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ABSTRACT An important goal of cancer surgery is to
achieve negative surgical margins and remove all disease
completely. For pancreatic neoplasms, microscopic mar-
gins may remain positive despite gross removal of the
palpable mass, and surgeons must then consider extending
resection, even to the point of completion pancreatectomy,
an option that renders the patient with significant adverse
effects related to exocrine and endocrine insufficiency.
Counterintuitively, extending resection to ensure clear
margins may not improve patient outcome. Furthermore,
the goal of improving survival by extending the resection
may not be achieved, as an initial positive margin may
indicate more aggressive underlying tumor biology. There
is a growing body of literature on this topic, and this
landmark series review will examine the key publications
that guide our management for resection of pancreatic
ductal adenocarcinoma, intraductal papillary mucinous
neoplasms, and pancreatic neuroendocrine tumors.

For patients who successfully undergo surgical resection
of pancreatic neoplasms, particularly pancreatic ductal
adenocarcinoma (PDAC), several prognostic variables are
thought to impact survival, such as postoperative compli-
cations, nodal status, receipt of multimodality therapy, and
margin-negative resection.' ™ Pancreatic surgeons must use
sound technique to minimize the risk of postoperative
complications while performing a nodal dissection to
ensure adequate staging information, and attempt to
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achieve a negative margin resection. However, controversy
remains on the benefit of extending resection margins even
to the point of completion pancreatectomy based on
intraoperative frozen section analysis. It remains unclear if
completion pancreatectomy improves patient survival or
simply leaves patients with difficult-to-manage diabetes
mellitus and malabsorption without adding any cancer-
specific survival benefit. This landmark series will review
the literature for intraoperative margin assessment for
patients undergoing pancreaticoduodenectomy (PD) or
distal pancreatectomy (DP) for PDAC, as well as address
these principles for patients undergoing resection for non-
PDAC tumor types, such as intraductal papillary mucinous
neoplasms (IPMNs) or pancreatic neuroendocrine tumors
(PanNET).

PANCREATIC DUCTAL ADENOCARCINOMA

PDAC comprises only 3% of all cancer diagnoses each
year in the US, yet it is the fourth leading cause of cancer-
related mortality for each sex.*” Despite the steady
improvement in survival of other gastrointestinal cancers,
the 5-year survival for resected PDAC remains low at
10%,%” and fewer than 25% of patients presenting with
PDAC are amenable to curative surgical resection.®'® A
critical factor affecting survival outcomes of patients
undergoing surgical resection for PDAC is the status of
resection margins. It is imperative that the surgical margins
be evaluated thoroughly by an expert pathologist using a
standardized protocol—axial slicing versus bisectioning of
the pancreatic head and orange-peeling approach; both
these methods result in an increase in the resection margin
positivity rate.'"'?

While sound surgical oncologic principles dictate that
negative margin resections are associated with improved
overall survival, recent evidence has challenged this sur-
gical dogma for PDAC. A recent cohort-matched study in
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202 patients demonstrated lack of improvement in survival
after extending pancreatic neck resection margins based on
initial positive intraoperative margin assessment at the time
of PD." Patients who underwent extension of the neck
margin to achieve a final negative margin (n = 17) had
similar poor median survival (11 months; p = 0.001) as
those patients who were left with a microscopic positive
neck resection margin (n = 44, 13 months; p = 0.02),
when compared with RO resection (n = 141, 21 months),
suggesting that the act of extending the margin to clear
microscopic positive disease was an exercise in futility."?

The relationship between negative surgical margin
resection and overall patient survival may however be an
oversimplification, as margin-negative resection is likely
easier to achieve when disease biology is more favorable,
and a positive surgical margin may be a surrogate of dis-
ease biology. The definition of margin-negative resection
for PDAC also requires further clarification, as some
clinicians define a negative margin as >1 mm from the ink,
while others classify a clear margin as any negative
microscopic margin. The American Joint Committee on
Cancer (AJCC) 8th Edition defines microscopic positive
margin (R1) as cancer cells within 1 mm of the margin.'*
Surgical margin assessment for PDAC can be further
stratified by operation type: PD versus DP.

Pancreatoduodenectomy

PD is a complex operation with several defined margins,
some of which are more amenable to surgical remediation
at the time of surgery based on intraoperative frozen sec-
tion results, while others are not. Resection margin
assessment (Fig. 1) is classified into three categories: (1)
transection margins, which include the pancreatic neck,
bile duct, gastric or duodenal, and jejunal or enteric
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margins; (2) dissection (or mobilization) margins, which
include the posterior margin, superior mesenteric
vein/portal vein (SMV/PV) margin, and superior mesen-
teric artery (SMA) margin; and (3) anterior surface
margin.'” The anterior margin is an anatomical surface and
is not a true resection margin as no tissue is transected.'*
Resection margin status is relevant as several multicenter
studies and post hoc analyses of randomized controlled
trials (RCTs) confirm the prognostic significance of mar-
gin-negative resection with PD.'®""

Margin Assessment

Among resection margins, unlike the SMA margin, both
the biliary and the pancreatic neck margin can often be
extended if assessed positive on intraoperative frozen
section. As the bile duct margin is rarely positive in PDAC
cases,17 this review will focus on the pancreatic neck
transection margin. This margin is the focus of several
large retrospective multicenter studies (Table 1)'%'7-2%-21
as well as post hoc analyses of RCTs.'® Post hoc analyses
of the European Study Group for Pancreatic Cancer 3
(ESPAC-3) trial revealed that in comparison with RO
margin, R1-direct tumor margin (tumor is present micro-
scopically at the margin, not < 1 mm from the margin) and
R1-direct posterior resection margin were independently
associated with worse overall survival [hazard ratio (HR)
1.31, p = 0.003; and HR 1.34, p = 0.02, respectively] and
recurrence- free survival (HR 1.34, p = 0.001; and HR
1.28, p = 0.047, respectively).'®

The largest multicenter study on this topic is from the
Central Pancreatic Consortium (CPC). This analysis of
1399 PD cases for PDAC (90% of whom were treatment-
naive, with 10% receiving neoadjuvant therapy [NAT])
reported the following difference in overall survival: re-
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FIG. 1 Resection margins after pancreatoduodenectomy. SMV superior mesenteric vein
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TABLE 1 Single and multicenter studies with survival outcomes related to intraoperative neck margin conversion from R1 to RO for pancreatic

ductal adenocarcinoma

Study Year No.of Median Proportion Proportion ~ Perineural  Rate of Receipt Median overall survival
patients tumor of T3/T4 of LNs invasion FS:R1— of NAT (months)
size (cm) tumors (%)  positive (%) (%) PS:RO (%)
FS:RO—» FS:R1-» PS:RI
PS:RO PS:RO
Kooby 2014 1399 33 80 68 75 5 136 21 12 14
et al.l” (10%)
Zhang 2019 986 2.8 15 79 93 16 191 31 28 21
et al.'® (19%)
Fatima 2010 617 33 69 54 Unknown 9 46 8%) 19 18 15
et al.>*
Nitschke 2017 483 3.1 76 59 56.5 8 27 8%) 24 26 13
et al.?’
Mathur 2014 448 Unknown 73 61 Unknown 9 Unknown 20 14 12
et al.”?
Lad et al®' 2013 382 3.1 82 66 87 6 19 5%) 17 11 11
Hernandez 2009 202 Unknown 61 59 Unknown 11 Unknown 21 11 13
et al.”®

FS frozen section, FS:RI1— PS:RO frozen section with R1 status to permanent section with RO status. PS permanent section, RO margin negative,
R1 microscopic margin positive, LNs lymph nodes, NAT neoadjuvant therapy

resection of pancreatic neck parenchyma to achieve an RO
margin when microscopic margin was positive on frozen
section (n = 72, 11.9 months) versus permanent R1 margin
(n = 131, 13.7 months) versus RO margin on permanent
section without re-excision (n = 1196, 21.1 months;
p < 0.001). The margins converted to RO after R1 on
frozen section predicted worse overall survival compared
with RO margin on permanent section without re-excision
(HR 1.55; p = 0.009)."” In this study, patients with R1
margin on frozen section who were converted to RO (Rg) or
R1 margin on permanent section (Rp) had larger tumors
Rg: 33+£12cm and Rp: 35+ 12cm vs. Rg
3+ 1.4 cm; p=0.001), higher rates of node-positive
disease (Rg: 76% and Rp: 74% vs. Ry: 67%; p = 0.08) and
perineural invasion (Rg: 81% and Rp: 86% vs. Rg: 73%;
p = 0.02) compared with patients with RO margin
achieved without re-excision (Ry), suggestive of a more
aggressive tumor biology.?” There are several other smaller
studies that support the findings of the CPC study.'*-**!->

In contrast, others studies have demonstrated that re-
resection may be beneficial for long-term survival.'®2** A
study from the Dresden group (n = 483) re-examined the
value of frozen section to guide additional pancreatic
parenchyma resection at the time of surgery for PDAC
from 1993 to 2014.% The authors found that re-resection of
positive margin on frozen section with conversion to a
negative margin was associated with a similar survival time
(36 months) to that of patients having an initial RO resec-
tion margin (29 months, p = 0.849), and superior to that of
patients having a final R1 margin on permanent section (12

months, p = 0.039). There are some important differences
with regard to this study design and patient population
compared with the CPC study. No information regarding
postoperative therapy was provided, and only 7.6% of
patients received NAT. Perhaps the key difference between
the Dresden and CPC studies was the baseline tumor his-
tology; while all patients included in the CPC study had
PDAC without evidence of underlying mucinous neo-
plasm, 30.6% of the 483 Dresden patients had an
underlying diagnosis other than true PDAC, obfuscating
the interpretation of these results.”

The most recent report from the Massachusetts General
Hospital and University of Verona (n = 986) reported an
associated improvement in survival with RO margin
resection (without re-excision) of 28 months compared
with persistent R1 margin on permanent section (19
months; p = 0.01).18 Re-excision to achieve RO margin
(when R1 was noted on frozen section) was also associated
with improvement in survival (24 months) compared with
persistent R1 margin on permanent section (19 months;
p = 0.02). Total pancreatectomy was performed in 28% of
patients in whom the margin was rendered RO on perma-
nent section after R1 determination on frozen section. NAT
was administered in 21% of patients, and only 15% of
patients had T3/T4 tumors, suggesting a different patient
population than the CPC study. The initial positive margin
rate was nearly double (20%) in comparison with the CPC
study (11%), perhaps related to the difference in positive
margin definition used, as this group used the ‘en face’
definition of 0 mm, compared with the AJCC 8th edition
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definition of >1 mm used by the CPC. Ultimately, these
three studies continue to stimulate the controversy of
checking frozen section margins to prompt additional
pancreatic parenchymal resection.

With the improvements in chemotherapy and radiation
therapy for treating PDAC, we need to understand the
impact of NAT on margin status and patient outcome. In
early-stage PDAC (cT1-2), NAT has been shown to sig-
nificantly decrease the margin positivity rate compared
with no NAT (NAT, 155% vs. no NAT, 21.8%;
p < 0.0001), and more so with neoadjuvant chemoradia-
tion therapy (NCRT) than chemotherapy (NCT) alone
(NCRT, 13.4% vs. NCT, 18.6%; p < 0.001). Furthermore,
positive margin was associated with worse overall survival
(14.9 months) compared with negative margin resection
(23.9 months; HR 1.702, p < 0.0001).%° In the phase III
RCT (Unicancer GI PRODIGE 24/CCTG PA.6 trial),
where patients with PDAC underwent the surgery-first
approach prior to randomization to one of the two adjuvant
therapy arms (FOLFIRINOX vs. gemcitabine), the inci-
dence of R1 margin positivity was 42.8%.%’ In the recently
reported SWOG  S1505 randomized trial in
resectable PDAC patients who received 12 weeks of NAT
(mFOLFIRINOX or gemcitabine/nab-paclitaxel), the mar-
gin-negative resection rate was 85%.”® These studies
suggest a potential role of NAT in decreasing the margin
positivity rate. Whether this impacts survival still remains
unclear.

In a recently published multicenter retrospective study
of 305 patients in Japan and the US who received NAT, RO
margin (>90%; 0 mm rule) was associated with an
improved overall survival compared with R1 margin (31.3
vs. 16.3 months; p <0.001).29 Overall survival in this
study was measured from the date of surgery rather than
from the date of diagnosis or the date of first treatment.
This is important to note as the survival, when calculated
from the date of surgery, ignores the variability in duration
of NAT received by the patient, biasing the survival results
and potentially resulting in a more pronounced survival
difference. This pronounced survival difference was also
noted during unpublished survival analyses, when deter-
mining the optimal timing between diagnosis and treatment
of pancreatic cancer.”’

Another single-institution study from Johns Hopkins
assessed the impact of margin status on survival after NAT,
where 484 patients with PDAC received NAT for >2
months between 2011 and 2018.*' Median duration of
neoadjuvant chemotherapy was 119 days, with 67% of
patients receiving FOLFIRINOX as first-line therapy and
73% receiving neoadjuvant radiation therapy. The majority
of patients underwent PD (69%) and received at least one
cycle of adjuvant therapy (56%). R1 margin (<1 mm from
the surgical margin) compared with RO margin (rate of RO

margin: 80%) was not associated with recurrence-free
survival (HR 0.85; p = 0.521) or overall survival (HR
0.82; p = 0.461). On multivariable analyses, the results
were maintained irrespective of the type of NAT.?" Certain
differences in the two recent studies are important to note.
The latter study from Johns Hopkins used the standard
AJCC definition of R1 margin and included the patient
population who received at least 2 months of NAT. In
contrast, the multicenter study between Japan and the US
defined RO by the 0 mm rule (tumor at margin), resulting in
an increased RO rate (>90% vs. 80%). Furthermore, the
duration of NAT was not clearly delineated, potentially
influencing the differences in outcomes between the two
studies. While these two recent studies discuss the impor-
tance of margin status on survival in the setting of NAT,
they do not evaluate the specific cohort of patients with an
intraoperative positive margin that was rendered negative
by extending the pancreatic resection.

The existing data differ on the question of converting an
R1 neck margin on frozen section to RO by taking addi-
tional parenchyma, even to the point of completion
pancreatectomy. The increased use of NAT may influence
the incidence of R1 margins and their impact on survival
further. Based on the available data, the authors support
either forgoing intraoperative neck margin assessment or
continuing the use of intraoperative frozen section of the
pancreatic neck with consideration of re-resection for an
additional single margin and not rechecking further. This
assumes the mass is truly located in the pancreatic head/
uncinate process and not overtly located in the pancreatic
neck, and that the disease process is understood to be true
ductal adenocarcinoma of the pancreas and not IPMNs. We
feel extending the margin to the point of total pancreate-
ctomy for PDAC may not provide therapeutic benefit for
the patient.™

Distal Pancreatectomy

The question of assessing for a positive margin on fro-
zen section for tumors in the pancreatic body and tail
during DP is more challenging. Based on National Com-
prehensive Cancer Network (NCCN) guidelines (version
1.2021), the margins analyzed in DP include the transec-
tion (neck) margin, and anterior and posterior
peripancreatic margins, which can be assessed similarly to
the radial margin in rectal cancer. Involvement of the
splenic vessels along with invasion of the spleen should be
documented; splenic artery and vein margins can be
assessed pathologically. The transection margin and the
posterior resection margin are technically modifiable to
achieve RO resection. Because left-sided PDAC can present
at a more advanced stage, clearing both the transection and
posterior margins can sometimes be difficult.**** Radical
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antegrade modular pancreatosplenectomy (RAMPS) is a
technique first described by Strasberg et al. in 2003 with
the goal of improving RO posterior dissection margin rates
and harvesting more lymph nodes (Fig. 2).*

A meta-analysis of six studies (378 patients) comparing
RAMPS with standard pancreatosplenectomy (SPS) for
PDAC demonstrated higher RO resection rates (odds ratio
[OR] 2.19; p = 0.02) and increased harvested lymph nodes
favoring RAMPS (weighted mean difference [WMD] 7.06;
p < 0.01) without any significant difference in recurrence
rates (OR 0.66; p = 0.10), disease-free survival (HR 1.02;
p = 0.93), and overall survival (HR 0.65; p = 0.05).*® A
more recent meta-analysis of five studies (285 patients)
comparing RAMPS with SPS revealed higher RO resection
rates (RR 2.37; p = 0.01), an increase in lymph node yield
(WMD 7.08; p < 0.000013), and improvement in overall
survival at 1 year, favoring RAMPS (RR 1.2; p = 0.02).*’
No difference in postoperative pancreatic fistula, compli-
cations, hospital stay, and mortality or recurrence rates was
noted (p > 0.05).

Another recent meta-analysis of seven studies (474
patients) comparing RAMPS with SPS that included
patients who underwent surgery first (no NAT) for PDAC
was published in 2019.% This study favored RAMPS over
SPS in terms of overall survival (HR 0.65; p = 0.046),
recurrence rates (RR 0.8; p = 0.028), blood loss (WMD
153.19; p = 0.046), and number of lymph nodes harvested
(WMD 4.74; p = 0.034). No significant differences were
noted with respect to RO resection margin rates
(p = 0.125), postoperative pancreatic fistula (p = 0.577),
operative times (p = 0.942), or hospital length of stay
(p = 0.087).

The approach to DP for PDAC arguably favors the
minimally invasive approach. A small retrospective study
published in 2013 revealed non-inferiority of minimally
invasive DP (MIDP) compared with open DP (ODP) for
PDAC in terms of postoperative outcomes and overall

survival (HR 1.11; p = 0.8).39 A recent meta-analysis of
11 studies (4829 patients) favored MIDP over ODP in
terms of RO margin rates (WMD 0.71; p = 0.003), intra-
operative blood loss (WMD —250.03; p < 0.00001),
postoperative hospital length of stay (WMD —2.76,
p < 0.00001) and postoperative morbidity (OR 0.57;
p < 0.00001) and mortality (OR 0.50; p = 0.005), while
noting no difference in 3-year (HR 1.03; p = 0.66) and
5-year (HR 0.91; p = 0.59) overall survival outcomes.*
Another recent meta-analysis of 21 studies (11,246
patients) concluded that MIDP was comparable with ODP
with respect to overall survival (HR 0.86; p = 0.06), RO
resection rate (OR 1.24; p = 0.09), and use of adjuvant
therapy (OR 1.07; p = 0.46).*! However, the lymph node
yield was lower with MIDP (WMD —1.3, p = 0.03). In
this study, fewer patients in MIDP received neoadjuvant
chemotherapy and neoadjuvant radiation therapy. In addi-
tion, patients undergoing MIDP were more likely to have
smaller tumors (WMD —0.46 cm; p < 0.001), less per-
ineural invasion (OR 0.48; p <0.001), and less
lymphovascular invasion (OR 0.53; p < 0.001).*" A pan-
European propensity score-matched study comparing
MIDP with ODP for PDAC included 1212 patients from 34
centers in 11 countries.** This observational study revealed
comparable overall survival between groups (28 vs. 31
months; p = 0.929), with higher RO resection rates (67%
vs. 58%; p = 0.019) but lower lymph node yield (14
[8-22] vs. 22 [14-31]; p < 0.001) and Gerota’s fascia
resection rates (31% vs. 60%; p < 0.001) with MIDP. The
median blood loss (200 mL [60-400] vs. 300 mL
[150-500]; p = 0.001) and length of hospital stay (8
[6-12] vs. 9 [7-14]; p < 0.001) favored MIDP.** This
paved the way for an international RCT (DIPLOMA)
comparing the approach to RAMPS—MIDP versus ODP,
with microscopic radical resection rate (RO, >1 mm) as the
primary outcome. Currently, this trial just completed
enrollment of 258 patients from 34 centers.

FIG. 2 The resection bed after
excision of the specimen (distal
pancreatectomy). PV portal
vein, CHA common hepatic
artery, SMA superior mesenteric
artery
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In our opinion, all surgeons operate on PDAC knowing
it is a systemic disease. Despite the majority of the recur-
rence being distant disease, we have one opportunity in a
technically resectable patient to perform an optimal oper-
ation. We favor RAMPS over SPS for all patients with
PDAC of the body and tail. The disadvantage of RAMPS is
insignificant and limited mainly by the technical ability of
the operating surgeon. We await the results of the
DIPLOMA trial (non-inferiority trial), where we anticipate
higher RO resection rates with a minimally invasive
approach, compared with an open approach, based on the
published retrospective data.

INTRADUCTAL PAPILLARY MUCINOUS
NEOPLASM

The diagnosis of IPMN is increasing due to the liberal
use of high-resolution imaging.** Indications for resection
are well documented with supporting literature in the
revisions of international consensus guidelines.*’ Recom-
mendations include frozen section analysis to determine
the extent of resection.***> There appears to be less con-
troversy over resection of additional pancreas when margin
is positive for high-grade dysplasia (HGD) or invasive
cancer, as well as avoiding additional resection for low-
grade dysplasia (LGD) at the margin.**~" There appears to
be a tendency for overtreating patients with main-duct
IPMN (MD-IPMN) or mixed-type IPMN in 19% of
patients due to unnecessary or too-extensive resections.>’

The CPC recently conducted a retrospective multicenter
study analyzing the resection margin status of 330 patients
with non-invasive IPMNs who underwent surgery.’> Posi-
tive margin was defined as any degree of dysplasia or
pancreatic intra-epithelial neoplasia (PanIN). Positive sur-
gical margin was encountered in 19.7% of patients, with
only 1.8% being HGD or PanIN-3. Recurrences were
documented in 8.9% of margin-negative resections, 16.9%
with LGD or PanIN-1/2 at the margin, and 33.3% with
HGD or PanIN-3 at the margin. The recurrence-free sur-
vival of these patients with respect to negative or positive
margin did not reach statistical significance (p = 0.06),
likely due to the low number of patients with positive
margins and the fact that the majority of patients with
positive margin had LGD at the margin. The presence of
multifocal disease was significantly associated with an
increase in the incidence of positive resection margin (OR
2.13; p = 0.02).°> The conclusions of that study were
congruent with international consensus recommendations
of resecting additional pancreas with HGD at the margin.**

Another multicenter retrospective study was conducted
in Japan to determine recurrence patterns in 1074 patients
with IPMNs.”® Recurrence of 14.4% was documented at 24

months. This study showed no association between positive
pancreatic transection margin and frequency of metachro-
nous high-risk lesions in the remnant pancreas. On
multivariable analysis, only preoperative symptoms, loca-
tion of IPMNs in the body/tail, main pancreatic duct
> 1 cm, and presence of HGD/invasive IPMNs (not tran-
section margin) were associated with metachronous high-
risk lesions in the remnant pancreas.”

Other studies also show no association of positive
transection margin with IPMN recurrence rates.”*>> A
study published in 2013 included 192 patients who
underwent resection for non-invasive IPMNs, with ductal
dysplasia identified in 86 patients (45%) at the final sur-
gical margin (IPMN or PanIN).’® IPMN was noted at the
final surgical margin in 38 specimens (20%)—LGD (9%),
moderate-grade dysplasia (8%), and HGD (3%). PanIN
was noted at the final surgical margin in 54 specimens
(28%)—PanIN-1 (17%), PanIN-2 (9%), and PanIN3 (2%).
Six patients had IPMN and PanIN at the final surgical
margin. On multivariable analysis, margin dysplasia pre-
dicted a threefold increase in the risk of recurrence
(p = 0.02) in the remnant gland, but not at the resection
margin. In contrast, another study of 173 patients with MD-
IPMN reported lower disease-free survival with positive
transection margin (defined as HGD or invasive carcinoma)
compared with negative margins (46 vs. 89 months;
p <0.001), and positive margin was associated with
decreased overall survival (HR 2.6; p = 0.046).44

Based on the available data, given the more indolent
behavior of IPMNs compared with PDAC, we support
routine frozen section evaluation of the transection margin
and resecting additional pancreas for HGD or invasive
cancer at the margin when possible, as the presence of
HGD or invasive cancer at the margin may increase
recurrence rates and potentially have a negative impact on
overall survival. Total pancreatectomy in an attempt to
eliminate HGD at the margin should be applied very
selectively for young and functional patients with an
appropriate social situation, where handling the complica-
tions of exocrine insufficiency and brittle diabetes is
feasible. Due to the multifocal nature of the IPMNs, we
recommend long-term follow-up with imaging studies of
patients with resected [PMNss.

NEUROENDOCRINE TUMORS

The incidence of PanNETs has been gradually increas-
ing over the last decade, with nearly double the number of
non-functional PanNETs being diagnosed annually.’’
PanNETs account for approximately 7% of all NETs, with
an incidence of 0.8 per 100,000 people.”®® Surgical
resection remains the mainstay of therapy for a potential
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cure. Two major categories include tumor enucleation and
standard resection (central pancreatectomy, PD, DP).
Existing data on margin analysis remain limited for both
enucleation and standard resection.

In a retrospective multicenter study of 205 patients, 29%
underwent enucleation, 31% underwent PD, 35% under-
went DP, and 4% underwent central pancreatectomy.®® R1
resection margin was defined as microscopic margin
involvement <1 mm, including resection margin, anterior
and posterior margin, median margin (close to the portal
vein and mesenteric artery), and unclear margins caused by
coagulation artifact. R1 resection margins were more than
twofold greater after enucleation of pancreatic head tumors
compared with PD (37% vs. 17%; p = 0.052). R1 resec-
tion margins after enucleation of pancreatic body/tail
tumors were analogous to DP (24% vs. 17%; p = 0.5). The
recurrence rate was 19% after enucleation of non-func-
tioning PanNETs, favoring standard
resection. Postoperative morbidity after enucleation was
comparable with PD or DP; however, endocrine and exo-
crine insufficiency was significantly higher after PD.%°

The prognostic role of resection margin status on overall
survival has been evaluated in only one large retrospective
multicenter study.®' In this study, R1 resection margin was
associated with a worse 10-year recurrence-free survival
compared with RO (47.3% vs. 62.8%; p = 0.002); how-
ever, overall survival was not impacted. The study also
evaluated conversion of R1 to RO margin based on intra-
operative frozen section, and demonstrated re-resection of
an initially positive surgical margin was not associated
with improved overall survival.®'

Based on the existing literature, the decision to assess
resection margins remains at the discretion of the operating
surgeon, while considering tumor location, tumor biology
and the risks and benefits of margin re-resection.

CONCLUSION

Margin assessment for pancreatic neoplasms remains a
work in progress, with the most mature data around the
pancreatic neck margins at the time of PD for patients with
ductal adenocarcinoma. Extent of resection may be dic-
tated by consideration of factors such as functional status
of the patient, tumor biology, and technical challenges,
especially based on the involvement of peripancreatic
vasculature. Future exploration of novel mutations and
development of additional targeted therapy may further
define the role of margin status in patients with PDAC.
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