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Purpose: The clinical significance of margin status in pancreatic head cancer is still controversial due to the
nonstandardized definition of R status and pathologic reporting. This study aims to evaluate the impact of the margin
status including location and the role of radiation therapy in pancreatic head cancer.

Methods: A total of 314 patients who underwent curative-intent surgery for pancreatic head cancer between 2010 and
2017 were analyzed. Demographics, survival, and local recurrences were compared according to 2 definitions: 0-mm R1
as direct involvement and 1-mm R1 as close resection margin less than 1 mm. The specific margins were divided into
4 groups according to the location around the pancreas: pancreas transection, anterior surface, posterior surface, and
vessel (superior mesenteric artery/superior mesenteric vein) margin.

Results: The 0-mm R1-rate was 15.6%, and increased to 36.3% in 1-mm R1. The median overall survival rate of 0-mm RO
vs. R1 was 26 months vs. 16 months (P = 0.052]) and that of 1-mm RO vs. R1 was 27 months vs. 18 months, respectively (P
=0.016). In individual margins, posterior, anterior surface, and pancreas transection margin involvement were associated
with poor outcome, and the 1 mm posterior surface involvement was an independent risk factor for disease-free survival
(hazard ratio, 1.63). Adjuvant radiation therapy had oncologic benefits, especially in R1 patients (P = 0.011) compared to RO
patients (P = 0.088).

Conclusion: Margin status, especially 1-mm R1 status is an important predictive factor, and involved posterior surface has

a clinical impact. Patients with positive margins should be considered adjuvant radiation therapy.

[Ann Surg Treat Res 2022;102(1):10-19]
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INTRODUCTION

Pancreatic cancer mostly presents as a systemic disease on
diagnosis and curative resection can only be performed in a
few patients. Even after curative resection, the median survival

ranges from 15-20 months, and the 5-year overall survival (OS)
ranges from 18% to 27% [1-3]. In spite of the development of
novel chemotherapeutic agents, pancreatic cancer still has a
high recurrence rate and poor survival outcome [4].

While achieving a clear resection margin is the main goal of
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pancreatic surgery, R1 resection is relatively common due to
its aggressive growth patterns and the anatomical location of
the pancreas surrounded by critical vascular structures in the
pancreatic head.

Margin status is an important prognostic factor in
pancreatic cancer and is used for establishing appropriate
postoperative strategies [5,0]. However, there is a lack of
an international agreement on the handling techniques of
pancreaticoduodenectomy (PD) specimens, their nomenclature,
indicating each margin or surface, and the definition of RO
resection [7,8].

In addition, 2 different definitions of margin clearance (RO
resection) are used according to the distance from the resected
edge to the tumor. The 0-mm R1 is defined when there is direct
cancer infiltration [9] and 1-mm R1 is defined when tumor
cells are observed within 1 mm from the resection margin
[10]. Therefore, a wide variation in the radical resection rate is
reported and the clinical significance of each specific margin
is still unclear [11,12]. Several studies have reported that
margin status is an independent risk factor in pancreatic ductal
adenocarcinoma (PDAC) [13,14]; however, conflicting results
have been reported [15,16].

This study aims to evaluate the impact of margin status
on survival and recurrence. The significance of each specific
margin involvement was assessed using the 2 different
R1 definitions. Clinical impact of adjuvant therapies was
investigated according to resection margin status.

METHODS

Study design and patients

Pancreatic head cancer patients who underwent Whipple's
operation or pylorus-preserving pancreaticoduodenectomy
(PPPD) between 2010 and 2017 in Seoul National University
Hospital were enrolled. Among 381 PDAC patients managed
during the study period, patients who received neoadjuvant
treatment, R2 resection, or palliative surgery, and who had
recurrent pancreatic cancer or a short survival (within 3 months)
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were excluded. Patients who received neoadjuvant treatment
were excluded because neoadjuvant therapy is thought to alter
the original tumor characteristics and progression, thereby
affecting the margin status. Finally, 314 patients were included
in the final study population. Clinical information including
medical records, radiologic images, and pathologic reports were
collected prospectively.

This study was approved by the Institutional Review Board of
Seoul National University Hospital (No. SNUH 2007-025-1139).
The study was performed in accordance with the Declaration of
Helsinki and written informed consent was waived due to its
retrospective nature.

Pathological report and margin classification
PD specimens were examined in a standardized protocol

using the axial slicing technique with 4-5 mm thickness,
introduced by Verbeke [17]. Information including tumor size,
histologic grade, margin status (distance and location), lymph
node (LN) involvement, and the presence of angiolymphatic,
venous, and perineural invasion were collected. Evaluated
margins included the pancreas transection, bile duct margin,
superior mesenteric vein (SMV) and superior mesenteric artery
(SMA) groove margin, anterior and posterior surface. The
margin clearance distance, tumor cells from individual surgical
margins was reported in millimeters. Two pancreatobiliary
tract specialized pathologists (Kyoung Bun Lee and Haeryoung
Kim) were in charge of the entire PD specimen assessment and
pathologic reporting,

Two surgeons (Hee Ju Sohn and Hongbeom Kim) reviewed
the preoperative radiologic images and specimen photographs
and classified the margin results. Each margin status was
reclassified by using 2 different definitions of RO/R1, 0 mm
and 1 mm. Finally, the pancreatic margin was classified into 4
margins: pancreas transection, anterior surface, posterior, and
vessel margin (SMV/SMA) (Fig. 1).

Follow-up and statistical analyses
After surgical treatment, the patients underwent regular
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Fig. 1. Schematic anatomy of
pancreaticoduodenectomy
specimen and description of
specific pancreatic margins.
SMV, superior mesenteric vein;
SMA, superior mesenteric artery.
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follow-ups. Abdominal CT or abdominal MRI was performed
every 2-0 months and PET was performed annually or when
clinically indicated. OS was calculated from the date of surgery
to the date of death. Disease-free survival (DFS) was defined
as the time interval between the date of operation and until
the first event of recurrence or death from any cause. The time
when local recurrence was first detected from the operation
date, local recurrence-free survival (LRFS), was assessed.
Recurrence patterns according to the margin status and location
were analyzed for determining whether patterns were related
to local recurrence or early recurrence within 6 months.

Comparative analysis was performed using the Student
ttest, chi-square test, and Fisher exact test (if the total number
of observations was less than 20%). Survival analysis was
conducted using the Kaplan-Meier, method and the differences
were tested using the logrank test. The Cox regression analysis
was used for the multivariate analysis for estimating the risk
factors associated with the OS and DFS. All statistical analyses
were performed using IBM SPSS Statistics ver. 25.0 (IBM
Corp., Armonk, NY, USA). A P-value of <0.05 was considered
statistically significant.

RESULTS

Patients and clinicopathologic data
The demographic data of the study population according to

RO/R1 status are presented in Table 1. The mean age was 64.0
years, and 589% and 41.1% of the patients underwent PPPD and
PD, respectively. The combined resection rate of portal vein (PV)
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Fig. 2. R1 rates in each margin according to 2 definitions.

Table 1. Clinicopathological characteristics of 314 patients according to RO/R1 status

RT (0O-mm margin)

Variable All patients
RO

No. of patients 314 265
Sex, male:female 187:127 160:105
Age (yr) 64.0+94 63.9+94
Preoperative CEA, >5 ng/mL 1(13.1) 31 (11.7)
Preoperative CA 19-9, >37 1U/mL 222 (70.7) 187 (70.6)
Resectability

RPC 246 (78.3) 213 (80.4)

BRPC, LAPC 68 (21.7) 52 (19.6)
Surgery type

PPPD 185 (58.9) 155 (58.5)

Whipple’s operation 129 (41.1) 110 (41.5)
PV/SMV resection 59 (18.8) 44 (16.6)
T stage

1-2 260 (82.8) 224 (84.5)

3-4 54 (17.2) 1(15.5)
Lymph node positivity 201 (64.0) 166 (62.6)
Differentiation

WD 8(8.9) 26 (9.8)

MD 246 (78.3) 206 (77.7)

PD 0(12.7) 33 (12.5)
Angiolymphatic invasion 169 (53.8) 137 (51.7)
Venous invasion 148 (47.1) 120 (45.3)
Perineural invasion 273 (86.9) 230 (86.8)
Complication rate, CD grade = llla 8 (15.3) 41 (15.1)
Adjuvant chemotherapy 254 (80.9) 218(82.3)
Adjuvant radiation therapy 170 (54.1) 145 (54.7)

RT (1-mm margin)

R1 P-value RO R1 P-value
49 200 114
27:22 0.489 123:77 64:50 0.352
66.4 +10.2 0.082 63.5+9.6 65.6 + 9.4 0.072
10 (20.4) 0.096 20 (10.0) 21 (18.4) 0.033
35(71.4) 0.903 139 (69.5) 83 (72.8) 0.536
3(67.3) 0.042 163 (81.5) 83 (72.8) 0.072
16 (32.7) 37 (18.5) 31(27.2
30 (61.2) 0.721 118 (59.0) 67 (58.8) 0.968
19 (38.8) 82 (41.0) 47 (41.2)
15 (30.6) 0.021 27 (13.5) 32 (28.1) 0.001
36 (73.5) 0.059 170 (85.0) 90 (78.9) 0.172
13 (26.5) 30 (15.0) 24 (21.1)
35(71.4) 0.239 119 (59.5) 82 (71.9) 0.027
2 (4.1 0.425 22 (11.0) 6 (5.3) 0.230
40 (81.6) 153 (76.5) 93 (81.6)
7 (14.3) 25(12.5) 15(13.2)
32 (65.3) 0.079 98 (49.0) 71 (62.3) 0.023
28 (57.1) 0.127 81 (40.5) 67 (58.8) 0.002
43 (87.8) 0.854 170 (85.0) 103 (90.4) 0.176
8(16.3) 0.826 32 (16.0) 16 (14.0) 0.642
36 (73.5) 0.150 165 (82.5) 89 (78.1) 0.337
25 (51.0) 0.633 111 (55.5) 59 (51.8) 0.522

Values are presented as number only, mean + standard deviation, or number (%).

RPC, resectable pancreatic cancer; BRPC, borderline resectable pancreatic cancer; LAPC, locally advanced pancreatic cancer; PPPD,
pylorus-preserving pancreaticodoudenectomy; PV, portal vein; SMV, superior mesenteric vein; WD, well differentiated; MD,
moderately differentiated; PD, poorly differentiated; CD, Clavien-Dindo classification.
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or SMV was 18.8%. Approximately 17.2% of the patients had T3
or T4 disease (8th edition of TNM classification), and 64.0% had
positive LNs.

A higher rate of combined resection of PV/SMV and a higher
rate of borderline resectable pancreatic cancer and locally
advanced pancreatic cancer (LAPC) patients were observed in
the 0-mm R1 patients. No other significant difference in other
clinicopathological data was seen between the 0-mm RO and R1
patients. Meanwhile, higher rate of preoperative CEA level (>5
ng/mL), combined resection rate of PV/SMV, presence of positive
LN, angiolymphatic and venous invasion rate were observed in
I-mm R1 patients (P < 0.05). There was no difference in men/
women ratio, preoperative CA 19-9 level, surgery type, histologic
grade, T stage 3-4 ratio, and postoperative treatment status.

Forty-nine patients had direct invasion and 114 patients had
tumor cells within the resection margin (R1 rate: 0 mm, 15.6%; 1
mm, 36.3%). A subgroup analysis of each pancreatic margin was
conducted (Supplementary Table 1). The direct invasion rate was
3.2% in the pancreas transection, 2.9% in the anterior surface,
25% in the posterior surface, and 83% in the vessel margin.
Using <1 mm for defining a positive margin, vessel margin
involvement increased to 20.4%, 8.0% in posterior surface, 10.8%
in anterior surface, and 3.8% in pancreas transection margin
(Fig. 2). The vessel margin was the most frequently involved
margin location and increased the most with the change of the
0 mm definition to 1 mm.

Survival outcome according to RO/R1 status
The median follow-up time of the entire patient group was 24

months. The median OS of 0-mm RO and R1 was 26 months and
16 months, respectively (P = 0.052) (Fig. 3A). The median OS of
1-mm RO and R1 was 27 months and 18 months, respectively (P
= 0.016) (Fig. 3B). In the DFS, there were significant differences
in both the 0 mm (P = 0.045) and 1 mm definition (P =
0.009) (Fig. 3C, D). The 1 mm definition showed a significant
difference between the RO and R1 groups for both the OS and
DFS. The 1 mm definition (RO/R1) seemed better in predicting
prognosis.

The OS and DFS were analyzed according to the location of
margin invasion. Posterior surface involvement in both the
0 mm/1 mm definitions showed poor OS results (P = 0.002
in 0 mm, P = 0.003 in 1 mm). All 25 patients who had tumor
cells within 1 mm of the posterior surface did not survive for 5
years. In the DFS, involvement of the posterior surface in both
definitions (P = 0.010 in 0 mm, P < 0.001 in 1 mm), 0 mm
pancreas transection margin (P = 0.015), and 1 mm anterior
surface (P = 0.003) involvement resulted in poor outcomes
(Supplementary Table 2).

Recurrence pattern according to 2 definitions of R0/

R1 status
During the follow-up period, 238 patients experienced

recurrence; 72.3% of patients had systemic recurrence, and
27.7% of patients had local recurrence. The most common
recurrence site was the liver. When local and systemic
recurrences were detected simultaneously, it was regarded as
systemic recurrence. The relationship between the recurrence
site and margin status was investigated. However, there was no
significant relationship between R1 status (including individual
margins) and recurrence type (local or systemic).

By serial radiologic review, the time to the first event of local
recurrence, LRFS was calculated. There was difference in LRFS
depending on RO/R1 status; 0 mm definition (P = 0.036) and 1
mm definition (P = 0.000) (Fig. 3E, F). Patients who had event
of early recurrence were evaluated and 97 patients (30.8%) took
less than 6 months after surgery. Direct invasion (0-mm R1) or
insufficient margin clearance (I-mm R1) were related to these
cases.

Effect of adjuvant chemotherapy and radiation
therapy

In our study population, 873% received adjuvant treatment;
75.2% received chemotherapy and 54.1% received radiation
therapy. A total of 163 patients (64.2%) received gemcitabine-
based chemotherapy and 87 patients (34.3%) received
5-fluorouracil (5-FU)-based chemotherapy. FOLFIRINOX
(fluorouracil, leucovorin, irinotecan, oxaliplatin) regimen could
not be applied as it is not yet approved for coverage by Korean
insurance in the adjuvant setting. Majority of the patients
received concurrent chemoradiation therapy (45-54 gray/25-28
fraction) in this cohort.

There were survival benefits in patients who received
postoperative chemotherapy (P = 0.049) or radiation therapy
(P = 0.001) (Supplementary Fig. 1). In the subgroup analysis of
the 1-mm RO/R1 status, there was a survival improvement (Fig.
4C, D) with radiation therapy, though chemotherapy failed to
show difference (Fig. 4A, B). DFS and LRFS also showed survival
improvement with radiation therapy (P = 0.004 and P = 0.002,
respectively). Radiation therapy appeared to be more effective
in R1 patients (P = 0.011) compared to RO patients (P = 0.088)
for DFS. And for LRFS, all patients had survival benefits of
radiation (Supplementary Fig, 2).

Risk factors for disease-free survival and overall

survival
Univariate analysis and multivariable analysis of OS and

DFS including both 0- and 1-mm R status was conducted. Risk
factors for DFS included: high preoperative CA 19-9 level (>37
ng/mL), LN involvement, histologic grade, angiolymphatic,
venous, perineural invasion, adjuvant chemotherapy, and

Annals of Surgical Treatment and Research

13



>

Overall survival (%)

Annals of Surgical Treatment and Research 2022;102(1):10-19

0

No. at risk

RO 265
R1 49

12 24 36 48 60
Time after surgery (mo)

218 143 80 50 33
29 16 9 8 3

No. at risk

RO 265
R1 49

m

o 100 A

[2]
o

N
o

N
o

Time after surgery (mo)

140 65 48 32 24
15 10 5 4 1
— RO

Local recurrence-free survival (%

0

No. at risk

RO 265
R1 49

12 24 36 48 60
Time after surgery (mo)

153 85 53 36 27
17 12 8 6 2

o2}

Overall survival (%)

0

No. at risk

Disease-free survival (%)

12 24 36 48
Time after surgery (mo)

165 114 63 43
82 45 24 15

29

0

No. at risk

RO 200
R1 114

-

o

o
J

o]
o
1

40

20

Time after surgery (mo)

M 53 41 28
44 22 12 8

Local recurrence-free survival (%)

0

No. at risk

RO 200
R1 114

12 24 36 48
Time after surgery (mo)

121 70 45 32
49 27 16 1

23
6

Fig. 3. Kaplan-Meier curves for resection margin status and survival. Only tendency was seen in 0-mm RO/R1 status in overall
survival (A) (median survival of 26 months vs. 16 months, P = 0.052) but significant difference was seen 1T-mm RO/R1 status
(B) (27 months vs. 18 months, P = 0.016). In disease-free survival and local recurrence-free survival, both 0-mm and 1-mm R
status showed significant survival difference. (C) Median survival of 12 months vs. 6 months, P = 0.045; (D) 13 months vs. 8
months, P = 0.009; (E) median survival of 15 months vs. 7 months, P = 0.036; (F) median survival of 16 months vs. 9 months,

P =0.006.
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Fig. 4. Clinical impact of chemotherapy and radiation therapy on RO/R1 patients. Tendency of chemotherapy to survival
difference in (A) RO patients (27 months vs. 19 months, P = 0.303) and (B) R1 patients (21 months vs. 13 months, P = 0.056).
Radiation therapy had survival benefit on both (C) RO (30 months vs. 25 months, P = 0.034) and (D) R1 patients (29 months vs.

16 months, P = 0.009).

radiation therapy. In addition to these factors, perineural
invasion and adjuvant chemotherapy status turned out to be a
prognostic factor for OS.

When including the 4 locations of margin, a poor prognosis
was observed in patients with direct pancreas transection
margin and posterior surface invasion; however, they were not
independent risk factors. In the 1-mm margin, posterior surface
invasion turned out to be an independent risk factor for the
DFS, and the hazard ratio was 1.63 (Table 2).

DISCUSSION

There are still controversies concerning what constitutes
the margin of the complex PD specimen. The circumferential
margin in the pancreatic head is the dissected tissue that is
surrounded by the duodenum and adjacent major vessels,
including the inferior vena cava, SMV, and SMA. Twenty-
eight different terms were used in previous PDAC reports

for the different PD specimen margins [18]. Still, the clinical
significance of the specific peripancreatic margin status is
unclear. When a tumor is close to the anterior surface, which is
a free space around and the posterior surface and SMA margin,
it is out of the surgeon's control, and further resection is not
possible [7].

Accordingly, clinical interpretation of individual margins
was reported heterogeneously. Jamieson et al. [19] introduced a
novel term, "mobilization margin” which includes the anterior
surface, posterior surface, and duodenal serosa, but each margin
involvement did not have a prognostic significance. Delpero et
al. [20] classified the retroperitoneal margin into the SMV, SMA,
and posterior surface and found that SMV and SMA margins
were related to poor outcome, Ghaneh et al. [13] found that the
medial margin, posterior and anterior surface, and the number
of involved margins in direct invasion were related to both the
OS and DFS. In our study, unfavorable prognoses were observed
in patients who had anterior surface, pancreas transection,
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and posterior surface invasion which are separated from major
vessels.

Owing to the dispersed growth pattern of pancreatic cancer
[21], the Royal College of Pathologists first suggested that
a 1-mm margin clearance should be acquired in pancreatic
cancer, and the American Joint Committee on Cancer, TNM 8th
edition adopted this definition recently. Our study showed that
the margin status still has a clinical impact on the prognosis
of PDAC, and the 1 mm definition had a greater predictive
value. Higher rates of LN positivity, angiolymphatic, venous,
and perineural invasion in RI patients according to the 1 mm
definition were observed in our study, which implies that "R1
status” is an indicator of the tumor's aggressive biologic nature
[8]. Several studies reported a better prognosis [5,22] when the
safety margin distances were increased to 1.5 mm or 2 mm;
however, this was not observed in our study population.

In the multivariate analysis of OS and DFS, margin status (0
mm and 1 mm) was not an independent risk factor, probably
because of stronger predictors such as high preoperative
CA 19-9 level, LN positivity, histologic grade, tumor biology,
and postoperative radiation therapy [16,23]. Among the
peripancreatic margins in the pancreatic head, the posterior
surface turned out to be an independent risk factor for the DFS.
If tumor cells are seen less than 1 mm in the posterior surface
after surgery, the chance of recurrence is higher. In cases of
tumors extending the posterior surface, there is no tissue that
can be further resected, and it seems that some tumor cells
may remain even radical resection is performed. Therefore,
clinicians should consider more aggressive postoperative
treatments or neoadjuvant therapy first, rather than upfront
surgery in these cases. Neoadjuvant chemoradiation, which
has the advantage of increased RO rates, is widely performed
recently when it is deemed difficult to obtain sufficient surgical
margin [24].

Even after curative intended surgery, a high probability of
recurrence with 35%-60% of local recurrence and 80%-90% of
systemic recurrence have been reported early after surgery [25].
Other studies reported that medial margin [13] and posterior
margin [26] invasion were related to local recurrence. In this
study group, most patients had systemic recurrence first, but
eventually, R1 patients had a higher rate of local recurrence
and a shorter time to local recurrence compared to RO patients.
The relationship between the individual margin status and
local recurrence was not shown probably due to small number
of cases in this study. These results support the concept that
pancreatic cancer is a systemic disease that is likely to have
micrometastases at the time of diagnosis.

A majority of patients received adjuvant chemotherapy after
surgery except for some patients with poor general condition,
and radiation therapy was performed in about half of all
patients who were either margin positive or LN positive. The

effect of adjuvant chemotherapy seemed to be relatively lower
than that of radiation therapy. This is because most of the
patients in this study received gemcitabine or 5-FU-based
adjuvant chemotherapy, but if we had adopted FOLFIRINOX,
which has recently shown groundbreaking results, the
treatment effect might have increased [27].

The role of radiation therapy postoperative setting in is still
an ongoing issue. While the European Study for Pancreatic
Cancer (ESPAC-1) trial [28], failed to find survival benefit of
chemoradiation, Takahashi et al. [29] reported an improved
survival in R1/LN negative patients who received adjuvant
chemoradiation therapy compared to those who received
only chemotherapy. A large retrospective study using the
Surveillance, Epidemiology, and End Results (SEER) database
[30] found survival benefit in patients who received an addition
of radiation therapy in LAPC. Kim et al. [6] reported that adding
radiation therapy to chemotherapy had survival benefits in
pancreatic head cancer patients with a close resection margin
under 2 mm. In this current study, patients who received
adjuvant radiation therapy had improved survival, especially in
R1 (<1 mm) resected patients, as well.

There are several limitations in this study. Although all
pancreatic cancer patients were subjected to postoperative
adjuvant treatment, some patients could not receive treatment
owing to their poor general conditions. Because the adjuvant
treatment protocol and chemotherapeutic regimen were
not unified during the entire study period, the effect of
chemotherapy might have been underestimated. Lastly, to focus
on the margin location and distance, patients who received
neoadjuvant treatment were excluded. Nowadays, since the
advent of effective chemotherapeutic agents, the proportion of
patients who receive neoadjuvant chemoradiation is gradually
increasing.

Each patient has different personal demographics, tumor
characteristics, and receives different treatment modalities.
Nevertheless, margin status still has an impact on prognosis,
and the 1 mm definition is more efficient in predicting
patients’ postoperative outcomes. Active adjuvant treatment is
suggested in patients with positive surgical margins, especially
when the posterior surface is involved. Unlike other solid organ
malignancies, sufficient surgical margins for pancreatic head
cancer may not always be feasible due to its unique anatomical
structure. Therefore, combined radiation therapy for local
control is essential in cases with insufficient surgical margins.

SUPPLEMENTARY MATERIALS

Supplementary Tables 1, 2 and Supplementary Figs. 1, 2 can
be found via https://doi.org/10.4174/astr.2022.102.1.10.
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