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Abstract

Background

The prognostic effect of resection margin status following pancreatoduodenectomy for pan-

creatic ductal adenocarcinoma (PDAC) remains controversial, even with the implementation

of standardized pathological assessment. We therefore investigated the impact of resection

margin (RM) status and RM distance in curative resected PDAC on overall survival (OS),

disease-free survival (DFS) and recurrence.

Method

108 patients were retrieved from a prospectively maintained database of a certified pancreatic

cancer center. Distribution and relationships between circumferential resection margin (CRM)

involvement (CRM�1mm; CRM>1mm; CRM�2mm) and their prognostic impact on OS and

DFS were assessed using Kaplan-Meier statistics and the Log-Rank test. Multivariate logistic

regression was used explain the development of a recurrence 12 months after surgery.

Results

63 out of 108 patients had medial RM and 32 posterior RM involvement. There was no sig-

nificant difference in OS and DFS between CRM�1mm and CRM>1mm resections. Clear-

ance at the medial margin of�2mm had an impact on OS and DFS, (RM�2mm vs.

RM<2mm: median OS 29.8 vs 16.8 months, median DFS 19.6 vs. 10.3 months). Multivari-

ate analysis demonstrated that age, medial RM�2mm, lymph node status and chemother-

apy were prognostic factors for OS and DFS. Posterior RM had no influence on OS or DFS.

Conclusion

Not all RM seem to have the same impact on OS and DFS, and a clearance of 1mm for defi-

nition of a negative RM (i.e. CRM>1mm) seems not sufficient. Future studies should include

more patients to stratify for potential confounders we could not account for.
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Trial registration

This study was registered with the German Clinical Trials Registry (reference number

DRKS0017425).

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the seventh leading cause of cancer-related

deaths worldwide, and in Europe the fourth most deadly cancer after lung, colorectum and

breast cancer [1, 2]. So far surgery with complete tumor-free resection margins (R0) combined

with adjuvant chemotherapy offers the only chance for a cure, though with a dismal 5-year sur-

vival ranging from 5–17% [3, 4].

Tumor free resection margins generally serve as a long-term prognostic factor [5, 6]. A

clear definition of resection margin status is therefore essential [7]. According to many centers

in Europe, the R classification was adapted to Royal College of Pathologist (RCP) guidelines

[8]. According to the German clinical practical guidelines R0-resected PDAC are called CRM

positive (Circumferential Resection Margin) if there are tumor cells within 1 mm of the RM

(CRM�1mm), but not at the margin (R0 narrow) and CRM negative (CRM>1mm, R0 wide)

refers to RM with no tumor cells within 1 mm of the definitive RM. Whereas R1 (<0mm)

implies when tumor cells are found at the definitive RM [9]. There is accumulating knowledge

that clear resection margins (R0 > 1mm) has a significant impact on survival following PDAC

resection [5, 10–12]. Nevertheless, exact definition of a margin-free resection (R0) and its

prognostic significance on survival in resected PDAC remains internationally controversial.

Thus, the rates of reported R1 resection differ in literature between 13% and 85% [11, 13–16],

and vice versa [17]. Numerous studies have reported that resection margin or CRM involve-

ment is an independent prognostic factor for poor long-term survival [5–7, 18, 19]. Dispute

exists as other several studies have failed to demonstrate a survival benefit for patients with a

margin-negative resection [20–22]. Furthermore, almost half of the resected patients, irrespec-

tive of adjuvant treatment administered, experience local or systemic disease relapse only 12

months after surgery. This implies that most patients had a systemic disease even in those few

cases of reported R0 resections [23–25]. Therefore, a resection margin distance of 1 mm might

not be enough to promote long-term survival in PDAC.

The aim of this study was to investigate the impact of different resection margins in PDAC

on OS and DFS via Kaplan-Meier statistics, and on disease recurrence 12 months after surgery

by implementing a multivariate logistic regression model, using the CRM distances� 1 mm,

> 1 mm, and� 2mm. Our hypotheses where that not all resection margins equally impact on

survival, and that a resection margin distance as defined in the German guideline (CRM posi-

tive vs. CRM negative) might not be enough to explain long term survival, but rather that

larger distances should be achieved.

Materials and methods

Study design

The study was approved by the medical Committee for Research Ethics at the University of

Oldenburg (reference number: 2019–071) without the need for Informed Consent due to the

retrospective nature of this study, and was registered with the German Clinical Trials Registry

(reference number DRKS0017425). It was in compliance with the Helsinki Declaration.
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For this retrospective study, 478 consecutive patients of the certified pancreatic cancer

center of the Clinic of General and Visceral Surgery, Pius Hospital Oldenburg, University of

Oldenburg with a histological diagnosis of PDAC who were scheduled for curative pancreatic

resection between 01/2010 and 12/2019 were screened for inclusion from an electronic insti-

tutional prospectively maintained database (see also Fig 1). Data were collected until 01/2021

to allow for at least one year of follow-up. Operative data and patient characteristics were col-

lected in the database, including age at time of surgery, sex and type of surgery. Tumor char-

acteristics recorded were: pTNM stage, grade, histopathological diagnosis, lymph node (LN)

involvement, total number of examined lymph nodes (ELN), lymph node ratio (LNR), and

lymphangioinvasion and/or perineural invasion. All the periampullary carcinomas, bile duct

carcinomas, body/tail carcinomas, adenocarcinomas arising in the presence of intraductal

papillary mucinous neoplasms (IPMN), neuroendocrine carcinomas and cancers of uncer-

tain origin were excluded. All R2 resections were excluded. Also excepted from the study

were patients who died within 30 days after resection (30-day mortality). Patients who under-

went neoadjuvant chemotherapy were excluded in this study. Thus, out of the 478 initially

screened patients 108 patients with resected PDAC of the pancreatic head were included in

the analysis.

Fig 1. Flow chart depicting the screening process for inclusion of patients.

https://doi.org/10.1371/journal.pone.0281921.g001
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Surgical procedure and postoperative treatment

After standard preoperative evaluation, decision to offer surgery was made by the multidisci-

plinary team of the tumor board. Both computer tomography (CT) or magnetic resonance

tomography (MRT) were used during discussion in the tumor board. Very rarely was endo-

scopic ultrasonography used to formulate the final decision. The criteria for respectability

were; I) absence of distant disease, II) absence of locally advanced disease, e.g. involvement of

superior mesentery artery (SMA), common hepatic artery or coeliac trunk axis or involvement

of the portal vein (PV)/ superior mesenteric vein (SMV) up to 180˚. For patients with intrao-

perative local advanced disease adjacent to either SMV or PV greater 180˚, resection and

reconstruction of the SMV/ PV, or superior mesenteric-portal vein confluence were per-

formed if a R0 resection was feasible (n = 4). The pancreatic neck margin was routinely sub-

mitted for intraoperative histological examination, and if suspicious tumor cells were found, a

re-resection or a total pancreatectomy (n = 5) was performed. Out of those, n = 4 were positive

at the medial and n = 1 was positive at the posterior margin.

Our pancreaticoduodenectomy (PD) surgical procedure has been described earlier and has

not changed [7]. The pylorus-preserving pancreatoduodenectomy (PPPD) was the first choice

of procedure and not the classical Kausch-Whipple procedure. After surgical resection, every

patient was again discussed by the multidisciplinary tumor board to determine whether adju-

vant therapy was indicated. Adjuvant chemotherapy (CTx) was recommended for all patients

after curative resection (R0 and R1). Chemotherapy with gemcitabine and capecitabine or

gemcitabin monotherapy or modified 5-fluorouracil, folinic acid, irinotecan, and oxliplatin

combination (mFOLFIRINOX) was the standard.

Histopathogical assessment

The routine histopathological examination was performed for every patient according to

German national guidelines and RCP guidelines for the purpose of comparability [8, 9]. This

examination is a standardized procedure performed for all specimen resected in the Clinic of

General and Visceral Surgery of the Pius-Hospital by the institute for Pathology in Bochum.

As recommended by German national guidelines we analyzed the transection margins and

the CRM. Thus, the following margins were examined in our study: the transection margins

which includes pancreatic neck margin, bile duct margin, proximal duodenal/stomach mar-

gin and distal duodenal margin as well as proximal and distal vessel margins, (in case of vas-

cular resection) as well as the CRM; which included the posterior margin and the medial

margin (see also Fig 2). The medial margin was defined as the groove along the superior

mesenteric vein/portal vein and the transection surface when dissecting the uncinate process

from SMA, i.e. the surface that segments of the SMV, PV, or SMA are found. In our study,

we did not consider the anterior surface as a true surgical margin, and excluded it from rou-

tine inking. In case of tumor infiltration of the anterior pancreatic surface inking was per-

formed [9, 14]. All PD specimens were fixed in 10% buffered formalin. The circumferential

soft tissue margins were stained according to recommendations of RCP. The specimens were

then sliced in 3- to 5-mm-thick slices following an axial plane perpendicular to the duodenal

axis. The tumor stage was determined using the current UICC TNM classification system, 8th

edition, [26].

Data acquisition

All clinicopathological data including histology, LN status, and tumor type and tumor stage

are obtained prospectively by specialized tumor documenters from the clinical and pathologi-

cal records. Patients whose death was clearly documented as attributable to pancreatic cancer
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were considered to have died of that disease; other deaths were not considered to have been

caused by PDAC. Clinical follow-up data were obtained by reviewing the hospital records and

by direct communication with the attending physicians in a standardized and structured man-

ner based on the data sheet for pancreatic cancer centers of the German Cancer Society by the

responsible tumor documenters. Overall survival (OS) was calculated from the date of surgical

resection of the tumor to the date of death or last follow-up (censored). Additionally, disease-

free survival (DFS) was calculated, with data for patients who died from other causes being

censored at their time of death or last follow-up.

Follow-up information was obtained from an electronic institutional database, the primary

care physician or the referral oncologist. There is no scientific evidence that structured follow-

up in terms of performing regular staging examinations leads to improved survival in pancre-

atic cancer [9]. However, in our clinic, clinical and tumor-maker check-ups are performed reg-

ularly. In case of clinical suspicion or elevated tumor-makers an imaging is then performed. In

the case of elevated preoperative CA19.9 levels the assessment of this marker is performed

every 3 months for 2 years and an abdominal CT scan every 6 months—according to ESMO

Practice Guidelines for diagnosis, treatment and follow-up of Pancreatic adenocarcinoma

[27]. Follow-up imaging (primarily CT or MRT) was performed when indicated clinically; no

standard protocol was used. Recurrence was diagnosed based on evidence of disease recur-

rence on CT or MRT imaging. Local recurrence (LR) was defined as the presence of disease in

the surgical bed or present in the mesentery, adjacent retroperitoneal soft tissue or around the

SMA, common hepatic artery or coeliac trunk axis or around the PV/ SMV. Distant recur-

rence was defined as the presence of disease e.g. in the liver, peritoneum, omentum, lungs or

aorto-intercaval lymph nodes. Early recurrence was defined as recurrence occurring within 6

months after surgery [28, 29]. In the event of recurrent disease, the opinion of the tumor

board was sought regarding palliative therapy.

Fig 2. A pancreaticoduodenectomy specimen that was inked and assessed using the axial slicing technique. a)

Color-marked Whipple resection (from dorsal); blue: retropancreatic area; green: vascular groove; white: pancreatic

section margin. b) Cross-section of Whipple resectate with color-marked resection margins with the asterisk marking

the pancreatic carcinoma in macroscopic section preparation. c) histological section preparation, distance to resection

margin 0.2 cm (R0 wide, CRM negative).

https://doi.org/10.1371/journal.pone.0281921.g002
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Statistical analysis

IBM SPSS Statistics 26 for Windows was used for statistical analysis. Patient characteristics

were analyzed descriptively, with means and the range or 95% confidence interval, or numbers

and proportions given as appropriate.

OS and DFS was analyzed using the Kaplan-Meier method, and the 95% Confidence Inter-

vals (CI) were used to estimate the effect. Since sample size depended on the number of patients

available in the database, no a priori power calculation was performed. For the purpose of the

analyses, patients were either grouped by involvement of the respective margin (yes; no), dis-

tance between tumor and resection margin (<1 mm; 1 to 2 mm;� 2 mm), and number of

resection margins involved (no margin involved; 1 margin involved;� 2 margins involved).

To accommodate for the exploratory nature of this study, and to avoid multiple testing, no

p-values were calculated. Thus, only CIs are given here. This is in accordance with various rec-

ommendations stressing the importance of reporting CIs in the context of clinical relevance

[30–32]. In this study, we define a difference in survival as clinically relevant if there is a

median difference of more than 12 months and as statistically significant if, in addition, the

95% confidence intervals do not overlap. Twelve months were chosen because we argue that

such an increase in survival should indeed be viewed as relevant, especially in pancreatic can-

cer, and it also reflects appropriate caution with regards to the sample size of this study.

To analyze the influence of various variables on the development of a recurrence after 12

months, a multiple logistic regression analysis with stepwise backwards exclusion was per-

formed for 80 out of the 108 patients. Nine input variables were included (Age at time of sur-

gery (years), sex (male/female), pT, pN, pM, LKR, distance to the posterior resection margin

(<1 mm; 1 to 2 mm;� 2 mm), distance to the medial resection margin (<1 mm; 1 to 2 mm;�

2 mm), and administration of systemic therapy (yes/no)), which roughly matches the rule of

thumb that no more than one variable per 10 cases should be included in a logistic regression

analysis [33].

Results

As seen in the flow-chart (Fig 1) 108 patients underwent curative surgical resection because of

PDAC of the pancreatic head. Only one patient underwent classical PD and 107 patients

PPPD. 30-day mortality for the whole patient collective of the data base was 10.6% (n = 58 out

of 544). These patients were excluded from analysis. Fifty-five patients were male (50.5%) and

54 female (49.5%). The mean age was 68.4 years (range 39 to 89 years) at the time of operation

(see also Table 1). The median follow-up time was 17.2 months (range: 1–92 months). As

reported in the table, if a minimum clearance of more than 1 mm (RM>1mm) is used, then

about 28% of all patients fall in the R0 category. However, if historical UICC classification and

national guidelines are applied (i.e., R0> 0 mm), then 75% of all patients would be classified

having a R0 resection.

OS and DFS irrespective of positive margin site

There was no statistical difference as defined above in OS between patients with CRM>1mm

(median OS 29.8 months, 95% CI: 20.9–38.8 months) and CRM�1mm (median OS 18.6

months, 95% CI: 13.8–23.4 months).

A subgroup analysis of overall margin clearance by extending tumor free resection margin

to 2 mm or more (i.e., < 1mm,� 1 mm and< 2mm or� 2 mm) showed that patients with

more than 2 mm resection margin clearance (n = 76) had clinically relevant longer OS by

about 15 months as compared to both groups with smaller clearance (n = 10, and n = 22,

respectively; see Table 2).
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Impact of posterior resection margin involvement

There was no significant difference in OS and DFS with regards to posterior resection margin

involvement; median OS 20.4 months (95% CI: 13.3–27.5 months); and median DFS 12.6

months (95% CI: 10.8–14.5 months). Extending the margin clearance of the posterior margin

Table 1. Patient characteristics: Given are the mean and 95%CI, or the number and percentage, respectively.

All patients SMV positive SMV negative

N = 108 N = 63 N = 45

Age 68.4 (66.6; 70.2) 68.2 (65.9; 70.5) 68.8 (65.8; 71.8)

Sex (m/f) 54/54 (50.0%/50.0%) 27/36 (42.9%/57.1%) 27/18 (60.0%/40%)

ASA

2 28 (25.9%) 28 (33.3%) 7 (15.6%)

3 79 (73.1%) 79 (65.1%) 38 (84.4%)

4 1 (0.9%) 1 (1.6%) 0 (0.0%)

UICC

IA 5 (4.6%) 2 (3.2%) 3 (6.7%)

IB 9 (8.3%) 3 (4.8%) 6 (13.3%)

IIA 12 (11.1%) 5 (7.9%) 7 (15.6%)

IIB 63 (58.3%) 42 (66.7%) 21 (46.7%)

III 14 (13.0%) 8 (12.7%) 6 (13.3%)

IV 5 (4.6%) 3 (4.8%) 2 (4.4%)

pT

1 7 (6.4%) 2 (3.2%) 5 (11.1%)

2 22 (20.4%) 8 (12.7%) 14 (31.1%)

3 78 (72.2%) 52 (82.5%) 26 (57.8%)

4 1 (0.9%) 1 (1.6%) 0 (0.0%)

pN

0 25 (23.1%) 9 (14.3%) (35.6%)

1 68 (63.0%) 45 (71.4%) (51.1%)

2 15 (13.9%) 9 (14.3%) (13.3%)

pM

0 103 (95.4%) 60 (95.6%) 43 (95.2%)

1 5 (4.6%) 3 (4.4%) 2 (4.8%)

LNR 0.18 (0.15; 0.22) 0.23 (0.18; 0.29) 0.11 (0.082; 0.17)

R status

R0 (RM > 1 mm) 30 (27.5%) — —

R0 (RM > 0mm) 81 (75%)

1 margin positive 59 (54.1%) — —

� 2 margins positive 20 (18.5%) — —

CTX

not carried out 29 (26.9%) 16 (25.4%) 11 (24.4%)

carried out 74 (68.5%) 44 (69.8%) 29 (64.4%)

unknown 5 (4.6%) 3 (4.8%) 5 (11.1%)

pM1: Three solitary intraoperatively detected liver metastasis were resected and two patients had transverse

mesocolon resection. These minor liver resections and mesocolon resection had no effect on mortality and survival

rate compared to standard pancreaticoduodenectomy.

—: not reasonable to calculate

https://doi.org/10.1371/journal.pone.0281921.t001
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to 2 mm or more had no impact on OS or DFS. OS and DFS with respect to margin clearance

are shown in Fig 3.

Impact of medial resection margin involvement

Involvement of the medial resection margin reduces OS on a significant and clinically relevant

level (median OS without involvement: 29.8 months, 95%CI 22.3–37.4 months; median OS

with medial margin involvement: 16.9 months, 95% CI 13.0–20.8 months) and DFS differs on

a clinically relevant level (median DFS without margin involvement: 30.4 months, 95% CI

11.1–49.7 months; median DFS with medial margin involvement: 14.2 months, 95% CI 12.0–

16.5 months).

A resection margin clearance of more than 2 mm leads to a clinically relevant longer OS

and remarkably longer DFS compared to patients with resection margin clearance less than 2

mm from the resection margin (Table 3 and Fig 4).

Table 2. Overall survival (OS) and disease-free survival (DFS) irrespective of positive margin site as a function of margin distance.

Median 95% CI

lower boundary upper boundary

OS <1mm 17.2 12.5 22.0

�1mm and < 2mm 15.9 6.0 25.9

�2mm 31.0 19.4 42.6

DFS <1mm 12.0 8.6 15.5

�1mm and < 2mm 9.9 6.0 13.8

�2mm 19.6 8.6 30.5

https://doi.org/10.1371/journal.pone.0281921.t002

Fig 3. Overall survival (left side) and disease-free survival (right side) over time in relation to involvement of the

posterior resection margin for three different resection margin distances. Numbers at risk are given in brackets.

https://doi.org/10.1371/journal.pone.0281921.g003

Table 3. Overall survival (OS) and disease-free survival (DFS) as a function of medial resection margin clearance.

Median 95% CI

lower boundary upper boundary

OS <1mm 17.1 10.9 23.4

�1mm and < 2mm 13.6 7.4 19.9

�2mm 29.8 20.6 39.1

DFS <1mm 12.0 8.7 15.3

�1mm and < 2mm 8.5 5.9 11.0

�2mm 19.6 8.4 30.8

https://doi.org/10.1371/journal.pone.0281921.t003
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Impact of adjuvant chemotherapy and lymphnode status on survival

Adjuvant chemotherapy (CTx) was administered to 74 (68.9%) patients. CTx was not given in

27.5% patients due to poor performance status or patient refusal (n = 30). For 5 patients no

information was available. OS was longer with CTx (median OS 28.0 months with vs 9.7

months without CTx) on a clinically relevant level.

There was also a clinically relevant difference in the median overall survival between N0

and N1 or N2 patients (34.7 months vs. 16.9 months vs 14.0 months).

Involved margins

In the 108 patients, we detected no involvement of the bile duct transection margin and the

jejunal resection margin. Pancreatic transection margin and gastric resection margin were

each involved in 2 patients. Posterior resection margin involvement was found in 32 patients

(29.6%), and medial resection margin involvement in 63 patients (58.3%). The anterior pan-

creatic surface was only in one patient microscopically involved. Further analyses therefore

focused only on the posterior and medial resection margin.

30 patients (27.8%) had tumor free resection margins (CRM > 1mm). CRM positive resec-

tion was reported in 78 patients (72.2%), of which 57 patients had one positive margin

(52.8%), 20 patients had 2 or more positive resection margins were found (18.5%), with the

most common combination being a positive posterior and medial resection margin (n = 19;

17.6%), and one patient showed 3 positive resection margins (posterior, medial and gastric

resection margin/ anterior pancreatic surface). For further analyses we grouped the patients as

follows: no resection margin involvement, 1 resection margin involved,� 2 resection margins

involved.

When the posterior resection margin distance was analyzed, 22 patients showed a resection

margin < 1 mm, 10 patients showed a distance between 1 and 2 mm, and 76 patients showed a

distance� 2mm. For the distance between tumor and medial resection margin, 52 patients

had a resection margin < 1 mm, 13 had a resection margin between 1 and 2 mm, and 43 had a

resection margin� 2mm.

When the OS was analyzed as a function of the number of involved margins analyzed, the

median OS for patients with no margin involvement, one, and two or more margins involved

were 31 months (95% CI 19.4–42.6 months), 20.2 months (95% CI 12.7–27.8 months) and

15.9 months (95% CI 11–20.9 months), respectively. Thus, patients with margin positivity had

a relatively shorter OS compared to patients with tumor free resection margins. There was no

significant difference whether one or more margins are involved.

Fig 4. Overall survival (left side) and disease free survival (right side) over time in relation to involvement of the

medial resection margin for three different resection margin distances. Numbers at risk are given in brackets.

https://doi.org/10.1371/journal.pone.0281921.g004
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Factors for the development of a recurrence

Out of the 108 patients, 80 patients had a follow-up period longer than 12 months. Out of

those, 29 (36%) developed a recurrence at some point during these 12 months. Without mar-

gin involvement the recurrence rate was 41% (7 out of 17). If there was any margin involve-

ment the recurrence rate was 35% (22 out of 63). However, there is a significant difference in

recurrence rates, if recurrence rates are analyzed for each margin site separately (see Table 4).

The Odds Ratio calculated for posterior vs medial margin involvement is 8.3 (95% CI 0.82–

82.67), the Odds Ratio for posterior vs. posterior and medial margin involvement is 12.0 (95%

CI 1.05–136.79).

Additionally, a multivariate logistic regression analysis was performed to develop a model

explaining the development of a recurrence 12 months after surgery. All 80 patients were

included in the analysis. The dependent variable was “development of a recurrence during the

12-month follow-up” (yes/no). Input variables included: Age at time of surgery (years), sex

(male/female), pT, pN, pM, LKR, distance to the posterior resection margin (<1 mm; 1 to 2

mm;� 2 mm), distance to the medial resection margin (<1 mm; 1 to 2 mm;� 2 mm), and

administration of systemic therapy (yes/no). A stepwise backwards approach yielded the best

model with a specificity of 84.8% and a sensitivity of 62.1%, a Log-Likelihood of 65.7, and a

Nagelkerkes R2 of 0.499. This model included the variables age, pN, pM, medial margin dis-

tance und systemic therapy. None of the variables was significant be itself except age (see also

Table 5).

Table 4. Amount of recurrences as a function of margin involvement�.

Count Thereof with recurrence Percentage of patients with recurrence

Without any margin involvement 17 7 41%

Only posterior resection margin involvement 7 1 14%

Only medial resection margin involvement 19 11 58%

Posterior and medial resection margin involvement 12 8 67%

�Only those patents with either posterior and/or medial resection margin involvement are regarded here

https://doi.org/10.1371/journal.pone.0281921.t004

Table 5. Logistic regression model explaining the development of a recurrence during a 12 month follow-up.

Regression coefficient Standard error p-value Odds Ratio 95% CI for Odds Ratio

lower boundary upper boundary

Age at diagnosis -0.07 0.04 0.040 0.929 0.87 1.00

pN 0.841

pN1 vs pN0 8995.33 0.998 0 0.00 .

pN2 vs pN0 0.55 0.94 0.557 1.733 0.28 10.85

pM -22.12 22517.33 0.999 0 0.00 .

medial margin distance 0.090

�1mm and < 2mm vs <1mm -0.31 0.64 0.632 0.737 0.21 2.57

�2mm vs <1mm 2.42 1.29 0.061 11.265 0.89 142.15

syst Therapy conducted 1.54 0.83 0.063 4.669 0.92 23.64

Constant 26.17 22517.33 0.999 2.31055E+11

pN: pathological nodal stage

pM: pathological metathesis satge

https://doi.org/10.1371/journal.pone.0281921.t005
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Discussion

In the last decade, there is a trend towards an international PD specimen reporting [34–37].

Nevertheless, the terminologies used to define RM or CRM and the heterogeneity of published

R1 resections is debatable. The medial margin for instance is frequently defined as the mesen-

teric, SMV, SMA, vascular groove, uncinate, or even retroperitoneal margin [15, 38–41].

While the posterior margin is termed as uncinate, vascular groove or retroperitoneal margin

or surface in other studies [42, 43]. Furthermore, the impact of different involved margins dif-

fers in literature [10, 24, 28, 44, 45]. Thus, the pathological reporting of involved margins in lit-

erature is inconsistent and confusing. As Haeberle et al. puts it, transection margins are clearly

defined (pancreatic neck margin, bile duct margin, proximal duodenal/stomach margin and

distal duodenal margin as well as proximal and distal vessel margins, in case of vascular resec-

tions), whereas international standardized nomenclature of different CRM lacks completely

[46].

To reduce further confusion on nomenclature of CRM, we used in our study closely similar

definitions described by Esposito et al and Jamieson et al [14, 45]. Thus, using the pathological

specimen assessment according to modified RCP guidelines and German national guidelines,

R1 as defined by the RCP resection rate was 75%. This confirms that most pancreatic resection

are R1 [5, 11, 14]. The most frequently identified positive margin is the medial margin fol-

lowed by posterior margin.

In our study, there was no significant difference in OS between the CRM�1mm and

CRM>1mm resections according to our used definition, though we could see a relevant clini-

cal difference between the two groups of about 11 months, which in pancreatic cancer patients

is not to be underestimated. However, patients with more than 2 mm resection margin clear-

ance had an even more substantial, clinically relevant longer survival compared to R1 sub-

group of more than 15 months, as compared to the difference in OS between the groups with

<1mm margin and between 1mm– 2mm. For DFS we observe a similar effect, albeit not quite

as large. Thus, the results of our study suggest that a margin clearance of 1 mm for definition

of R1 might not be sufficient to predict OS and DFS as previously reported by Chang et al. and

Gebauer et al. [15, 47]. The fact that we found no significant difference in survival between

those patients with resection margins between 1–2 mm and those with R1�1mm margins,

suggests that these patients may have had occult tumor cells at the time of surgery. Tummers

and colleagues had a questionable low rate of R1 (�1mm) resection of 40.1% and found a sig-

nificant difference in OS between the CRM negative and the CRM positive group in their

cohort, 22 months vs. 12 months for CRM negative and CRM positive respectively [29]. In

addition, their patient´s collective had a significant recurrence free survival, as they found DFS

of 36 months for local recurrence or 20 months for distant recurrence compared to our study

or Ghaneh et al. [5]. Nevertheless, they showed that the vascular resection margin is more

often involved (52.3%) as compared to other margins, similar to our findings.

In our patients ´cohort, the medial margin positivity or involvement reduces OS on clini-

cally relevant level (29.8 months vs. 16.9 months), whereas DFS was significantly prolonged in

patients without margin involvement. Thus, medial margin seems to predict long-term sur-

vival for PDAC after PD as reported earlier by Zhang et al. [41]. Furthermore, almost 60% of

patients with medial margin positivity had a recurrent disease during the follow-up period. In

our study and similar to Zhang et al., the medial resection margin refers to the surface that

SMV/PV and SMA are found. Therefore, our data support Pine et al. findings that SMV and

SMA margin positivity are associated with poorer survival. Furthermore, a clearance of more

than 2 mm at the medial resection margin leads to significantly longer DFS compared to

patients with margin clearance less than 2 mm.
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Similar to Pine et al., regarding the posterior margin our study shows no statistical signifi-

cance on OS and DFS [10]. Interestingly, increasing the margin clearance of the posterior mar-

gin (i.e.,> 2 mm) had also no impact on OS or DFS in our study. Delpero et al. showed

reduced survival for patients with medial margin R1- resection, but not in the posterior margin

involvement group [44]. Like Ghaneh et al. we showed that patients with RM clearance less

than 1 mm of the transection margins (margins of bile duct, proximal gastric or duodenum,

and jejunum) and pancreatic transection margin were not associated with significantly worse

OS and DFS than patients with R0 > 1 mm or R0< 2 mm tumor margins [5]. However, it has

to be stated that there were too few patients with direct margin involvement (R1 direct/

R1<0mm) to permit a separate analysis. In our institution, we routinely perform intraopera-

tive pathological assessment of pancreatic transection margin and common bile duct, and if

necessary, a re-resection is done. This could explain why there are a few patients with involve-

ment of this margin in our study compared to other studies [5, 10].

The positivity of two or more margins has been reported previously to be 26–45% [10]. In

our study, the rate of multiple margin involvement was 18.5%. We could see a clinically rele-

vant poorer OS when multiple margins are involved, with OS decreasing by more than 15

months if 2 or more margins are involved as compared to no margin involvement, though

not statistically significant. However, in cases of margin positivity, it does not matter much if

1 or 2 and more margins are involved, i.e. median OS 20.2 months vs. 15.9 months

respectively.

As a known fact, resection margin status, (i.e., R0 or R1) neither has an influence on disease

recurrence nor the pattern or site of disease recurrence also in our study [20, 29]. More than a

third of the patients in the cohort followed up for at least 12 months after curative resection

had a recurrent disease during this follow-up period. This result support other studies findings,

in such that PDAC must be considered a systemic disease even in those few cases of apparent

R0 resections [15, 20, 22–25].

Furthermore, when the different CRM regarding the impact on disease recurrence were

assessed, patients with medial and not posterior CRM had a higher likelihood of having a

recurrent disease. Incidences of bile duct transection margin, proximal duodenal and distal

jejunal margin involvement were too few to make a meaningful analysis. Overall, medial mar-

gin involvement seems to be associated with the highest overall recurrence rate in our study

with up to nearly 60%, whereas patients with only posterior resection margin involvement

showed a remarkably low recurrence rate of< 20%. However, this might be at least in some

part due to the low numbers in this group.

The effects of adjuvant therapy on overall survival have been studied extensively, but few

studies have evaluated the association of adjuvant therapy with patterns of recurrence [23, 48].

In our study, patients who received chemotherapy had significantly longer survival compared

with patients without chemotherapy (median OS 28.0 months with vs 9.7 months without

CTx). In addition, CTx remained as an influencing factor in the logistic regression explaining

recurrences after 12 months. We therefore expect CTx to reduce the likelihood of recurrence

disease. This assumption may be supported by the updated 5 year survival analysis of the PRO-

DIGE 24/CCTG PA6 Trial [49] However, the major limitations of this trial included the inabil-

ity to capture the patients who were unable to recover adequately from the operation to receive

adjuvant therapy and the inability to apply this effective but toxic regimen to all PDAC patients

because the trial was highly selective. Because of the small number of patients in this study, we

did not include patients treated with neoadjuvant therapy and therefore cannot conclude on

the impact of neoadjuvant therapy or adjuvant CTx on recurrence rate or pattern. As reported

earlier [7, 22], CTx seems to prolong OS in patients regardless of whether the resection margin

is tumor-free or not.
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A multifactorial logistic regression model with very good specificity and moderate sensitiv-

ity suggested that prognosis with regards to recurrence of PDAC depends on several factors

concurrently. In this study, we found that medial margin positivity, chemotherapy and nodal

status, along with age and pM status had the strongest influence on recurrence in a 12 month

follow up. This is in line with our findings with regards to long-term survival [7]. These find-

ings support the biologic heterogeneity of this tumor, suggesting multifactorial and simulta-

neous factors affecting long term survival and recurrence after resection of PDAC and not

only RM status or lymph node status alone. Nevertheless, various studies have shown the

impact of resection margin status on OS using the RCP definition of R1�1mm [5, 7, 16–18],

and in our study we can show, that the resection margin distance at the medial margin also has

an influence on the recurrence. Since, although not significant, the recurrence rates are surely

influenced on a clinically relevant level by the medial resection margin distance, as can be

observed by the Odds Ratio for the recurrence rate between the group with<1mm margin

clearance and with > 2mm margin clearance. Considering the diffuse growth pattern of

PDAC and the high rates of recurrence, especially if the medial margin is involved, our data

thus reflect the aggressive biological behavior of PDAC. Bearing this in mind, we don´t see any

prognostic impact including R1 0mm (direct involvement) in the pathological assessment of

PD specimens in future.

The major strengths of our study include the uniform assessment of PD specimens using

the axial slicing technique as per RCP and German national guidelines for exclusively patients

with PDAC of pancreatic head. Further, we analyzed the impact of different resection margins

clearance on recurrence and OS in the setting of adjuvant chemotherapy. Our study has some

limitations despite aforementioned strengths: Due to the retrospective single center nature of

this study with a relatively small number of patients, the validity is somewhat limited. For

example, reliable statements on the influence of the resection margins not discussed here are

not possible. Also, although the effects of medial resection margin involvement seem quite

clear, they have in some cases failed to reach significance. And the fact, that we did not find an

effect of posterior resection margin involvement does not mean that there is no effect, due to

the small sample size. Also, one could argue that the data used to calculate DFS are not very

reliable. However, due to the procedure described above in the context of regular follow-ups,

we are very likely to obtain reliable information on whether an actual recurrence occurred.

However, the actual time of occurrence of the recurrence could be somewhat subject to error.

Nevertheless, this would apply equally to all patients. Lastly, the margin distance is in some

extent a surrogate of the tumour biology or rather the invasiveness of pancreas cancer in gen-

eral, since larger and/or more invasive tumours are more difficult to resect with a wider resec-

tion margin. A case matched analysis would be needed to analyse this, but in our opinion this

should be done on data gathered prospectively in a multicentric setting and in different pathol-

ogies. Therefore, a larger multicenter study is needed to confirm our findings on impact of dif-

ferent resection margins distance or clearance on recurrence and survival.

Conclusion

Our study suggests that a medial resection margin of more than 2 mm is important for survival

and prediction of recurrence following PDAC of pancreatic head. Thus, we argue that a mar-

gin clearance of 1 mm for definition of R1 seems not to be sufficient to predict OS and DFS,

since the difference between the CRM�1mm and CRM>1mm resection was not clear. Con-

sidering the confusing terminologies used to define resection margins and the heterogeneity of

published definitions for CRM, there is a need of international consensus on a standardized

protocol for pathological assessment of PD specimens. Future studies should adopt uniform
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reporting of pathological assessment and interpretation of margins in order to be able to com-

pare results. Furthermore, future studies should identify patients with risk factors preopera-

tively, e.g. lymph node positivity and advanced tumors to the medial margin, in order to

evaluate the benefit of neoadjuvant therapy and improve DFS.

Acknowledgments

The authors wish to thank Fynn Piastowski, a student assistant, who helped with data

curation.

Author Contributions

Conceptualization: Dennis Obonyo, Dirk Weyhe, Andrea Tannapfel.

Data curation: Dennis Obonyo, Verena Nicole Uslar, Johanna Münding.

Formal analysis: Verena Nicole Uslar.

Investigation: Verena Nicole Uslar.

Methodology: Dennis Obonyo, Verena Nicole Uslar, Johanna Münding, Dirk Weyhe, Andrea

Tannapfel.

Project administration: Dennis Obonyo, Dirk Weyhe, Andrea Tannapfel.

Resources: Dirk Weyhe, Andrea Tannapfel.

Supervision: Dirk Weyhe, Andrea Tannapfel.

Validation: Dennis Obonyo.

Visualization: Verena Nicole Uslar, Johanna Münding.

Writing – original draft: Dennis Obonyo, Verena Nicole Uslar.

Writing – review & editing: Dirk Weyhe, Andrea Tannapfel.

References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLO-

BOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J

Clin. 2018; 68(6):394–424. https://doi.org/10.3322/caac.21492 PMID: 30207593

2. Ferlay J, Colombet M, Soerjomataram I, Dyba T, Randi G, Bettio M, et al. Cancer incidence and mortal-

ity patterns in Europe: Estimates for 40 countries and 25 major cancers in 2018. Eur J Cancer. 2018;

103:356–87. https://doi.org/10.1016/j.ejca.2018.07.005 PMID: 30100160

3. Bengtsson A, Andersson R, Ansari D. The actual 5-year survivors of pancreatic ductal adenocarcinoma

based on real-world data. Sci Rep. 2020; 10(1):16425. https://doi.org/10.1038/s41598-020-73525-y

PMID: 33009477

4. Conroy T, Hammel P, Hebbar M, Ben Abdelghani M, Wei AC, Raoul JL, et al. FOLFIRINOX or Gemcita-

bine as Adjuvant Therapy for Pancreatic Cancer. N Engl J Med. 2018; 379(25):2395–406. https://doi.

org/10.1056/NEJMoa1809775 PMID: 30575490

5. Ghaneh P, Kleeff J, Halloran CM, Raraty M, Jackson R, Melling J, et al. The Impact of Positive Resec-

tion Margins on Survival and Recurrence Following Resection and Adjuvant Chemotherapy for Pancre-

atic Ductal Adenocarcinoma. Ann Surg. 2019; 269(3):520–9. https://doi.org/10.1097/SLA.

0000000000002557 PMID: 29068800

6. Menon KV, Gomez D, Smith AM, Anthoney A, Verbeke CS. Impact of margin status on survival follow-

ing pancreatoduodenectomy for cancer: the Leeds Pathology Protocol (LEEPP). HPB (Oxford). 2009;

11(1):18–24. https://doi.org/10.1111/j.1477-2574.2008.00013.x PMID: 19590619

7. Weyhe D, Obonyo D, Uslar VN, Stricker I, Tannapfel A. Predictive factors for long-term survival after

surgery for pancreatic ductal adenocarcinoma: Making a case for standardized reporting of the resec-

tion margin using certified cancer center data. PLoS One. 2021; 16(3):e0248633. https://doi.org/10.

1371/journal.pone.0248633 PMID: 33735191

PLOS ONE Resection margin distance: Survival and recurrence in pancreatic ductal adenocarcinoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0281921 February 17, 2023 14 / 17

https://doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
https://doi.org/10.1016/j.ejca.2018.07.005
http://www.ncbi.nlm.nih.gov/pubmed/30100160
https://doi.org/10.1038/s41598-020-73525-y
http://www.ncbi.nlm.nih.gov/pubmed/33009477
https://doi.org/10.1056/NEJMoa1809775
https://doi.org/10.1056/NEJMoa1809775
http://www.ncbi.nlm.nih.gov/pubmed/30575490
https://doi.org/10.1097/SLA.0000000000002557
https://doi.org/10.1097/SLA.0000000000002557
http://www.ncbi.nlm.nih.gov/pubmed/29068800
https://doi.org/10.1111/j.1477-2574.2008.00013.x
http://www.ncbi.nlm.nih.gov/pubmed/19590619
https://doi.org/10.1371/journal.pone.0248633
https://doi.org/10.1371/journal.pone.0248633
http://www.ncbi.nlm.nih.gov/pubmed/33735191
https://doi.org/10.1371/journal.pone.0281921


8. Campbell F, et al. Dataset for histopathological reporting of carcinomas of the pancreas, ampulla of

Vater and common bile duct. 2019.

9. Seufferlein T, Porzner M, Heinemann V, Tannapfel A, Stuschke M, Uhl W. Ductal pancreatic adenocar-

cinoma. Dtsch Arztebl Int. 2014; 111(22):396–402. https://doi.org/10.3238/arztebl.2014.0396 PMID:

24980565

10. Pine JK, Haugk B, Robinson SM, Darne A, Wilson C, Sen G, et al. Prospective assessment of resection

margin status following pancreaticoduodenectomy for pancreatic ductal adenocarcinoma after standar-

disation of margin definitions. Pancreatology. 2020; 20(3):537–44. https://doi.org/10.1016/j.pan.2020.

01.004 PMID: 31996296

11. Strobel O, Hank T, Hinz U, Bergmann F, Schneider L, Springfeld C, et al. Pancreatic Cancer Surgery:

The New R-status Counts. Ann Surg. 2017; 265(3):565–73. https://doi.org/10.1097/SLA.

0000000000001731 PMID: 27918310

12. van Roessel S, Kasumova GG, Tabatabaie O, Ng SC, van Rijssen LB, Verheij J, et al. Pathological Mar-

gin Clearance and Survival After Pancreaticoduodenectomy in a US and European Pancreatic Center.

Ann Surg Oncol. 2018; 25(6):1760–7. https://doi.org/10.1245/s10434-018-6467-9 PMID: 29651577

13. 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. https://doi.org/10.1111/j.1365-2559.2009.

03376.x PMID: 19723142

14. 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. https://doi.org/10.1245/s10434-008-9839-8

PMID: 18351300

15. Gebauer F, Tachezy M, Vashist YK, Marx AH, Yekebas E, Izbicki JR, et al. Resection margin clearance

in pancreatic cancer after implementation of the Leeds Pathology Protocol (LEEPP): clinically relevant

or just academic? World J Surg. 2015; 39(2):493–9. https://doi.org/10.1007/s00268-014-2808-4 PMID:

25270344

16. Verbeke CS, Leitch D, Menon KV, McMahon MJ, Guillou PJ, Anthoney A. Redefining the R1 resection

in pancreatic cancer. Br J Surg. 2006; 93(10):1232–7. https://doi.org/10.1002/bjs.5397 PMID:

16804874

17. Chandrasegaram MD, Goldstein D, Simes J, Gebski V, Kench JG, Gill AJ, et al. Meta-analysis of radical

resection rates and margin assessment in pancreatic cancer. Br J Surg. 2015; 102(12):1459–72.

https://doi.org/10.1002/bjs.9892 PMID: 26350029

18. Gnerlich JL, Luka SR, Deshpande AD, Dubray BJ, Weir JS, Carpenter DH, et al. Microscopic margins

and patterns of treatment failure in resected pancreatic adenocarcinoma. Archives of surgery (Chicago,

Ill: 1960). 2012; 147(8):753–60. https://doi.org/10.1001/archsurg.2012.1126 PMID: 22911074

19. Hartwig W, Hackert T, Hinz U, Gluth A, Bergmann F, Strobel O, et al. Pancreatic cancer surgery in the

new millennium: better prediction of outcome. Ann Surg. 2011; 254(2):311–9. https://doi.org/10.1097/

SLA.0b013e31821fd334 PMID: 21606835

20. Butturini G, Stocken DD, Wente MN, Jeekel H, Klinkenbijl JH, Bakkevold KE, et al. Influence of resec-

tion margins and treatment on survival in patients with pancreatic cancer: meta-analysis of randomized

controlled trials. Archives of surgery (Chicago, Ill: 1960). 2008; 143(1):75–83; discussion. https://doi.

org/10.1001/archsurg.2007.17 PMID: 18209156

21. Sugiura T, Uesaka K, Mihara K, Sasaki K, Kanemoto H, Mizuno T, et al. Margin status, recurrence pat-

tern, and prognosis after resection of pancreatic cancer. Surgery. 2013; 154(5):1078–86. https://doi.

org/10.1016/j.surg.2013.04.015 PMID: 23973112

22. Zheng R, Nauheim D, Bassig J, Chadwick M, Schultz CW, Krampitz G, et al. Margin-Positive Pancreatic

Ductal Adenocarcinoma during Pancreaticoduodenectomy: Additional Resection Does Not Improve

Survival. Ann Surg Oncol. 2021; 28(3):1552–62. https://doi.org/10.1245/s10434-020-09000-9 PMID:

32779052

23. Groot VP, Rezaee N, Wu W, Cameron JL, Fishman EK, Hruban RH, et al. Patterns, Timing, and Predic-

tors of Recurrence Following Pancreatectomy for Pancreatic Ductal Adenocarcinoma. Ann Surg. 2018;

267(5):936–45. https://doi.org/10.1097/SLA.0000000000002234 PMID: 28338509

24. Jones RP, Psarelli EE, Jackson R, Ghaneh P, Halloran CM, Palmer DH, et al. Patterns of Recurrence

After Resection of Pancreatic Ductal Adenocarcinoma: A Secondary Analysis of the ESPAC-4 Ran-

domized Adjuvant Chemotherapy Trial. JAMA Surg. 2019; 154(11):1038–48. https://doi.org/10.1001/

jamasurg.2019.3337 PMID: 31483448

25. Van den Broeck A, Sergeant G, Ectors N, Van Steenbergen W, Aerts R, Topal B. Patterns of recurrence

after curative resection of pancreatic ductal adenocarcinoma. European journal of surgical oncology:

the journal of the European Society of Surgical Oncology and the British Association of Surgical Oncol-

ogy. 2009; 35(6):600–4. https://doi.org/10.1016/j.ejso.2008.12.006 PMID: 19131205

PLOS ONE Resection margin distance: Survival and recurrence in pancreatic ductal adenocarcinoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0281921 February 17, 2023 15 / 17

https://doi.org/10.3238/arztebl.2014.0396
http://www.ncbi.nlm.nih.gov/pubmed/24980565
https://doi.org/10.1016/j.pan.2020.01.004
https://doi.org/10.1016/j.pan.2020.01.004
http://www.ncbi.nlm.nih.gov/pubmed/31996296
https://doi.org/10.1097/SLA.0000000000001731
https://doi.org/10.1097/SLA.0000000000001731
http://www.ncbi.nlm.nih.gov/pubmed/27918310
https://doi.org/10.1245/s10434-018-6467-9
http://www.ncbi.nlm.nih.gov/pubmed/29651577
https://doi.org/10.1111/j.1365-2559.2009.03376.x
https://doi.org/10.1111/j.1365-2559.2009.03376.x
http://www.ncbi.nlm.nih.gov/pubmed/19723142
https://doi.org/10.1245/s10434-008-9839-8
http://www.ncbi.nlm.nih.gov/pubmed/18351300
https://doi.org/10.1007/s00268-014-2808-4
http://www.ncbi.nlm.nih.gov/pubmed/25270344
https://doi.org/10.1002/bjs.5397
http://www.ncbi.nlm.nih.gov/pubmed/16804874
https://doi.org/10.1002/bjs.9892
http://www.ncbi.nlm.nih.gov/pubmed/26350029
https://doi.org/10.1001/archsurg.2012.1126
http://www.ncbi.nlm.nih.gov/pubmed/22911074
https://doi.org/10.1097/SLA.0b013e31821fd334
https://doi.org/10.1097/SLA.0b013e31821fd334
http://www.ncbi.nlm.nih.gov/pubmed/21606835
https://doi.org/10.1001/archsurg.2007.17
https://doi.org/10.1001/archsurg.2007.17
http://www.ncbi.nlm.nih.gov/pubmed/18209156
https://doi.org/10.1016/j.surg.2013.04.015
https://doi.org/10.1016/j.surg.2013.04.015
http://www.ncbi.nlm.nih.gov/pubmed/23973112
https://doi.org/10.1245/s10434-020-09000-9
http://www.ncbi.nlm.nih.gov/pubmed/32779052
https://doi.org/10.1097/SLA.0000000000002234
http://www.ncbi.nlm.nih.gov/pubmed/28338509
https://doi.org/10.1001/jamasurg.2019.3337
https://doi.org/10.1001/jamasurg.2019.3337
http://www.ncbi.nlm.nih.gov/pubmed/31483448
https://doi.org/10.1016/j.ejso.2008.12.006
http://www.ncbi.nlm.nih.gov/pubmed/19131205
https://doi.org/10.1371/journal.pone.0281921


26. Brierley JD, Gospodarowicz, M. K., & Wittekind, C. (Eds.). TNM classification of malignant tumours.

John Wiley & Sons 2017.

27. Seufferlein T, Bachet J, Van Cutsem E, Rougier P, Group EGW. Pancreatic adenocarcinoma: ESMO–

ESDO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Annals of oncology. 2012; 23

(suppl 7):vii33–vii40. https://doi.org/10.1093/annonc/mds224 PMID: 22997452

28. Fischer R, Breidert M, Keck T, Makowiec F, Lohrmann C, Harder J. Early recurrence of pancreatic can-

cer after resection and during adjuvant chemotherapy. Saudi J Gastroenterol. 2012; 18(2):118–21.

https://doi.org/10.4103/1319-3767.93815 PMID: 22421717

29. Tummers WS, Groen JV, 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):1055–65. https://doi.org/10.1002/bjs.11115 PMID: 30883699

30. Wasserstein RL, Lazar NA. The ASA Statement on p-Values: Context, Process, and Purpose. The

American Statistician. 2016; 70(2):129–33.

31. Amrhein V, Greenland S, McShane B. Scientists rise up against statistical significance. Nature Publish-

ing Group; 2019.

32. Sedgwick P. Confidence intervals, P values, and statistical significance. BMJ: British Medical Journal.

2015; 350:h1113. https://doi.org/10.1136/bmj.h1113 PMID: 25724837

33. Vittinghoff E, McCulloch CE. Relaxing the Rule of Ten Events per Variable in Logistic and Cox Regres-

sion. American Journal of Epidemiology. 2006; 165(6):710–8. https://doi.org/10.1093/aje/kwk052

PMID: 17182981

34. 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. https://doi.org/10.1016/j.surg.2014.02.001 PMID: 24856119

35. Chai S, et al. Cancer of the exocrine pancreas, ampulla of vater and distal common bile duct: structured

reporting protocol. 2014.

36. Ducreux M, Cuhna AS, Caramella C, Hollebecque A, Burtin P, Goere D, et al. Cancer of the pancreas:

ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Annals of oncology: official

journal of the European Society for Medical Oncology. 2015; 26 Suppl 5:v56–68. https://doi.org/10.

1093/annonc/mdv295 PMID: 26314780

37. Verbeke C BL, Campbell F, Del Chiaro M, Esposito I, Feakins RM, Fukushima N, et al. Carcinoma of

the Exocrine Pancreas Histopathology Reporting Guide. International Collaboration on Cancer Report-

ing. Sydney, Australia ISBN: 978-1-922324-03-0. 2020.

38. 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 pancreaticoduodenectomy for pancreatic adenocarcinoma. Ann Surg. 2007;

246(1):52–60. https://doi.org/10.1097/01.sla.0000259391.84304.2b PMID: 17592291

39. Verbeke CS. Resection margins and R1 rates in pancreatic cancer—are we there yet? Histopathology.

2008; 52(7):787–96. https://doi.org/10.1111/j.1365-2559.2007.02935.x PMID: 18081813

40. Westgaard A, Tafjord S, Farstad IN, Cvancarova M, Eide TJ, Mathisen O, et al. Resectable adenocarci-

nomas in the pancreatic head: the retroperitoneal resection margin is an independent prognostic factor.

BMC Cancer. 2008; 8:5. https://doi.org/10.1186/1471-2407-8-5 PMID: 18194510

41. Zhang Y, Frampton AE, Cohen P, Kyriakides C, Bong JJ, Habib NA, et al. Tumor infiltration in the

medial resection margin predicts survival after pancreaticoduodenectomy for pancreatic ductal adeno-

carcinoma. J Gastrointest Surg. 2012; 16(10):1875–82. https://doi.org/10.1007/s11605-012-1985-4

PMID: 22878786

42. Osipov A, Nissen N, Rutgers J, Dhall D, Naziri J, Chopra S, et al. Redefining the Positive Margin in Pan-

creatic Cancer: Impact on Patterns of Failure, Long-Term Survival and Adjuvant Therapy. Ann Surg

Oncol. 2017; 24(12):3674–82. https://doi.org/10.1245/s10434-017-6076-z PMID: 28871564

43. Washington K, et al. Protocol for the Examination of Specimens From Patients With Carcinoma of the

Pancreas. 2016.

44. 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 mar-

gins in 150 evaluable specimens. HPB (Oxford). 2014; 16(1):20–33. https://doi.org/10.1111/hpb.12061

PMID: 23464850

45. Jamieson NB, Foulis AK, Oien KA, Going JJ, Glen P, Dickson EJ, et al. Positive mobilization margins

alone do not influence survival following pancreatico-duodenectomy for pancreatic ductal adenocarci-

noma. Ann Surg. 2010; 251(6):1003–10. https://doi.org/10.1097/SLA.0b013e3181d77369 PMID:

20485150
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