfollowing the commonly used protocol (fig. 1). Two indepen-
dent pathologists evaluated tumour slides and prepared patho-
morphological reports. To exclude metastatic cancers between
the pancreas and other organs, histopathologic features of the
cases were precisely examined. Available immunchistochemical
staining slides were reviewed for cases with similar histopatholo-
gic features, and additional immunohistochemical labelling was
performed to define the diagnosis conclusively.

Statistical analysis

Survival (presented as median value) was calculated from the
time of primary cancer diagnosis to the time of death. Patients
who were alive were censored at their last follow-up. Survival
was estimated using the Kaplan-Meier method and compared
using the Cox's F test. Results were regarded as significant with
a p-value of < 0.05. All statistical analysis was conducted using
IBM SPSS Statistics 27.

Ethics approval and consent to participate

The study followed the Code of Ethics of the World Medical
Association (Declaration of Helsinki) on medical research in-
volving human subjects, the ethical principles defined in the
Farmington Consensus 1997. The study was acknowledged by
the Bioethics Committee of the Medical University of Warsaw
(AKBE/144/2022).

Results
The fifteen patients enrolled in this work accounted for 5.3% of
all analysed cases. In this group, there were 11 females (73.3%)
and 4 males (26.7%) aged between 54 and 86, with a mean age
of 68 + 9.6 years at the time of PC diagnosis. Allwere presented
with PC and other primary malignancy, encompassing breast
- 5, ovarian — 3, colorectal - 3, prostate — 2, hepatocellular
(HCC) - 1, carcinomas and thymoma - 1 (fig. 2).

Concerning non-oncological diseases, 5 patients had an
autoimmune disease (hypothyroidism - 4, rheumatoid ar-
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Figure 2. Distribution of neoplasms concomitant with pancreatic cancer

thritis — 1), 8 diabetes mellitus - either type 2 or new-onset
diabetes after the surgery, and 8 had hypertension. Most of the
patients were diagnosed with PC in the head of the pancreas
(80.0%), grading 2 (60.0%), TNM stage IIB (50.0%), and without
distant metastases (62.5%). Nodal involvement was confirmed
in all analysed samples. Histologically, 13 cases (86.7%) were
confirmed as pancreatic ductal adenocarcinoma, one as mixed
adenocarcinoma and pleomorphic sarcomatoid carcinoma of

Table I. The summary of clinicodemographic variables

the pancreas, and one as pancreatic ductal adenocarcinoma,
partially mucinous.

Most patients (60.09%) underwent Whipple's procedure wi-
thout any further postoperative complications; however, 55.6%
required vascularreconstruction during the surgery. 72.7%of ope-
rated patients received adjuvant chemotherapy and developad
neutropenia as the most prevalent adverse effect. Thirteen out of
fifteen (86.7%) eventually received palliative chermotherapy. Most
of them (61.5%) were treated with gemcitabine and nab-paclita-
xel. The most common adverse effect was neutropenia (46.7%);
however, they also developed thrombocytopenia, anaemia, and
fatigue. Concerning progression, it was observed in the liver - 5,
lungs - 3, peritoneumn — 1, and subcutaneous tissue — 1. Non-
-pancreatic primary tumours were mainly treated with surgery
and adjuvant chemotherapy. The patients detailed dinical and
pathological characteristics are presented in tables [ and I,

The median survival time was 75.0 months (range: 10-326
maonths) from the first primary cancer diagnosis and 14.0 mon-
ths (range: 2-26 months) from the second primary cancer
diagnosis. The median survival time from the PC diagnosis (ir-
respectively — as a first or second turnour) was 19 months (ran-
ge 3-26 months). The median interval between diagnosing
the first and second primary tumours was 56 months (range:
7-305 months) (tab. lll). There was no significant difference
in progression-free survival (p = 0.44) and overall survival (p
= 0.28) between patients with and without a history of other
malignancies (fig. 3, 4).

Age Sex Other mallgnancy Diabetes mellitus Autolmmune Hypertenslon ECOG
67 E ovarian cancer t2 hypathyroidism yes 1
67 F breast cancer t2 no no 1
68 E breast cancer t2 no yes 1
54 E thymoma no no no 1
57 E breast cancer no hypothyroidism no 1
54 F breast cancer no hypothyroidism no 1
67 M colorectal cancer t2 no no 1
82 F ovarian cancer no no yes 1
71 F ovarian cancer NODM no yes 1
58 F breast cancer no no no 1
86 M prostate cancer no no yes 1
70 F hepatocellular carcinoma no hypathyroidism no 1
82 M colorectal cancer t2 no yes 1
70 F colorectal cancer t2 rheumatoid arthritis yes 1
72 M prostate cancer t2 no yes 1

F —female; M — male; 1.2 - type 2 diabetes mellitus; NODM — new-onset diabetes mellitus; ECOG - The Eastern Cooperative Oncology Group performance
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Table Il. The summary of the clinicopathological variables

Histopatho- TNM Anglo- Neuro- Typeofthe Vascular Adjuvant Palllative
logic -inva- Invasion operation recon- chemothe- chemothe-
slon struction rapy
head mixed T2N1MO 0 3 no yes Whipple pro-  yes GemCap - -
adenocarci- cedure
noma and
pleomorphic
sarcomatoid
carcinoma of
the pancreas
head PDAC, partially T2N1MO 0 2 no yes Whipple pro-  yes GemCap gemcitabine, nab-  perito-
mucinous cedure -paclitaxel neum
head PDAC T2N2MD 1 2 vyes - Whipple pro- no FOLFIRI- gemcitabine, nab-  liver,
cedure NOX -paclitaxel lung,
subcu-
taneous
tissue
head PDALC TuMNxM1 N - - - - gemcitabine, nab- -
-paclitaxel
head PDAC T3N2MO 0 2 vyes no Whipple pro-  yes - gemcitabine, nab-  liver
cedure -paclitaxel
head PDAC TxMxM1 - X - - - - - gemcitabine, nab- -
-paclitaxel
head PDAC T3NTMO 1 3 ves - Whipple pro- no gemcita- FOLFIRINOX liver and
cedure bine lung
head PDAC T3NTMO 1 2 vyes yes Whipple pro- no gemcita- FOLFIRINOX lung
cedure bine
head PDAC T3NTMO 1T 2 - - Whipple pro- no gemcita- - -
cedure bine
undeter-  PDAC ToNxM1 - X - - - - - gemcitabine, nab- -
mined -paclitaxel
head PDALC TuMNxM1 - X - - - - - gemcitabine, nab- -
-paclitaxel
headand PDAC T2N2MO 0 2 vyes yes distal resec-  no gemcita- gemcitabine, nab-  liver
body tion with bine -paclitaxel
splenectomy
headand PDAC T3NTM1 0 2 vyes no distal resec-  no gemcita- FOLFCX6 liver
body tion with bine
splenectomy
head PDAC T3NTMO 0 2 vyes yes Whipple pro-  yes - FOLIRINOGX -
cedure
head PDAC T3NTMO 1 2 vyes yes Whipple pro-  yes - gemcitabine -
cedure

PDAC - pancreatic ductal adenocarcinoma; T - tumor size; N - nodal status; M — metastasis; R - residual tumour classification; G - grading; GemCap - gemitabine + capecitabine

Table lll. The summary of overall survival time and interval time between the diagnoses of the first and second malignancies

First primary tumour Interval (months) 0S* (months) Second primary tumour 05** (months)
pancreatic cancer 19 21 censored ovarian cancer 2 censored
breast cancer 56 79 pancreatic cancer 2

breast cancer 305 326 pancreatic cancer 20
pancreatic cancer 13 18 thymoma 18

breast cancer 103 118 pancreatic cancer 15

breast cancer 38 52 censored pancreatic cancer 14 censored
colorectal cancer 206 217 pancreatic cancer 10

e
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84



Table lll cont. The summary of overall survival time and interval time between the diagnoses of the first and second malignancies

First primary tumour Interval (months)
ovarian cancer 48
pancreatic cancer 7

breast cancer 49
prostate cancer 99
hepatocellular carcinoma 84
colorectal cancer 60
colorectal cancer 32
prostate cancer 82

median: 56

05* (months) Second primary tumour 05** (months)

75 |pancreatic cancer 26
10 ovarian cancer 3

56 pancreatic cancer 7

103 pancreatic cancer 3

104 pancreatic cancer 20
73 |pancreatic cancer 13
45 |pancreatic cancer 13
108 |pancreatic cancer 26

median: 75 median: 14

05 - overall survival; * O5 from the time of first primary tumour diagnosis; ** 05 from the time of the second primary tumour diagnosis
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Figure 3. The Kaplan-Meier curve for overall survival in the two studied
groups
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Figure 4. The Kaplan-Meier curve for progression-free survival in the two
studied groups

Discussion

So far, single studies have tried to establish the incidence of
PC as a second primary malignancy and risk factors for its
occurrence. For example, in research from 1995, an elevated
incidence of PCwas observed after tobacco-related malignan-

cies, most notably after lung cancer, especially in females [13].
The subsequent analysis also suggested a higher prevalence
of concomitant PC and lung cancer among the female popu-
lation [11]. Furthermore, the association between pancreatic
adenocarcinoma and other tobacco-related malignancies
was also confirmed in other studies [14]. The analysis of The
National Cancer Institute’s Surveillance, Epidemiology, and
End-Results (SEER) data revealed that patients diagnosed with
a primary malignancy had an increased risk of subsequent
pancreatic adenocarcinoma after several malignancies: co-
lorectal cancer (ascending colon, hepatic flexure), stomach,
hepatobiliary, pharynx, lung, breast, uterine, cervix, bladder,
and hematopoietic malignancies [14]. Shen et al. (2005), who
also analysed SEER data, suggested that the elevated risk of
PC after storach, gallbladder, lung, female and male breast,
cervical, ovarian, kidney, and eye cancers, as well as Hodgkin's
disease, was more evident among young individuals [11].

Some studies suggest that cancer survivors for certain
gastrointestinal malignancies with long overall survival time,
such as colorectal cancer (CRC), are especially at a higher risk of
a second primary cancer; nevertheless, results are inconsistent
[151.In astudy by Chung et al. (2017}, among almost 5,000 CRC
patients, 13 cases of PC were observed; however, no risk factors
for developing PC were established [16]. The authors sugge-
sted that they presented with resectable or locally advanced
PC due to reqular follow-ups and a higher awareness of cancer
risk among oncological survivors. The most pronounced risk
associated with a subsequent PC among individuals with CRC
diagnosis is suggested to be in the case of neoplasms located
at the ascending colon and hepatic flexure [14]. This pheno-
menon cannot be fully explained: nevertheless, various studies
confirmthat CRCis a molecularly heterogeneous disease with
significantly different molecular and clinical characteristics
between right- and left-sided localisation [17, 18].

It is well-established that germline mutations in breast
cancer susceptibility proteins (BRCA) genes are correlated with
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anenhanced risk of PC and can be found in approximately 8%
of individuals with sparadic PC [19]. In the study evaluating
BRCA mutation status among PC patients, a history of other ma-
lignancies approached statistical significance as a predictor of
the presence of a BRCA mutation - 3 patients were diagnosed
with a neoplasm not specific to hereditary breast or ovarian
cancers: Hodgkin lymphoma, thymoma, and transitional cell
carcinoma of the bladder. Moreover, family history for one or
mare first-degree relatives with breast/ovarian carcinoma was
also trending toward significance [20]. The study by Mocci et
al. (2013) revealed that members of families with a history of
breast cancer but without BRCA mutations might also be at
increased risk of developing PC; nevertheless, the number of
relatives with breast cancer did not affect thisrisk [21]. Itis con-
sistent with previous reports suggesting that clustering early
PC in families with two cases of breast cancer under 50 might
be associated with effects unrelated to BRCA mutations [22].

Considering lymphomas, up-to-date analyses provided
madest evidence for familial aggregation of non-Hodgkin lym-
phomas with PC[23]. After ten or more years of follow-up, the
standardised incidence ratio of PC was proven to be elevated
significantly after both Hodgkin and non-Hodgkin lymphao-
mas [11]. Subsequently, several studies reportad significantly
increased risks of PC among long-term Hodgkin lymphoma
(HL) survivors; however, no direct relation to specific radiation
dose orchemotherapeutic agents was established [24, 25]. The
cumulative incidence of PC as a second malignancy among
HL survivors seems not to change over time [26].

Some reports suggest that a family history of selected
cancers, observed in our study as concomitant malignancies
{ovarian, breast, colorectal, prostate), is associated with an
increased risk of PC [27-29]. A family history of cancer was
generally proven to correlate with PC, both for first- and se-
cond-degree relatives [29]. That said, further studies are requ-
ired to detect this phenomenon'’s biological or genetic origin.
On the other hand, analysis of Wang et al. (2009) highlighted
that relatives of PC patients — both sporadic and familial - are
at higher risk of developing cancers at other sites [30]. They
proved that individuals with a family history of PC not only
have an increased risk of dying from PC but also from breast,
ovarian, colon, prostate, liver and bile duct cancers. Moreover,
PC patients with a family history of breast, ovarian and colon
cancers were, on average, younger than patients without a
family history of these cancers [31].

QOur study indicated no significant difference in PFS or OS
between those patients with second primary carcinoma and
those without, which is consistent with some previous case
series [32]. Also, the analysis by Shin et al. (2018) conducted
on 1,352 primary PCs sugqgested that pancreatic cancer patients
diagnosed with metachronous primary tumours had survival ti-
mes similar to those diagnosed with pancreatic cancer only [12].
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This study has limitations due to its small sample size and
retrospective design. Moreover, there may be some ambiguity
concerning the review of medical history.

Conclusions

The results from the current study suggest that pancreatic
cancer might be associated with certain primary neoplasms.
Long-term follow-up examinations for oncological patients
may allow for the early diagnosis of concomitant malignan-
cies. Further studies are required to identify the risk factors for
developing second neoplasms and generate proper screening
strategies for cancer survivors. Nevertheless, results suggest
that second primary tumours do not affect patients’ overall
survival.
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Podsumowanie i wnioski

W wyniku przeprowadzonych badan wykazaliémy, ze cukrzyca jest czgsto diagnozowana
wsrdd pacjentdw z rozpoznaniem raka trzustki — w grupie badanej pacjenci z cukrzycg stanowili
42,3% (Publikacja 2 Badowska-Kozakiewicz A, Fudalej M, Kwasniewska D, Durlik M,
Nasierowska-Guttmejer A, Mormul A, Wioszek E, Czerw A, Banas T, Deptata A. Diabetes
mellitus and pancreatic ductal adenocarcinoma — prevalence, clinicopathological variables,
and clinical outcomes. Cancers. 2022; 14(12):2840). Co wigcej, pacjentow ze zdiagnozowang
cukrzycg cechowat istotnie dtuzszy czas przezycia catkowitego w poréwnaniu do pacjentow
z prawidlowymi warto$ciami glikemii. W dalszej analizie pacjenci zostali podzieleni na
leczonych chemioterapig o zatozeniu adjuwantowym i paliatywnym. Dhuzszy czas przezycia
catkowitego pacjentdw z cukrzycg zostat potwierdzony jedynie w grupie leczonej paliatywnie.
Dotychczasowe badania udowodnity, ze rak trzustki i cukrzyca sa powigzane dwukierunkowo
— cukrzyca moze by¢ jedng z przyczyn, jak i jednym ze skutkéw raka trzustki [20].
Przeprowadzone analizy przedstawiaja niejednoznaczne wyniki dotyczace wptywu cukrzycy
na prognoze pacjentow z rakiem trzustki. Cze$¢ autoréw wskazuje, iz wplyw metforminy,
stosowanej w leczeniu cukrzycy, moze poprawia¢ rokowanie pacjentdéw onkologicznych,
niemniej jednak doktadny mechanizm dziatania nie zostal poznany [21]. W grupie badanej
29,7% pacjentdow z cukrzyca przyjmowato metforming, jednakze w analizie statystycznej nie
wykazano, aby byta ona czynnikiem prognostycznym zwigzanym z dluzszym przezyciem
catkowitym. Statystycznie istotnymi czynnikami prognostycznymi dtuzszego przezycia
calkowitego w grupie pacjentow z cukrzycg byty: lokalizacja nowotworu w glowie trzustki,
stezenie antygenu karcynoembrionalnego (CEA) < 5ng/mL, st¢zenie bialka C-reaktywnego
(CRP) < 5mg/L oraz warto$¢ wytypowanego przez nas wskaznika CLR < 1,8. Wskaznik CLR
odzwierciedla balans pomigdzy stanem zapalnym, a odpowiedzig immunologiczng organizmu
[22]. Jego podwyzszony poziom, $wiadczacy o rozleglejszym stanie zapalnym i slabszej
odpowiedzi immunologicznej zwigzany byt z gorszym rokowaniem pacjentow. Rowniez samo
podwyzszone st¢zenie CRP wigzato si¢ z krotszym czasem przezycia catkowitego 1 byto
najsilniejszym czynnikiem prognostycznym wytonionym w analizie statystyczne;.

Zblizone wyniki uzyskali§my badajgc grupe pacjentow z rakiem trzustki i nadci$nieniem
tetniczym (Publikacja 3 Fudalej M, Cichowska I, Badowska-Kozakiewicz A, Deptata A. The
prevalence and impact of overweight and hypertension among patients with pancreatic cancer.
Oncology in Clinical Practice. Published online: 2024-03-05). Czynnikami prognostycznymi

zwigzanymi z lepszym rokowaniem pacjentdow w tej grupie badanej byly: wyzsze BMI,
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wspotwystepowanie cukrzycy, stosowanie inhibitorow konwertazy angiotensyny/antagonistow
receptora angiotensyny II (ACE-i/ARB) oraz warto$¢ CLR < 1,8. Stosowanie ACE-i/ARB bylo
najsilniejszym czynnikiem prognostycznym w tej grupie badanej. Aktualne badania
przedkliniczne potwierdzajg rolg uktadu renina-angiotensyna-aldosteron w regulacji wzrostu
guza oraz kancerogenezy w przypadku wielu nowotwordw, w tym raka trzustki [23]. W calej
badanej grupie pacjentdw z rozpoznaniem raka trzustki, osoby z BMI > 25 kg/m? stanowity
32,0%. Analizujagc wylgcznie grupe pacjentéw z BMI > 25 kg/m?, wyzsze BMI bylo
najsilniejszym czynnikiem prognostycznym dtuzszego czasu przezycia pacjentéw. Otytosc¢ jest
znanym czynnikiem ryzyka rozwoju raka trzustki, jednakze moze rowniez wigzac si¢ z lepsza
odpowiedzig na zastosowane leczenie [24]. Rak trzustki zwigzany jest z najwyzszym odsetkiem
wystepowania kacheksji, ktora negatywnie wptywa na tolerancj¢ i odpowiedz na leczenie,
a tym samym rokowanie pacjentéw [25]. Pacjenci z wyzszym BMI moga wolniej rozwijaé
objawy kacheksji nowotworowej 1 w efekcie mie¢ lepsza odpowiedz na zastosowang
chemioterapig.

W Publikacji 4 (Fudalej M, Badowska-Kozakiewicz A, Kwasniewska D, Cichowska I, Deptata
A. Pancreatic cancer concomitant with other malignancies — single centre experience.
NOWOTWORY J Oncol. 2024; 74(1):20-26) przeanalizowaliSmy zjawisko wystepowania
dwoch niezaleznych nowotworow pierwotnych (w tym raka trzustki) u tego samego pacjenta.
Wsrod 175 pacjentdow z rakiem trzustki, 15 zostalo zdiagnozowanych z innym nowotworem
pierwotnym. Nie wykazali$my istotnej rdznicy w czasie przezycia catkowitego pomigdzy
dwoma badanymi grupami. Czynnikami predysponujacymi do wystgpowania dwoch
nowotworow sa: palenie papierosow, dodatni wywiad rodzinny w kierunku chordb
nowotworowych oraz niektére mutacje np. mutacje genow BRCA [26, 27]. W calej badane;j
grupie pacjentow z rakiem trzustki, 29,7% z nich palito papierosy, a 22,3% mialo dodatni

wywiad rodzinny, gléwnie w kierunku raka ptuca.

Whioski:
1. Cukrzyca jest czestym schorzeniem pacjentéw z rozpoznaniem raka trzustki 1 wigze si¢
z lepsza prognoza, szczegolnie w przypadku pacjentow z chorobg w stadium rozsiewu.
Dalsze badania sg konieczne, aby ustali¢ doktadny mechanizm zwigzany z tym
zjawiskiem. Czynnikami prognostycznymi dluzszego przezycia catkowitego w tej
grupie pacjentow sa: lokalizacja nowotworu w glowie trzustki, stgzenie CEA <5 ng/mL,

stezenie CRP < 5 mg/L oraz wskaznik CLR < 1.8.
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2. Stosowanie ACE-i/ARB istotnie wptywa na lepsze rokowanie pacjentow
z nadci$nieniem tetniczym i rakiem trzustki. Innymi czynnikami prognostycznymi
dluzszego przezycia calkowitego w tej grupie pacjentow jest wyzsze BMI,
wspotwystepowanie cukrzycy oraz wskaznik CLR < 1.8. Samo wspotwystepowanie
nadci$nienia t¢tniczego nie jest istotne rokowniczo.
3. Wyzsze BMI jest najsilniejszym korzystnym rokowniczo czynnikiem prognostycznym
w grupie pacjentow z rakiem trzustki i BMI > 25 kg/m?.
4. Dodatni wywiad medyczny w kierunku wystepowania drugiego nowotworu nie wptywa
na czas przezycia catkowitego pacjentow z rozpoznaniem raka trzustki.
5. Stosunek CRP do bezwzglednej liczby catkowitej limfocytéw moze by¢ dobrym, tanim
1 tatwo dostgpnym czynnikiem prognostycznym.
Przeprowadzone badania udowodnity, ze nie tylko same choroby towarzyszace moga wptywac
na przebieg choroby nowotworowej, ale réwniez waznym czynnikiem jest leczenie, ktore jest
w zwigzku z nimi stosowane. Istotnym wydaje si¢ przeprowadzenie dalszych badan celem
oceny wptywu chordb przewlektych i ich leczenia na rokowanie pacjentéw z rakiem trzustki,
co by¢ moze umozliwi zaprojektowanie nowych strategii stratyfikacji 1 leczenia pacjentow

z rozpoznaniem raka trzustki, ktére moga poprawi¢ niekorzystne obecnie rokowanie.
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Komisja Bioetyczna
przy Warszawskim Uniwersytecie Medycznym

Tel.: 022/57 - 20 -303 ul. Zwirki i Wigury nr 61
Fax: 022/57 - 20 -165 02-091 Warszawa
\%f{_ ¢ ‘ 3 ‘;9&' \{_‘7& e-mail: komisja.bioetyczna@wum.edu.pl
T opUBh www.komisja-bioetyczna.wum.edu.pl

Warszawa, dnia 16 maja 2022r.

AKBE/ L, /2022

Dr hab. Anna M. Badowska-Kozakiewicz
Zaklad Profilaktyki Onkologicznej,

ul .Zwirki i Wigury 81a,

02-091 Warszawa

OSWIADCZENIE

Niniejszym o$wiadczam, ze Komisja Bioetyczna przy Warszawskim Uniwersytecie
Medycznym w dniu 16 maja 2022r. przyjeta do wiadomosci informacje na temat
badania pt.” Wybrane aspekty kliniczno-histopatologiczne raka trzustki.”
Przedstawione badanie nie stanowi eksperymentu medycznego w rozumieniu art. 21 ust.
1 ustawy z dnia 5 grudnia 1996 r. o zawodach lekarza i lekarza dentysty(Dz.U.z 2018 r.
poz. 617) i nie wymaga uzyskania opinii Komisji Bioetycznej przy Warszawskim
Uniwersytecie Medycznym, o ktdrej mowa w art. 29 ust.1 ww. ustawy.

Przewodnigzaca K(Zq:zioetycznej
Ve (. —

Prof. dr hab. n. med. Magdalena Kuzma -Kozakiewicz

92



OSWIADCZENIA WSZYSTKICH WSPOLAUTOROW
PUBLIKACJI OKRESLAJACE INDYWIDUALNY WKEAD
KAZDEGO Z NICH W ICH POWSTANIE
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Warszawa, 29.01.2024

(miejscowos¢, data)

Anna Badowska-Kozakiewicz
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. Czynniki wplywajace na rozwoj nowotworow przewodu
pokarmowego oswiadczam, iz moj wlasny wkiad merytoryczny w przygotowanie,
przeprowadzenie 1 opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
koncepcja, rewizja rozdziatu.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 15%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 85%,
(imig¢ i nazwisko kandydata do stopnia)
obejmowat on: koncepcje, analizg literatury i napisanie rozdziatu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imi¢ i nazwisko kandydata do stopnia)

Zaktad Propedeutyki Onkologicznej
Uniwers

e e = VR

*w szczegdlnosci udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 29.01.2024

(miejscowos¢, data)

Daria Kwasniewska
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. New Treatment Options in Metastatic Pancreatic Cancer
o$wiadczam, iz moj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: analiza literatury 1
przygotowanie tabel.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 5%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 65%,
(imig i nazwisko kandydata do stopnia)
obejmowat on: koncepcje, analizg¢ literatury oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imig i nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 29.01.2024

(miejscowos¢, data)

Pawel Nurzynski
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. New Treatment Options in Metastatic Pancreatic Cancer
o$wiadczam, iz moj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: opieka
merytoryczna.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 1%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 65%,
(imig i nazwisko kandydata do stopnia)
obejmowat on: koncepcje, analizg¢ literatury oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imig i nazwisko kandydata do stopnia)

/

.................... ‘({6

(podpis o$wiadczajacego)

*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 29.01.2024

(miejscowos¢, data)

Anna Badowska-Kozakiewicz
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. New Treatment Options in Metastatic Pancreatic Cancer
o$wiadczam, iz moj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: koncepcja, opieka
merytoryczna 1 rewizja manuskryptu.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 8%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 65%,
(imig¢ 1 nazwisko kandydata do stopnia)
obejmowat on: koncepcje, analizg¢ literatury oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej
lek. Marty Fudale;.

(imig i nazwisko kandydata do stopnia)

Zakia ; ;
- d Propedeutyki Onkologmq' "

Qi Pooss

dmbdiniva M BovieUAE REAGRGR)

.......

*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 22.02.2024

(miejscowos¢, data)

Dominika Me¢kal

(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. New Treatment Options in Metastatic Pancreatic Cancer
o$wiadczam, iz moj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: opieka
merytoryczna.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 2%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 65%,
(imig¢ 1 nazwisko kandydata do stopnia)
obejmowat on: koncepcje, analizg¢ literatury oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imig i nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 19.02.2024

(miejscowos¢, data)

Aleksandra Czerw
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. New Treatment Options in Metastatic Pancreatic Cancer
o$wiadczam, iz moj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: opieka
merytoryczna.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 3%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 65%,
(imig¢ 1 nazwisko kandydata do stopnia)
obejmowat on: koncepcje, analizg¢ literatury oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

are [ﬁ;“,i

lek. Marty Fudale;.

(imig i nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 29.01.2024

(miejscowos¢, data)

Katarzyna Sygit

(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. New Treatment Options in Metastatic Pancreatic Cancer
o$wiadczam, iz moj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: opieka
merytoryczna.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 1%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 65%,
(imig¢ 1 nazwisko kandydata do stopnia)
obejmowat on: koncepcje, analizg¢ literatury oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imig i nazwisko kandydata do stopnia)

,4—*{::-\1:1;;@ ................. 7"

(podpis\oswiadczaj go)

*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 29.01.2024

(miejscowos¢, data)

Andrzej Deptala

(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. New Treatment Options in Metastatic Pancreatic Cancer
o$wiadczam, iz moj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: koncepcja, opieka
merytoryczna 1 rewizja manuskryptu.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 15%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 65%,
(imig i nazwisko kandydata do stopnia)
obejmowat on: koncepcje, analizg¢ literatury oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imig i nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 29.01.2024

(miejscowos¢, data)

Anna Badowska-Kozakiewicz
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. Diabetes Mellitus and Pancreatic Ductal Adenocarcinoma
- Prevalence, Clinicopathological Variables, and Clinical Outcomes o$wiadczam, iz moj
wlasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: koncepcja, interpretacja wynikow,
zapewnienie finansowania i napisanie manuskryptu.
Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 20%.
Wktad Marty Fudalej w powstawanie publikacji okreslam jako 20%,

(imig¢ i nazwisko kandydata do stopnia)

obejmowat on: koncepcje¢, metodyke, wykonanie badan, zbieranie i analiz¢ danych, analize

statystyczng, interpretacj¢ wynikdw oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imi¢ i1 nazwisko kandydata do stopnia)

Likian rrupeuau-rh.l Enk-‘mglmq
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(podpis oswiadczajacego)

*w szczegdlnosci udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 29.01.2024

(miejscowos¢, data)

Daria Kwasniewska
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. Diabetes Mellitus and Pancreatic Ductal Adenocarcinoma
- Prevalence, Clinicopathological Variables, and Clinical Outcomes oswiadczam, iz mdj
wlasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: zbieranie i analiza danych, interpretacja
wynikow.
Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 10%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 20%,
(imig i nazwisko kandydata do stopnia)

obejmowat on: koncepcje¢, metodyke, wykonanie badan, zbieranie i analiz¢ danych, analize

statystyczna, interpretacj¢ wynikOw oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imi¢ 1 nazwisko kandydata do stopnia)

(podpis os'Wiadczaj acego)

*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 21.02.2024

(miejscowos¢, data)

Marek Durlik

(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. Diabetes Mellitus and Pancreatic Ductal Adenocarcinoma
- Prevalence, Clinicopathological Variables, and Clinical Outcomes oswiadczam, iz mdj
wlasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: gromadzenie danych.
Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 2%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 20%,
(imig i nazwisko kandydata do stopnia)

obejmowat on: koncepcje¢, metodyke, wykonanie badan, zbieranie i analiz¢ danych, analize

statystyczng, interpretacje¢ wynikdw oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imi¢ i1 nazwisko kandydata do stopnia)

(podpis o$wiadcAajacego)

*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 29.01.2024

(miejscowos¢, data)

Anna Nasierowska-Guttmejer
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. Diabetes Mellitus and Pancreatic Ductal Adenocarcinoma
- Prevalence, Clinicopathological Variables, and Clinical Outcomes o$§wiadczam, iz moj
wlasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: wykonanie obrazowania mikroskopowego,
gromadzenie danych.
Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 2%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 20%,
(imig¢ 1 nazwisko kandydata do stopnia)

obejmowat on: koncepcje¢, metodyke, wykonanie badan, zbieranie i analiz¢ danych, analize

statystyczng, interpretacj¢ wynikdw oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej
lek. Marty Fudale;.

(imi¢ i1 nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 02.02.2024

(miejscowos¢, data)

Agata Mormul

(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. Diabetes Mellitus and Pancreatic Ductal Adenocarcinoma
- Prevalence, Clinicopathological Variables, and Clinical Outcomes oswiadczam, iz mdj
wlasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: zbieranie i analiza danych, interpretacja
wynikow.
Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 10%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 20%,
(imig i nazwisko kandydata do stopnia)

obejmowat on: koncepcje¢, metodyke, wykonanie badan, zbieranie i analiz¢ danych, analize

statystyczna, interpretacj¢ wynikOw oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imi¢ 1 nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 02.02.2024

(miejscowos¢, data)

Emilia Wloszek

(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. Diabetes Mellitus and Pancreatic Ductal Adenocarcinoma
- Prevalence, Clinicopathological Variables, and Clinical Outcomes o$wiadczam, iz moj
wlasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: zbieranie i analiza danych, interpretacja
wynikow.
Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 10%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 20%,
(imig i nazwisko kandydata do stopnia)

obejmowat on: koncepcje¢, metodyke, wykonanie badan, zbieranie i analiz¢ danych, analize

statystyczng, interpretacj¢ wynikdw oraz napisanie manuskryptu.

(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imi¢ i1 nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szczegdlnosci udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 19.02.2024

(miejscowos¢, data)

Aleksandra Czerw
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. Diabetes Mellitus and Pancreatic Ductal Adenocarcinoma
- Prevalence, Clinicopathological Variables, and Clinical Outcomes o$wiadczam, iz moj
wlasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: opieka merytoryczna, analiza statystyczna.
Mo¢j udzial procentowy w przygotowaniu publikacji okreslam jako 10%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 20%,
(imig¢ i nazwisko kandydata do stopnia)

obejmowat on: koncepcje¢, metodyke, wykonanie badan, zbieranie i analize danych, analizg

statystyczng, interpretacje¢ wynikodw oraz napisanie manuskryptu.

(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imi¢ i1 nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szczegdlnosci udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Krakéw, 29.01.2024

(miejscowos¢, data)

Tomasz Banas
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. Diabetes Mellitus and Pancreatic Ductal Adenocarcinoma
- Prevalence, Clinicopathological Variables, and Clinical Outcomes o$wiadczam, iz moj
wlasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: opieka merytoryczna, zapewnienie
finansowania.
Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 1%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 20%,
(imig i nazwisko kandydata do stopnia)

obejmowat on: koncepcje¢, metodyke, wykonanie badan, zbieranie i analiz¢ danych, analize

statystyczng, interpretacj¢ wynikdw oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*
Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imi¢ i1 nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szczegdlnosci udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 29.01.2024

(miejscowos¢, data)

Andrzej Deptala

(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. Diabetes Mellitus and Pancreatic Ductal Adenocarcinoma
- Prevalence, Clinicopathological Variables, and Clinical Outcomes o$wiadczam, iz moj
wlasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: koncepcja, opieka merytoryczna,
zapewnienie finansowania i rewizja manuskryptu.
Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 15%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 20%,
(imig i nazwisko kandydata do stopnia)

obejmowat on: koncepcje¢, metodyke, wykonanie badan, zbieranie i analiz¢ danych, analize

statystyczng, interpretacj¢ wynikdw oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imig¢ i nazwisko kandydata do stopnia) i/

(podi)is o$wiadczajacego)

*w szczegdlnosci udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 02.02.2024

(miejscowos¢, data)

Izabella Cichowska
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. The prevalence and impact of overweight and
hypertension among patients with pancreatic cancer o$wiadczam, iz mdj wlasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: wykonanie obrazowania mikroskopowego.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 2%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 70%,
(imig i nazwisko kandydata do stopnia)

obejmowat on: koncepcje, metodyke, wykonanie badan, zbieranie i analiz¢ danych,

interpretacje wynikodw oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej
lek. Marty Fudale;.

(imi¢ i1 nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 29.01.2024

(miejscowos¢, data)

Anna Badowska-Kozakiewicz
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. The prevalence and impact of overweight and
hypertension among patients with pancreatic cancer oswiadczam, iz moj wlasny wktad
merytoryczny w przygotowanie, przeprowadzenie 1 opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: opieka merytoryczna, zapewnienie finansowania i rewizja
manuskryptu.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 15%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 70%,
(imig¢ i nazwisko kandydata do stopnia)

obejmowat on: koncepcje, metodyke, wykonanie badan, zbieranie i analiz¢ danych,

interpretacje wynikow oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Marty Fudale;.
(imi¢ i1 nazwisko kandydata do stopnia)

Zaklad Propedeutyki Onkologianej

Do Foanssivgrt Megreany,
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*w szczegdlnosci udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 29.01.2024

(miejscowos¢, data)

Andrzej Deptala

(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. The prevalence and impact of overweight and
hypertension among patients with pancreatic cancer o$wiadczam, iz mdj wlasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: opieka merytoryczna, zapewnienie finansowania i rewizja
manuskryptu.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 13%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 70%,
(imig i nazwisko kandydata do stopnia)

obejmowat on: koncepcje, metodyke, wykonanie badan, zbieranie i analiz¢ danych,

interpretacj¢ wynikow oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imi¢ 1 nazwisko kandydata do stopnia) i

(podpis o$wiadczajacego)

*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 29.01.2024

(miejscowos¢, data)

Anna Badowska-Kozakiewicz
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. Pancreatic cancer concomitant with other malignancies —
single centre experience o§wiadczam, iz m6j wlasny wktad merytoryczny w przygotowanie,
przeprowadzenie 1 opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
opieka merytoryczna, zapewnienie finansowania i rewizja manuskryptu.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 10%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 70%,
(imig¢ 1 nazwisko kandydata do stopnia)

obejmowat on: koncepcje¢, metodyke, wykonanie badan, zbieranie i analiz¢ danych, analize

statystyczng, interpretacje¢ wynikdw oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej
lek. Marty Fudale;.

(imi¢ i1 nazwisko kandydata do stopnia)

Zakfad Propedeutyki Onkologitznej
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*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 29.01.2024

(miejscowos¢, data)

Daria Kwasniewska
(imig i nazwisko)

OSWIADCZENIE

Jako wspoétautor pracy pt. Pancreatic cancer concomitant with other malignancies —
single centre experience o§wiadczam, iz m6j wlasny wktad merytoryczny w przygotowanie,
przeprowadzenie 1 opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
zbieranie 1 analiza danych, interpretacja wynikow.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 8%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 70%,
(imig i nazwisko kandydata do stopnia)

obejmowat on: koncepcje¢, metodyke, wykonanie badan, zbieranie i analiz¢ danych, analize

statystyczng, interpretacje¢ wynikdw oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imi¢ i1 nazwisko kandydata do stopnia) ]

(podpis o$wiadczaj qéégo)

*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 02.02.2024

(miejscowos¢, data)

Izabella Cichowska
(imig i nazwisko)

OSWIADCZENIE

Jako wspoétautor pracy pt. Pancreatic cancer concomitant with other malignancies —
single centre experience o§wiadczam, iz m6j wlasny wktad merytoryczny w przygotowanie,
przeprowadzenie 1 opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
wykonanie obrazowania mikroskopowego.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 2%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 70%,
(imig i nazwisko kandydata do stopnia)

obejmowat on: koncepcje¢, metodyke, wykonanie badan, zbieranie i analiz¢ danych, analize

statystyczng, interpretacje¢ wynikdw oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek. Marty Fudale;.

(imi¢ i1 nazwisko kandydata do stopnia)

VLY ALY LIAL

(podpis o$wiadczajacego)

*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 29.01.2024

(miejscowos¢, data)

Andrzej Deptala

(imig i nazwisko)

OSWIADCZENIE

Jako wspoétautor pracy pt. Pancreatic cancer concomitant with other malignancies —
single centre experience o§wiadczam, iz m6j wlasny wktad merytoryczny w przygotowanie,
przeprowadzenie 1 opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
opieka merytoryczna, zapewnienie finansowania i rewizja manuskryptu.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 10%.

Wktad Marty Fudalej w powstawanie publikacji okreslam jako 70%,
(imig i nazwisko kandydata do stopnia)

obejmowat on: koncepcje¢, metodyke, wykonanie badan, zbieranie i analiz¢ danych, analize

statystyczng, interpretacje¢ wynikdw oraz napisanie manuskryptu.
(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej
lek. Marty Fudale;.

(imi¢ i1 nazwisko kandydata do stopnia)

PR R R £ (XY LR PR P PR RR) PP PP R

(podpis“. o$wiadczajacego)

*w szczegolnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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