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Rezumat

Impactul asupra supravietuirii pe termen lung a unui protocol histo-
patologic standardizat asupra incidentei R1 in duodenopancreatectomia
cefalicd pentru adenocarcinomul ductal pancreatic

Introducere: Adenocarcinomul ductal cefalo-pancreatic este o
patologie cu un prognostic extrem de infaust, avand ca singura
optiune terapeuticd cu scop curativ rezectia chirurgicald, in
asoclere cu chimioterapia. Scopul acestui studiu este de a evalua
influenta utilizarii unui raport histopatologic standardizat in
duodenopancreatectomia cefalica (DPC) asupra incidentei marginilor
R1 g1 impactul acestora asupra supravietuirii pe termen lung.
Material si Metode: Am inclus 116 pacienti internati la Institutul
Regional de Gastroenterologie si Hepatologie Prof. Dr. O. Fodor
Cluj Napoca, care au beneficiat de duodenopancreatectomie
cefalicA pentru adenocarcinom ductal cefalo-pancreatic in
perioada ianuarie 2012 — mai 2017. Pacientii au fost impartiti in
doua grupuri: 59 de pacienti pentru care a fost utilizat un protocol
histopatologic nestandardizat si 57 de pacienti pentru care a fost
implementat un protocol standardizat. O margine a fost cosiderata
microscopic pozitivd (R1) atunci cind celulele tumorale erau
prezente la < 1 mm de marginea de rezectie.

FRezultate: Procentul de margini R1 in primul grup de pacienti a
fost de 39%, in timp ce in al doilea grup a fost de 68,4%. Rata medie
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AJGC: American Joint Committee on
Cancer;

RCP: British Royal College

of Pathologists;

SMA: Superior Mesenteric Artery;
SMV: Superior Mesenteric Vein;

PV: Portal Vein.

de supravietuire a fost asemanatoare in cele doua grupuri, fara
diferente semnificative statistic, dar in studiul prospectiv pacientii
cu margini R1 au avut o supravietuire general semnificativ
statistic mai mica comparativ cu pacientil cu margini de rezectie
RO (p-value = 0,03).

Concluzie: Folosirea unui protocol standardizat histopatologic in
DPC pentru adenocarcinomul ductal cefalo-pancreatic duce la o
crestere semnificativa statistic a marginilor de rezectie R1, iar
atunci cand se foloseste un protocol standardizat histopatologic
aceste margini (R1) influenteaza negativ supravietuirea pe termen
lung. Mezopancreasul este marginea de rezectie cea mai des R1
atunci cand se foloseste un protocol standardizat histopatologic.

Cuvinte cheie: adenocarcinom ductal pancreatic, duodenopancrea-
tectomie cefalica, margini de rezectie R1, raport histopatologic
standardizat, supravietuire

Abstract

Background: Pancreatic Ductal Adenocarcinoma (PDAC) is a
pathology with a very poor prognostic, the only curative treat-
ment option being surgery, in association with chemotherapy.
This study aims to assess the influence that the use of a
standardized pathology report after a pancreaticoduodenectomy
(PD) has on the R1 margins rate and the impact that this has on
long term survival.

Material and Methods: We included 116 patients admitted to the
Regional Institute of Gastroenterology and Hepatology Prof. Dr. O.
Fodor Cluj Napoca, who underwent PD for PDAC (Pancreatic
Ductal Adenocarcinoma) between January 2012 and May 2017.
We divided them in two groups: 59 patients for which a non-
standardized histopathological protocol was used and 57 patients
for which a standardized protocol was implemented. We considered
a margin to be R1 when there were tumor cells at <1 mm from the
resection margin.

Results: The R1 percentage in the first group of patients was of
39%, while the R1 resection rate in the second group was of 68.4%.
The median survival rate was similar in the two groups, with no
statistically significant difference between them, but in the
prospective study when comparing RO vs R1 margins there was a
statistically differences in 5 year OS with a p-value = 0.03.
Conclusion’ The use of a standardized pathology report reveals a
significant increase in R1 resection rates. Also study revealed not
only increasing R1 incidence when using a standardized histo-
pathology report, but also that those margins (R1) playing a
determinant role in 5-year OS. The mesopancreas is the most
frequently R1 resection margin.

Key words: pancreatic ductal adenocarcinoma, pancreatoduo-
denectomy, R1 resection margins, standardized histopathology
report, survival
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Introduction

According to the American Cancer Society in
2023 pancreatic cancer is estimated as the 10™
most frequent cancer in men and the 8™ most
frequent in women in the USA. It is also
known to be one of the most aggressive
malignant tumors, occupying the 7* place in
the cancer related deaths worldwide (1,2).

The 5-year survival rate for pancreatic
cancer is estimated at 12%, for all stages and
histopathological types, but only at 9% for the
pancreatic ductal adenocarcinoma (PDAC),
which represents approximately 90% of the
malignant tumors of the pancreas (3-6).

PDAC 1is therefore an extremely lethal
disease, with a poor prognosis and a complex
management. The only treatment with
curative intent for the pancreatic adeno-
carcinoma continues to be surgery, with a 10-
25% five-year survival rate and an overall
survival (OS) of 11-20 months (slightly higher
with adjuvant therapy)(7,8).

Only 15-20% of the diagnosed PDAC of
the head of the pancreas are considered
resectable, the golden standard procedure
being pancreaticoduodenectomy (PD) with or
without vascular reconstruction, alongside
chemotherapy. An oncologic surgeon's
desideratum will always be to obtain a RO
resection margin. One of the most discussed
topics in the case of pancreatic surgery is how
this influences the overall survival and local
recurrence rates (8).

Multiple studies have been conducted in
order to assess this, but the results vary a lot.
There are multiple factors that influence these
variations. One of them is the difference in
the definition of RO/R1 margins. While some
specialists consider a microscopic positive
resection margin (R1) when malignant cells
are present at the edge of the resection
margin (R1 = 0 mm), others consider a margin
to be R1 when there are malignant cells at
1 mm or at less than 1 mm from the tumor
(R1 <1 mm)(6,9,10).

Other important factors while assessing
the radicality of the procedure are which
of the resection margins are taken into

consideration, as well as the protocol used by
the pathologists to examine the specimen.

In our study, the aim was to assess if a
standardized pathology report increases the
percentage of R1 resection in PD performed
for PDAC, as Verbeke et al. have suggested for
the first time in 2006 and to evaluate the
impact that R1 resection margin has on the
overall survival (11). A second objective was to
identify the factors that lead to R1 resection
margins.

Materials and Methods

Patients enrolled in our institute’s
electronic database who underwent PD or
total pancreatectomy (TP) for cancer of the
head of the pancreas between January 2012
and May 2017 were identified. From these,
we included the 116 patients which had a
histopathological confirmation of PDAC, while
any other pathologies, like tumors of the
ampulla of Vater, duodenum or main biliary
duct, were excluded.

We then divided the 116 patients in two
groups. The first group consists of 59 patients
who underwent PD between January 2012
and May 2014, for which the histopathological
report was not based on a standardized
examination protocol and the data was
collected retrospectively. The second group is
represented by 57 patients who underwent PD
between June 2014 and May 2017, for which
a standardized protocol of examination was
implemented, as follows: right after the
procedure each resection margin was identi-
fied and inked as shown in Fig. 1 and Fig. 2.
The following margins were assessed: transec-
tion margins (pancreatic neck/duct, bile duct,
proximal duodenal/stomach and jejunal
margin), vascular resection margins (for cases
in which a venous resection was performed)
and circumferential margins. The latter
included the anterior, posterior, superior and
medial (mesopancreas) margins. The medial
margin involved the tissue lying posteriorly to
the superior mesenteric vein and to the right
of the superior mesenteric artery. The
resection margins are highlighted in Fig. 3
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Figure 1.  Inked resection margins (anterior view).

and Fig. 4 The data for the second group of
patients was collected prospectively.

From the lot of 116 patients only one
received neoadjuvant therapy, while post-
operatively a recommendation for adjuvant
therapy was made for all of the patients,
according to the UICC indications (7" edition)
(12)

Most of the patients underwent Whipple or
Traverso-Longmire procedure, but in a few
cases, it was also necessary to perform a TP.
The pancreato-digestive reconstruction was

Main biliary duct

Superior

Pancreatic transection

Figure 2.  Inked resection margins (posterior view)

based on the surgical team's preference
(pancreato-jejunal or pancreatico-gastric
anastomosis). For the cases with venous
invasion, a tangential or segmentary vascular
resection was performed. Lymphadenectomy
was conducted according to the standards in
all cases and it included the following lymph
node stations: anterior, posterior, celiac trunk,
common hepatic artery and the mesopancreas
up to the right border of the superior mesen-
teric artery.

We considered a margin to be positive (R1)

Main biliary duct

-

Superior

Proximal Pancreatic transection «_ Proximal
duodenum == duodenum
Medial
Medial —f—t— "\
Anterior Distal duodenum ;
; Posterior
Distal duodenum
Figure 3.  Schematic representation of the resection margins Figure 4.  Schematic representation of the resection margins
(anterior view) (posterior view).
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when cancer cells were identified at < 1 mm
from the resection margin. A negative (RO)
margin was defined as the lack of tumor cells
within 1 mm of the resection margins.

Tumor location, grading and size were
reported. The TNM stage was then established,
according to the 8" edition of the AJCC. We also
reported the vascular, lymphatic and perineural
invasion (13).

Variables were collected in a Microsoft Excel
database. Comparisons between the groups
and within the groups were performed using
the IBM SPSS v26.0 software. Qualitative
values were analyzed using the Pearson Chi-
Squared test. Quantitative values were
addressed regarding the normality of the
distribution, which was tested using the

Shapiro-Wilk test. Normally distributed values
were compared using the T-test for independent
variables. Non-normally distributed values
were compared using Mann-Whitney U test.
Survival rates were evaluated using the
Kaplan-Meier curve and compared using the
log-rank tests. Multivariate analysis was
performed using Cox Regression. The value of
statistical significance was p < 0.05.

Results

Patients and Tumor Characteristics

Demographic data, tumor related characteris-
tics, as well as a comparison between the two
groups were highlighted in 7able 1. In the

Table 1.  Association between clinicopathological parameters and resection margin sta-tus for the two groups of evaluated patients.
Parameters Resection margins Between
groups
Standardized protocol Non-Standardized protocol
RO R1 p-value RO R1 p-value p-value
Number of patients 18 39 - 36 23 - 0.001
31.60% 68.40% 61% 39%
Mean age 63.28 (+8.63) 62.03 (£9.04) 0.624 66.25 (+9.54)  61.48 (x8.17)  0.123 0.418
Age group
<65 9 23 0.528 19 14 0.538 0.928
= 65 9 16 17 9
Tumor diameter (cm) 2.4 (+ 0.68) 3.01 (+0.83) 0.008 3.2 (x1.21) 3.09 (+0.99) 0.834 0.068
Tumor diameter in the two groups
<2cm 7 6 0.085 10 7 0.954 0.721
2-5cm 12 32 24 15
>5cm - - 1 1
Gender
Male 8 22 0.4 23 12 0.373 0.467
Female 10 17 13 11
T stage
1 2 0 0.394 2 0 0.311 0.736
2 3 5 6 3
3 12 34 28 20
4 1 0 0 0
N stage
0 7 7 0.113 18 3 0.001 0.192
1 11 32 18 20
L stage
0 7 4 0.02 20 5 0.005 0.005
1 11 35 16 18
V stage
0 11 20 0.484 33 11 0 0.02
1 7 19 3 12
Grading (G)
1 7 8 0.139 7 1 0.031 0.013
2 9 21 18 10
3 3 9 8 1
4 0 0 1 3
RO - negative resection margin; R1 — microscopic positive resection margin.
Statistically significant results are highlighted.
Chirurgia, 119 (2), 2024 www.revistachirurgia.ro 175
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standardized protocol group, tumor size
and lymphatic invasion were factors that
independently influenced the occurrence of R1
resection margins. In the non-standardized
group N stage, lymphatic invasion, vascular
invasion and tumor grading were identified
to increase the percentage of R1 resection
margins (7able 1). The comparison between the
two groups showed three statistically signifi-
cant factors that influence the R1 incidence: the
vascular invasion (p = 0.02), lymphatic invasion
(p = 0.005) and the tumor grading (p = 0.01).

Resection Margins

There were statistically significant differences
in the incidence rate of R1 resections between
the standardized and non-standardized
protocol (39 patients - 68.4% vs. 23 patients -
39%, p = 0.001) as presented in 7able 1.
Overall, there were 62 patients with R1
margins: 39 (63%) cases with only one positive
margin and 23 (37%) cases with two or more
R1 margins. The involved margins are high-
lighted in Table 2. In the standardized group,
most of the cases presented with invasion of
the medial margin, followed by the pancreatic
margin, then more than 1/6™ with a positive
anterior margin.

In the non-standardized group, there were
20 patients with only one positive margin and
3 patients with two or more R1 margins, while
in the standardized group there were 19
patients with one positive margin and 20
patients with more R1 margins, with a
statistically significant difference (p = 0.003).

Out of the 13 cases in which a venous
resection was performed (7 tangential portal
resections, 2 segmentary portal resections, 1
tangential SMV - superior mesenteric vein
resection and 3 segmentary SMV resections),
5 cases had RO margins and 8 had tumor
invaded margins, the difference being not
statistically significant (p = 0.43).

Survival Data

The 1, 3 and 5-years survival rates were
analyzed, as well as median survival rates

Table 2.  R1 resection margin localization
(*only for the non-standardized protocol).

R1 resection margins Non-Standardized Standardized
Protocol Protocol

Pancreatic transection 3 (5.7%) 13 (22.8%)

Medial - 29 (50.9%)

Posterior 2 (3.8%) 8 (14%)

Anterior - 10 (17.5%)

Superior - 2 (3.5%)

Circumferential * 20 (38.4%) -

Bile duct 1(1.9%) 2 (3.5%)

*Circumferential resection margin was divided in the prospective group:
anterior, posterior, supe-rior and medial (mesopancreas) margins.

regarding resection margins status, the
number of positive resection margins, T stage,
N stage, the presence of lymphatic or vascular
invasion and tumoral grading, as high-lighted
in Table 3. Overall survival rate was 7.8%
with a median survival duration of 15 months
(IQR — interquartile range, 12.32 — 17.6).

Table 3.  Overall survival rate based on multiple parameters
Parameters 0S/Events P-value  Median survival
(%) (log-rank) (months)

T stage

T 1/4 (25%) 0.56 16

T2 1/17 (5.9%) 13

T3 7/94 (8.4%) 15

T4 0/1 (0%) 16
N stage

NO 6/35 (17.1%) 0.27 22

N+ 3/81 (3.7%) 13
L status

L0 5/36 (13.9%) 0.04 16

L1 4/80 (5.0%) 13
V status

V0 5/75 (6.7%) 0.81 16

V1 4/41 (9.8%) 15
G status

G1-2 9/81 (11.1%) 0.001 18

G3-4 0/30 (0%) 16
R status

RO 7/62 (11.3%) 0.16 16

R1 2/52 (3.7%) 13
Number of margins

0 7/57 (13.0%) 0.07 16

1 2/39 (5.1%) 14

2+ 0/23 (0%) 13
Staging

IA 2/6 (33.3%) 0.03 16

1B 0/5 (0%) 14

1A 4/23 (17.4%) 22

IIB 3/82 (3.7%) 13

Statistically significant results are highlighted.
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Table 3 highlights the overall survival

rates based on the histopathological
parameters, as well as the tumoral staging.
When accounting for independent analysis,
the only statistically significant factors
influencing the overall survival are the
lymphatic invasion (16 vs. 13 months,
p=0.01), the tumoral staging (14 vs. 22 vs. 13
months, p=0.03) and tumoral grading (18 vs.

Figure 5.  Overall survival of the
whole lot of patients with R0 vs. R1
resections (p-value = 0.171).

0.8

0.6

Overall survival

0.4

0.2

16 months, p=0.001). The median survival
rate in patients with RO was 16 months (IQR,
12.6 — 18.8), whereas in R1 patients, it was 13
months (9.6 — 16.03), with no statistically
significant difference being recorded (p=0.17).
Figs. 5, 6 and 7 exhibit the overall survival
curves (5-year survival) of each group and
respectively of the whole lot of 116 patients,
depending on the resection margin status.

Overall survival based on resection type
Resection
type
_r1 RO
- R1
{~ RO-censored
—+ Ri1-censored

0.0

.00 12.00 24.00 36.00 48.00 60.00 72.00 84.00 96.00108.00 120.00 132.00 144.00

1.0

0.6

0.4

Overall survival

0.2

Figure 6.  Overall survival for the

standardized group (prospective 0.0

Duration (months)

Resection
type
— RO
- R1
+— RO-censored
—+ R1-censored

analysis) with RO vs. R1 resections
(p-value = 0.03).

.00 12.00 24.00 3

6.00 48.00 60.00 72.00 84.00 96.00 108.00 120.00

Duration (months)
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Figure 7. Overall survival
for the non-standardized group
(retrospective analysis) with RO
vs. R1 resections (p-value= 0.309).

i
I

0.4

2 715

Overall survival

Resection

type
RO L
—R1
+~R0-censored
—+R1-censored

0.0

l

.00 12.00 24.0036.00 48.00 60.00 72.00 84.00 96.00 108.00 120.00 132.00 144.00

When comparing RO vs R1 margins in the
entire cohort (116 patients) we found no
statistically differences between the groups
regarding OS (p-value = 0.171, Fig. 5). The
same results was in the retrospective study
when comparing RO vs R1 margins groups
(p-value =). But in the prospective study there
was a statistically differences between
RO and R1 margins regarding OS with a
p-value = 0.03 (Fig. 6).

A comparison between the most frequently
discovered positive resection margins within
the standardized group was performed
regarding the overall survival. Statistically
significant differences were found between
the patients with positive medial margin
compared to the rest of the group (p=0.02). In
comparison, there were no statistically
significant differences between the patients
with positive pancreatic margin and the rest
of the group (p=0.93). When comparing
within the patients with at least 1 positive
margin, there were no statistically significant
differences between the patients with one of
the positive margins mentioned above or both
margins (p=0.20).

Among the patients with a R1 resection
we also analyzed if the overall survival is
influenced by the number of involved margins.

Duration (months)

For the cases in which only one margin was
positive the median survival rate was of 14
months, while for those with two or more
positive margins it was of 13, with no
statistically significant difference (p = 0.834).

When accounting for the multivariate
analysis, the statistically significant factors
highlighted were N staging (HR = 5.19,
CI 95% = 1.17 - 23.00, p=0.03), number of
positive margins (HR = 2.65, CI 95% = 1.28 -
5.49, p = 0.01) and tumoral grading (HR =
2.50, CI 95% = 1.09 - 5.72, p = 0.03). Details
are highlighted in 7able 4. The overall
survival of the patients with only one positive
margin in comparison to the ones with two
or more positive margins is presented in
Fig. 8and Fig. 9.

Discussion

Overall survival, local recurrence and distant
metastatic rates of patients diagnosed with
PDAC can be influenced by a variety of
factors. Among these, of most significance are
the tumor characteristics (size, location and
grading), the number of involved lymph
nodes and the presence of vascular/perineural
invasion, as several studies have showed in
the last few years. When it comes to the
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* 0,

Table 4 Multivariate_ analy_sis Parameters HR —Lowegrw) ¢ Upper p value

regarding overall survival using

Cox-Regression R status 0.51 0.14 1.84 0.03
Tumor Stage (I vs. Il) 0.41 0.04 4.74 0.048
Tumoral Grading (G12 vs. G34) 2.5 1.09 5.72 0.003
Lymphatic invasion 0.36 0.08 1.49 0.016
N staging (0 vs. 1+) 5.19 1.17 23 0.003
T staging (1 vs. 2 vs. 3vs. 4) 1.14 0.32 4.08 0.084
Positive Margins (1 vs. 2+) 2.65 1.28 5.49 0.001
Vascular resections 0.63 0.24 1.65 0.035

*Adjusted with Bonferroni correction.
Statistically significant results are highlighted.

Fig_l"e 8. . Overall SUFViVal _Of Overall survival based on the number of positive margins in the prospective study
patients with one vs. patients with
two or more positive margins in the 1.0 Positive Margins
standardized group (prospective ;: :":e positive ’“a?'"e )
i 0 Or more postive margins
analysis)(p-value = 0.619) | one postive margine-censored
0.8 —}— two or more positive margins-
censored
g 0.6
<
-
w
=
g 04
o
0.2
++
0.0 ]
.00 12.00 24.00 36.00 48.00 60.00 72.00 84.00 96.00
Duration (Months)
Overall survival based on the number of positive margins in the retrospective study
1.0 Positive Margins
one positive margine
—I771 two or more postive margins
0.8
3 -
= 0.6
=
(7]
s
L 04
o
0.2
Figure 9.  Overall survival of
patients with one vs. patients with
two or more positive margins in the 0:0

non-standardized group (retrospec- .00 20.00 40.00 60.00 80.00 100.00
tive analysis) (p-value = 0,594). Duration (Months)
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resection margin status, opinions are divided
(14-24).

According to Verbeke et al. the percentage
of positive resection margins (R1) varies a lot
between centers and studies (from less than
20% to more than 80%), due to differences in
the definition of the margin involvement and
the absence of an international consensus
regarding a standardized pathology examina-
tion protocol (6).

After Verbeke proposed the introduction of
a standardized protocol, Esposito et al.
conducted the first study to test and, in the
end, confirm this theory on a group of 111
patients. Since then, multiple studies have
proven this theory, whether they analyzed all
types of periampullary tumors or focused just
on the pancreatic ductal adenocarcinoma
(11,13,25-32). Our study has focused entirely
on the pancreatic ductal adenocarcinoma
patients in order to minimize the bias. The
histopathological protocol that we used was
based on the one suggested by Verbeke et al.,
the only difference being that we did not
divide the medial margin into two, one corre-
sponding to the SMV - superior mesenteric
vein/PV - portal vein and one to the SMA —
superior mesenteric artery, as reported by
Verbeke (11). Our research has shown a
statistically significant increase in the
percentage of positive resection margins by
almost 30% 1in the standardized protocol
group, which reinforces the idea that a stan-
dardized analysis of the PD specimen should
be implemented in the high-volume centers.

The other constantly discussed aspect in
the research on pancreatic adenocarcinoma is
the definition of a R1 margin. In the past, a
positive resection margin (R1) was defined as
direct microscopic tumor involvement of any
surgical margin, by both the International
Union Against Cancer (UICC) and the
American Joint Committee on Cancer (AJCC),
while the British Royal College of Pathologists
(RCP) considered a margin to be positive when
there were tumor cells less than 1 mm from
the surgical resection margin. In the 8%
edition of the AJCC guidelines, the definition
has changed and is now in consensus with the

one recommended by the RCP (this being the
reference point for most of the European
centers). Meanwhile the definition remains
unchanged in the 8" edition of the UICC
guidelines (13). Since the 1 mm clearance rule
for assessing the resection margins is the one
adopted by most of the European countries and
strongly recommended by the International
Study Group of Pancreatic Surgery, it is the
definition that we also adopted in our study
(10,33). There were also several publications
which aimed to prove that a minimum
distance of 1.5 or 2 mm from the tumor bed in
defining a RO resection is more suitable for
pancreatic cancer because of its dispersed
pattern in tumor growth (15,25,26,34).

It is generally known that for any type of
oncologic resection a positive resection margin
has a negative impact on the long-term
survival, but according to our analysis, only
when using a standardized histopathological
report R1 play a determinant role in 5-years
OS. Our team has previously published an
article regarding this matter, in which we
studied the 3-year survival rates, while now
we extended our research to reveal the 5-year
survival rates of the same group of patients
(35). Therefore, our study sustain the hypo-
thesis sustained by other publications, that
positive resection margins alone have an
impact on overall survival in PDAC when
using a standardized histopathological report
and a R1 < 1 mm definition (16,36,37). This is
in contradictory with the findings of several
studies conducted over the last 20 years (19-
24,38). Among the first studies that also
indicated this, was the one carried out by
Neoptolemos et al. in 2001 in the ESPAC-1
trial. They have suggested that the occurrence
of R1 is directly linked to the tumor’s biology
and the presence of lymph node invasion and
not to the surgical technique (38). This was
also confirmed in the research conducted by
Hernandez et al. in 2009 (39). More recent
data on the subject can be found in a meta-
analysis conducted by Demir et al. in 2017,
who also propose to view R1 margin as a
reflection of an aggressive tumor biology and
emphasize the importance of factors like
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vascular and perineural invasion, as well
as tumor grading (17). These findings are
consistent with the ones in our study, which
demonstrates a correlation between R1
margins and higher tumor grading, as well as
vascular and lymphatic invasion.

In 2013, Raut et al. have proven that a R1
resection margin was associated with tumor
size and operative blood loss and was there-
fore not an independent factor in determining
lower survival rates. They also pointed up that
in most cases (88.3%) the involved margin was
the SMA one. In our study the medial margin
(involving the tissue in the proximity of the
SMA and SMV) was also the most frequent
positive margin (50.9%). Several other publi-
cations confirm that this margin is the one
with the greatest chance of being implicated,
with a poor prognostic for the patients
(14,19,40). We have also noticed that when
comparing the patients with a positive medial
margin to the rest of the group, the overall
survival is negatively influenced. The question
of therapeutical options in this particular
situation arises. Regarding this matter,
several publications have studied the impact
that extensive surgery has on the long-term
survival in case of initially positive resection
margins (18,20,36,39). According to the
findings of Schmidt et al., reexcision could
have a beneficial impact in the case of a
positive transection margins (36). When it
comes to the SMA margin though, where the
local anatomy does not really permit a more
extensive excision, a reintervention does
probably not bring any advantages for the
patients (20,21,27,39). The protocol of PD in
our center includes a total mesopancreatic
excision, so we believe that, unfortunately, in
the case of positive resection margins at this
level extensive surgery would not change the
course of the disease. We consider that only a
closer follow-up or a different approach when
it comes to adjuvant therapy could benefit
these patients and that more research has to
be carried out on this subject.

However, when it comes to multifocal
positive margins, according to the multi-
variate analysis in our research an increasing

number of margins does reduce the overall
survival. This is one of the conclusions that
was also reached by Ghaneh et al. in 2017
(14). Pine et al. similarly proved that when it
comes to R1 <1 mm margins, the factors with
the greatest influence on overall survival are
the presence of a medial positive margin and
the implication of multiple margins (19).

Conclusions

The use of a standardized histopathology
report not only that reveals a significant
increase in R1 resection margins rates it also
increase the number of R1 margins (it is more
likely to have more than two R1 resection
margins/specimen). Also when it comes to use
a standardized histopathology report the R1
resection margins play a determinant role in
5-year OS. The factors that we found to have
an influence on the occurrence of R1 are
the tumoral grading and the vascular and
lymphatic invasion. The most frequently
involved margin is the medial one (the
mesopancreas), which in comparison to other
margins, has a negative impact on the
overall survival. In our opinion, the cases in
which this margin is positive should therefore
benefit of a closer postoperative follow-up and
maybe more aggressive adjuvant therapy,
since a more extensive resection in this
particular region is not feasible (without
arterial resection).

Author’s Contributions

Conceptualization, EM., F.G., NAH., CP,
AP, FZ., CI., R.B. and C.P; Data collection,
I.V.,, SM, V.- IN.,, PU. and D.V; Formal
analysis, LLF., R.B., D.V, V.-ILN., S.M. and
P.U.; Funding acquisition, E.M., C.P.,, N A.-H
and F.G.; Investigation, L.F., R.B., LR. D.V,,
AP, V.-LN,, I.V. and S.M.; Methodology, E.M.,
N.AH, FG., FZ., CI., C.P. and L.F.;; Project
administration, EM., N.A.H., F.G., FZ., C.P.
and A.P; Resources, EM., C.P, AP, F.G, FZ.,
R.B., LR. and L.F;; Software, D.V., VI.N., L.V,
PU. and S.M.; Supervision, NA-H., C.P, CI.
and F.G.; Validation, N.A.H., F.G.,, R.B,, AP,

Chirurgia, 119 (2), 2024

www.revistachirurgia.ro 181



E. Mois et al

E.M. and L.F; Writing—original draft, L.F.,
LR, S.M,, L.V, PU,, VIN. and R.B.; Writing—
review and editing, NA.H., F.G., EM., AP,
C.P, FZ. and C.I All authors have read
and agreed to the published version of the
manuscript.

Conflicts of Interest

The authors declare no conflict of interest.

Funding

This research was supported by the project
New smart and adaptive robotics solutions for
personalized minimally invasive surgery in
cancer treatment - ATHENA, funded by
European Union — NextGenerationEU and
Romanian Government, under National
Recovery and Resilience Plan for Romania,
contract no. 760072/23.05.2023, code CF 116/
15.11.2022, through the Romanian Ministry of
Research, Innovation and Digitalization,
within Component 9, investment 18.

Institutional Review Board Statement

For this study, the approval of Iuliu
Hatieganu University of Medicine and
Pharmacy Ethics Committee (number
384/10.11.2014) was received.

Data Availability Statement

Not applicable.

References

1. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2018;68(6):
394-424.

2. Information and Resources about for Cancer: Breast, Colon, Lung, Prostate,
Skin | American Cancer Soci-gty [Internet]. [cited 2023 Jun 30]. Available
from: https://www.cancer.org.

3. www.cancer.org.

4. Rawla P, Sunkara T, Gaduputi V. Epidemiology of Pancreatic Cancer: Global
Trends, Etiology and Risk Factors. World J Oncol. 2019;10(1):10-27.

5. Aier I, Semwal R, Sharma A, Varadwaj PK. A systematic assessment of
statistics, risk factors, and under-lying features involved in pancreatic
cancer. Cancer Epidemiol. 2019;58:104-10.

6. Holm MB, Verbeke CS. Prognostic Impact of Resection Margin Status on
Distal Pancreatectomy for Ductal Adenocarcinoma. Curr Oncol. 2022;

20.

21.

22.

23.

24.

25.

26.

29(9):6551-63.

Mizrahi JD, Surana R, Valle JW, Shroff RT. Pancreatic cancer. Lancet. 2020;
395(10242):2008-20.

Grossberg AJ, Chu LC, Deig CR, Fishman EK, Hwang WL, Maitra A, et al.
Multidisciplinary standards of care and recent progress in pancreatic ductal
adenocarcinoma. CA Cancer J Clin. 2020;70(5):375-403.

Verbeke C, Webster F, Brosens L, Campbell F, Del Chiaro M, Esposito I, et
al. Dataset for the reporting of carcinoma of the exocrine pancreas:
recommendations from the International Collaboration on Cancer Reporting
(ICCR). Histopathology. 2021;79(6):902-12.

Bockhorn M, Uzunoglu FG, Adham M, Imrie C, Milicevic M, Sandberg AA,
et al. Borderline resectable pancreatic cancer: A consensus statement by the
International Study Group of Pancreatic Surgery (ISGPS). Surgery. 2014;
155(6):977-88.

Verbeke CS, Leitch D, Menon K V, McMahon MJ, Guillou PJ, Anthoney A.
Redefining the R1 resection in pancreatic cancer. Br J Surg. 2006;
93(10):1232-7.

TNM Atlas, 7" Editionl UICC Available online: https://www.uicc.org
/resources/tnm-atlas-7th-edition (accesed 30 June 2023).

Bertero L, Massa F, Metovic J, Zanetti R, Castellano |, Ricardi U, et al. Eighth
Edition of the UICC Classifi-cation of Malignant Tumours: an overview of
the changes in the pathological TNM classification criteria - What has
changed and why? Virchows Archiv. 2018;472(4):519-31.

Ghaneh P, Kleeff J, Halloran CM, Raraty M, Jackson R, Melling J, et al.
The Impact of Positive Resection Margins on Survival and Recurrence
Following Resection and Adjuvant Chemotherapy for Pancreatic Ductal
Adenocarcinoma. Ann Surg. 2019;269(3):520-9.

Jamieson NB, Foulis AK, Qien KA, Going JJ, Glen P, Dickson EJ, et al.
Positive Mobilization Margins Alone Do Not Influence Survival Following
Pancreatico-Duodenectomy for Pancreatic Ductal Adenocarcinoma. Ann
Surg. 2010;251(6):1003-10.

Tummers WS, Groen J V, Sibinga Mulder BG, Farina-Sarasqueta A, Morreau
J, Putter H, et al. Impact of resection margin status on recurrence and
survival in pancreatic cancer surgery. Br J Surg. 2019;106(8):1055-1065.
Demir IE, Jdger C, Schlitter AM, Konukiewitz B, Stecher L, Schorn S, et al.
RO Versus R1 Resection Matters after Pancreaticoduodenectomy, and Less
after Distal or Total Pancreatectomy for Pancreatic Cancer. Ann Surg. 2018;
268(6):1058-68.

Fatima J, Schnelldorfer T, Barton J, Wood CM, Wiste HJ, Smyrk TC, et al.
Pancreatoduodenectomy for ductal adenocarcinoma: implications of
positive margin on survival. Arch Surg. 2010;145(2):167-72.

Pine JK, Haugk B, Robinson SM, Darne A, Wilson C, Sen G, et al.
Prospective assessment of resection margin status following pancreatico-
duodenectomy for pancreatic ductal adenocarcinoma after stand-ardisation
of margin definitions. Pancreatology. 2020;20(3):537-44.

Mathur A, Ross SB, Luberice K, Kurian T, Vice M, Toomey P, et al. Margin
status impacts survival after pancreaticoduodenectomy but negative
margins should not be pursued. Am Surg. 2014;80(4):353-60.

Joliat GR, Allemann P, Labgaa |, Sulzer J, Vrochides D, Zerbi A, et al.
Prognostic value of positive histo-logical margins in patients with
pancreatic head ductal adenocarcinoma and lymph node involvement: an
international multicentric study. HPB (Oxford). 2021;23(3):379-386.
Sugiura T, Uesaka K, Mihara K, Sasaki K, Kanemoto H, Mizuno T, et al.
Margin status, recurrence pattern, and prognosis after resection of
pancreatic cancer. Surgery. 2013;154(5):1078-86.

You Y, Choi DW, Heo JS, Han IW, Choi SH, Jang KT, et al. Clinical
significance of revised microscopic positive resection margin status in duc-
tal adenocarcinoma of pancreatic head. Ann Surg Treat Res. 2019;96(1):19.
Raut CP, Tseng JF, Sun CC, Wang H, Wolff RA, Crane CH, et al. Impact of
Resection Status on Pattern of Failure and Survival After Pancreatico-
duodenectomy for Pancreatic Adenocarcinoma. Ann Surg. 2007;246(1):
52-60.

Chang DK, Johns AL, Merrett ND, Gill AJ, Colvin EK, Scarlett CJ, et al.
Margin clearance and outcome in resected pancreatic cancer. J Clin Oncol.
2009;27(17):2855-62.

Gebauer F, Tachezy M, Vashist YK, Marx AH, Yekebas E, Izbicki JR, et al.
Resection Margin Clearance in Pancreatic Cancer After Implementation of

182

www.revistachirurgia.ro

Chirurgia, 119 (2), 2024



Impact on Long-term Survival of a Standardized Histopathological Protocol on the R1 Incidence in PD for PDAC

21.

28.

29.

30.

31.

32.

33.

the Leeds Pathology Protocol (LEEPP): Clinically Relevant or Just
Academic? World J Surg. 2015;39(2):493-9.

Esposito I, Kleeff J, Bergmann F, Reiser C, Herpel E, Friess H, et al. Most
Pancreatic Cancer Resections are R1 Resections. Ann Surg Oncol. 2008;
15(6):1651-60.

Campbell F, Smith RA, Whelan P, Sutton R, Raraty M, Neoptolemos JP, et al.
Classification of R1 resections for pancreatic cancer: the prognostic
relevance of tumour involvement within 1 mm of a resection margin.
Histopathology. 2009;55(3):277-83.

Jamieson NB, Chan NIJ, Foulis AK, Dickson EJ, McKay CJ, Carter CR. The
prognostic influence of resection margin clearance following pancreatico-
duodenectomy for pancreatic ductal adenocarcinoma. J Gastrointest Surg.
2013;17(3):511-21.

Nitta T, Nakamura T, Mitsuhashi T, Asano T, Okamura K, Tsuchikawa T, et al.
The impact of margin status determined by the one-millimeter rule on tumor
recurrence and survival following pancreaticoduodenectomy for pancreatic
ductal adenocarcinoma. Surg Today. 2017;47(4):490-7.

Rau BM, Moritz K, Schuschan S, Alsfasser G, Prall F, Klar E. R1 resection in
pancreatic cancer has significant impact on long-term outcome in
standardized pathology modified for routine use. Surgery. 2012;152(3):
S103-11.

Coppola R, Cartillone M, Borzomati D, Nappo G, Valeri S, Petitti T, et al.
Surgical margins for duodenopancreatectomy. Updates Surg. 2016;
68(3):279-85.

Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland
RK, et al. The Eighth Edition AJCC Cancer Staging Manual: Continuing to

34.

35.

36.

37.

38.

39.

40.

build a bridge from a population-based to a more “personalized” approach
to cancer staging. CA Cancer J Clin. 2017;67(2):93-9.

Verbeke CS, Knapp J, Gladhaug IP. Tumour growth is more dispersed in
pancreatic head cancers than in rectal cancer: implications for resection
margin assessment*. Histopathology. 2011;59(6):1111-21.

Mois E, Graur F, Al-Hajjar N, Zaharie F, Bartos A, Bodea R, et al.
Microscopically positive (R1) resections do not affect survival in pancreatic
head cancer. Ann ltal Chir. 2017;88:491-6.

Schmidt CM, Glant J, Winter JM, Kennard J, Dixon J, Zhao Q, et al. Total
pancreatectomy (RO resection) improves survival over subtotal pancreatec-
tomy in isolated neck margin positive pancreatic adenocarcinoma. Surgery.
2007;142(4):572-80.

Strobel O, Hank T, Hinz U, Bergmann F, Schneider L, Springfeld C, et al.
Pancreatic Cancer Surgery. Ann Surg. 2017;265(3):565-73.

Neoptolemos JP, Stocken DD, Dunn JA, Almond J, Beger HG, Pederzoli P,
et al. Influence of Resection Margins on Survival for Patients With
Pancreatic Cancer Treated by Adjuvant Chemoradiation and/or
Chemotherapy in the ESPAC-1 Randomized Controlled Trial. Ann Surg.
2001;234(6):758-68.

Hernandez J, Mullinax J, Clark W, Toomey P, Villadolid D, Morton C, et al.
Survival After Pancreaticoduodenectomy is not Improved by Extending
Resections to Achieve Negative Margins. Ann Surg. 2009;250(1):76-80.
Delpero JR, Bachellier P, Regenet N, Le Treut YP, Paye F, Carrere N, et al.
Pancreaticoduodenectomy for pancreatic ductal adenocarcinoma: a French
multicentre prospective evaluation of resection margins in 150 evaluable
specimens. HPB (Oxford). 2014;16(1):20-33.

Chirurgia, 119 (2), 2024

www.revistachirurgia.ro

183



