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1. Abstract
1.1.  Abstract (English)

Background

The pancreatic ductal adenocarcinoma is one of the most lethal tumor entities. Most patients
suffer from a locally advanced or metastasized disease at the time of diagnosis. In this stage,
patients regularly receive palliative chemotherapy. However, current studies show a benefit of
neoadjuvant intended therapy and subsequent secondary resection for some patients. This
investigation aimed to find factors that help identify patients with a good prognosis to justify an
intensified neoadjuvant intended therapy with consecutive secondary resection.

Methods

Data of patients with pancreatic cancer were collected consecutively within the Comprehensive
Cancer Center database of Charité — Universitdtsmedizin Berlin. The database was screened for
patients with primarily not-resectable adenocarcinoma of the pancreas who underwent a
secondary resection after receiving neoadjuvant chemotherapy from March 2017 to May 2019.
We analyzed the data retrospectively regarding the overall survival (OS) dependent on clinical
and pathological characteristics.

Results

Forty patients were identified for the period mentioned above. The median overall survival
(mOS) was 20 months (95 % CI: 17.2 — 22.9). The following factors had a positive impact on the
OS of the patients: a normal CA 19-9 (Carbohydrate Antigen 19-9) level (< 37 U/ml) at the time
of diagnosis (29 vs. 19 months, p = 0.02) or after neoadjuvant therapy (26 vs. 18 months, p =
0.04) and a BMI (body mass index) below 25 kg/m? after neoadjuvant therapy (15 vs. 24 months,
p = 0.01). Additionally, there was a benefit for patients who received at least four cycles of
neoadjuvant chemotherapy (18 vs. 24 months, p = 0.02). Furthermore, nodal negativity had a
positive impact on the OS (25 vs. 15 months, p = 0.003). Overall, neoadjuvant therapy led to a
significant decline of CA 19-9 by 44.7 % from a mean value of 4358.3 U/ml to 138.5 U/ml (p =
0.001). Twenty-seven patients (73 %) reached partial remission.

Conclusion

In this investigation, the tumor marker CA 19-9 before and after neoadjuvant therapy and the
BMI after neoadjuvant therapy were predictive for the OS of the patients. Thus, these factors
were predictive for the benefit of a secondary resection. Furthermore, a minimum number of four

neoadjuvant cycles led to a significant benefit in survival. Additionally, patients who achieved



nodal negativity after neoadjuvant therapy had a significantly prolonged OS. Thus, the diagnosis

of the presurgical nodal status should gain more importance.

1.2.  Abstrakt (Deutsch)
Einleitung
Das Adenokarzinom des Pankreas weist eine der unglinstigsten Prognosen aller Tumorentitaten
auf. In den tberwiegenden Fallen liegt bei Diagnose ein lokal fortgeschrittener oder bereits
metastasierter Befund vor. Fir die lokal fortgeschrittene, jedoch nicht metastasierte Situation
stand bisher lediglich die palliative Chemotherapie zur Verfigung. Neuere Untersuchungen
zeigten jedoch einen maglichen Vorteil einer neoadjuvant intendierten Therapie mit
anschlieBender sekundarer Resektion fur ausgewéhlte Patienten. Die vorliegende Untersuchung
dient dazu, pradiktive Faktoren zu identifizieren, mithilfe derer wir Patienten mit einer besseren
Prognose identifizieren konnen, um somit fiir diese Patientengruppe eine intensivierte Therapie
und sekundare Resektion zu begrinden.
Methoden
Daten von Patienten mit einem Pankreaskarzinom wurden fortwéhrend in der Datenbank des
Comprehensive Cancer Centers der Charité — Universitatsmedizin Berlin gesammelt. Es erfolgte
ein Screening auf Patienten mit einem Adenokarzinom des Pankreas, welche im Zeitraum von
Marz 2017 bis Mai 2019 nach neoadjuvanter Chemotherapie sekundar reseziert wurden. Die
Daten der Patienten wurden pseudonymisiert und retrospektiv auf das Gesamtuiberleben in
Abhangigkeit von klinisch-pathologischen Charakteristika untersucht.
Ergebnisse
Im genannten Zeitraum konnten 40 Patienten mit ausreichender Datenlage identifiziert werden.
Das mittlere Gesamtiiberleben der Patienten betrug 20 Monate (95 % CI: 17,2 — 22,9).
Préoperative Faktoren, welche sich positiv auf das Gesamtiiberleben der Patienten auswirkten,
waren ein normwertiger CA 19-9 Wert (< 37 U/ml) bei Diagnose (29 vs. 19 Monate, p = 0,02)
und nach neoadjuvanter Chemotherapie (26 vs. 18 Monate, p = 0,04) sowie ein BMI unter 25
kg/m? nach neoadjuvanter Therapie (15 vs. 24 Monate, p = 0,01). Zudem profitierten die
Patienten von einer Applikation von mindestens vier Chemotherapiezyklen (18 vs. 24 Monate, p
= 0,02). Ein negativer histopathologischer Nodalstatus wirkte sich deutlich positiv auf das
Gesamtiiberleben aus (25 vs. 15 Monate, p = 0,003). Insgesamt konnte durch die neoadjuvante
Therapie ein relevanter Abfall des CA 19-9 um 44,7 % von einem Mittelwert von 4358,3 U/mi



auf 138,5 U/ml (p = 0,001) sowie eine partielle Remission bei 27 Patienten (73 %) erreicht
werden.

Schlussfolgerung

In dieser Untersuchung waren der CA 19-9 Wert bei Diagnose und nach neoadjuvanter Therapie
sowie der BMI nach Chemotherapie pradiktiv fir das Uberleben der Patienten und somit auch
pradiktiv fur den Nutzen einer sekundéren Resektion. Zudem brachte die Applikation von
mindestens vier neoadjuvanten Zyklen einen deutlichen Uberlebensvorteil. Aufgrund des
Nutzens fur Patienten, die nach neoadjuvanter Therapie einen negativen histopathologischem
Nodalstatus aufwiesen, sollte vermehrte Aufmerksamkeit auf dessen préachirurgische Diagnostik
gelegt werden.

2. Synopsis
2.1. Introduction

2.1.1. Epidemiology and Risk Factors of Pancreatic Cancer
Pancreatic cancer is one of the most aggressive malignancies and ranks as the fourth leading
cause of cancer deaths in western countries. Despite progress in surgical techniques, radiation,
and chemotherapy, the prognosis of this type of cancer remains poor. The 5-year survival rate is
described at 8 % and is the lowest of all cancer entities (1). In particular elderly patients suffer
from this disease (median age of onset 72 to 75 years), which leads to a rising incidence of
pancreatic cancer in our population due to demographic changes (2). Moreover, age-standardized
incidence and mortality rates increase, especially in patients over 65 years (3). These facts lead
to the prediction of pancreatic cancer becoming the second leading cause of cancer deaths in
western countries by 2030 (4).
Smoking and obesity are proven risk factors for the development of pancreatic cancer. The
relative risk of ever-smokers compared to never-smokers is described at 1.6. The relative risk for
patients with a body mass index > 25 kg/m2 compared to a normal BMI is described with 1.3 (5).
Patients suffering from chronic pancreatitis and diabetes type 2 are also more likely to develop
pancreatic cancer (6, 7). Despite lifestyle factors being mainly responsible for this neoplasm,
genetic dispositions also increase its risks, such as Peutz-Jeghers syndrome and familial
pancreatic cancer (8, 9). BRCA1 or -2 germline mutations are detected in four to seven percent
of pancreatic cancer patients and can have an impact on therapy strategies in advanced or

metastatic disease (10, 11).



2.1.2. Pathogenesis of Pancreatic Cancer
An accumulation of mutations over time is responsible for progressive degrees of dysplasia of
ductal epithelial cells that lead to pancreatic cancer. Four genetic alterations are the most
common ones: an activation of KRAS oncogene and the inactivation of tumor suppressors
CDKN2A, TP53, and SMAD4. Many further alternating genetic mutations are present that affect
the same few pathways, such as NOTCH, WNT, or Hedgehog (12). Genetic instability caused by
telomere dysfunction leads to ongoing genetic alterations and heterogeneity within the pancreatic
tumor and its metastases (13). Furthermore, the tumor's microenvironment inhibits
vascularization and creates fibrosis surrounding the tumor as a shield against chemotherapeutic

agents and immune cell reactions (14).

2.1.3. Histopathological Types of Pancreatic Cancer and its Prognoses
The pancreatic gland histologically consists of exocrine (acinar and ductal) and endocrine cells.
Derived from this we distinguish between adenocarcinomas of the pancreatic gland and
neuroendocrine tumors (NET). NETS, such as insulinoma and gastrinoma derive from cells of
the neuroectoderm. They represent about one to two percent of pancreatic tumors and have a
relatively good prognosis (5-year survival rate 52 %). About 85 % of these tumors are active,
which means that they produce hormones or hormone-like transmitters (15).

The majority of pancreatic malignancies are adenocarcinomas. Depending on the lineage of
neoplastic cells in this tumor we differentiate between acinar and ductal adenocarcinoma. The
ductal adenocarcinoma of the pancreas (PDAC) is the most common tumor of the pancreatic
gland. It represents over 85 % of pancreatic malignancies (16). The 5-year survival rate is
described at 11.5 % (2). PDACs are mostly located at the pancreatic head and form solid masses
that rarely reach sizes over seven centimeters. At least by that size, they start to disseminate to
the abdomen. The neoplastic glands of the tumor easily infiltrate the surrounding stroma, which
causes stromal fibrosis and reactive atypia in epithelial cells. For that reason, it may be difficult
for pathologists to differentiate between chronic pancreatitis and PDAC in small biopsies. Next
to ordinary PDAC, which is characterized by a well-differentiated structure and glands out of
mucin-filled cuboidal cells, other cancers of ductal types with different characteristics and
prognoses exist, such as undifferentiated carcinoma, osteoclastic giant-cell carcinoma,

adenosquamous carcinoma, or colloid carcinoma (16).

Microscopic lesions called Pancreatic Intraepithelial Neoplasia (PanIN) are the presumed

precancerous lesions of PDAC. They are not detectable by common clinical imaging modalities



and often are incidental findings in resected pancreatic glands. In more than 80 % PanINs of any
grade are coexistent with PDAC and PanINs of grade 3 are highly suspicious for PDAC (17).
Infrequently, cystic lesions that are macroscopically visible and detectable by clinical imaging,
such as intraductal papillary mucinous neoplasm (IPMN) and mucinous cystic neoplasm (MCN),
are precursor lesions for PDAC. Nevertheless, in about 30 % of cases, IPMNs contain invasive
cancer (16). Often, it remains unclear, whether PDAC arose from these lesions in such cases or
whether they developed independently of each other. A study by Scarpa et al. showed few
genetic similarities between coexistent PDAC and IPMN in 18 % of cases, consequently, they

were likely independent (18).

Although acinar cells are the most numerous cells of the pancreatic gland, cancers with acinar
differentiation, such as acinar cell carcinoma, are rather uncommon and represent approximately

two percent of pancreatic neoplasms (19). The 5-year survival rate is described at 16.7 % (2).

2.1.4. Stages of Pancreatic Cancer
The TNM-criteria of the American Joint Committee on Cancer (AJCC) are commonly used for
postoperative staging. However, this staging system does not apply to preoperative diagnostics
as it tends to underestimate the final stage (20). Therefore, criteria of the National
Comprehensive Cancer Network (NCCN) are used for the clinical staging. This staging system
classifies pancreatic cancer into the following categories: resectable cancer, borderline-resectable
cancer (BRPC), locally advanced (and thus, unresectable) cancer (LAPC), and metastatic cancer.
PDAC is considered resectable if radiographic imaging shows no signs of encasement or
thrombosis of the portal vein or the superior mesenteric vein and if clear fat planes separate the
tumor from the celiac axis, the common hepatic artery and superior mesenteric artery (SMA)
(21). This early stage can be found in approximately 10 % of cases (22). Resection is not
recommended in the presence of unreconstructable occlusions of the named vessels or a
circumferential encasement (> 180°) of the SMA or the coeliac axis (23). These tumors are
classified as locally advanced pancreatic cancer and represent about 30 % of cases (22). Tumors
that do not meet the named criteria are classified as borderline resectable. In these cases, curative
intended resection is still feasible but is associated with a higher risk of R1-resections, and thus,
a higher rate of local or distant recurrences (23). The neoplasm is categorized as BRPC if it is
located at the pancreatic head and shows a limited involvement of the SMA (encasement of less
than 180°) and no involvement of the coeliac axis. If the neoplasm is located at the pancreatic
body or tail and encases the celiac axis by more than 180°, resection is still feasible, as long as

there is no involvement of the aorta and gastroduodenal artery. In that case, an appley procedure



(resection of the celiac axis) can be performed (21) (Table 1). BRPC is present in about 10 % of
cases. About 60 % of patients with adenocarcinoma of the pancreatic gland show distant

metastases at the time of diagnosis (2, 22).

Table 1. Criteria Defining Resectability Status. Source: based on Tempero et al., 2021, page 27 (21)

RPC BRPC LAPC
PVISMV No tumor contact or Solid tumor contact Unreconstructable
< 180° contact without > 180° or tumor contact involvement or
vein contour < 180° with vein occlusion
irregularity contour irregularity or
thrombosis that allows

reconstruction

Celiac Axis No tumor contact Pancreatic Head: no Pancreatic Head: solid
tumor contact tumor contact > 180°
Pancreatic Body/Tail: Pancreatic Body/Tail:
solid tumor contact solid tumor contact
< 180° or > 180° if > 180° or with aortic
Appleby procedure is involvement

anatomically feasible
SMA No tumor contact Solid tumor contact Solid tumor contact
< 180° > 180°

RPC - Resectable Pancreatic Cancer, BRPC - Borderline Resectable Pancreatic Cancer, LAPC - Locally Advanced Pancreatic
Cancer, PV — Portal Vein, SMV — Superior Mesenteric Vein, CA — Celiac Axis, SMA — Superior Mesenteric Artery.

Although postoperative morbidity and mortality rates are increased in patients older than 80
years, there is no general contraindication for surgery depending on the age of patients (24).
Nevertheless, there is a trend to include conditional characteristics of patients into the evaluation
for curative resection and staging. An investigation by Tas et al. showed a significantly shorter
OS in patients with an ECOG performance status of at least 2, independent of the tumor stage
(25). Thus, patients with an ECOG performance status of 2 or more are now staged as borderline
resectable (BR type C) by the International Association of Pancreatology (IAP) according to the
ABC-criteria (A — anatomical, B — biological, C — conditional) even though they were
anatomically resectable. Those patients should undergo further medical consultations to improve
nutritional conditions and performance before resection. Further conditional characteristics are
not included yet. However, another circumstance leads to a borderline resectable staged
pancreatic cancer, even if it is anatomically resectable. Biological factors have been identified



that negatively influence resectability and postoperative overall survival. Thus, patients that have
a preoperative CA 19-9 level of more than 500 U/ml or have regional lymph node metastases
that have been confirmed by either PET-CT or biopsy are staged as borderline resectable (BR
type B — biological) by the IAP (26).

2.1.5. Diagnosis of Pancreatic Adenocarcinoma
Pancreatic cancer often is diagnosed in a locally advanced and not-resectable stage. Therefore,
we would benefit from a screening method that identifies patients at an early stage. The general
screening of the population for pancreatic cancer is not recommended due to the low lifetime
incidence of this cancer entity. Nevertheless, patients with at least two first-degree relatives with
pancreatic cancer are recommended to be screened for familial pancreatic cancer (FPC).
Furthermore, patients with Peutz-Jeghers syndrome, hereditary non-polyposis colorectal cancer
(HNPCC), and patients with p16- or BRCA2-mutations are worth screening via endosonographic

ultrasound (EUS) or magnetic resonance imaging (MRI) (27).

Abdominal sonography is the first necessary diagnostic step when the first symptoms occur.
Typical signs for a pancreatic tumor are hypoechoic lesions, the dilatation of the pancreatic duct,
and the dilatation of the bile duct (double-duct sign). If the suspicion of a pancreatic tumor
arises, a multi-detector row computed tomography (MDCT) is the diagnostic method of choice
to evaluate the grade of infiltration of the surrounding organs, resectability, and metastasis (22).
Intravenous injections of contrast are used to enhance the arterial and portal venous phase.
During the arterial phase, the pancreatic adenocarcinoma and its vasculature become visible. In
comparison to NET, PDAC is hypovascular and poorly enhancing. The venous phase depicts the
venous involvement, as well as distant metastases and lymphadenopathy (28). MRl is an
alternative if contraindications for CT exist. To further evaluate pancreatic findings, EUS can be
performed with the option for fine-needle aspiration (FNA). A biopsy is not crucial in cases of
unequivocal imaging with the option for curative resection. The suspicion of pancreatic cancer

must be histologically confirmed before the initiation of palliative therapy (22).

CT does not always offer clarity about the dignity or the exact extent of the pancreatic tumor.
Focal chronic pancreatitis can mimic the appearance of pancreatic cancer. Furthermore, in five to
ten percent pancreatic cancer appears with iso-attenuated tissue. Consequently, radiologists need
to pay attention to potential secondary signs of pancreatic cancer, such as an abnormal contour of
the pancreas, the abrupt cutoff of the pancreatic duct, or pancreatic atrophy (28, 29). Yet, the

sensitivity and specificity of CT detecting pancreatic cancer are described at 90 % and 87 %



(30). Furthermore, it happens that curatively intended laparotomy reveals peritoneal metastases
or extended infiltration of the surrounding vessels. In particular, small metastases are hard to
identify by CT scan (31). Finally, the resectability stage can be correctly interpreted by MDCT
with a sensitivity of 94 % and a specificity of 89 % (32).

MRI generally shows a better soft-tissue contrast than CT resulting in its superiority concerning
small or iso-attenuated lesions. Furthermore, in situations in which CT only shows a
hypertrophic pancreatic head, MRI may reveal the presence of a tumor. While fatty infiltrations
of the pancreatic head can lead to the wrong assumption of the presence of pancreatic cancer in
CT scan, T1-weighted images of MRI can reveal this misinterpretation. In summary, MRI offers
slightly better sensitivity (93 %) and specificity (90 %) than MDCT (30). However, MDCT
remains the diagnostic method of choice because of its high availability, low costs, and speed
(28). Nevertheless, after having performed a CT scan, it is recommended to additionally perform
an MRI of the liver as the sensitivity for detecting small metastatic lesions is higher (33).

In cases of equivocal signs in common imaging modalities, it may be helpful to perform EUS as
it provides high-resolution images of the pancreatic tissue. Especially, small lesions with sizes
smaller than three centimeters are better visualized with EUS than with CT scans, MRIs, or
abdominal ultrasounds (31, 34). The sensitivity and specificity of EUS are described at 92.3 and
68.9 % (35). While difficulties may occur differentiating between chronic pancreatitis and
malignant masses, an additional FNA can be performed. EUS-FNA reaches a specificity of 95.8
% (36). Furthermore, new non-invasive EUS techniques, such as EUS elastography increase

specificity rates compared to conventional B-mode images of EUS to 80 % (35).

Positron-emission tomography (PET) can additionally be performed to identify distant
metastases. For this cause, PET-CT is a very suitable method as it depicts the whole body with
all possible evidence for metastases, though the chance for false-positive results is high because
of the physiologic uptake of FDG (fluorodeoxyglucose (*3F)) in many organs or increased uptake
caused by inflammatory reactions. Furthermore, false-negative results are possible, especially in
cases with metastases smaller than five millimeters (31, 37, 38). Nevertheless, the detection of
bone metastases reaches a sensitivity of up to 100 %. On the other hand, PET-CT is not suitable
for the primary diagnosis of pancreatic cancer as it has a sensitivity of only 72 %. But it has the
main advantage in monitoring the response to the previous therapy, especially in cases of LAPC.
While MDCT cannot differ between therapy-destroyed tissues and viable tumors, PET-CT

shows metabolically active tissue and cancer (28). However, in Germany PET-CTs are not



covered by the statutory health insurance companies, unless there is a suspicious pulmonary

tumor of unknown dignity.

Diagnostically intended laparoscopy can additionally be performed and changes therapy
decisions in about one third of initially resectable staged pancreatic cancer patients (39). An
additional laparoscopy should be considered in cases of CA 19-9 levels above 150 U/ml or a
CT-staged tumor size of more than three centimeters as these factors may predict unresectability

and the presence of peritoneal carcinosis (40).

2.1.6. Therapy of Pancreatic Adenocarcinoma
2.16.1.  Surgery

Surgery is the only treatment option with curative intention. That, for instance, was demonstrated
in a randomized trial by Doi et al., where patients who received radiochemotherapy had a very

limited median OS of 10.8 months in comparison to resected patients (mOS 22.6 months) (41).

The aim of surgery is an RO-resection. There are different statements about the influence of R1-
resection on the OS of patients. An investigation by Neoptolemos et al. resulted in prolonged OS
for patients with RO-resection (42). Other investigations with smaller numbers of included
patients showed no significant difference (43, 44). Nonetheless, there is a significant increase of
local recurrence in patients with R1-resection (45, 46). However, different definitions for RO-
resection in pancreatic cancer led to heterogeneous results according to the rate of R1-resections
varying from 16 to 75 % (47). Analyses have led to the result, that chances for prolonged OS are
increased depending on the distance to the resection margin (48). To aim RO-resection special

resection methods and additional organ and vessel resections are possible (49, 50).

The classical surgical treatment techniques for pancreatic cancer of the head are the Whipple
procedure or the pylorus-preserving pancreaticoduodenectomy (PPPD) by Traverso-Longmire.
Both procedures are equal according to survival, postoperative mortality, complications, and
quality of life. Nevertheless, PPPD is the preferred method as it shows advantages in blood loss,
shorter operation time, and preservation of the stomach. The Whipple procedure can still be
performed to gain RO-resection in cases of stomach infiltration (51). After the resection of the
pancreatic head, the resection margin of the pancreatic head and bile duct are histologically
examined by frozen section analysis. In cases of a positive resection margin, an additional total
pancreatectomy can be performed if RO-resection seems possible (52). Total pancreatectomy can
be contemplated in further situations, such as the presence of precancerous lesions in patients

with FPC to not leave undetected lesions behind, in cases of arterial reconstruction, or in cases of

9



extremely soft pancreatic tissue to decrease the risk for postoperative fistula. However, total
pancreatectomy is associated with high rates of metabolic complications, such as severe diabetes
and its consequences, and a decreased quality of life. Thus, partial resection should be aimed if it
is justifiable (53, 54). Indications for distal pancreatectomy are cancers of the pancreatic tail or
corpus. Because of its anatomical proximity and its venous drainage to the splenic vein, an
additional splenectomy is classically performed. Splenic preservation is possible and is
associated with lower rates of infectious complications and clinically relevant pancreatic fistula
(ISGPF grade B and C). However, the procedure is technically difficult and can cause
complications like spleen infarctions. Further investigations are necessary to prove a possible

long-term benefit of this procedure (55).

In about 78 % of cases, lymphogenic metastases are found in the resected specimen (56). Thus, a
lymphadenectomy is recommended during every pancreatectomy. The standard
lymphadenectomy in PPPD includes the resection of peripancreatic, suprapyloric, and
infrapyloric lymph nodes, lymph nodes of the hepatoduodenal ligament, and right-sided lymph
nodes of the celiac trunk and superior mesenteric artery. In distal pancreatectomy, the standard
lymphadenectomy includes lymph nodes along the splenic artery, at the splenic hilum, and along
the inferior portion of the pancreas (57). An extended lymphadenectomy is not recommended
because of its increased postoperative morbidity and missing long-term benefits (58). German
guidelines recommend the resection of at least 12 lymph nodes, although the nodal stage seems
to be more accurate with a tendency to more resected lymph nodes (59-61). Furthermore, the
number of positive nodes, the ratio of positive to resected nodes, and the level of nodal

metastatic spread may be prognostic factors for OS (62-64).

Infiltration of the superior mesenteric and portal vein is a common problem because of the
anatomical proximity to the pancreatic gland. An additional vessel resection can be performed if
RO-resection is possible. In some high-volume centers, vessel resection is performed in up to 46
% of cases and is not associated with higher mortality or morbidity rates if performed regularly
(65).

As mentioned above, pancreatic surgery often leads to R1-resections. Predisposed localizations
are the posterior margins of the resected specimen, adjacent to the so-called mesopancreas which
includes the tissue between the pancreatic head and the superior mesenteric vessels and coeliac
axis. It further contains high numbers of lymphatic tissue and vessels, and the arterial nerve

plexus (66, 67). As pancreatic cancer has a strong tendency towards a discontinuous perineural
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invasion of the arterial plexus, it is recommended to perform a resection of the periarterial plexus
of the mesopancreas. To ensure RO-resection in this area, special surgical techniques have been
established, such as the artery-first approach. During this procedure, the superior mesenteric
artery gets dissected first to evaluate resectability (50). In cases of an arterial abutment to the
SMA of more than 180°, the response to neoadjuvant therapy decides upon a possible arterial
resection. However, SMA-resection remains controversial because of its risks for intestinal
ischemia, severe diarrhea caused by denervation, and high mortality rates (68). In cases of
coeliac axis involvement, a (subtotal) distal pancreatectomy with simultaneous celiac axis
resection can be performed if the tumor has initially responded to chemotherapy. This so-called
Appleby procedure is technically possible due to retrograde blood flow from the gastroduodenal
artery to the common hepatic artery and right gastric artery to maintain liver and stomach
perfusion (68). However, severe side effects such as liver and gastric necrosis are possible (69).

Therefore, this procedure should only be performed by high-volume centers in selected patients.

Despite the classical open procedure, laparoscopic approaches are possible. The procedures are
associated with shorter hospitalization times, reduced blood loss, and comparable postoperative
complication rates. However, operation times are prolonged, and advanced laparoscopic skills
are required (70).

Common side-effects and complications after pancreatoduodenectomy are delayed gastric
emptying, pancreatic fistula, intra-abdominal abscess, wound infections, hemorrhage, and
endocrine and exocrine insufficiency of the pancreatic gland (71).

2.1.6.2. Chemotherapy

Chemotherapy is part and parcel of therapy in pancreatic cancer. First established as adjuvant

and palliative chemotherapy, it now gains more importance as a neoadjuvant option as well.

An adjuvant application of chemotherapy increases the progression-free and overall survival of
patients with resectable pancreatic cancer (72). The standard regimen for patients in a good
general condition is the application of modified FOLFIRINOX (mFOLFIRINOX: 5-fluorouracil,
oxaliplatin, irinotecan) (73). The application of a full dose FOLFIRINOX (additional 5-
fluorouracil bolus) did not show to be more efficient. However, patients suffer from side effects
more often if treated with unmodified FOLFIRINOX (74). The mOS for resected patients in a
good postoperative condition undergoing adjuvant chemotherapy with mFOLFIRINOX is
described with up to 54.4 months. The 3-year survival rate is described at 63.4 % (73). High
rates of side effects within the mFOLFIRINOX protocol require a different therapy for patients
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with worse general conditions (ECOG > 1). Therefore, either a monotherapy with gemcitabine
(mOS 23-35 months), 5-fluorouracil (mOS 23.6 months), or a combination of gemcitabine and
capecitabine (mOS 28 months) can be applied and increases the 5-year survival rate to 20.7-28.8
% in comparison to 10.4 % without adjuvant chemotherapy. Gemcitabine in combination with
capecitabine gained the best survival results with slightly increased rates for severe neutropenia
and diarrhea and should thus be favored (72, 75, 76). Due to the significantly increased incidence
of severe mucositis and diarrhea and the missing option for oral application, 5-FU should only be
applied in cases of a gemcitabine-intolerance (75). The JASPAC-1 trial conducted with adjuvant
application of S-1, an orally active fluoropyrimidine, gained even better 5-year survival rates
described at 44.1 %. Though, patients that were included in this trial were more likely to have a
negative nodal stage and an ECOG performance status of 0 and thus, had favorable prognostic
factors (77).

Adjuvant chemotherapy is recommended to be initiated within 12 weeks after surgery. There
seems to be no survival benefit for an earlier initiation (78, 79). Instead, the completion of six

cycles of gemcitabine or 5-FU was shown to have a significant positive influence on OS (79).

The rate of metastatic findings at the time of late diagnosis is high. About 60 % of patients are
diagnosed at a metastatic stage. In addition, locally advanced non-resectable pancreatic cancer is
diagnosed in about 30 % of cases (22). For these two groups, a palliative intended chemotherapy
is the therapy of choice. A sole supportive therapy has been shown to have no survival or quality
of life benefit (80). In particular, the rate of tumor-associated weight loss and analgesic use is
decreased with the help of effective palliative chemotherapy (81). Preferred first-line therapy for
patients in a good general condition (ECOG 0-1) is FOLFIRINOX or gemcitabine with nab-
paclitaxel (nano-particle albumin-bound paclitaxel) (82, 83). The mOS for patients who are
treated with gemcitabine and nab-paclitaxel is described at 8.5 months. The 1-year survival rate
is described at 35 %. The response rate is described at 23 %. This therapy protocol is associated
with higher rates for neutropenia and peripheral neuropathy in comparison to monotherapy with
gemcitabine (83). The mOS for patients who are treated with FOLFIRINOX is described at 11.1
months. The overall survival rate at 12 months was described at 48.4 %. The response rate is
described at 31.6 %. This intensified therapy protocol is associated with higher rates for severe
adverse events in comparison to monotherapy with gemcitabine as well. Severe side effects are
febrile neutropenia, thrombopenia, diarrhea, and sensory neuropathy. Despite higher rates for
side effects, quality of life is more persistent during therapy with FOLIRINOX in comparison to

monotherapy with gemcitabine (82). A further option for patients in a good to poor general
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condition (ECOG 0-2) is the application of gemcitabine in combination with erlotinib, a
HER1/EGFR-targeted tyrosine kinase inhibitor. The mOS with this therapy is described at 6.2
months and the 1-year survival rate at 23 %. Except for diarrhea and rush, no further severe
adverse events are significantly increased in comparison to monotherapy with gemcitabine, but
the incidence for interstitial lung disease (ILD) is increased due to the additive effect of
gemcitabine and erlotinib, both known for causing this syndrome (84). A monotherapy with
gemcitabine can be applied in cases of good to poor general condition (ECOG 0-2) or intolerable
adverse events during other chemotherapy protocols. The response rate is described at 23.8 %
and the 1-year survival rate at 18%. The mOS is described at 5.7 months. At all points,
monotherapy with gemcitabine is superior to monotherapy with 5-FU (81). Patients with an
ECOG status of 2 or worse do not seem to benefit from an intensified chemotherapy protocol
with multiple agents (85). However, combination therapy with dose-reduced gemcitabine and
nab-paclitaxel or erlotinib are useful options for symptom control in patients with poor general
conditions (84, 86). Trials that investigated the use of chemotherapeutic agents only included
patients with an ECOG of 0 to 2. Thus, the use for patients in a worse general condition remains
unclear (80-85).

A different therapy strategy is required in patients with a germline mutation of BRCA1 or -2. As
DNA-repair mechanisms are defective in those tumor cells, chemotherapy agents that inhibit
DNA-repair or cause interstrand-crosslinks are suitable in that case. Thus, platin-based therapy is
recommended. Common options are a combination of gemcitabine with cisplatin or the
FOLFIRINOX-protocol. The mOS is described at 15.5 to 18.1 months (10, 11). Maintenance
therapy can be performed with Olaparib, a PARP-inhibitor (poly-(adenosine diphosphate-ribose)
polymerase-inhibitor) if primary platinum-containing therapy was conducted for at least 16
weeks and results in a significantly prolonged progression-free survival (10). With the help of
this agent, single-strand breaks cannot be repaired, and damaged DNA accumulates in the cell,

which causes tumor cell death (87).

A platin- or irinotecan-based therapy combined with 5-fluorouracil infusions is a proven second-
line regimen for patients who progressed during a gemcitabine-based first-line therapy (88-90).
Patients reached a significantly prolonged progression-free survival (2.9 months) and mOS (5.9
months) if they had been treated with oxaliplatin, 5-FU, and folinic acid (OFF-protocol) in
comparison to 5-FU and folinic acid alone (88, 89). However, a study conducted with oxaliplatin
and higher dosages of 5-FU and folinic acid (mMFOLFOX6-protocol) showed significantly

increased severe side effects, in particular neuropathy and hematologic toxicity, and higher rates
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of discontinued therapy due to side effects in 20 % of patients. Thus, oxaliplatin-based second-
line therapies should only be considered in patients with a good general condition (ECOG < 2)
and controlled neuropathy (CTCAE grade < 3) (91, 92). The use of nanoliposomal irinotecan in
combination with 5-FU and folinic acid (NAPOLI-protocol) significantly increases mOS to 6.1
months in comparison to 5-FU and folinic acid alone. Severe side effects are as well increased
within the NAPOLI-protocol. In particular, the presence of neutropenia, diarrhea, vomiting, and
fatigue are significantly increased. However, severe side effects led to therapy withdrawal in
only 11 % of patients treated within the NAPOLI-protocol (90). In case of progression during
therapy with FOLFIRINOX and stable ECOG performance status (ECOG 0-1), the protocol can
be changed to gemcitabine/nab-paclitaxel, but phase-111-trials are missing to prove an OS benefit
for this change of course (92). The application of second-line monotherapy gemcitabine or 5-FU

is recommended for patients with poor general conditions (ECOG 2 or worse) (92).
2.1.6.3. (Chemo-)Radiation

Within therapy for PDAC, radiochemotherapy plays a tangential role. So far, randomized
controlled studies showed no benefit for chemoradiation in adjuvant therapy. However, most
studies showed deficits according to the study design, the study power for pancreatic cancer

patients, or deficits due to a deviation from the technical standard of radiotherapy (93, 94).

In palliative situations, radiochemotherapy with capecitabine has been shown to have no survival
benefit over chemotherapy with gemcitabine (+ erlotinib) after induction therapy with
gemcitabine (+ erlotinib). However, radiochemotherapy gained better tumor control with
prolonged progression-free survival and can be considered in patients with good to poor general
conditions (ECOG 0-2) (95). Capecitabin is superior to gemcitabine as an agent of
radiochemotherapy according to mOS, progression-free survival, and toxicity levels (96).
Stereotactic body radiotherapy (SBRT) along with chemotherapy is a further option for
unresected pancreatic cancer and has been shown to increase mOS in comparison to
chemotherapy alone (97). However, randomized-controlled trials are missing to prove the
benefit.

2.1.6.4. Other Therapeutic Agents
According to the pathogenesis of pancreatic cancer with its underlying mutations, multiple
investigations have been initiated to evaluate the efficacy of targeted therapies. For instance, the
EGFR-receptor inhibitor erlotinib has been shown to increase mOS in combination with

gemcitabine in locally advanced and metastatic pancreatic cancer (84). A meta-analysis by
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Ciliberto et al. demonstrated a survival benefit for at most EGFR-receptor inhibitors. Other
targeted therapy agents, such as sorafenib (multi-kinase inhibitor), aflibercept or bevacizumab
(VEGF-receptor inhibitor), or trametinib (MEK-inhibitor) did not lead to significant survival
benefits (98). An exception is the JAK1/JAK2-inhibitor Ruxolitinib which plays a role within the
Jak/Stat-inflammatory pathway. This agent led to a survival benefit in PDAC patients with
elevated CRP (C-reactive protein) in a randomized phase-I1 trial (99). Phase-II1 trials are

expected soon (100).

The checkpoint-inhibitor pembrolizumab (PD-L1-inhibitor) is an off-label therapy option if first-
and second-line therapies have failed (92). So far, few studies investigating the effectiveness of
pembrolizumab in metastatic pancreatic cancer exist and case numbers are small. Nevertheless,
complete remissions have been described (101). The condition for the effectiveness of
pembrolizumab is a mismatch repair deficiency or high microsatellite instability, which occurs in
about one percent of pancreatic cancer patients (101, 102). However, pancreatic tumor stroma is
not characterized by effector T-lymphocyte infiltrations. Thus, it is known as non-immunogenic
cancer. That is why checkpoint-inhibitors that mainly work by blocking the inhibitory
checkpoints of t-lymphocytes are not expected to gain importance in the therapy of pancreatic
cancer (100).

Different approaches for new therapy strategies exist. Hedgehog-signaling inhibitors aim to
deplete stromal tissue, that surrounds the pancreatic tumor and builds a physical barrier against
chemotherapy agents. However, a randomized phase-II study that has been conducted to
investigate the effectiveness of these agents resulted in worsened survival. Some further agents
change the stromal structure of pancreatic cancer in different ways. However, phase-I1 trials are

not completed or even started yet (100).

2.1.7. Neoadjuvant Therapy as a new Approach in LAPC / The Scientific Issue
Most patients with PDAC are diagnosed in a locally advanced or metastasized, and thus, a non-
resectable stage. However, intensified chemotherapy protocols like FOLFIRINOX and
gemcitabine with nab-paclitaxel have not only reached increased mOS, but also high remission
rates that allow the possibility for a secondary resection. For instance, up to 50 % of patients
diagnosed with LAPC or metastasized pancreatic cancer underwent secondary resection in a
study by Hackert et al. The OS of resected patients was significantly increased (mOS 15.3
months) in comparison to patients who received chemotherapy alone (mOS 8.5 months). Most

patients in this study received chemoradiation with gemcitabine as a neoadjuvant treatment
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option. Further treatment protocols were FOLFIRINOX or other combination regimens
excluding FOLFIRINOX. However, the highest resection rate was achieved by the
FOLFIRINOX-protocol (60.8 %) (103). The rate for partial remission with the gemcitabine and
nab-paclitaxel protocol is described at 30 % in metastatic PDAC. Furthermore, this therapy
protocol reaches a secondary resection rate of 35.9 % and thus, is suitable as an induction
therapy protocol as well (83, 104). However, no randomized controlled trials exist that compare
FOLFIRINOX and gemcitabine/nab-paclitaxel.

Despite the henceforth existing possibility for secondary resection, the question arises whether
all patients benefit from this intensified therapy. Some patients suffer from early recurrence even
though RO-resection was achieved. Other patients suffer from physical degeneration due to the
straining procedures that were performed. Not all secondary resected patients gain prolonged
survival. Therefore, it is important to select the right patients that benefit from this approach. So
far, some retrospective studies have been performed to identify prognostic factors that predict
resectability and long-term benefit (105, 106). However, few factors have been identified and no
randomized controlled studies exist that prove their practicability. Nevertheless, it is difficult to
design prospective trials to answer those questions because of the comparatively small number of
patients to be included and possibly high number of patients that do not reach secondary
resectability. Therefore, we need to collect data from multiple cancer centers to combine our

experiences and knowledge to find answers.

To support the establishment of prognostic factors that predict long-term benefit, we conducted a
retrospective analysis of patients with primarily not resectable PDAC who received neoadjuvant
chemotherapy and were subsequently resected at our Charité Pancreatic Cancer Center. We
focused on factors that have been described to predict resectability and outcome, such as CA 19-
9 and ECOG. Further variables have been analyzed to increase the pool of possible predictive
factors and improve therapy in PDAC.

2.2.  Methods

2.2.1. Inclusion Criteria
The Comprehensive Cancer Center of Charité — Universitatsmedizin Berlin database was
searched to identify suitable patients for this investigation. The main inclusion criterion was the
presence of a primarily not resectable adenocarcinoma of the pancreatic gland confirmed by
biopsy. In addition, patients had to have received chemotherapy before resection, either palliative

intended or as induction therapy. The number of applied cycles and the regimen did not
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influence the inclusion of patients. Other tumor subtypes, such as duodenal, periampullary, or
neuroendocrine tumors, were excluded from further analysis. The carcinoma was defined as not
resectable if anatomical signs of BRPC, LAPC, or distant metastases were detected according to
the NCCN guidelines. Diagnosis of primarily unresectable PDAC was confirmed by CT or MRI
imaging or, if preoperative radiology underestimated tumor extent, during surgical exploration.
Additional radiotherapy did not serve as exclusion criteria either. The chemotherapy was either
conducted inpatient or outpatient by our clinic or by specialized external oncologists. Overall, 40
patients fitting the named inclusion criteria and undergoing secondary resection between March
2017 and May 2019 were identified and analyzed. Every patient was discussed in our
interdisciplinary tumor conference pre-and postoperatively to determine therapy procedures.

2.2.2. Data Collection
The data were collected consecutively within the clinical information system SAP® (Walldorf,
Germany) and the GieBener Tumordokumentationssystem (GTDS, GieRRen, Germany).
Subsequently, they were transferred to a digital data table in a pseudonymized form and were
analyzed retrospectively. All medical interventions were performed within the medical standard
of care. No more data, as recommended by guidelines, were collected. For named reasons, the
ethics committee vote was waived. All patients agreed to the storage of medical data in the

clinic’s system by a treatment contract.

2.2.3. Analyzed Variables and Definitions
Following characteristics were analyzed: preoperative factors such as age at the time of surgery,
the ECOG- Performance status, the BMI of the patients before and after neoadjuvant therapy, the
characteristics and side effects of neoadjuvant therapy, and the course of tumor markers CA 19-9
and CEA (Carcinoembryonic Antigen) during therapy. Additionally, operative and postoperative
factors were analyzed, such as the surgical procedure, operative and postoperative complications,

and histopathological characteristics.

Side effects during neoadjuvant therapy were classified according to the Common Terminology
Criteria for Adverse Events (CTCAE Version 5.0). CT scans or MRIs were used for staging and
restaging. The radiographic response of the tumor during neoadjuvant therapy was categorized
according to the RECIST-criteria 1.1 (Response Evaluation Criteria in Solid Tumors) by
different radiologists as follows: “Complete response (CR): Disappearance of all target lesions
(...). Partial Response (PR): At least a 30% decrease in the sum of diameters of target lesions

(...). Progressive Disease (PD): At least a 20% increase in the sum of diameters of target lesions
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(...). Stable Disease (SD): Neither sufficient shrinkage to qualify for partial response nor
sufficient increase to qualify for progressive disease” (107).

2.2.4. Statistical Analysis
OS times were calculated and related to the different patients™ characteristics to identify factors
that may have predicted which patients benefited from the multimodal concept consisting of
neoadjuvant therapy and secondary resection. The program SPSS version 26 (IBM, Armonk,
United States) was used for the statistical analysis. Log-rank tests were used for survival
analyses. Hazard ratios (HR) were prepared for significant results. OS times were calculated
from diagnosis to the date of death or the last documented contact with the patient. The latter
were defined as “lost to follow up” and were censored. Reasons for death were irrelevant for
statistical analysis. The Fisher exact test was used to calculate the dependency of the grade of
side effects on the chosen chemotherapy protocol and the dependency of complications on the
surgical procedure. To assess the influence of age, ECOG performance status, and BMI of the
patients before treatment on the choice of the neoadjuvant chemotherapy protocol, we conducted
a Kruskal-Wallis test. A one-way ANOVA was performed if the distribution for each group was
normal and if the variance was homogeneous (Levene’s test, p > 0.05). The t-test or the
Wilcoxon-test were used depending on the distribution of the variables to compare ECOG
performance status, tumor markers, and T- and N-status of the patients at the time of diagnosis to
the time after neoadjuvant therapy. The variables are normally distributed with p > 0.05. Two-
sided p-values were calculated and were significant with p < 0.05. Patients with missing values

were not included in the calculation.

2.2.5. Publication
Our group published the results of this investigation in the special issue “Current Progress in the
Multidisciplinary Treatment for Pancreatic Cancer of the journal ,,Medicina“ on 18" January
2021 (108).

2.3. Results

2.3.1. Patients’ Characteristics
Forty patients (22 men and 18 women) who fulfilled the inclusion criteria were identified within
March 2017 to May 2019. The mean age at the time of surgery was 61 years (range from 37 to
82 years). Information about ECOG analyses before treatment was available in 33 patients. Most
patients had an ECOG of 0 (22 patients, 66.7 %) or 1 (10 patients, 30.3 %) before the initiation
of chemotherapy. Only one patient (3 %) had an ECOG of 2. The ASA (American Society of
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Anesthesiologists) score was evaluated before the surgical resection. Information about 35
patients were available. Most patients had mild (ASA 2, 15 patients, 42.9 %) or severe systemic
diseases (ASA 3, 18 patients, 51.4 %). Two patients (5.7 %) had no relevant comorbidities (ASA
1). Pre-therapeutic information about the BMI was available for 27 patients. The median BMI
was 23.9 kg/m? (range from 17.2 to 28.7 kg/m?). Eighteen patients (66.7 %) had a normal BMI
(18.5-25 kg/m2), eight patients (29.6 %) were overweight (25.1-30 kg/m?), and one patient (3.7
%) was underweight (< 18.5 kg/m?). A CT scan, MR, or surgical exploration offered reasons for

primary irresectability. In 21 cases (52.5 %), the tumor was located at the head of the pancreas.

Table 2. Patient Characteristics at Diagnosis and after Neoadjuvant Therapy. Source: based on Rosumeck et al.,
2021, page 4 (34)

| Baseline Characteristics (n=40) |

Age Mean: 60.6 [37-82] years
Gender & 22 patients (55.0 %), @ 18 patients (45.0 %)
Primary Head: 21 (52.5 %) patients,
Localization Body: 13 (32.5 %) patients,

Tail: 6 (15 %) patients

At Diagnosis After Induction/
Before Resection
N % N % p
ECOG
0 22 66.7 10 37
1 10 30.3 12 44.4 0.003
2 1 3 5 18.5
n.a. 7 13
ASA Score
1 2 5.7
2 15 42.9
3 18 514
n.a. 5
BMI [kg/m?] Median 23.9 [range 17.2 - 28.7]  Median 22.6 [range 16.8 - 29.9]
<185 1 3.7 1 2.9
18.5-24.9 18 66.7 23 67.6 0.25
>25 8 29.6 10 29.4
n.a. 13 6

n.a.—not available, BMI—body mass Index, ASA—American Society of Anesthesiologists, ECOG—Eastern Cooperative
Oncology Group.

In 13 cases (32.5 %), it was located at the body, and in six cases (15 %), it was located at the tail

of the pancreas (Table 2). Information about reasons for irresectability was available for 37
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patients. In 29 cases (78.4 %), vessel encasement or infiltration was the reason for irresectability.
In 8 cases (21.6 %), distant metastases led to a palliative therapy concept at first.

2.3.2. Neoadjuvant Treatment and Side Effects
Induction therapy with FOLFIRINOX was performed in 23 cases (57.5 %). One of them de-
escalated therapy to gemcitabine mono due to side effects after four applications. Nab-paclitaxel
and gemcitabine were applied in seven cases (17.5 %). Two external patients received
gemcitabine mono or cisplatin/capecitabine. A change of induction therapy between
FOLFIRINOX and nab-paclitaxel/gemcitabine was performed in eight patients (20 %). Four of
these patients suffered from severe toxicity during induction therapy. Consequently, the therapy
protocol was switched from FOLFIRINOX to gemcitabine/nab-paclitaxel. In one patient, the
switch was administered when a significant increase of the tumor marker CA 19-9 suggested a
progression of the disease. A clinical investigation planned a change from nab-
paclitaxel/gemcitabine to FOLFIRINOX in two patients (Table 3).

Table 3. Therapeutic Characteristics. Source: based on Rosumeck et al., 2021, page 5 (34)

Parameter | Category N %
Induction Therapy
FOLFIRINOX 23 575
Nab-Paclitaxel/Gemcitabine 7 17.5
FOLFIRINOX P Nab-Pac/Gem 8 20
Gemcitabine mono 1 2.5
Cisplatin/Capecitabine 1 2.5
Number of Cycles
Median 6 (1-25)
> 3 Cycles 30 76.9
<3 Cycles 9 23.1
n.a. 1
Duration of neoadjuvant Therapy
Median (months) 3(1-24)
> 3 months 18 48.6
< 3 months 19 51.4
n.a. 3
Adjuvant Therapy
Yes 15 75
No 5 25
n.a. 20
Surgical Procedure
PPPD 16 40
Whipple's Procedure 2 5
Distal pancreatectomy 13 325
Total pancreatectomy 9 22.5
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Parameter | Category N %
Additional Resection

Splenectomy 19 47.5

Gastrectomy (total/partial) 2 5

Partial hepatectomy 3 7.5
Resection of portal vein 7 175

Resection coeliac axis 4 10

Hemicolectomy 1 2.5

Nephrectomy 1 2.5

Post Op-Complications 26 65
BDA-Insufficiency 5 125
Pancreatic fistula 9 22.5

Postpancreatectomy
haemorrhages 1 2.5
Postoperative Infections and

Wound Healing Disorder 11 27.5

n.a.—not available, PPPD—Pylorus-Preserving Pancreaticoduodenectomy, BDA—RBiliodigestive Anastomosis,
Nab-Pac/Gem—Nab-Paclitaxel/Gemcitabine.

A median number of eight applications was administered. It ranged from three to 25. A median
number of six cycles was administered, ranging from one to 25 (one cycle of nab-
paclitaxel/gemcitabine consisting of three applications within 28 days, one cycle of
FOLFIRINOX consisting of one application once every two weeks, one cycle of gemcitabine
mono consisting of three applications within 28 days, one cycle of cisplatin/capecitabine
consisting of one cisplatin application once every 22 days). The median duration of neoadjuvant
therapy was three months, ranging from one to 24 months (Table 3). There was no significant
difference in the age of patients at the time of surgery comparing the groups of neoadjuvant
chemotherapy protocols (x2 =5.91, p = 0.12). There was no difference in between the groups
depending on the ECOG status (x? = 2.29, p = 0.52) or BMI at the time of diagnosis (F (2, 24) =
0.81, p = 0.46). The protocol groups showed a significant difference in the number of applied
cycles (x2=11.72, p = 0.008). Patients being treated with FOLFIRINOX received a higher
number of cycles than patients being treated with gemcitabine/nab-paclitaxel (z =2.87, p =

0.025). There was no difference in the duration of neoadjuvant treatment (x2 = 3.11, p = 0.38).

Information about side effects was available for 31 patients. Sixteen patients (51.6 %) suffered
from side effects of grades 3 to 4. Patients who underwent a switch from FOLFIRINOX to nab-
paclitaxel/gemcitabine or the other way around suffered significantly more often from severe
side effects (grade 3 to 4) (x2=8.48, p =0.007, o= -0.52). There were no other significant
differences in the type of side effects depending on the performed induction therapy (Table 4).
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Table 4. Side Effects during Induction Therapy. Source: based on Rosumeck et al., 2021, page 6 (34)

Total FOLFIRINOX Nab- FOLFIRINOX p
Pac/Gem » Nab-
Pac/Gem
Parameter Category N % N % N % N %
General Side
Effects 19 5 7
0-2 15 485 12 63.2 3 60 0 0 0.009
3-4 16 51.6 7 36.8 2 40 7 100
Neutropenia 15 5 7
0-2 16 59.3 11 73.3 3 60 2 28.6 0.16
3-4 11 40.7 4 26.7 2 40 5 71.4
Anemia 17 5 8
0-2 26 86.7 15 88.2 4 80 7 87.5 1
3-4 4 13.3 2 11.8 1 20 1 12.5
Thrombopenia 9 3 4
0-2 15 938 8 88.9 3 100 4 100 1
3-4 1 6.3 1 11.1 0 0 0 0
Infections 16 4 7
0-2 24  88.9 15 93.8 4 100 5 71.4 0.2
3-4 3 7.5 1 6.2 0 0 2 28.6
Diarrhea 4 1 3
0-2 5 62.5 3 75 1 100 1 33.3 0.68
3-4 3 375 1 25 0 0 2 66.7
Nausea 6 3 6
0-2 15 9338 6 100 2 66.7 5 83.3 0.66
3-4 2 13.3 0 0 1 33.3 1 16.7
Neurological
Side Effects 10 3 3
0-2 13 813 7 70 3 100 3 100 0.52
3-4 3 18.8 3 30 0 0 0 0

Nab-Pac/Gem—Nab-Paclitaxel/Gemcitabine.

2.3.3. Surgical Procedure and Complications
The surgical procedure was chosen depending on the localization of the tumor and the extent of
infiltration. In 16 cases (40 %), a pylorus-preserving pancreaticoduodenectomy (PPPD) was
performed. In two cases (5 %), the chosen procedure was a classical Whipple’s procedure. 13
patients (32.5 %) received a distal pancreatectomy, and nine patients (22.5 %) received a total
pancreatectomy. Four of the patients who underwent distal pancreatectomy received a
simultaneous resection of the celiac axis (Appleby procedure). An additional splenectomy was
performed in 19 cases, and seven patients received a resection and reconstruction of the portal
vein. Additional organ resections were performed depending on the extent of local tumor
infiltration. One patient received a hemicolectomy, one received a nephrectomy, and two
received a partial or total gastrectomy. Due to distant metastasis, three patients received

additional liver resection (Table 3).
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The overall complication rate was 65 %, including postoperative pancreatic fistulae (POPF) in
22.5 % (nine patients), insufficiency of hepaticojejunostomy in 12.5 % (five patients), wound
healing disorders or other postoperative infections in 27.5 % (eleven patients), and a
postpancreatectomy hemorrhage in 2.5 % (one patient) of the cases (Table 3). The resection of
the portal vein (x2 = 0.23, p = 0.68) or coeliac axis (x? = 0.44, p = 0.60) was not associated with
higher complication rates. The rate of overall complications did not differ depending on the
performed surgical procedure (x2 = 1.37, p = 0.78). There was no impact on the performance of

an adjuvant therapy depending on surgical complications either (x2 = 1.37, p = 0.37).

2.3.4. Effect of Preoperative Therapy

During neoadjuvant therapy the ECOG performance status worsened significantly (z =-2.97, p =
0.003, r = 0.57). The number of patients with an ECOG status of 2 increased from one patient (3
%) to five patients (18.5 %), the number of patients with an ECOG status of 1 increased from ten
patients (30.3 %) to twelve patients (44.4 %) and the number of patients with an ECOG status of
0 decreased from 22 patients (66.7 %) to ten patients (37 %). The BMI of the patients was stable
during neoadjuvant therapy (mean BMI at diagnosis: 23.40 kg/m?, 95 % CI = 22.17 — 24.63
kg/m?; mean BMI after neoadjuvant therapy: 23.06 kg/m?, 95 % CI = 21.95 — 24.17; t (99) =
1.17, p = 0.25) (Table 2). Ten patients (37 %) suffered from weight loss of more than five

percent.

A significant decline of CA 19-9 was registered during neoadjuvant therapy. The mean value of
the tumor marker decreased from 4358.3 U/ml (95 % CI = -3251.33 — 11967.98 U/ml) at the
time of diagnosis to 138.5 U/ml (95 % CI = 11.71 — 265.29 U/ml) after neoadjuvant therapy (z =
-4.008, p < 0.001, r = 0.76). On average, the CA 19-9 values decreased by 44.7 % (95 % CI = -
0.77 — (-0.12)). Furthermore, the mean value of the tumor marker CEA dropped during
neoadjuvant therapy from 10.55 pg/L (95 % CI = 1.08 — 20.02 pg/L) at the time of diagnosis to
3.53 ug/L (95 % CI = 2.65 — 4.41 pg/L) after neoadjuvant therapy. However, this decline was
not significant (z =-1.42, p = 0.16) (Table 5).

Information about the radiographic response measured by RECIST-criteria was available for 37
patients. Partial response after neoadjuvant therapy was seen in 27 patients (73 %). The disease
was stable in eight patients (21.6 %). Radiographic signs for a progressive disease were seen in
two patients (5.4 %). Complete radiographic remission was not achieved by any patient, whereas
the histopathological analysis showed the absence of malignant cells (ypTO) in five patients
(12.5 %). Eight patients (20 %) had a ypT1-stage, eleven patients (27.5 %) had a ypT2-stage
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[cT2 in three patients (8.1 %) before neoadjuvant therapy], ten patients (25 %) had a ypT-stage

of 3 [cT3 in 14 patients (37.8 %) before neoadjuvant therapy] and six patients (15 %) still had a

ypT- stage of 4 [cT4 in 20 patients (54.1 %) before neoadjuvant therapy]. Consequently,

neoadjuvant therapy led to a significant decline of the T-stage (z = -4.33, p < 0.001, r =0.71)

(Table 5).

While distant metastases were present in eight patients at the time of diagnosis, five patients

remained to have metastases after neoadjuvant therapy. Nineteen patients (47.5 %) were nodal

positive. RO-resection was achieved in 18 patients (46.2 %) (Table 5). Six of them had a margin

clearance of at least one millimeter. Information about the margin clearance was missing from

four patients.

Table 5. Clinical-Pathological Characteristics. Source: based on Rosumeck et al., 2021, page 7 (34)

| | At Diagnosis  After Induction Therapy
Parameter  Category N % Mean I0R N % Mean IQR p
CA 19-9 64.8 - 12.1 -
(U/ml) 43983 g3 1385 g5 4
<37 5 161 15 441
37 -400 14 452 17 50 0.001
> 400 12 387 2 5.9
n.a. 9 6
CA 19-9
Course
18 -
(-%) 29 44.7 94.75
CEA
(ng/ml) 10.6 25-7 35 2-53
<5 15 65.2 18 69.2
>5 8 348 8 308 0.16
n.a. 17 14
c/pT-Status
0 0 0 5 125
1 0 0 8 20 0.001
2 3 8.1 11 275
3 14 378 10 25
4 20 541 6 15
n.a. 3 0
pN-Status
0 21 525
1 19 475
c/pM-
Status
0 30 789 35 875
1 8 211 5 125 0.18
n.a. 2 0
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| | At Diagnosis  After Induction Therapy

Parameter = Category N % Mean I0R N % Mean IQR p
R-Status

0 18 46.2
1 21 538

n.a. 1

Response

Partial 27 73
Stable 8 216
Progressive 2 5.4

n.a. 3

n.a.—not available, c/pT—clinical/histopathological tumor expansion, pN—histopathological nodal status, c/pM—
clinical/histopathological distant metastasis, R—residual tumor, CA 19-9—carbohydrate-antigen 19-9, CEA—Carcinoembryonic
antigen.

Infiltration of the lymphatic vessels was present in five patients (12.5 %). From one patient, the
information about lymphatic vessel infiltration was missing. An infiltration of venous vessels
was present in four patients (10 %). Information about perineural invasion was not available in

three cases. Twenty-nine of the remaining 37 patients (72.5 %) had a perineural invasion.

2.3.5. Overall Survival
The median observation time was 19.5 months. Patients had a mOS of 20 months from the time
of diagnosis (95 % CI: 17.2-22.9 months, range from four months to 56 months) and 17 months
from the time of resection (95 % CI: 11.6-22.4, range from less than one month to 44 months).
The 2-year survival rate was 41.2 % (+/- 8.2 %). Nine patients (22.5 %) were lost to follow up

and censored.

2.3.6. Predictors of Overall Survival

2.3.6.1. Pretherapeutic Factors
One pretherapeutic factor positively influenced the OS. Patients with a normal CA 19-9 level (<
37 U/ml) at the time of diagnosis profited with a significantly increased mOS (29 months vs. 19
months, p = 0.02; HR = 3.44, 95 % CI = 1.14 — 10.36, p = 0.03). A normal CEA value (<5
ng/ml vs. > 5 ng/ml) at the time of diagnosis had no impact on the survival of the patients (p =
0.33). Furthermore, neither a normal pretherapeutic BMI (> 25 kg/m? vs. < 25 kg/m?, p = 0.91)
nor the ECOG performance status at the time of diagnosis (0 vs. > 0, p = 0.75), nor the presence
of distant metastases had a significant impact. Patients with distant metastases controversially
showed a longer mOS compared to non-metastatic patients (24 months vs. 20 months, p = 0.35).

However, this result was statistically not significant.

2.3.6.2. Presurgical Factors
The tumor marker CA 19-9 and CEA, as well as the BMI of the patients after neoadjuvant

therapy had a significant impact on the OS of the patients. If CA 19-9 values were normalized
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after neoadjuvant therapy, patients were more likely to have a better mOS (26 vs. 18 months, p =
0.04; HR = 2.23, 95 % CI = 0.99 — 5.03, p = 0.05). Furthermore, if CA 19-9 values did not fall
below 400 U/ml during neoadjuvant therapy, patients had a significant shorter mOS (7 months
vs. 24 months, p = 0.001; HR = 17.2, 95 % CI = 2.38 — 124.45, p = 0.005). There was no impact
of the degree of decline on the OS (exemplary > 75 % vs. <75 %, p = 0.41). However, if CA 19-
9 values dropped by more than 90 %, patients were more likely to have tumor free resection
margins (x2 = 4.49, p = 0.034). Furthermore, patients with a normal CEA level after neoadjuvant
therapy had a prolonged mOS (25 months vs. 18 months, p = 0.047; HR = 2.67, 95 % CI = 0.96
—7.48, p = 0.06).

Patients with a normal or an underweight BMI after neoadjuvant therapy had a significantly
prolonged OS in comparison to patients who were overweight (< 25 vs. > 25 kg/m?, mOS 24 vs.
15 months, p =0.01; HR = 0.36, 95 % CI = 0.15 - 0.83, p = 0.02). There was no significant
influence of the ECOG performance status (ECOG 0 vs. ECOG > 0, p = 0.75), the ASA-score (<
3 vs. > 3, p = 0.49) after neoadjuvant therapy or the age of the patients at the time of surgery (<
60 vs. > 60 years, p = 0.3). There was no impact of the degree of weight loss during neoadjuvant
therapy on the OS (exemplary < 5% vs. > 5 %, p = 0.45). Patients who showed radiographical
signs for partial remission during neoadjuvant therapy had no survival advantages over patients

with stable or progressive disease (p = 0.82).

2.3.6.3. Therapeutical Factors
Patients who received more than three cycles of neoadjuvant chemotherapy had a significantly
prolonged mOS (< 3 cycles vs. > 3 cycles, 18 months vs. 24 months, p = 0.02; HR = 0.38, 95 %
Cl =0.16 - 0.88, p = 0.02). Furthermore, there was a correlation between the application of more
than three cycles and the probability of achieving a normal CA 19-9 level after neoadjuvant
therapy (x? = 5.061, p = 0.041). Additionally, the application of more than four (mOS 26 months
vs. 18 months, p =0.02; HR = 0.4, 95 % CI =0.17 — 0.92, p = 0.03) or five cycles (mOS 26
months vs. 18 months, p = 0.006; HR =0.34, 95 % CI = 0.15-0.78, p = 0.01) led to a better
outcome of the patients as well. However, there was no benefit if the patients received more than
six cycles (p = 0.61). The duration of the period in which the neoadjuvant therapy was applied
had no significant influence on the outcome of the patients (exemplary < 3 months vs. >3
months, p = 0.89). Furthermore, the chosen neoadjuvant chemotherapy protocol had no
significant influence on the OS of the patients (FOLFIRINOX vs. other, p = 0.88; nab-
paclitaxel/gemcitabine vs. other, p = 0.54; FOLFIRINOX P nab-pac/gem vs. other, p = 0.22).
Patients who received FOLFIRINOX had a mOS of 20 months (95 % CI = 13.6 — 26.4 months)
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as well as the patients who received gemcitabine/nab-paclitaxel (95 % CI = 17.4 — 22.6 months).
Patients who received both protocols sequentially had a mOS of 18 months (95 % ClI =0 —-53.1

months).

Patients who received an adjuvant chemotherapy had a significantly prolonged mOS (25 months
vs. 10 months, p = 0.001; HR =0.21, 95 % CI = 0.08 — 0.55, p = 0.002). The performance of an
appleby procedure (p = 0.11) or the resection of the portal vein (p = 0.42) as well as the presence

of postoperative complications (p = 0.63) had no negative impact on the survival of the patients.

2.3.6.4. Histopathological Factors
Nodal negativity after neoadjuvant therapy leads to a significant survival advantage (mOS 25
months vs. 15 months, p =0.003, HR = 2.99, 95 % CI = 1.39 — 6.41, p = 0.005). Furthermore,
patients with a ypT-stage of less than 2 had a significantly prolonged mOS (43 months, vs. 19
months, p = 0.008, HR =3.09, 95 % CI = 1.26 — 7.62, p = 0.01). In five patients the
histopathological examination showed the absence of malignant cells. Thus, those patients
seemed to have been cured by neoadjuvant chemotherapy. However, those patients did not have
a significant survival benefit over patients with remaining malignant cells (ypTO: mOS = 43
months, ypT1-4: mOS = 20 months, p = 0.22).

In six patients, there was a persistent suspicion of distant metastases of the liver after
neoadjuvant therapy. Consequently, partial liver resection was performed in three of those
patients. In one case, no malignant cells were detected. The five remaining patients with proven
or suspected distant metastases had no survival disadvantage (yMO0: mOS = 20 months, yM1:
mOS = 35 months, p = 0.67; mOS from the time of resection: yMO0 = 16 months, yM1 = 21
months, p = 0.66). There was no survival disadvantage for those three patients whose metastases
were not resected (not resected metastasis: mOS = 35 months, resected metastasis or MO: mOS =
20 months, p = 0.65).

Patients without perineural invasion trend towards prolonged OS without statistical significance
(mOS 35 months vs. 19 months, p = 0.06; HR = 2.46, 95 % CI = 0.92 — 6.56, p = 0.07). There
was no impact of a lymphatic or vessel invasion on the OS (p = 0.12 and p = 0.33). A tumor free
resection margin (RO) did not lead to a survival advantage (p = 0.7). However, if the clearance of
the resection margin was at least one millimeter, patients profited from a significantly prolonged
mOS (RO with margin clearance of > Imm vs. R1 or resection margin < 1mm, 43 months vs. 20
months, p = 0.048, HR = 2.79, 95 % CI = 0.95 — 8.18, p = 0.06). Patients without information

about the margin clearance were valued as R1/resection margin < 1mm (Table 6).
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Table 6. Impact Factors on Overall Survival. Source: based on Rosumeck et al., 2021, page 8 (34)

Parameter Category OS p HR  95%CI p
(months)
CA 19-9 at Diagnosis <37 vs.>37 U/ml 29vs.19 0.02 344 1.14 - 0.03
10.36
<37 vs.>37 U/ml 26vs. 18 0.04 223 0.99 - 0.05
CA 19-9 after 5.03
Induction
<400 vs. =400 U/ml 24vs. 7 0.001 17.2 2.38 — 0.005
124.45
CEA after Induction <5 vs.>5ng/ml 25vs. 18 0.047 2.67 0.96 — 0.06
7.48
BMI after Induction >25vs<25 15vs.24 0.01 0.36 0.15- 0.02
0.83
pN-status Ovs. 1 25vs. 15 0.003 2.99 1.39-  0.005
6.41
pT-status 0-1vs.2-4 43vs.19 0.008 3.09 1.26 — 0.01
7.62
Pn Ovs. 1 35vs. 19 0.06 246 0.92 - 0.07
6.56
RO vs. R1-2 19vs.20 0.7 1.16 0.55— 0.71
Resection Margin 2.44
Clearance
>1 mm vs. < lmm 43vs. 20 0.048 2.79 0.95-— 0.06
8.18
FOLFIRINOX vs. other 20vs.20 0.88 0.95 0.46-  0.89
1.97
Neoadjuvant Protocol Nab-Pac/Gem vs. other 20vs.20 054 0.77 0.33 - 0.55
1.81
FOLFIRINOX P Nab- 18vs.20 0.22 1.86 0.68 — 0.23
Pac/Gem vs. other 511
0.16 —
Number of <3vs.>3 18vs. 24 0.02 0.38 0.88 0.02
neoadjuvant Cycles
<5vs.>5 18vs. 26 0.006 0.34 0.15- 0.01
0.78
Adjuvant Therapy no adjuvant therapy vs. 10vs. 25 0.001 0.21 0.08—  0.002
adjuvant therapy 0.55

CA 19-9—carbohydrate-antigen 19-9, CEA—Carcinoembryonic antigen, BMI—body mass index, pN—histopathological nodal
status, pT—histopathological tumor expansion, Pn—perineural invasion, Nab-Pac/Gem—Nab-Paclitaxel/Gemcitabine.

2.4. Discussion

2.4.1. Factors that Predict the Benefit of a Secondary Resection
The main aims of neoadjuvant therapy in BRPC and LAPC are to minimize local recurrences by
increased RO-resection rates on the one hand and on the other hand to reach long-term survival

by increasing general resection rates. However, it remains uncertain which patients benefit from
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this procedure. Some patients suffer from local recurrences and metastases after resection.
Others achieve a similar survival time to primarily resected patients (109).

Our analysis resulted in an mOS of 4 to up to 56 months for patients who were not resected
initially but responded to chemotherapy, and thus, were suitable for a secondary resection. The
mOS for patients in whom a secondary resection was not feasible is described with exemplary
16.3 months (110). Consequently, secondary resection can be justified if the patient responds to
the previous therapy. Not all patients seemed to have profited from this procedure. Therefore, we

need to use prognostic factors to identify those benefiting patients.
2.4.1.1.  Nodal Status after Neoadjuvant Therapy

It is well known that nodal negativity is associated with significantly prolonged OS in a
primarily resectable specimen (111). This characteristic was reproduced in our analysis with
primarily not resectable pancreatic cancer. Patients with nodal negativity reached a significantly
prolonged mOS of 25 months. Patients with a positive nodal status had an mOS of 15 months.
As it has been proven that neoadjuvant therapy has a positive effect on nodal metastases in
BRPC (112), it is reasonable to use this effect in LAPC as well. However, we should use our
knowledge about the positive impact of nodal negativity for preoperative diagnostic
investigations by identifying those patients with nodal metastases before resection. Based on
that, we could discuss further treatment options. For instance, additional neoadjuvant radiation
was shown to increase the likelihood of nodal negativity (113). Primary single-agent
chemoradiation does not seem to have a survival benefit over polychemotherapy with
FOLFIRINOX (103). Thus, radiation after neoadjuvant polychemotherapy and before secondary
resection might be an option to improve the patients’ outcome by nodal downstaging. To get to
this point of drawing therapy consequences, we need to find an accurate diagnosis. However,
radiographic diagnosis of the nodal status displays some fundamental flaws. CT scan is no
reliable diagnostic tool to identify positive lymph nodes, as not all metastases lead to
lymphadenopathy, and not all lymphadenopathies are caused by metastases. Particularly, this
counts after neoadjuvant treatment when fibrotic tissue appears as vital tumor in a CT scan.
Exemplary, an investigation by Diehl et al. revealed a correctly interpreted nodal status by CT
scan in only 54 % of patients who have been resected subsequently (114). Moreover, PET-CT is
a method that is not suitable for preoperative diagnosis as it only reaches a sensitivity of 42 %
(115). Endosonographic ultrasound (EUS) with fine-needle aspiration (FNA) solely gives a

nearly one hundred percent guarantee for the correct histopathology of a lymph node (116).

29



However, the success of an endosonographic biopsy is strongly dependent on the investigator
and the localization of the pathological lymph node. Thus, the risk of false-negative results is
high, and the sensitivity decreases. Exemplary, EUS, and FNA were performed in 101 patients
with esophageal cancer that were treated with neoadjuvant chemoradiation and were resected
subsequently. The EUS nodal staging was compared to the final histopathological examination
and resulted in a sensitivity of only 50 % and a specificity of 78 %. Especially, most lymph
nodes of false-negative patients were located at lymph node stations that were difficult to reach
and did not fulfill the criteria for FNA (round, hypoechogenic, > 5mm). Finally, if FNA was
performed, sensitivity and specificity were 100 % for biopsied lymph nodes. Consequently, the
investigators recommend performing FNA generously, even in cases of low endosonographic
suspicion (117). This recommendation could be used on pancreatic cancer as well. All things
considered, an additional endosonographic biopsy, especially in the case of lymphadenopathy,

could influence therapy decisions.
2.4.1.2.  Body Mass Index as an Expression of Physical Performance

The body mass index is another factor that may have prognostic relevance for pancreatic and
other cancer types. It is well known that obesity is correlated with an increased risk for PDAC
and a worsened outcome for those patients (118). An explanation might be the higher production
of proinflammatory cytokines by fat cells, what leads to insulin resistance, and higher levels of
insulin-like growth factor. This factor enhances the proliferation of cells, and thus, the
development and progress of pancreatic cancer (119, 120). Moreover, obesity is associated with
the development of other complications such as diabetes or cardiovascular diseases. Our analysis
shows a survival advantage for patients with a not obese body mass index, including one
underweight patient. In contrast, an investigation by Naumann et al. showed a significantly
shorter OS for patients who suffered from weight loss of more than 5 % during induction
chemoradiation (12 months vs. 27 months) (121). Thus, excessive weight loss might be a sign of
high tumor activity. Furthermore, patients with a low BMI have fewer energy reserves for
straining procedures such as pancreatectomy, chemotherapy and, the disease itself. Seika et al.
support the thesis that both- obese and especially underweight BMI- have a negative effect on
the OS. Their study investigated the effect of the BMI on the outcome of patients after
pancreatectomy. Although underweight patients had fewer postoperative complications, obese
patients showed lower perioperative mortality, and better long-term survival. However, this
investigation did not include resection after neoadjuvant therapy and included distal

cholangiocarcinoma, duodenal carcinoma and ampullary carcinoma next to PDAC (122).
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2.4.1.3.  Number of Neoadjuvant Cycles

Another factor that positively influenced the OS of patients in our analysis was the number of
applied chemotherapy cycles. Patients who received at least four and a maximum number of six
cycles of neoadjuvant therapy survived significantly longer. Additionally, these patients had a
higher chance for normalized CA 19-9 values after neoadjuvant therapy. Consequently, we
should strive to apply a minimum number of cycles to our patients independent of radiographical
or laboratory response. At the same time, we need to find the right moment to stop neoadjuvant
chemotherapy before the severity of side effects exceeds the benefits. Other studies have
supported the opinion that a specific number of cycles is needed to achieve a survival advantage.
For example, in an investigation by Truty et al., patients had no benefit until a number of at least
six cycles of FOLFIRINOX or gemcitabine/nab-paclitaxel in patients with LAPC (123). Another
study by Okada et al. already showed a benefit from a number of four cycles of modified
FOLFIRINOX. However, this study investigated patients with BRPC. Thus, the number of
needed cycles might be smaller. Moreover, the number of investigated patients in this study was
very small (124). To establish clinical guidelines for neoadjuvant treatment of initially not

resectable pancreatic cancer, further investigations are necessary.
2.4.1.4. CA 19-9 - The most Predictive Factor

The tumor marker CA 19-9 has an essential role in identifying suitable patients for this
multimodal concept. In our investigation, patients who had a normal value before and after
neoadjuvant therapy profited from the secondary resection. The decline of this marker
symbolizes a good response to the previous therapy and might be an indicator for less aggressive
tumor biology. Supporting this, patients who still had an elevated CA 19-9 level of more than
400 U/ml after neoadjuvant therapy had a notable shorter survival. Different studies have
analyzed the OS dependent on presurgical CA 19-9 values after neoadjuvant therapy. Most of
them showed that patients with a threshold value of more than 100 U/ml had a significantly
shorter OS (105, 125). Therefore, a resection that is performed in such patients should be very
well justified.

The extent of the decline of CA19-9 had an impact on the resection stage but not the OS. If CA
19-9 had dropped by more than 90 %, it was more likely to achieve an RO-resection. However,
these patients did not reach prolonged OS. Another study supports the role of CA 19-9

concerning RO-resection rates. An investigation by Boone et al. showed that patients with BRPC
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were more likely to achieve an RO-status if their CA 19-9 level had dropped by more than 50 %
(126).

Furthermore, the CA 19-9 value at the time of diagnosis showed to be predictive for the outcome
of the patients in our cohort. Experimental investigations showed that CA 19-9 itself functions as
a factor that enhances proliferation by promoting the activation of EGFR (Epidermal Growth
Factor Receptor) signaling in mice. Consequently, it might play an essential role in the initiation
and acceleration of pancreatic cancer and can provide insight into the spreading biology of the
respective tumor (127). Additionally, an investigation by Gao et al. demonstrated the role of the
gene FUT 3 (Galactoside 3(4)-fucosyltransferase), also referred to as Lewis™ gene. The primary
function of Lewis gene is the fucosylation of proteins and the synthesis of CA 19-9, and it was
shown to be upregulated in metastatic PDAC. Consequently, Lewis™ gene and CA 19-9 might
affect the promotion of cell motility in pancreatic cancer (128). Other investigations confirmed a
correlation between the upregulation of FUT genes and the poor prognosis in some cancer
entities (129).

Five to ten percent of all individuals are homozygous for the recessive allele of the gene FUT 3.
These Lewis-negative patients have a lower or missing secretion of CA 19-9 (130), and thus,
might have a lower risk for uncontrolled cell proliferation and invasion. Controversially, a study
by Liu et al. showed a correlation between Lewis-negative patients and a significantly shorter OS
and higher rates for distant metastases (130). An investigation by Truty et al. showed similar
results. Patients who did not secrete CA 19-9 had comparable OS to patients with initially
elevated CA 19-9 that stayed elevated after neoadjuvant therapy. Those groups had a
significantly worsened OS in comparison to responders (123). Different reasons could be
possible for this incidence. Firstly, a compensatory upregulation of CA 125, which also functions
as a promotor for cell proliferation, was detected in those patients. Secondly, the absence of the
fucosyltransferase, and thus, the downregulated fucosylation of proteins, can impair the human
body's physiological processes, such as the adhesion of leucocytes to the wall of vessels for
migration (130). Further studies are necessary to investigate the impact of the inactivation of
FUT 3 or CA 19-9 on the prognosis of patients. New therapeutical approaches could be derived
from that.

2.4.1.5. Oligometastasis — an exclusion criterion for secondary resection?

The presence of metastases in a limited number restricted to a finite number of organs is

described as oligometastasis (131). Locoregional treatments of liver metastases, such as
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resection, ablation, and embolization, are well established in colorectal cancer and NET of the
pancreas. Over the last decade, treatment techniques have improved and have increasingly been
used on metastatic PDAC. A systematic review by Timmer et al. reveals survival benefits for
resection of the primary tumor and metastases in oligometastatic patients. Patients who received
resection of the primary cancer and hepatic lesions have an OS described with 7.8 to 14.5
months from the time of resection. In comparison, the mOS of patients who underwent sole
primary resection is described with 9.2 months (131). However, this review excluded
downstaged metastatic PDAC. Furthermore, an investigation by Hackert et al. showed a chance
of long-term OS for patients who receive a resection of the pancreatic tumor after neoadjuvant
therapy and simultaneous or delayed resection of metastases. Their patients had an mOS of 12.3
months and a 5-year survival rate of up to 10 % (132). Compared to the outcome of patients who
receive palliative intended chemotherapy with FOLFIRINOX (mOS 11.1 months (82)), those
patients have a slightly prolonged OS and the chance for long-term survival.

In our investigation, secondary resection was performed in eight patients with initial distant
metastasis. However, radiological signs for distant metastasis were persistent in only six patients
after neoadjuvant therapy. In three of those patients, an additional resection of liver metastases
was performed. In one case, no malignant cells were detected. The survival from the time of
resection was six and 27 months (12 and 32 months from the time of diagnosis) for the patients
who received additional liver resection and had malignant cells detected. On the other hand, the
patients who did not receive additional metastasis resection had a survival of ten, 14, and 21
months from the time of resection (18, 20, and 35 months from the time of diagnosis). Thus,
additional liver resection led to a long-term survival that is worth mentioning in one case.
Furthermore, the survival of the patients who did not receive additional metastasis resection was
noticeably prolonged compared to the mOS of palliative-treated patients. Consequently, the
resection of the primary tumor and potential additional liver resection in case of oligometastasis
can be considered to gain local tumor control. To prove this concept of resection in
oligometastatic disease but operable primary, the DFG-funded European METAPAC study
(Gottingen, Essen, Berlin) will be started in 2022.

2.4.2. Factors that Predict the Probability of a Secondary Resection

Another purpose of this investigation was to analyze factors that are assumed to predict the
probability of a secondary resection based on our patient cohort. Moreover, tumor marker CA
19-9 is the most conclusive factor for this question. In a study by Michelakos et al., patients with

BRPC who had undergone secondary resection had normal CA 19-9 values after neoadjuvant
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therapy (median CA 19-9: 21 U/ml). In comparison, patients with not feasible secondary
resection had slightly elevated CA 19-9 values (median CA 19-9: 40 U/ml) after neoadjuvant
therapy. However, the CA 19-9 level had dropped to normal values during neoadjuvant therapy
with FOLFIRINOX in nearly all cases of those patients (105). In comparison, the patients of our
investigation had a median CA 19-9 level of 138.5 U/ml after neoadjuvant therapy. Thus, they
had a notable higher level than patients who were not resected in the investigation by Michelakos
et al. Therefore, based on our data, we suggest that it is not reasonable to determine a common
strong threshold value of CA 19-9 to decide for secondary resection - but a careful look at the

individual course of these selected patients.

In our investigation, there were many patients (73 %) with partial remission after neoadjuvant
therapy. In comparison, other studies showed partial remission rates in only 31 % of patients
being treated with FOLFIRINOX and only 23 % (82) in patients that were treated with
gemcitabine/nab-paclitaxel (83). At first, the radiographic response seems to be a good factor to
predict resectability. However, a previous study demonstrated the inaccuracy of grading and
evaluation of response in pancreatic cancer after neoadjuvant therapy with FOLFIRINOX. In
Katz et al., resection was finally feasible in 66 % of patients with BRPC that initially were
predicted to be not resectable by CT scan (133). This incidence results from the inability of CT
scans to differentiate vital tumors from fibrotic tissue as it results from neoadjuvant therapy. For
this reason, some specialists recommend an operative exploration for all patients independently
of the radiological assessment. In this way, intraoperative biopsies can be taken from adjacent
vessels, and the decision for resection can be made dependent on frozen section analysis (134).

To finally fathom why resection was feasible in our cohort of patients, we need to combine
different criteria. Many of those are already essential components for decision-making within
multidisciplinary tumor conferences. With the help of polychemotherapy like FOLFIRINOX, we
can achieve higher resection rates (103). To be suitable for polychemotherapy, patients should
have an ECOG performance status of at least 1. 96 % of our patients fulfilled this criterion at the
time of diagnosis, and 81.4 % of our patients still had an ECOG performance status of at least 1
after neoadjuvant therapy. Thus, those patients are most likely to tolerate further intensive
multimodal therapy. Additionally, our patients had a significant decrease of CA 19-9 from a
mean value of 4358.3 U/ml to 138.5 U/ml. Even though the degree of CA 19-9 decrease had no
significant impact on the OS of patients, this variable might have predicted the probability of a
secondary resection. Another indication was the high rate of radiographic response in our cohort.
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2.4.3. The Perspective for Neoadjuvant Therapy in PDAC
Chemotherapy is a systemic therapy aiming to reach disseminated tumor cells in the body. In this
way, chemotherapy stops the tumor from developing distant metastases. In turn, pancreatic
cancer is a tumor entity that early disseminates (135). Up to 60 % of patients are diagnosed in a
metastatic stage (22). In all other cases, the tumor has time to find connections to the vessel
system and to disseminate unnoticed to distant lymph nodes and organs or to extend
discontinuously along the perineurium while initially resectable or borderline resectable patients
get prepared for surgery. This leads to high rates of local and distant recurrence (50). These
recurrences are supposed to be prevented or reduced by adjuvant therapy. However, because of
this early dissemination, it might be more effective to offer neoadjuvant chemotherapy to
borderline and initially resectable PDAC patients as well instead of performing the systemic
therapy after surgery, shutting the stable door after the horse has bolted. In addition, adjuvant
therapy can be completed in only two-thirds of cases. In about 10 % of the patients, adjuvant
therapy is not even initiated due to postoperative complications, wound healing disorders, or
other exacerbated comorbidities (72, 75, 76). Thus, it might be an advantage to apply
chemotherapy in advance to surgery before complications delay or hinder an adjuvant
application. Another positive effect of neoadjuvant chemotherapy is the additional local effect.
Next to the possibility of downstaging in LAPC, RO-resection rates in BRPC patients can be
increased to more than 90 % by neoadjuvant therapy (136, 137). The RO-status is considered a
positive predictive factor for the OS in primarily resected and BRPC patients as it decreases the
risk for local recurrences (48). For these reasons, we should not only use neoadjuvant
chemotherapy to downstage LAPC but to increase survival chances in BRPC and initially

resectable PDAC as well.

Neoadjuvant therapy has already been proven to significantly increase overall survival in BRPC
(138). A meta-analysis of 1,808 patients with borderline resectable pancreatic cancer by
Versteijne et al. reported an mOS of 19.2 months for patients who received neoadjuvant

chemotherapy in comparison to 12.8 months for patients that were initially resected (139).

Some investigations exist that indicate the benefit of neoadjuvant therapy in resectable
pancreatic cancer as well. Three underpowered randomized controlled trials were pooled and
analyzed by Birrer et al. This analysis revealed a significantly prolonged disease-free survival for
initially resectable patients that underwent neoadjuvant chemotherapy (+ radiation). The mOS

was prolonged as well but did not reach statistical significance (139, 140).
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The downside of this neoadjuvant approach needs to be mentioned as well. Some patients with
PDAC might not respond to the chosen neoadjuvant chemotherapy protocol, and the initially
(borderline) resectable cancer continues to grow to a locally advanced tumor. This problem gets
reflected by decreased overall resection rates after neoadjuvant treatment compared to initially
resected patients (139, 141). On the other hand, those patients might have suffered from early
recurrence anyway if the missing response to neoadjuvant chemotherapy indicates more
aggressive tumor biology. However, this disadvantage of neoadjuvant therapy does not exist for
LAPC.

Concerns might exist, that postoperative complications are increased due to increased fibrotic
tissue and reduced regenerative ability after neoadjuvant chemotherapy. However, in BRPC and
initially resectable cancer postoperative complications are not increased (140, 142). On the
contrary, an Italian study with 445 patients (including 305 patients with neoadjuvant therapy)
showed reduced rates for postpancreatectomy hemorrhage and postoperative pancreatic fistula
(POPF) in patients that have been treated with neoadjuvant therapy in comparison to initially

resected patients. Merely, rates for delayed gastric emptying were increased (143).

Nevertheless, adjuvant or additive chemotherapy should remain an important part in therapy for
PDAC in all stages as it has been proven to improve OS and reduce recurrence. The risk of R1-
resections or intraoperative tumor cell spread is not excluded. Thus, a postoperative systemic

chemotherapy is still necessary.
2.4.4, Summary

In summary, neoadjuvant chemotherapy is already recommended by clinical guidelines in BRPC
but still needs to be further evaluated in resectable PDAC (59). The use of chemotherapy in
LAPC is undoubted. Contrarily, we are working on finding prognostic factors that identify
suitable patients for secondary resection. On one hand, the initial CA 19-9 value at diagnosis
gives indications on the biology of the tumor and its aggressiveness and might be predictive for
the outcome of the patient. Nevertheless, it is important to evaluate further characteristics in the
course of therapy. The BMI of the patients after neoadjuvant chemotherapy can give insights into
the physical health of the patients to predict resilience during subsequent therapy. CA 19-9
expresses the response to the previous neoadjuvant chemotherapy and might predict the response
to further treatment. On the other hand, we can optimize therapy conditions and positively
influence the course of treatment. For instance, it is necessary to define the right number of

neoadjuvant cycles that need to be applied to reach the best outcome. Furthermore, the nodal
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stage of pancreatic cancer is an important predictive factor in initially not-resectable PDAC as
well. Thus, we should concentrate on a more accurate preoperative diagnosis of the nodal stage
by, for instance, EUS and FNA. Knowing the nodal stage after neoadjuvant chemotherapy, we
could either integrate this predictive factor into decision-making for secondary resection or
decide over possible further non-operative treatment options to gain nodal negativity before
secondary resection. Lastly, the resection of oligometastasis can result in long-term survival and

can be considered in selected cases.

2.4.5. Limitations of this Study
The present study is limited by common biases that are mainly due to the retrospective character
of this analysis. Our patients had initially profited from neoadjuvant therapy with a high rate of
partial remission. Retrospectively, we cannot interpret whether these patients might have also
profited from continued chemotherapy. Prospective controlled randomized trials are necessary to
answer this question. Notwithstanding, we should bear in mind the disadvantages of continued,
and thus, not curative chemotherapy. Cumulative cycles of chemotherapy lead to high rates of
side effects due to toxic bone marrow damage. Furthermore, tumor tissue can develop resistances
against chemotherapeutic substances what leads to a progression of the disease. For these

reasons, secondary resection should be discussed on a patient-to-patient basis.

Further limitations are the small number of analyzed patients, the short observation time, and the
missing differentiation between LAPC and BRPC. However, we should question the current
classification as it becomes obsolete when initially not resectable LAPC becomes resectable with
the help of neoadjuvant therapy and, in some cases, even reaches comparable OS to initially

resectable pancreatic cancer (109).

Furthermore, limitations exist for the interpretation of radiographic response and clinical T-status
of LAPC. As described above, CT scans are inappropriate to differentiate between viable tumors
and fibrotic tissue. Moreover, an analysis carried out by the National Cancer Data Base showed a
poor correlation between clinical and histopathological T-stage in patients with primarily
resected cancer (144). Consequently, results regarding the clinical stage should be considered

with caution.

2.5. Conclusion
Pancreatic cancer remains a disease with poor outcome but heterogenous course. Nevertheless,
we should strive to identify those patients with a possibly less aggressive tumor biology and

good general condition that might profit from this individualized therapy strategy. The initial CA
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19-9 value provides first indications for a possible outcome but does not seem to be appropriate
to predict the probability of a secondary resection. However, the clinical course during
neoadjuvant therapy could be decisive for further therapy decisions. Following factors should be
involved in decision-making for secondary PDAC resection within experienced interdisciplinary
tumor conferences in high volume centers: the radiographic response, values of the tumor marker
CA 19-9 before and after neoadjuvant therapy and the BMI and ECOG performance status of the
patients. Additionally, we should strive to apply a minimum number of chemotherapy cycles to

increase survival chances.

Furthermore, more attention should be paid to the preoperative diagnosis of the nodal status as
nodal positivity after neoadjuvant therapy has an important role in the OS of the patients. If it is
clinically feasible, additional endosonographic biopsies should be performed in cases of a
suspicious lymphadenopathy to identify those patients, that possibly profit from a strategy
change.
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Abstrack Backgrownd and Objechives: An increasing number of patients {pis) with locally advanced
pancreabic cancer | LATC) ame treated with an intensive Muﬁman‘tﬂumw o olbbarin & secomdany
cumtive resection. Only a certain mumber of patients benefit from this inben tion. The aim of this
investigation was to identify prognostic factors which may predict a benefit for secondary resection.
Muderizks and Methods: Survival ime and dindcopathological data of pis with pancreatic camoer were
prospectve and consecutively collected in our Comp rehensive Cancer Center Jatabase. For this
investigation, we screemed for pls with primarily unmesectable pancreatic cancer who underwent a
secomdary resection after recelving ind uction therapy in the time between Mardy 2017 and May 2019,
Resuilts: 40 pis had asufficlent database bo carry out a reliable analysis. The carbohy drate-an tgen
19-9{CA 199} level of the pis treaked with ind uction therapy decreased by #4.7% from 43583 U/mL
o 1385 U/ mL {p = 0001 ) The local camcer exlension was significantly reduced {p < 0.001), amd
the Eastern Cooperative Oncology Group (BCOG) pedformance stahus was lowened {p = (L03). The
median overall survival {mOS) was 20 months (95% CL 17 2-229). Pls who showed a memmal CA
19-9%evel (<37 U/ mL} at diagnosts and afler necadpuvant therapy or had a Body Mass Indes {BMI}
below 25 kg /m? after chemotherapy had a signdficant prolenged overall survival {29 vs. 19 mondhs,
pr=002; 26 va 18 maonths, p= 004; 15 va. 24 months, p = 001} Pis who stll presented elevated
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imvestigartiom had diffe rent benefits from the multimodal treatment. We identified the CA 199 level
attime of diagnoesis and after necadpovant thempy as well as the preaperative BMI as predictive
factors for overall survival, Purthe mone, diagnostics of presurgical nosdal status should gain more
importinoe as nodal negativity is associated with bether outcome.

Keywords: pancreatic cancer; neoad povant therapy; induction thempy; secondarr resection; pancre -
atic surgery

1. Introd uction

Pancreatic ductal adenocacinoma {PDAC) i one of the most aggressive malignancies
and a leading cause of cancer death worldwide, It is expected tobecome the second leading
cause of cancer-related death within this decade [1,2]. The lack of effective targeted agents
as well as missing validated predictive biomarkers that can pobably faci itate therapeutic
decision-making are major barriers in the treatment of pancreatic cancer.
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Inpatients (pls) withinoperable disease and better performance status, bwo chemaother-
apy aptions, FOLFIRINOX (luamuraci], leveovoring irinatecan, and axaliplating amd nab-
paclitaxel /gemeitabine, have emerged in the last decade as frontline standards of care,
with response rates around 30-40%, Gemcitabine monotherapy is reserved for pts with
lower performance status, substantial cormorbid ities, or other contraindications.

However, in each of these studies [1,4], the median overall survival of the pts remained
less than one year, supporting the ongoing need to develop more beneficial therapies for
this disease.

Pts whao showed progression while receiving gemcitabine (+nab-paclitasel) had a
phase lll-proven chance of further therapy, with a platinum- or irinolecan-based stralegy
combined with luompyrimidine infusion, if the performance status was sufficiently maine
tained [5-7]. After the first line with FOLFIRIMOX, a strategy change to gemcitabine/ nab-
paclitaxel is possible but is rarely feasible and lacks any phase [l-proven overall sur-
vival benefil.

In asmall mumber of pts without significant vascular involvernent (approximately
15-2000), radical cancer resection followed by adjuvant chemaotherapy can offer a curative
aption [5<10]. Several classifications exist to define PDAC subgroups mainly by means of
vascular contact or invasion, The Mational Cancer Centre (NOC) guidelines is the most
commaonly used to define the PDAC subty pes of resectable, borderline resectable {BEPC),
and locally advanced pancreatic cancer (LAPC). While, in LAPC, primary resection is not
recommended due to major venous thrombaosis of the portal vein or superior mesenteric
vedn (SMY) or to elircumferential encasement of the superior mesenteric artery (SMA), celiac
axis, or proximal hepatic artery, BRPC, which is defined as the presence of lumor abulment
on the portal vein or SMY and limited encasement of the mesenteric vein and portal vein,
affers the option of a curative surgical resection [11]. However, in up to 50% of resected
cancers, microscopic residuals ame found in the msection margin Consequently, the rate of
lecal ecurrence is high [ 12] Preaperative therapy being mainly favaored for BRPC increases
[0 resection rates asa prognostic factor and far survival [13].

Faor pts with koeally advanced inopermble PRDAC but no evidence of distant metastasis,
radiochemaotherapy is lacking effectiveness over chemotherapy alome [14]). However,
with the use of a more effective systermic chemotherapy regimen developed in the last
decade |3,4], the chance of response and furthermore of a secondary, cura tive-intended
resection incmases [15]. Fesection rates for LAPC ame described as up to &0 when
treated with FOLFIRINGX [16], and the mOS can be significantly increased by secondary
resection (353 vs, 163 months) [17]. This chance must be discussed in an interdisciplinary
cancer comference of a high volume center at time of first diagnosis, especially singee
new apera tive method s such as celiac axis resection offer inceased disease contml with
high rates of negative resection margins without increased perioperative mortality and
complications [15,19]. As pancreatectomy with or without additional vessel resection
remains a mayor sungical procedume with risks of complications, itis important to justify
this procedure. In this conlexl, it & the aim of cumrent studies bo idenlify prognostic faclors
that predict operability and the benefit of a secondary resection. While radiogra phic
resporse alone has been proven o be misleading in terms of resectability [20], the tumaor
marker carbohydrate-antigen 199 [CA 1%8) might be a suitable and promising factor to
suppart the selection of pts that benefit from this procedure [21],

The aim of this investigation was to identify factors that could predict or affirm
the usefulness of a miulbmodal concept with a secondary resecton after response bo an
induction treatment.

2. Materials and Methods

Pls undergoing systemic induction treatment followed by secondary resection for
inittally non-resectable PDAC in our cancer center in the period between March 20017
and May 2019 wene identified from our Comprehensive Cancer Dalabase. We collected
the data prospectively. The analysis was done ina retrospective way, Inclusion criteria
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were the histologically proven presence of primarily non-resectable PDAC as well as the
application of an undefined number of chematherapy cycles before performed resection.
We excluded other tumorsubtypes such as duodenal cawinoma, periampullary cancer,
and nevrsendoerine earcinoma. The FDAC was assessed as primanly non-resectable when
anatomical signs for BREPC or LAPC were seen. The induction therapy was performed
either inpatient or outpatientin our center or i an associated outpatient department. We
discussed all pts upfront in our multidisciplinary cancer conference o assess for primary
or secondary wsectability and the suitability for appropriate chemaotherapy teatment.

Data were analyzed for pre-, post-, and operative characteristics such as patient’
characteristics including ECOG and Body Mass Index (BMI), therapeutic characteristics
ineluding the chosen neaadjuvant therapy, sumgical procedures, side effects and com-
plications, clinicopa thological characteristics including CA 1%-% and Carcinoembry onic
antgen {CEA) levels at diagnosis and after neoadjuvant treatment, and the pTRM status
(histopathalogical state of tumor expansion, nodal state and metastasis) of the pls.

The classification and graduation of side effects during induction therapy wemr defined
by Cormnmon Terminology Criteria for Adverse Events (CTCAE Version 500, Initial staging
and restaging were performed via 3-phase CT scans, The rad iographic response was
defined by the RECIST criteria (1.1} {Response Evaluation Criteria in Solid Tumars) by
varying specialists for mdiology as follows: complete response (CHj—Disappearance of all
ta et lesions; Partal Response (PR}—AL least a 3% decrease in the sum of diameters of
target lesions; Progmessive Disease (PO=—=At least a 2006 increase in the sum of diameters
of target lesions; Stable Disease (SO—Neither sufficient shrinkage to qualify for PR nor
sulficient increase toqualify for PDY [22].

Statistics were perfommed using SPSS version 26 (IBM, New York, NY, USA). Fisher's
exacl tesl, Chi-Square-lest, esl, and Wilcoxon's best were used depending on scaling
level, pvalues were twoesided and considensd to be statistically significant if p< 005
Kaplan-Meier curves were provided for survival estimations. We cakulated survival from
time of diagnosis to the death of the ptindependent of the eason for death or to the last
documented contact with the pt. The last group was defined as lost to follow up and
was censored.

3. Resulls
3.1. Patient Characfensfics

Forty pts (22 men and 18 women) fulfilled the inclusion criteria for analysis. The
mean age at Hime of surgery was 61 yeans (37-82 years), Pretreatment parameters, such as
ECOG status, American Society of Aresthesiologists {ASA)scome, and BMI can be found
in Table 1. The majority of the pts had an BEOOG of 0 (6677 ) or 1 (30.3%) before initiation
of chermotherapy, Only 2 pts (3%) showed an BOOG of 2, Mone of the pts had an BECOG
below 2. Data for ASA score were caplured before performance of the surgical resection
and showed a majority for mild {ASA 2) and severe systemic diseases [ASA 3) in these
pls (429% and 514%); 66.7% of the pts had a normal BMI (18.5-25 kg/m”), 29.6% were
overweight (25.1-30 kg/m®), and 3.7% were underweight (<185 kg/ m*). A 3-phase CT
scan or surgical exploration offered reasons for primary irresectability
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Table 1. Patient characterstics

Base line Charactedstics (v = 400

e
Memm A6 {37-82) vea s
Cemder
Mok 2 (55 .0%) pts
Femrale 18 [45.0%) pts
Primary Localiza tion
Hemad 21 (F2.5%) pts:
Korpus 13 (32.5%) pts-
Tail 6 {15%]) pts
Al Diagnosis After Induction Before Resection
N ?; N ?; ]
ECOG
il ] [T 10 7
1 10 303 12 444 [N ]
2 1 3 5 185
n 7 13
ASA Soome
1 2 a7
2 15 429
3 18 514
na 5
BRI [kgim?® ] Median 239 (172-3A.7) Median 22 6 {1652 9)
<185 1 37 1 29
185-2489 18 [:[:hy k] a7h
P 8 294 10 294 0z
M 13 [

na—not wvailable, Bl—body mass Index, ASA-—American Society of Anesthesiologists, and BCO8G—Eastern Cooperative One olosg v CGaoug.

3.2 Neoadjuovant Treatment

Muost pts {37.7% ) received induction therapy with FOLEIRINGX One of them deesce-
lated therapy o gemcilbine mono due o side eflects alter four applications. Seven pls
(17 5% ) received nab-paclitaxel and gemcitabine, whereas two extenal pls were treated
with gemeitabine mone and dsplatin/capecitabine In 8 pts {200%6), a change in induction
therapy bebween FOLFIRINGX and nab-paclitaxel! gemeitabine svas performed. Four of
the ats suffered from severe toxicity during inducion therapy, which lead to a switch
from FOLFIRINOX to rab-paclitaxel / gemcilabine. [n one pt, the s wikh was adminis bened
besaise a significant indrease inthe timar marker A 199 was suspeched to be progmession
of tre disease. For two pls, a change from nab-paclitaxel/ gemcitlabine to FOLFIRINOX
wias plarmed within a ¢inical investigation.

3.3. surgical Procedure

Depending on thelocalization of the timor { Table 1) and the extent of infilteation, a
surgical procedure was chosen. Performed surgeries were pylorus peventng or classical
Whinple's procedum and distal ortotal pane meabectomy (Table 2). Fourpts wrderwent distal
parkreatectomy with simultanesus resection of theceliac axis (Appleéy procedune); 19 pls
underwent an additional splenectomy; and 7 pts weeived a resection and recons truction
of the portal vein, Depending on the extent of loca” umaor infiltration, acld itonal angan
resections were performed (Table )
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Table Z Therapeulic charmcheristics

Parameler Calegory N kY
Induction Thempy
FOLFIRTRICHN 23 o
Mab-Paclitaxel / Gemcitabine 7 175
FOLFIRIMNOX w Wab-Pac/Gem ] 20
Cemcitabing monoe 1 25
Cisplating/ Capeci talbine 1 23
Number of Applications
Median 5{3-25)
=8 Applications 20 513
<8 Applications 19 o7
. 1
Druration of neoadyavant The rapy
Median {months) afl-24)
=3 moniths 18 6
=3 months 19 514
. 3
Aadjuv amit Therapy
Wos 15 75
My 3 23
ma. 20
Sungical P rocedune
& ] 16 4l
Whipple's Proced ure 2 5
Distal pancreateciomy 13 s
Tolal pancreatectomy 9 ns
Additional resection
Splenectomy 19 475
Gastrectomy {total/ partial} 2 5
Partial hepatectomy 3 75
Resoction of portal vein 7 175
Resection cocliac axis 4 10
Hemicol clomy 1 25
Poat Op-Complications
HL?A-Imuka-imy 26 a5
Pancreatic fistula 5 125
Postpancreatectomy 9 ns
hase morthages 1 25

na—not available, FPPD—Pylarus-Presenving Fancnmticod uodenectomy:, and BDA—Biliod ig estive Anastomosis.

F4. Side Effects ad Complicafons

OF the pts, 516% suffered from side effects of grades 3 to 4 during preoperative ther
apy. Especially pts whao received FOLFIRINOX and nab-paclitaxel /gemeitabine soffened
from severe side effects (grades 3 to 4) significantly mare often (p = 0009), There was no
difference in bebw een the types of side effects depending on the performed induction ther-
apy (Table 3). OF the pts, 56% sustained postoperative complications. Nine pis developed
pancrealic fistulae. Five pls sulfered fram insufficiency of the biliod igestive anas tomosis.
One ptdied from postoperative complications seven days after surgery due to a post
pancreatectomy hemaorrhage. The remaining seven pls with postoperative complications
had either an impairment of wound healing or systemic inflammation and infection such
as preumania. Fesection of the portal vein or coeliae axis was not associated with a higher
complication rate (p = 068; p = 060). There was also no difference in the rate of overall

complications depending on the performed surgical proced une (p= 0.78),
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Table 3. Side effects during induction therapy.

Total Faolfirimox Mab-Paclitel/Gem  Folfirlnox e Nab-PaciGem i
Farameter Category N k3 N kY N kY N kY
1= a5 7
General Side effects -2 15 485 12 63.2 3 al a 0 00w
34 16 514 7 J6.8 2 £ 7 1040
Meutmopenda 15 3 7
-2 16 543 11 7a3 a3 &l 2 & 016
34 11 407 4 26.7 2 & 5 714 -
Arnemia 17 5 A
-2 26 867 15 88.2 4 a0 7 &5 1
34 4 133 2 118 1 20 1 125
T}rn:rrrl:mpwria q 3 4
=2 15 938 ] 889 3 10K 4 100
3=4 1 [} 1 11.1 il il il il 1
Imfections 1a 4 7
-2 M 889 15 EER] 4 10K 5 714 i
34 3 75 1 a2 i} il 2 Hh 2
Diarrhea 4 1 3
-2 5 625 3 75 1 100 1 333 068
4 E} 375 1 25 A [A] 2 a7
Mausea [ 3 [
(=2 15 938 ] 100 2 HhT 5 L e
34 2133 0 i 1 333 1 16.7 0s6
Meurmloggical side 1l a a
efiechs =2 13 813 F: Al 3 10K 3 1001 52
34 3 185 3 a3 i} i} il i}

3.5, Effect of Preaperative Therapy

Under induction therapy, the level of the tumor marker CA 1949 changed from a mean
of 43583 U ml bo 1385 Ufml (p < 00001, which is a decrease by 44.7%, The mean value
of the tumor marker CEA dropped from 10,5 ng /L before induction therapy to 3.5 ng /L
before sumgery (p=0016). In 73% (27 of 37 pts) of the pts, CT scans showed partial esponse
during induction therapy; 21.6% (8 of 37 pis) showed stable disease; and 54% (2 of 37 pls)
showed progression of the disease, For three pts, thene was no information available, The
initial clinical tumor formula showed a cT4stage in 5.1% (20 pts), a cT3 stage in 37 5%
{14 pts), and a <12 stage in 8.1% (2 pts). Histopathological analysis of the tumor showed a
significant decrease of the T slage to pT4in 15% {6 pls), o pT3in 25% {10 pis), to pT2in
27.5% (11 pts), and to pT1 in 20% {8 pts). In 5 pts (12.5%), there wene no malignant cells
detected at all (p= 0000015 (Table 4). Meanwhile, the BECOG performance status of the pts
worsened (p = 003) and the median BMI of the pts decreased slightly (p = 025) (Tablke 1),
Ten pis (37%) suffered from weight loss of maone than 5%,
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Table 4. Clinicabpathological characteristics.
Al Dlagnosls Adter Induction Therapy
Farameter Category N Y Mean IR N k- Mean IOR r
Cly 19=9 (LI /mL}) 43585 i B=H30 1385 12.1=65.4
=37 LI/ mlL 5 14a.1 15 441
F7 =400 LI /ml. 14 452 17 E1 (i
=40 U /mL 12 37 2 589
. ] 6
CA 198 toend = M7 189475
{-%a)
CEA {ngz/'mL}) 105 257 as 253
<8 mg/ ml 15 H52 18 6492 016
=5 mg,/m] L] MHA A L] )
ma. 17 14
o/ pTStatus
i 1] i ] 125
1 1] [A] A Al
2 a a1 11 275 (i
3 14 rR 1a 35
4 Al 54.1 Li] 15
A 3 il
PN Stahs
0 21 525
1 149 475
o/ pM Stahs
i Al TRa 35 B75
1 E] 214 5 125 [INE]
ma. 2 il
R Status
i} 15 462
1 21 538
. 1

na-—noat  available

cfpl=—clnical/hsiopthalogical tumar  expansion,  phl—hsiopthaogiml nodal  staus,  o/pM
clinial/ histapatho logicl distant metstasis , B—residual umor, CA 15-%—carbaby drste-antigen B-9,and CEA—Carcnoemi ronic antigen

Fobr, Crovrall Swroimal

The median observation lime was 195 months, The median OS5 from the time of
diagnaosis was 20 months (T %5%: 17.2-22.9 months). The median OS5 from the Hme of
resecton was 17 months (CT95%: 11.6-22.4). Nine patients {22.5%) were lost to fallow up
and censored.

3.7, Predictors of Overall Swrvival

Performing an adjuvant therapy (10 vs. 25 months, p < 0001) as well as nodal neg-
ativity (25 va. 15 months, p= 0.003) had positive impacts on the OS5 of the pts in our
investigation. Pls who showed a normal weight or underweight after induction therapy
(p=0001) pts who had a normal CA 199 levels (<37 U/ mL) at the ime of diagnosis
{p =002} ar after neoadjuvant therapy {p = 004} (Figure 1), and pts with a normalized CEA
level (<5 ng/L) after induction therapy profited from resection (g = 0047). An elevated CA
19-% level (=400 U/ mL) after induction therapy tended towand s significantly shorter 05
{p = 00013 Table 5. The percentage of decrease in CA 199 level under induction therapy
had no impact an the OS5 (exemplary decrease > 75% va, <75%, p = 0L41), Nevertheless,
pts with a decrease in CA 159 levels over 90 wem significantly mom likely to receive
RO peseetion aferwards (p = 003). The age of the pts (<60 va, =60 years, p = (0L3), the
pre- or post-therapeutic ECOG status (EOO0G = 0w, =0, p= 0.75/06), the ASA score
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Froporion Suretwal

Proporiion Sureieal

ERaT

Crentll Burwiedl ror dagaddis Imanite)

{a)

(ASA < 3vs, 23, p = (L5, the pretherapeutic BMI o the pts (<25 vs, >25 g Jmi =081,
or the extent of weight loss during induction theepy (<5% va, =5%, p = 045) had o
impact on the OF, There was also no impact of the chosen induction therapy regimen
(Table 5), whemas the number of applications of meoadjuvant chemotherapy had a sig-
nificant influence on the OS5 (<5 va. =5 applicatiors, p = 0033} (Table 5, Figure 1) The
total diration of nesadjuvant therapy had no impad on the O5 of the pateats (exermplary
<3 months vs. <3maonths, p = (0L8%). There was ra correlation between The number of
applications and the presence of perineural {p = Q6] or venous invasion (= 1), or the
pN p =071}, R {p=0.7), or pT stages {p = 0.69). Aside from the nodal status, the pT
stage also had an impact on the 05, Pts with a p'T stage of 0 or 1 showed significantly
prolongsd OS5 (43 va, 19 maonths, p=0.008) in comparison o higher T stages {Table 5)
Although the absence of malignant cells in the histopathological reseced part did not
lead to a significantly prolonged O5 {p =0.22), A regative perineural infiltration had an
impact on the OS5, which was statistically not sig-ificant {p = Q058) {Table 5). Further
histopathalogical chametersties did not have an imeact on the OS5 (phd 0 v 1, p=0067; i
va. =RL p=07:L0vs. L1, p=0.12; and V0 va. V1, v=0.33). The radiographic response
measumed by BEECIST criteria (partial remission vs, slable /progressive d iseese, ps 082) as
weell as the presence of postoperative camplications < p = (163} had no impact on the 05

B = 25 e e

PFroporiion Suretwal

B T g, A m AR

am i b, o B

Penzarion Sorival

{c) (dy

Flgure 1. Kaplan-Meler overmll survival curves in pts who underwent surgical resction after recelving necadjuvani
therapy: {a} overall survival depending on the body mass index (BMI} al the tme aler necadjuvant therapy, {B) overall
survival depending on the number of applications of necadjuvant chemotherapy, ) eremll survival depsending on the CA
19-9lgvel at the time of diagnosis, and (d} ovemall survival depending on the CA 19-9 Jevel afber neoadpavant therapy
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Table 5. Impact factoms on overall survival.

Parameler Category 05 (Maonths) " HR a5%C1 "
A 199 at diagrosis <37 5. 337 USml 29z, 19 012 344 104103 0028
o <37 vs. =37 U/mlL 2ivs. 18 e 223 199-5103 0054
CA 199 afler induction <40 vs. =400 fml, 4vs T 0001 17.2 AWML 006
C EA after induction =5va. >5ng/ ml 25vs. 18 e 267 096748 641
BMI after induction =258vys, <25 15vs. 24 0. 034 0.15-083 0m7
pMstatus Ovs. 1 25vs. 15 0.003 299 139-641 0005
T status -1 vs. 2-4 43vs. 19 0,004 304 126-762 014
P v 1 3Evs. 19 0L05% 246 (192-656 072
Megadyuvant protocoll FOLFIRIMNOX va other 20vs. 20 (.58 095 046197 0.8
Mab-Fac / Gem vs. other 20vs. 20 054 077 033181 055

FOLFIRT RO
Nab.Phac// Gemn va, other 18vs, 20 0z 1.86 068511 023
Number of neoad juvant <Hya =5 15vs. 20 (L0533 041 017-019% T
a];!phcahn:m

Adjuvant therapy 0o adjuvant thecapy ve. 10vs. 25 0,001 021 008-055 00

aduvant therapy

A ]li-li—cl.rhlmyd rate-antigm 199, C l-:.ﬂ.—l'\.l.mimg-nhr_!,uniu anbigen, EM I—huiym.l». e, pN—hsopathalogical moclal slahis,
pT—hsopatho kg ical tumor expansion, and Pn—per meural mvasion

4. Discussion

Inereasing the intended RO resection rates is the main aim of preoperative treatment
for initially non-resectable PDAC. When the oplion of reseclability after initial treatment
appears, itremains unclear which pts benefit from a secondary resection and if they reach
a comparable O to those with a primarily resected specimen [27] or rather suffer from
early recurmenee,

Our analysis showed an 05 of up to 20 months for selected pls with initially non-
resectable pancreatic cancer that mainly msponded to induction chemotherapy, The mOS
o pb_t with LAPC whao did not uﬂdl,-rgu seeanda ry resection 15 -_~n~mpla ri|_l|.' dese ribed at
163 months [17]. We therefore believe that a secondary resection in pts after respond ing
can be justified. However, the group of beneficiaries has to be narrowed down using
prognostic or prediclive factors.

Prognestic factors that are associabed with an improved OS5 have been identified
befare, such as post-resectional nod al negativity [24]. Our results support this thesis once
maore as pts with nodal negativity had a significant longer 05 compared to pts with nodal
positivity, Preoperative treatment has a significant positive effect on nodal status | 25]. Thus,
wie should establish a method to identify nodal positivity before secondary resection to
discuss the benefit of an invasive surgery, An interpretation af the clinical nodal status
wia CT scan is difficult. Mot every lymph node metastasis is suspicious ina CT scan
and not every Ilymphadenopathy hides a metastasis especially after induction treatment
when scar lissue may mimic viable tumor. Inone study, only 54% of nodal staluses were
interpreted corvectly with the help ofa CT scan [ 26], Tnterpretation via PET-CT only reaches
a sensitivity of 42% [27]. Finally, endesonographic biopsy of lymph nodes offers an almost
hundred percent certainty about the histopathology of the Hssue when an appropriate
biopay is succeeded [28]. Maybe pts would benefit from an upfront endosonogra phic
biopsy ofa suspicious lymphadenopathy to discuss further treatmentin case of positivity,

Maumann et al. recently proved the impact of BMI an the outcome of pts treated with
radiothempy as induction [29). Weight loss of more than 5% during induction therapy kead
to @ significant shorter overall survival (12 va, 27 months), This result may outline weight
loss as a symbol of high tumaor activity, implying a missing benefit for secondary resection
in these phs, On the contrary, our stud y showed a benefit For prs with normal weight and
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underweight compamed to pts who are overweight. Obesity is assodiated with a higher
risk For concomitant disease. Additionally, fat cells are identified as one cause for chmonic
inflammation [30]. Earlier works alread y showed the negative impact of obesity on the
outearne of pts with pancreatic carcer [11]. Therefore, Further studies should examing the
rale of obesity or even cachexia on the outcome of pls with PDAC

Chur study ako revealed a benefit of secondary esection for pts with narmal prethera-
peutic CA 199 levels. These types of cancer may have a less agpressive spreading biology
than those with elevated CA 199, A previous reseanch showed that the tumor marker CA
19-% itsell promaotes the activation of EGFE { Epidermal Growth Faclor Receplor) signal-
ing in mice, suggesting an important role in the initiation and acceleration of pancreatic
career [12]. Additonally, Gao etal. demonstrated the role of the gene FUT 3 (Galactoside
Hap-Lefucosy ltransferase) or the Lewis gene that is responsible for fucosy lation of proteins
and the synthesis of CA 199 Fucosylation by FLUT 3 was shown to be upregulated in
metastatic PDAC, suggesting a relation to the promotion of molility in pancreatic can-
cer [33]. Five to ten percent of the ind ividuals were homozygous for the recessive allele of
the gere FUT 3. These pls showed lower levels of fucosylation and thus no or lew CA 199
secretion [#]. This leads to the supposition that pancreatic cancer in Lew is-negative pts
should have a less aggmessive biology. A previous study showed the opposite. In Liuet al.,
Lewis-negative pts with pancreatic cancer had a significant shorter overall survival and
showed a higher proportion of metastasis, Possible reasons for this phenomenon oould be
the upregulation of CA 125 in these cases acting as a promotor for tumor cells or the lack of
fusesylation playing an impartant role in human bady physiology [H]

Furthermaore, supporting the role of CA 199, the pts in our study who had an ele-
vated CA 199 level =400 LU /mL after induction therapy did not profit from resection. A
normalized CA 199 level through induction therapy even lead to a significantly better 05
far the pts, suggesting the tumaor marker as a convenient predictive factor, The extent of
the decrease in CA 199 did not have an impact on overall survival bul on resection rate
quality. If there was a decrease by more than %05, these pts showed a higher rate of RO
reseclions. Similar resulls were seen in Boone et al, wheme a decrease of more than 5%
was associated with a higher B0 resection rate in borderline panereatic cancer [15],

Anather impact on the OS5 of pts was the number of applications of necadjuvant
chemotherapy, P'ts who were able to receive at least 5 applications benefited more from
a secondary resection, Possible rensons could be the reducton of perineural or venous
infiltration by prolonged chemotherapy, although ouranalysis did notshow significant
results bo support this thesis, A limitation of this finding might be the unsuitability of
the unit "applications” instead of "cycles” as one cycle consists of a different number of
applications, Nevertheless, based on this result, we should corsider finding-specific ranges
for the duration of necadjuvant therapy. Few studies exist that have investigated this
question. While Truty et al. showed a significant benefit for pts who received at least &
eycles of FOLFIRINGY or gemeitabine /nab- paclitax el [36], anather study proposed 4 cyeles
of modified FOLFIRINGX as sufficient for necad juvant therapy in BEPC [37]. Further
investigations are necessary to establish a recommendation.

The second interest of this study was to identify factors which predict the ability of
resecton after induction treatment, CA 1949 was one of the promising factors, although
several studies revealed heterogeneous resulls. Michelakos et al. demonstrated the role
of CA 194 in BEPC by showing that pts who wen msected after induction therapy had a
lower CA 199 level after induction than pls who could not be resected (21 vs. 40 U/ mlL}
although CA 199 level was normalized in almaost all of the pts [34]. The pts inour study
had a mean CA 199 level of 1385 U /mLafter induction thempy, which is still higher than
thatin these not resec ted inthe study of Michelakos et al. Therefore, we cannot suppaort the
approach of using specific strong threshold values of CA 199 by itself for decision making
in PODAC.

The rate of radiographically measured by partial remission under ind uction ther-
apy was particularly high in this study, at 73%. Compared with other studies where
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partial wsponse under induction therapy with FOLFIRINOX reached 317% [3] and under
gemettabine /nab-paclitaxel reached in 3% [4], radiographic response offers itself as a
promising factor, Oppositely, studies have shown that RECIST criteria being used in order
by interpret respanse under induction therapy with FOLFIRIMOX are diagnostically less
conclusive. Katz et al. demanstrated that 6% of their pts with borderline esectable pancre-
atie cancer were resected after induction therapy although CT scans showed non-esectable
situations [20]. The borders of CT imaging for PDAC treated with neoadjuvant therapy
liein the disability of distinguishing between viable cancer and fibrosis as itoccurs after
neoadjuvant treatment. Therefore, specialists suggest exploring all pis independently of
radiographic results and deciding on resection depending on froeen-section biopsies of
invalved arteries and venoiis structunes [19].

Finally, to evaluate the reasons for worthwhike resectability in our cohort, it is nece
esaary o combine multiple criteria. Many of these are aleady essential components for
decision making within multidisciplinary tumor conferences. To be suitable for an intensive
neaad juvant therapy such as FOLFIRINGY, pts need tohave an BODG level of at least 1,
which fulfilled %% of our pts. Even afer induction treatment, 81.4% had an BCOG of at
least 1, suggesting a good talerance for further multimodal treatments, Secondly, our pts
showed a significant decrease in the tumor marker CA 199 from a mean of 43583 U /ml to
1385 U/ mL. Even though the degree of decline of CA 199 after necadjuvant therapy had
no significant influence on the survival of the pts, thissharp decline in the tumar marker
in combination with the high number of radiographic msponse could have been seen as
predictive for the success ofa secondary resection,

The presentstudy is limiled by common biases that are mainly due to the retmspective
characker of this analysis, Mts thatare able toundemgo secondary resection initially profied
from the selected chemotherapy and might also prafit from continuing with this therapy
regime. Prospective randomized trials are necessary to evaluate the benefit of a secondary
resec tion over a continued chemotherapy in these cases. However, ongoing chemaotherapy
in cases of initial remission might eventually lead to higher rates of side effects due to toxic
bone marmow damage and resistances against the chosen chemaotherapy, which furthermaone
supports the mle of a definite resection. Another limitation of this investigation is the small
numiber of pis as well as the missing di fferen Hation between LAFC and BREPC. However, we
need to discuss whether this classification beoomes obsolete in this new era of nesadjuvant
therapy when LAPC becomes resectable and, in some cases, even maches comparable 05
tov initially reseclable pancreatic cancer [23].

Furthermaore, interpretation of the radiographic response and clinical T status of
locally advanced PDAC is limited. Asalready described above, CT scans have limitations
in distinguishing viable cancer tissue and fibrosis. Additionally, a review of the American
Mational Cancer Data Base showed a poor correlation between the clinical and pathological
stages in pts who received initial surgery [40]. Consequently, results regard ing ¢linical
stage should be considersd with caution.

5, Conclusions

Panereatic cancer remains a disease with a gererally poor auteome but heterageneous
clinical course, To identify the small but important number of pts who could potentially
benefit from individual strategies, intendisciplinary, experienced cancer boards must in-
volve the following factors in decision-making: the radiographic response, the course of
tumaor markers, and the general performance status of the pts. The inidal CA 199 level
does nol seem to be suitable to predict the probability of a second ary esection; however,
it provides the opportunity to predict the chance of a msection and prolonged survival
during the course and should influence decision-making,

Modal status plays an important mwle in the OS5 of pts, suggesting a non-localized
disease. Special attention should be paid to the diagnosis of nodal pesitivity after induction
treatment either by endosonographic biopsies of suspicious lymphadenopa thies or by
explorative sumgeries with frozen-section analyses of lymph nodes,
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