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Background: Adenocarcinomas and pancreatic neuroendocrine tumors (pNETs) display some similarities and differences.
The aim of this study was to compare preoperative data and morphological parameters, and to assess postop-
erative complications after resection.

Material/Methods: Data of 162 patients who underwent distal pancreatic resection for neuroendocrine or adenocarcinoma tumor
were retrospectively analyzed. After applying inclusion and exclusion criteria, 131 patients were included in the
study. The preoperative data analyzed included age, sex, and ASA-PS (American Society of Anesthesiologists
Physical Status) grade. The diameter of the pancreatic duct and the texture of the pancreas were analyzed.
Postoperative data included grading (G1-G3), the presence of PanIN (pancreatic intraepithelial neoplasia), in-
filtration of structures, and postoperative complications.

Results: Patients with adenocarcinoma were statistically older and had a higher ASA-PS class than patients with NET
(P<0.001). Statistically significantly more patients with adenocarcinoma had a histopathological diagnosis of
G3 (p<0.001). In patients with adenocarcinomas infiltration of structures occurred more frequently. Pancreatic
duct diameter >3 mm was more common in patients with adenocarcinoma (P=0.045). Clinically significant pan-
creatic fistulas were more frequent in patients with neuroendocrine tumors (P=0.044).

Conclusions: Adenocarcinomas in the pancreatic body and tail are more aggressive, they cause more frequent infiltration of
structures, and more often metastasize to lymph nodes compared to NETs. NETs tend to have softer pancre-
atic texture and higher incidence of clinically significant pancreatic fistulas, but postoperative complications of
Clavien-Dindo grade 2lll occur at a similar rate in both groups.
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Material and Methods

The incidence of pancreatic adenocarcinomas is 4-5/100 000
population [1] and it is one of the most common pancreat-
ic tumors [1]. Pancreatic neuroendocrine tumors (pNETs) are
much less common than adenomas and account for only 1-2%
of pancreatic tumors [2]. Their incidence is 1-2/100 000 people
and has been increasing in recent years [3]. Adenocarcinomas
are more than twice as common in the head of the pancreas
than in the body and tail [1], and neuroendocrine tumors oc-
cur twice as often in distal locations (the body and tail) com-
pared to the head of the pancreas [4].

Adenocarcinomas and neuroendocrine tumors have differ-
ent prognoses [5-7]. Adenocarcinomas are associated with a
much shorter 5-year survival rate compared to pancreatic NETs
(around 5.0% for adenocarcinomas) [5], while the 5-year sur-
vival rate of patients with pancreatic neuroendocrine tumors
is 51.3% [5]. In addition, the differences between the above-
mentioned histological types of pancreatic tumors also con-
cern morphological parameters such as the frequency of me-
tastases to lymph nodes and distant metastases, as well as
the presence of intraepithelial neoplasia (PaniN) [6,8].

In the case of tumor localization in the body or tail of pancre-
as, distal resection with or without splenectomy is a standard
procedure [9]. The decision to perform splenectomy depends,
among other things, on the local advancement of the tumor
[10]. Pancreatic fistulas are one of the most common postop-
erative complications after distal resections [9]. Risk factors for
this type of complication include pancreatic texture and main
pancreatic duct diameter [9,11]. Soft pancreas and pancreatic
duct diameter <3 mm are risk factors for postoperative pan-
creatic fistula [9,11]. The texture of the pancreas is related to
the histopathological type of the tumor [12]. Soft pancreas is
more often found in neuroendocrine tumors compared to ad-
enocarcinomas [13]. In addition, adenocarcinomas are more
likely to have dilation of the Wirsung duct >3 mm [14]. The
Fistula Risk Score (FRS), used to assess the risk of postopera-
tive pancreatic fistula, considers histopathological diagnosis
“other than adenocarcinoma or inflammatory tumor” as a risk
factor for this type of complication [11].

Few studies have compared pancreatic adenocarcinomas and
pancreatic neuroendocrine tumors located in the body or tail;
therefore, the present study focused on the comparative analy-
sis of these 2 histopathological types of pancreatic neoplasms.
The aim of this study was a comparative analysis of preop-
erative data, morphological parameters of adenocarcinomas
and neuroendocrine tumors of the body and tail of the pan-
creas, as well as the assessment of postoperative complica-
tions after resection.

We retrospectively analyzed data of 162 patients who under-
went distal pancreatic resection for neuroendocrine or ade-
nocarcinoma tumors at the Department of Gastrointestinal
Surgery of the Medical University of Silesia in Katowice in
2015-2021. Inclusion criteria were:
e Age >18 years.
e Location of the tumor in the body or tail of the pancreas.
¢ Diagnosis of a neuroendocrine tumor or adenocarcinoma in
histopathological examination of the surgical specimen.
¢ Performing the procedure by a surgeon with extensive ex-
perience in pancreatic surgery (more than 20 procedures
per year) [15].

¢ Performing distal pancreatectomy with or without splenec-
tomy using the same method (open method via laparoto-
my. Pancreatic duct being closed with 2-3 single sutures.
The cross-section of the pancreas was closed with single
sutures in 2 layers.)

e Availability of documentation containing complete data.

The exclusion criteria were:

¢ The presence of other pathologies in the head, uncinate pro-
cess, isthmus of the pancreas, or within the papilla of Vater.

* Diagnosis of mixed neoplasm (pancreatic neuroendocrine
tumor with adenocarcinoma) (to ensure homogeneity of
the study group).

¢ Performing multi-organ resection or tumor enucleation.

e Treatment of another cancer within the 12 months before
distal pancreatectomy.

¢ Treatment with neoadjuvant chemotherapy before surgery.

After applying the above inclusion and exclusion criteria, 131
patients were included in the analysis.

Patients were treated according to the latest ESMO guide-
lines [16] for ductal adenocarcinomas and according to the
ENETS Center of Excellence guidelines for neuroendocrine tu-
mors [17]. Multidisciplinary treatment involved the coopera-
tion of a surgeon, gastroenterologist, radiologist, and oncolo-
gist. The basic imaging test performed to assess the pancreas
and the stage of cancer advancement is computed tomogra-
phy (CT) of the abdominal cavity with contrast [18], which al-
lows to determination of tumor size and resectability [18]. In
each case in the study group, qualification for surgery was
based on this imaging test. Computed tomography of the ab-
dominal cavity was performed using the pancreatic protocol
involving triphasic (arterial, late arterial, and venous phases)
cross-sectional imaging with thin slices using multidetector CT
(Figure 1). Moreover, in the study group, endoscopic ultraso-
nography (EUS) with biopsy was performed to obtain preop-
erative histopathological results.
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Figure 1. Odds ratios with upper and lower
confidence intervals of significant
results comparing adenocarcinomas
to neuroendocrine tumors. ASA-PS —
American Society of Anesthesiologists
physical status classification system.
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Patients were divided into 2 groups depending on the histo-
logical type of the tumor: patients in group 1 had pancreatic
adenocarcinoma and patients in group 2 had pancreatic neu-
roendocrine tumor. An analysis of the significance of differ-
ences between the 2 groups in terms of preoperative data,
morphological parameters, and postoperative complications
was performed.

We analyzed preoperative data on age, sex, and ASA-PS grade.
The ASA-PS scale was used to assess the clinical condition
of patients before the procedure. The texture of the pancre-
as and the diameter of the pancreatic duct were assessed in-
traoperatively by the operating surgeon. The texture of the
pancreas was defined as normal or soft. Patients were divid-
ed into 2 groups according to the diameter of the pancreatic
duct: <3 mm and >3 mm [19,20]. Postoperative data included
grading (G1-G3) and the presence of PanIN neoplasia. Tumors
have been classified according to the 2019 WHO classification
[21]. The classification of pancreatic intraepithelial neopla-
sia (PanIN) was presented in accordance with the publication
Takaori et al on the presence of PanIN [22]. In addition, the
following histopathological parameters were analyzed in the
2 groups: presence of lymph nodes and distant metastases,
infiltration of adipose tissue and nerve trunks, and presence
of vascular occlusions. The presence of postoperative pancre-
atic fistulas and the severity of complications were also ana-
lyzed from the postoperative data. The occurrence and classi-
fication of pancreatic fistulas were assessed according to the
classification of the International Study Group of Pancreatic
Fistula (ISGPF) [23]. As defined by ISGPF, pancreatic fistula is
an abnormal communication between the pancreatic ductal
“system” and another epithelial surface [23]. For diagnosis, the
necessary threshold is any measurable volume of drained fluid
on or after postoperative day 3, with amylase level >3 times
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the upper limit of normal amylase for each specific institu-
tion [23]. Moreover, in the diagnosis of pancreatic fistulas, CT
of the abdominal cavity with contrast was first used. In case
of contraindications to this examination, MRI of the abdomi-
nal cavity with contrast was performed. The risk of postoper-
ative pancreatic fistula was assessed according to the Fistula
Risk Score (FRS) [11] and the severity of complications was
assessed according to the Clavien-Dindo scale, which is used
to assess the severity of surgical complications after surgery.

Ethics Statement

The was a retrospective study of patients’ medical records. All
data were fully anonymized. Written informed consent was ob-
tained from all participants. All procedures were performed in
accordance with the Helsinki Declaration on Human Medical
Research and its subsequent amendments or comparable eth-
ical standards. Our retrospective analysis of patients’ medical
records fell into a category exempt from Institutional Review
Board (IRB) approval according to local law.

Statistical Analysis

A descriptive analysis was carried out. A 95% confidence in-
terval was used. The distribution of quantitative variables
was analyzed. Normally distributed variables are expressed as
means and their standard deviations, while non-normally dis-
tributed variables are given as medians and their interquar-
tile ranges. An analysis of differences between the groups of
patients divided according to the histological type of cancer
(NET or pancreatic adenocarcinoma) was performed. The fol-
lowing factors were taken into account in the analysis: age,
sex, ASA-PS grade, histological grade (G1-G3), PanIN, pres-
ence of lymph node and distant metastases, adipose tissue
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Table 1. Significance of difference in clinical parameters and complications between NET and adenocarcinoma.

v wacams  Sione Sl
Age (median (IQR)) 58 (45.5-65.0) 68.5 (61.8-74.0) <0.001 0.418
CMalesex 7 (@81%) 24 @a4%) 0724 0036
CAsAPSSale 559 0©00n 0ol 037
o 57 (740% 27 (500%)
o 15 (195% 27 (500%)
Histopathological a I 2 @16% 16 (096% w0001 0346
diagnosis

NET — neuroendocrine tumors; PDAC — pancreatic ductal adenocarcinoma; IQR — interquartile range; ASA-PS — American Society of
Anesthesiologists physical status classification system; PanIN — pancreatic intraepithelial neoplasia; * Negative correlation means
that clinical parameters occur more frequently or have higher values in NET tumors; Positive correlation means that they occur more
frequently or have high values in adenocarcinomas.
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Table 2. Odds Ratios with upper and lower confidence intervals of significant results.

Odds ratio
Age 1.085
CAsA-PSScalemst a071
 Histopathological diagnosis: G3/G1 20
CPaniN13/mome 33583
_ lymph nodes metastasis 5943
 Adipose tissue infiltration 2625
Perineuralinvasion 2667
| Wirsung diameter>3mm 2857

Clavien-Dindo Il1/1

Lower bound of CI Upper bound of CI

1.045 1.126
"""""""""""""" 185 8984
"""""""""""""" 282 201238
"""""""""""""" go72 139719
"""""""""""""" 2743 12877
"""""""""""""" 1198 5752
"""""""""""""" 1293 5499
"""""""""""""" 1043 786
"""""""""""""" as4s 36100
"""""""""""""" 2004 11ea1
"""""""""""""" 1044 730

Cl - 95% confidence interval; ASA-PS — American Society of Anesthesiologists physical status classification system; G3 — grade 3;
G1 - grade 1; PanIN - pancreatic intraepithelial neoplasia; * Odds ratio for NET (for the rest of the variables it is for adenocarcinoma).

and nerve trunk infiltration, presence of vascular occlusions,
diameter of the pancreatic duct, texture of the pancreas, oc-
currence of pancreatic fistulas, risk group according to the FRS
scale, and the severity of postoperative complications according
to the Clavien-Dindo scale. The level of statistical significance
was set at P<0.05. Homogeneity of variance was tested using
Levene’s test. Quantitative variables were analyzed using the
Mann-Whitney U test. Analysis of nominal variables was per-
formed using the chi-square test or Fischer’s exact test when
necessary. The correlation strength was calculated using the
Phi coefficient for 2x2 matrices or Cramer’s V for larger matri-
ces. A regression analysis showing the odds ratio along with
the lower and upper confidence intervals was performed. All
calculations and statistical analyzes were performed in IBM
SPSS Statistics 26 (Armonk, New York, USA).

Results

The study group consisted of 61 men (46.6%) and 70 women
(53.4%) with a median age of 63 years (IQR 51-69). Seventy-
eight patients (59.5%) were >60 years old; while 30 patients
(22.9%) were 270 years old. Seventy-seven patients (58.8%)
had a neuroendocrine tumor, and 54 (41.2%) had an adeno-
carcinoma. Most patients were ASA-PS grade Il (84 patients —
64.1%). The characteristics of the patients in the study popu-
lation are shown in Table 1.

Morphological parameters are shown in Table 1. Tumors were
classified according to the WHO classification into 3 groups: G1,
G2, and G3 [21]. The G1 group included 48 (36.6%) patients,
G2-70 (53.4%), and G3-13 (9.9%) patients. Among patients,
PanIN 1 was the most common (59 patients — 45%), followed

by 34 patients (30%) in both the PanIN 1-3 group and those
without pancreatic intraepithelial neoplasia. PanIN 1-2 was the
least common (4 patients — 3%). Nineteen (14.5%) patients had
pancreatic duct diameter >3 mm. Soft consistency of the pan-
creas was found in 35 (26.7%) cases. Tumor metastases to lo-
cal nodes were present in 65 (49.6%) patients. Distant metas-
tases, mainly to the liver, were found in 19 patients (14.5%).
Other parameters, such as perineural invasion, adipose tissue,
and vascular occlusion, are also shown in Table 1.

In the analyzed population, the most common finding was no
fistula or type A pancreatic fistula, in 113 (86.3%) patients.
Type B fistulas affected 13 patients (10%), including 10 pa-
tients in the group with NET and 3 in the group of patients
with adenocarcinoma. Type C fistula was found only in the NET
group of patients, with 5 cases (3.8%). Most patients belonged
to the moderate risk group according to the FRS scale (96 pa-
tients — 73.3%). Postoperative complications were presented
using the Clavien-Dindo classification [24]. The most common
severity of complications in patients with a diagnosis of neu-
roendocrine tumor was grade | in 64 (48.9%) patients. In con-
trast, among the group of patients with a diagnosis of adeno-
carcinoma, the most common was grade Il in 25/54 (46.3%).
The above data are presented in Table 1.

Patients with adenocarcinoma were significantly older than
patients with NET (median age 68.5 and 58 years, respective-
ly, P<0.001; OR=1.085). Patients with adenocarcinoma were
more likely to have a higher ASA-PS class than patients with
NET (P<0.001; OR (ASA-PS 1lI/1)=4.071). More patients with
adenocarcinoma had a histopathological diagnosis of G3 (12
vs 1 NET patient; P<0.001; OR (G3/G1)=24.0). Lymph node
metastasis (P<0.001; OR=5.943), infiltration of adipose tissue
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Figure 2. Odds ratios with upper and lower
confidence intervals of significant
results comparing neuroendocrine
tumors to adenocarcinomas.

PanIN — pancreatic intraepithelial
neoplasia; G3 — grade 3; G1 — grade 1.

© 0dds ratio
O Lower bound
O Upper bound

(P=0.016; OR=2.625), and nerve trunks (P=0.045; OR=2.667)
were more frequent in the group with adenocarcinoma as well
as the pancreatic duct diameter >3 mm (P=0.045; OR=2.857).
Clinically significant pancreatic fistulas were more common
in patients with neuroendocrine tumors (P=0.044), and this
group of patients also had a higher risk of complications in
the form of postoperative pancreatic fistula as assessed by
the FRS score (P<0.001; OR=5.943). Correlations between the
study groups are shown in Table 1. The odds ratio of statisti-
cally significant results along with their lower and upper 95%
confidence intervals are shown in Table 2. There was a strong
statistical trend concerning the histopathological diagnosis
G3 compared to G1 in adenocarcinomas (odds ratio of 24.0)
(Table 2). A similar significant result was found between ASA-
PS Scale Il in comparison to ASA-PS Scale Il. ASA-PS Scale IlI
are more than 4 times likely to occur in adenocarcinomas than
in NETs in comparison to ASA-PS Scale Il (odds ratio 4.071).
Lymph node metastasis was almost 6 times more common in
adenocarcinomas than in NETs (odds ratio 5.943). These re-
sults are shown in Figures 1 and 2.

Discussion

Pancreatic neuroendocrine tumors and adenocarcinomas
differ in biology and prognosis [4], but these 2 histological
types of tumors can coexist [25,26]. Multiple primary ma-
lignancies (MPMs), defined as 2 or more malignant prima-
ry tumors arising in the same patient, are uncommon but
well-recognized [27,28]. This type of tumor is challenging to
diagnose and requires accurate imaging [29]. Multiple prima-
ry malignancies were not found in the population analyzed
in the present study.

Age

Chen et al reported that 38.4% of pancreatic neuroendocrine
tumors occur in patients over age 60 years [30]. This is con-
sistent with the results of our analysis. In our study, 33/77
(42.9%) of NET patients were over 60 years old, while only
10/77 (13%) were over 70 years old. patient age is an impor-
tant issue affecting the course of postoperative complications
and overall survival after NET resection, as demonstrated by
Liu et al, who found that younger patients had a better long-
term prognosis compared to older patients [31]. Similar re-
port concerns patients with adenocarcinoma [32], although
Cai et al found no relationship between long survival and pa-
tient age after resection of adenocarcinoma [33] because ade-
nocarcinomas have a more aggressive course than pancreatic
neuroendocrine tumors [33]. In the analyzed group, patients
with adenocarcinoma were older (P<0.001). In this group 45/54
(83.3%) of patients were over 60 years old and 20/54 (37%)
were over 70 years old. In our study, the median age of pa-
tients with adenocarcinoma was 68.5 years, which is compa-
rable to that reported in other studies [32,33]. Partelli et al
found a significantly older average age of patients with ade-
nocarcinoma compared to patients with NET (64 vs 56 years,
P<0.0001) [34].

Sex

In the analyzed groups, there was no significant difference in
the occurrence of NETs and PDAC according to sex. Males ac-
counted for 48.1% of neuroendocrine tumors and 44.4% of
adenocarcinomas. Some authors reported a higher percent-
age of men among patients with pancreatic NETs, amounting
to approximately 55% [35]. According to the literature, the in-
cidence of adenocarcinoma by sex is similar to that found in
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our analysis [18]. In both analyzed types of pancreatic tumors,
long-term survival is lower in men compared to women [18,36].

ASA-PS

Nell et al showed that most patients with NETs had a low ASA-
PS grade (89% in ASA-PS | or II) [37]. Adenocarcinomas occur
a lower percentage (approximately 75%) of patients with ASA-
PS | and Il compared to neuroendocrine tumors [36], probably
due to age differences. There are differences in the frequen-
cy of ASA-PS grades between different studies, but most indi-
cate a higher percentage of patients with ASA-PS Ill or higher
in the group with adenocarcinoma compared to NET, which is
consistent with the results of our study. In our analysis, most
NET patients were ASA-PS | or Il (62/77, 80.5%), while half of
the adenocarcinoma patients were ASA-PS Il (27/54, 50%);
which shows a significant difference in the ASA-PS scale be-
tween patients in both groups (P<0.001; OR=4.071).

Grading

According to the literature, pancreatic neuroendocrine tumors
G1 account for 40-50% of surgically treated NETs [38,39]. In
our analysis, G1 tumors accounted for 41.6% of all surgical-
ly treated NETs. According to the literature, in patients with
adenocarcinomas, G2 and G3 tumors are more common than
G1 tumors [5]. In our study, G2 and G3 adenocarcinomas ac-
counted for 48.1% and 22.2% of cases, respectively. On the oth-
er hand, G1 tumors were found in 29.6% of cases. The above
results agree with the analysis of Yadav et al, which showed
that neuroendocrine tumors have a lower grade of histologi-
cal malignancy compared to adenocarcinomas [5].

PanIN

Pancreatic intraepithelial neoplasia (PanIN) is one of the precur-
sor lesions in pancreatic adenocarcinomas [40]. It is most com-
mon in this histopathological type of pancreatic tumors, but it is
also found in neuroendocrine tumors and chronic pancreatitis
[8,40]. In neuroendocrine tumors, PanIN 1 predominates, with
an incidence of 60-75% [8,40]. However, PanIN 1-3 is more com-
mon in adenocarcinomas, occurring in about 75% of cases [41].
In the analyzed group, PanIN 1 predominated in the group of
patients with neuroendocrine tumors (59.7%). Among patients
diagnosed with adenocarcinoma, PanIN 1-3 was found more
often than in patients with neuroendocrine tumors (57.4%).

According to the literature, PanIN 1-3 is twice as common in
patients over 60 years old [40]. The more frequent occurrence
of PanIN 1-3 in our study group may be related to the fact that
among patients diagnosed with adenocarcinoma, the median
age was higher compared to patients with neuroendocrine tu-
mors. Hassid et al showed that as the grade of intraepithelial

CLINICAL RESEARCH

neoplasia increases, the percentage of tumors that have me-
tastasized to the lymph nodes increases [42]. In our analysis,
PanIN 1-3 was more common in patients with adenocarcino-
ma, which was more likely to metastasize to lymph nodes.

Infiltration of Structures

The presence of adipose tissue and perineural infiltration and
vascular occlusions is associated with a greater aggressive-
ness of the tumor and worsens the long-term prognosis [6]. In
the case of perineural infiltrations, they are more common in
patients with adenocarcinomas than neuroendocrine tumors
[6]. In the analyzed population, a statistically significant dif-
ference was found between the study groups in terms of adi-
pose tissue and perineural infiltration. In the group of patients
with adenocarcinoma, perineural and adipose tissue infiltra-
tion were 1.5 times more frequent than in patients with neu-
roendocrine tumors. Takahashi et al showed that vascular oc-
clusions occur twice as often in the case of adenocarcinomas
compared to neuroendocrine tumors [6]. We found a higher
percentage of patients with NETs (58.4%) with vascular occlu-
sions compared to reports in the literature showing that they
occur in about 40% of patients [6]. This may be the reason for
not observing statistically significant differences between the
groups in the presence of vascular occlusions.

Lymph Nodes and Sistant Metastases

In patients with pancreatic neuroendocrine tumors, lymph node
metastases occur 9-38% of cases [6,43]. In the analyzed group,
nodal metastases were found in 32.5% of cases. Compared to
pancreatic neuroendocrine tumors, ductal adenocarcinomas
metastasize more often, metastasizing to lymph nodes in up
to 75% of cases [6]. In our study, nodal metastases occurred
in 74.1% of patients with adenocarcinomas, which is consis-
tent with the literature [6].

According to Dasari et al, distant metastases occur in about
15% of patients with neuroendocrine tumors [44]. The present
study found that distant metastases occurred in 16.9% of pa-
tients with NETs. According to the available literature, pancre-
atic adenocarcinomas have distant metastases at the time of
diagnosis in about 15% of cases[45]. In our study, distant me-
tastases occurred in 11.1% of patients with in adenocarcino-
mas. We found more distant metastases in patients with neu-
roendocrine tumors compared to adenocarcinomas, but the
difference was not statistically significant. In patients with pan-
creatic adenocarcinomas, most distant metastases occur meta-
chronously [45], but in patients with neuroendocrine tumors,
most distant metastases occur synchronously [46]. Our analysis
included only synchronous distant metastases due to the retro-
spective nature of the analysis. Therefore, the number of meta-
chronous metastases in the analyzed group is underestimated.
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Wirsung Diameter

In distal pancreatic resections, complications often arise from
the difficulty of visualizing the pancreatic duct and closing it
safely [47]. In our study, pancreatic duct diameter >3 mm was
present in 7 (9.1%) patients with NET and in 12 (22.2%) pa-
tients with adenocarcinoma (P=0.045, OR=2.857). Also, authors
of other papers comparing the incidence of dilated pancreat-
ic duct in patients with NET and in those with adenocarcino-
ma reported that they were significantly more common (2-3
times) in patients with adenocarcinomas [14,48]. Jin et al re-
ported a 22.6% incidence of pancreatic duct >3 mm in patients
with neuroendocrine tumors [49], but it was a study discuss-
ing the dilatation of the diameter of the pancreatic duct based
on preoperative magnetic resonance imaging. The diameter of
the pancreatic duct may differ in preoperative and intraopera-
tive studies because it is often measured at different locations.
We found that a dilated pancreatic duct was significantly more
common in patients with adenocarcinoma than in patients with
NET (P<0.01). According to Baxi et al, pancreatic duct dilatation
occurs up to 8 times more often in patients with adenocarcino-
mas compared to those with neuroendocrine tumors, regardless
of the location of the lesion in the pancreas [14]. This is due to
the greater “hardness” of the adenocarcinoma tumor [14], and
this is another factor contributing to the higher incidence of
pancreatic fistulas in patients with neuroendocrine tumors [50].

Pancreatic Texture

Assessment of the texture of the pancreas is a subjective eval-
uation, made by the operating surgeon [12], but for an experi-
enced surgeon, it is a method that is recognized in research [12].
In the group we analyzed, soft pancreas was present in 23
(29.9%) patients with NET and in 12 (22.2%) patients with ad-
enocarcinomas, but the difference was not statistically signif-
icant (P=0.423). In neuroendocrine tumors but not in adeno-
carcinomas, there is no desmoplastic reaction in the pancreas.
This results in less frequent pancreatic fibrosis in neuroendo-
crine tumors compared to other neoplastic lesions and chron-
ic inflammatory tumors of the pancreas [11]. As a result, the
soft consistency of the pancreas is more often found in patients
with neuroendocrine tumors compared to adenocarcinomas [13].
According to Partelli et al, soft pancreas is 2 times more com-
mon in patients with NET compared to adenocarcinomas [34].

Pancreatic Fistulas and Fistula Risk Score

The overall incidence of pancreatic fistulas after pancreatic re-
section surgery was 5-30% without histological grade differen-
tiation [50,51]. Clinically significant pancreatic fistulas are more
common in distal resections of neuroendocrine tumors com-
pared to adenocarcinomas [52-54]. According to the literature,
pancreatic fistulas are 1.5 times more common in pancreatic
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patients with NETs [53,55]. The analysis showed that type B
and C pancreatic fistulas were found in 13.5% and 6.0% of
neuroendocrine tumor cases, respectively. Type B pancreatic
fistulas occurred in only 6.0% of cases. No case of type C pan-
creatic fistula was found in patients with adenocarcinoma.

The histopathological diagnosis of a tumor “other than ade-
nocarcinoma” is also a risk factor for postoperative pancreatic
fistula on the FRS scale [11,19]. The results calculated accord-
ing to the FRS scale were similar in the 2 groups. Twenty-two
(28.6%) patients with a neuroendocrine tumor were classi-
fied as being at high risk for postoperative pancreatic fistula.
In contrast, among patients with adenocarcinoma, only 3.7%
were found to be at high risk of pancreatic fistula.

Clavien-Dindo Complications

In our study, clinically significant (>I1l) complications on the
Clavien-Dindo scale were 16/77 (21%) for NET and 12/54 (22%)
for adenocarcinoma. Heidsma et al presented the “textbook
outcome” (TO) of patients operated on for neuroendocrine tu-
mors[52]. TO was defined as no significant postoperative com-
plications (Clavien-Dindo >lll), no 90-day postoperative mortal-
ity, no prolonged hospital stay, no rehospitalization within 90
days, and no RO resection [52]. For distal TO pancreatectomy,
it was 56.7% for neuroendocrine tumors [52]. According to the
literature, clinically significant complications occur in 20-30% of
patients operated on for NET [37,39]. Beek et al points to the
extent of resection as a key risk factor for major complications
on the Clavien-Dindo scale after resections of neuroendocrine
tumors [56]. Researchers indicate a significantly higher risk of
clinically significant complications when pancreatoduodenec-
tomy is performed as compared to distal resections (OR: 3.13;
Cl1 95%: 1.32-7.41) [56]. On the other hand, for adenocarcino-
mas, postoperative complications of grade >lIl on the Clavien-
Dindo scale affect 19-26% of patients [20,57]. The literature
contains many reports of the higher incidence of significant
postoperative complications after resections of adenocarcino-
mas compared to neuroendocrine tumors. In the population
we analyzed concerning distal resections, clinically significant
postoperative complications occurred with similar frequency
in both groups, although the overall incidence of postopera-
tive complications was higher for adenocarcinomas than neu-
roendocrine tumors. Patients with NETs tended to be young-
er than those with adenocarcinoma, which may influence the
frequency of postoperative complications. However, there are
also other factors such as soft pancreas and non-dilated pan-
creatic duct in NETs, which may have influenced our results.

Surgical Technique

Modifications of surgical technique aimed at reducing the rate
of complications after pancreatic resection procedures are
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subject to ongoing discussion [58-60]. The use of minimally
invasive surgery in distal pancreatic resections improves some
short-term results [58,59]. According to Karunakaran et al, the
use of minimally invasive methods clearly shortened the length
of hospital stay [61]. However, there are reports showing the
rate of clinically significant complications after minimally inva-
sive procedures does not differ from open surgery [55,61], but
Adams et al found a higher incidence of pancreatic fistulas af-
ter laparoscopic distal pancreatic resections [58]. This may be
due to the use of a mechanical suture closing the cross-sec-
tion of the remaining pancreatic parenchyma [58]. However,
Tieftrunk et al showed the advantage of mechanical suture
over manual suture in the prevention of postoperative pan-
creatic fistula after distal pancreatic resections [62].

The impact of the use of sealants, such as fibrin glue or fibrin
patch, on the occurrence of postoperative complications, in-
cluding pancreatic fistula, remains unclear [60,63]. According to
Serra et al, the use of sealants in pancreatic surgery requires fur-
ther validation [63]. Each modification of the surgical technique
during pancreatic resection procedures should be individualized
and adapted to the specific clinical case [61]. We did not ana-
lyze the surgical technique in the context of postoperative com-
plications because there were no differences in the technique
in our patients — all patients in the study population were op-
erated on using the open method via laparotomy. The pancre-
atic duct was closed with 2-3 single sutures and the cross-sec-
tion of the pancreas was closed with single sutures in 2 layers.

The undoubted limitation of the study is the lack of follow-
up, which results, among other things, in an underestimation
of the number of metachronous distant metastases in both
groups, which prevents a complete characterization of the
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studied tumor types. Another limitation is the retrospective
nature of the analysis, but, taking into account the small num-
ber of publications comparing adenocarcinomas and neuro-
endocrine tumors of the pancreas with distal localization, the
present study has high didactic utility.

Conclusions

Patients undergoing distal resections tend to be older and
have a higher ASA-PS score for adenocarcinomas compared
to those with neuroendocrine tumors. Adenocarcinomas in the
pancreatic body and tail are more aggressive than NETs and
tend to have a higher grade of histological malignancy. They
cause more frequent infiltration of adipose tissue and peri-
neural invasion, and more often metastasize to lymph nodes.
Synchronous distant metastases occurred at a similar rate in
both groups.

A pancreatic duct >3 mm in diameter is more commonly found
in pancreatic adenocarcinomas. In contrast, the softer texture
of the pancreas and a less dilated pancreatic duct were more
common in patients with neuroendocrine tumors. This may
contribute to the higher incidence of clinically significant pan-
creatic fistulas in patients with NETs, although postoperative
complications of Clavien-Dindo scale grade Ill and above oc-
curred to a similar degree in both groups.
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