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Abstract: Pancreatic cancer is associated with a poor prognosis. While surgical resection is the only
treatment option with curative intent, most patients die of locoregional and/or distant recurrence.
The prognostic impact of the resection margin status has received much attention. However, the
evidence is almost exclusively related to pancreatoduodenectomies, while corresponding data for
distal pancreatectomy specimens are limited. The key data, such as the rate of microscopic margin
involvement (“R1”), the site of margin involvement, and the impact of R1 on patient outcome, are
divergent between studies and do not currently allow any general conclusions. The main reasons for
the variability in the published data are the small size of the study cohorts and their heterogeneity,
as well as the marked divergence in pathology examination practices. The latter is a consequence
of the lack of concrete guidance, both for grossing and microscopic examination. The increasing
administration of neoadjuvant chemo(radio)therapy introduces a further factor of uncertainty as
the conventional definition of a tumour-free margin (“R0”) based on 1 mm clearance is inadequate
for these specimens. This review discusses the published data regarding the prognostic impact of
margin status in distal pancreatectomy specimens along with the challenges and uncertainties that
are related to the assessment of the margins.
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1. Introduction

The prognosis of pancreatic ductal adenocarcinoma (PDAC), commonly referred to as
pancreatic cancer, remains poor. Surgical resection combined with systemic therapy offers
the only chance of long-term survival and a potential cure [1]. Consequently, the resection
margin status—a proxy for local radicality—and its prognostic impact have increasingly
received attention during the past two decades [2]. Most of the knowledge regarding margin
status comes from studying resection specimens following pancreatoduodenectomy for
PDAC in the pancreatic head. Based on the collective experience that has been gathered to
date, three main observations can be made. First, the R1 rate—that is, the proportion of
resections for PDAC with a microscopically positive resection margin—varies considerably
between studies and centres, from below 20 to over 80% [3,4]. Second, as (inter-)national
pathology guidelines lack instructions regarding specimen grossing and partly differ in
their recommendations as to which specimen margins and surfaces are to be examined,
considerable divergence in examination practice continues to exist. Third, it is only in
recent years that most, but not all, pathologists have begun to use the same definition for
reporting microscopic margin involvement. The longstanding lack of consensus regarding
the pathology examination and reporting of the margin status explains to a large extent the
considerable variation in the reported R1 rates [3]. Importantly, the incomparability of the
published R1 rates has profoundly affected the analysis of the prognostic significance of
the margin status on patient outcome [2,5].
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Distal pancreatectomy for cancers in the pancreatic body and tail is a less commonly
performed procedure compared to pancreatoduodenectomy because PDAC in the pan-
creatic body and tail is often more advanced at the time of diagnosis such that surgery is
not a treatment option [6]. Resection margins in distal pancreatectomy specimens partly
differ from those in pancreatoduodenectomy specimens, given the differences in anatomy
and resected structures. In this review, various aspects of the examination and prognos-
tic relevance of the margin status in distal pancreatectomy specimens for PDAC will be
reviewed and discussed in comparison with the evidence that exists on this topic for
pancreatoduodenectomy specimens.

2. Pathology Examination of the Margin Status—Specimen Grossing

While it is well established that the gross pathology examination is a key determinant
of the accuracy of margin status reporting for pancreatoduodenectomy specimens with
PDAC [3], only a single study has investigated this important quality issue for distal
pancreatectomy specimens. Sahakyan et al. reported that the R1 rate increased from 60.4%
to 83.1% following the implementation of a detailed pathology protocol that included a
comprehensive, standardized grossing procedure for distal pancreatectomy specimens [7].
Specimen grossing consists of three steps: specimen dissection, macroscopic examination,
and tissue sampling, and the latter in particular is a key determinant of the accuracy of
margin assessment. Because “R1” is by definition a microscopic finding, and considering
that the invasive front of PDAC is often difficult to discern on naked-eye inspection,
extensive tissue sampling from the tumour onto the adjacent specimen surface(s) increases
the likelihood of detecting microscopic margin involvement. Accordingly, a positive
correlation between the number of such tissue samples and the R1 rate has been reported
for pancreatoduodenectomy specimens [8]. In spite of this rationale, current (inter-)national
guidelines do not provide any recommendations regarding the extent of tissue sampling
for either pancreatoduodenectomy or distal pancreatectomy specimens.

National and international guidelines also lack clear recommendations for the grossing
of distal pancreatectomy specimens. However, a detailed protocol has been published
in the context of a recent clinical trial [9]. Because the anatomy of distal pancreatectomy
specimens is straightforward, and given the oblong shape of the body and tail of the
pancreas, most pathologists employ the same dissection technique that is based on serial
sagittal slicing. Most pathologists also examine the same pancreatic surfaces, that is, the
anterior and posterior surfaces as well as the pancreatic transection margin, although some
variation may exist. Remarkably, according to guidelines issued by US professional bodies,
investigation of the anterior and posterior surfaces is recommended, but not required, for
pancreatoduodenectomy specimens [10–12]. It is not specified whether this also applies
to distal pancreatectomy specimens or, if required for the latter, what the rationale for the
different approach could be. Divergence in practice also exists regarding the transection
margins of the splenic artery and vein, the examination of which is recommended only by
the National Comprehensive Cancer Network (NCCN) [12], but is not mentioned in other
guidelines [10,13–15].

In the case of extended surgical procedures, the grossing technique employed is likely
highly variable between centres and individual pathologists. Extended, multivisceral
resection may be required if PDAC in the pancreatic body and tail infiltrates neighbouring
organs and structures (Table 1) [7,16–21]. While dissection of these complex specimens may
be challenging, no guidance is provided by the main professional bodies. Equally lacking
are recommendations regarding the assessment of the specimen margins that are created
by the resection of additional organs and structures.
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Table 1. Additional structures that may be resected during extended distal pancreatectomy procedures.

Gerota’s fascia
Adrenal gland

Stomach
Small bowel
Large bowel

Kidney
Large blood vessels

Most commonly, only the transection margins of the latter, for instance, a segment of
large bowel, are examined and found to be clear, while the circumferential surface of the
adherent tissues between the pancreas and colon is usually not included in the examination
but may well be involved (Figure 1). In order to avoid disruption of these circumferential
surfaces and at the same time preserve the spatial relationship between the cancer, the
pancreas, and the additionally resected structures, serial slicing of the specimen is best
carried out en bloc. While photodocumentation by means of close-up photographs of the
specimen slices should always be part of standardised specimen grossing, this is especially
advisable in the case of extended resection specimens as it allows review of the macroscopic
findings and direct correlation with histology.
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Figure 1. Resection margins in an extended distal pancreatectomy specimen that includes a part of
the stomach (A) and the left adrenal gland and a segment from the left colonic flexure (B). Sagittal
slicing reveals a large pancreatic cancer that invades all three additionally resected organs and grows
close to the circumferential margin of the soft tissue between these structures (red dotted lines) (C).

3. Pathology Examination of the Margin Status—Microscopic Examination
3.1. Definition of R1

According to the TNM classification of malignant tumours issued by the Union for
International Cancer Control (UICC) and the American Joint Committee on Cancer (AJCC),
R1 is defined as the presence of microscopic residual disease after treatment [11,22]. Yet, in
practice, R1 is used in a narrower sense, i.e., to denote microscopic residual cancer in the
surgical bed. However, as the latter cannot be examined, it is not possible to establish with
certainty whether cancer cells were left in situ following surgery. The R-status therefore
reflects the likelihood of microscopic residual disease, and its assessment is based on the
clearance to the margins. The exact size of this clearance, which defines “R1”, has been
the subject of controversy, with the proposed minimum distance to the margin ranging
from 0 mm to 1 mm or more [23–25]. Following a debate that has been ongoing for more
than a decade, an international consensus has finally been reached, according to which a
clearance of 1 mm or less is regarded as R1 [10,11,13–15]. This definition is a mere adoption
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from rectal cancer, for which a strong correlation between local recurrence and a margin
clearance of 1 mm or less has been convincingly demonstrated. However, differences
between the growth patterns of rectal and pancreatic cancer, with the latter growing much
more dispersedly than the former, indicate that a larger clearance may be more appropriate
for R1 in PDAC [26].

As a consequence of the lack of consensus that existed until recently, R1 rates published
in the literature may be based on different R1 definitions, which, inevitably, has had an
impact on the reported data. Indeed, several recent studies on cancers in the pancreatic
head report that the R1 rate increases up to threefold if R1 is based on ≤1 mm clearance
instead of 0 mm [27–30]. Similarly, for PDAC in the pancreatic body and tail, Hank and
colleagues reported an R1 rate of 76.5% with invasion within 1 mm to the margin, and
53.6% with direct margin involvement (0 mm clearance) [31].

3.2. R1 and the Mode of Cancer Spread Close to a Margin

Confusion amongst pathologists also prevails as to whether the mode of cancer spread
is relevant to diagnosing microscopic margin involvement. While the 1 mm definition
clearly pertains to cancer cells invading the tissues close to a margin, does it also apply
when cancers cells are present within lymphovascular channels, perineural clefts, or lymph
nodes? Following the principles of TNM reporting, R1 only pertains to direct tumour
invasion, that is, cancer growth within the stroma, for the following two reasons. First,
cancer spreading along lymphatic, vascular, or neural routes portends a risk for locoregional
or distant tumour recurrence, which may be outside the surgical bed and is independent
of surgical resection. Second, the risk for cancer recurrence associated with cancer spread
along pre-existing structures is independent of the proximity of the latter to a margin. For
example, lymphatic tumour permeation in the centre of the tumour is associated with the
same risk for spread to regional lymph nodes as when it were to occur within 1 mm to
a margin. Consequently, only when cancer cells breach the anatomical boundary of the
particular compartment, e.g., when a lymph node metastasis shows extranodal tumour
growth, and cancer cells start invading the surrounding tissue, does the 1 mm rule become
applicable (Figure 2).
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Figure 2. R1 and mode of cancer spread. A lymph node metastasis separated by ≤1 mm from the
margin is not considered R1 as the tumour lies within a segregated microanatomical compartment
(A). Only when there is extranodal growth, i.e., cancer cells grow outside the boundaries of the lymph
node compartment at 1 mm or less from the margin, is the risk for residual cancer in the surgical bed
increased, and the finding is to be reported as R1 (B).

4. Prognostic Impact of Resection Margin Status in Distal Pancreatectomy
4.1. Limitations of Current Published Data

The published results regarding the prognostic impact of margin status in PDAC resec-
tion specimens are conflicting, with the main reason for the continued controversy being, as
outlined above, the divergence in pathology practice [5,30]. Indeed, similar to the variation
that has been observed for pancreatoduodenectomies, the R1 rates reported for distal
pancreatectomies range widely, from below 10 to over 80% (Table 2). In addition to the
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divergence in pathology examination, further factors limit the relevance of the few studies
that hitherto have been published: the small size of the study cohorts and their heterogene-
ity in terms of surgery (inclusion of total pancreatectomy and pancreatoduodenectomy),
treatment (inclusion of neoadjuvantly treated patients), and tumour histology (inclusion of
PDAC associated with intraductal papillary mucinous neoplasia). As a consequence, the
evidence is currently insufficient to draw valid conclusions (Table 2).

Table 2. Studies that investigated the prognostic impact of resection margin status in distal pancreate-
ctomy specimens. Only studies based on a cohort size of more than n = 40 and a study period later
than 2006 are included.

Study n R1 Rate
(%) R1 Definition Dissection Technique NAT

(%)
Prognostic Impact of

R-Status

Sahakyan 2022 [7]
Entire cohort

Period 1
124 73.4 ≤1 mm 7.3 No 1

53 60.4 Sagittal slicing, not specified
Period 2 71 83.1 Sagittal slicing, standardized

Korrel 2021 [16] 1200 43.2 <1 mm Sagittal slicing, standardized 10.7 Yes

Hank 2018 [31] 218 71.1 <1 mm Sagittal slicing, standardized - Yes

Demir 2018 [32]
(Institutional cohort)

44 36.4 0 mm Not specified - No
59.1 <1 mm

Sahakyan 2017 [33] 186 9.5 0 mm Not specified 1.0 No

De Rooij 2016 [17] 141 45.0 <1 mm Not specified - Yes
(5.0 R2)

Paye 2015 [18]
(Multicentre study) 278 25.2 2 <1 mm Not specified 7.2 No

Yamamoto 2010 [34] 73 3 16.4 Not specified Not specified - Yes
(8.2 R2)

Chang 2009 [23] 70 47.1 0 mm Not specified - No
57.2 <1 mm

Shimada 2006 [35] 884 25.0 Not specified Not specified - No

1 Prognostic impact observed only for involvement of the anterior surface, not for other margins nor for the overall
margin status. 2 Also includes R2 resections. 3 Including Appleby’s (n = 3), total pancreatectomy (n = 2), and
pancreatoduodenectomy (n = 2) procedures. 4 Including Appleby’s procedure (n = 12). For carcinomas of the
body and tail, Gerota’s fascia and the left adrenal gland were removed even in the absence of apparent invasion.
NAT, neoadjuvant therapy.

In the studies by Sahakyan [7,33], Paye [18], Chang [23], and Shimada [35] and col-
leagues, the overall resection margin status was not a prognostic factor for survival in
patients undergoing distal pancreatectomy for PDAC. Based on a meta-analysis combined
with the analysis of a small institutional series, Demir and colleagues reported that margin
status correlated with outcome in patients following pancreatoduodenectomy but not in
the small subgroup of patients that had undergone distal pancreatectomy [32]. In contrast,
in a large international cohort of distal pancreatectomies recently published by Korrel and
colleagues, R0 resection was associated with improved overall survival [16]. Similarly,
Hank and colleagues demonstrated that clearance of ≥1 mm was an independent determi-
nant of overall survival following distal pancreatectomy [31]. Additionally, earlier studies
by Yamamoto [34] and de Rooij [17] found margin status to be of prognostic significance
for PDAC in the body and tail of the pancreas. However, the latter two studies included
multiple resections with macroscopic margin involvement, so-called R2 resections (see
Table 2), which are known to have a considerable negative influence on outcome and may
have obfuscated the results.

4.2. Burden of Residual Disease and Time to Recurrence

When reflecting on the prognostic significance of margin status in PDAC resection
specimens, two key issues are often not considered. For one, the majority of patients with
PDAC already have lymph node metastasis, perineural, and/or vascular invasion at the
time of surgery, which may lead to disseminated disease and death before residual disease
at the resection site becomes clinically manifest. For instance, in the study by Sahakyan
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and colleagues, R1 was a significant prognostic factor for survival in univariable analysis,
but did not reach significance as an independent predictor for survival in multivariable
analysis, unlike lymph node ratio and perineural invasion [7]. Similarly, others reported
that lymph node status and perineural invasion were stronger determinants of outcome in
PDAC than R-status [36,37]. Indeed, it is conceivable that R-status may only be relevant
for long-term outcomes in the absence of other (stronger) risk factors for locoregional or
distant spread.

A further, largely ignored aspect that determines the time to local recurrence is the
burden of residual disease, that is, the quantity of cancer cells that are left behind in the
surgical bed. Microscopic margin involvement, be it in only a single small focus or in
several foci and possibly at multiple margins, is indiscriminately reported as R1, although
the residual tumour burden in the surgical bed is likely different in these scenarios. For
pancreatoduodenectomy specimens, it is well documented that margin involvement is
often multifocal [8,24,38,39], but this has been hardly analysed in specimens following
distal pancreatectomy. At present, only two studies investigated the number of margins
involved in distal pancreatectomy specimens, and they report that more than one margin
was involved in 27.4 and 3.4% of the cases, respectively (based on an R1 definition of
≤ 1 mm and 0 mm clearance, respectively) [7,23]. If, and in how far, multifocal margin
involvement and the quantity of microscopic residual tumour in the surgical bed affect
outcomes is currently unknown. A further obstacle to the study of the association between
residual tumour burden and patient outcome is the lack of a clear distinction between
microscopic and macroscopic residual disease, that is, R1 and R2. By common agreement,
the latter is diagnosed at the discretion of the surgeon, while pathologists do not usually
report R2, even if they observe tumour growth within 1 mm to a margin not only in a
discrete focus but in a more extensive area. In the future, with the advent of artificial
intelligence-assisted cancer reporting, semiquantitative assessment of the tumour burden
at the margins may possibly provide clinically more relevant information than the current
binary reporting of R1 or R2.

4.3. Prognostic Impact of R1 at Specific Margins

For pancreatoduodenectomy specimens, it has been suggested that tumour involve-
ment of some resection margins, in particular of the margin facing the superior mesen-
teric artery, has a stronger negative impact on patient outcome than that of other mar-
gins [28,38,40,41]. A possible explanation for this claim could be that margin involvement
is a proxy for tumour invasion of a microanatomic compartment that is particularly rich in
blood vessels, lymphatic channels, or nerves, which is the case for the peripancreatic fat
facing the superior mesenteric artery [42]. As such, the impact on survival may well be due
to the increased risk of dissemination along these structures rather than the consequence of
cancer cells being present close to the resection margin. In distal pancreatectomy specimens,
a high density of lymphatic channels and nerves may be found around the splenic artery
and vein. While there has been much focus on the improvement of surgical techniques in
order to reduce the R1 rate at the margins facing the superior mesenteric artery and vein
during pancreatoduodenectomy, tumour growth around the splenic artery and vein and
the adjacent posterior margin of distal pancreatectomy specimens has thus far received less
attention. The only data that are currently published demonstrate that tumour involvement
of the transection margin of the splenic artery and vein occurs in 5.6% of the cases, while
the posterior margin is positive in 55.6%. Of note, neither correlated with prognosis [7].

The transection margin facing the pancreatic remnant has traditionally received much
attention, both for pancreatoduodenectomy and distal pancreatectomy procedures. As op-
posed to the other margins, it is a widespread practice to examine the pancreatic transection
margin intraoperatively by frozen section, either routinely or dependent on the surgeon´s
evaluation of the transection margin and the proximity of the tumour to the margin. Two
studies report that involvement of the pancreatic transection margin occurred in 12.9 and
25.7% of distal pancreatectomies, respectively [7,23]. These highly divergent observations



Curr. Oncol. 2022, 29 6557

are difficult to explain, especially when considering that the study with the lowest R1 rate
used ≤1 mm clearance to report R1, whereas in the study with the significantly higher R1
rate, microscopic margin involvement was defined by 0 mm clearance. Of note, in neither
of the studies was involvement of the transection margin of the pancreas found to have an
impact on patient outcome.

4.4. Involvement of the Anterior Surface

It has been suggested that the anterior pancreatic surface in pancreatoduodenectomy
specimens is also of prognostic importance [43,44]. Notably, the anterior pancreatic surface
does not represent a true resection margin but is a peritoneum-lined anatomical surface.
Therefore, involvement of this surface (R1) requires that the peritoneal lining is breached
by the cancer cells (i.e., 0 mm clearance) (Figure 3). Hence, tumour involvement of the
anterior pancreatic surface represents a different biological process, also because breaching
of the peritoneal lining gives the tumour cells access to the lesser sac and the possibility of
spreading in the peritoneal cavity. In contrast to PDAC, breaching of the peritoneal lining in
colorectal cancer is reflected by T-stage, not R-stage [22]. In spite of the differences in cancer
biology and clinical outcome, involvement of the anterior pancreatic surface is only rarely
recorded separately, and usually included in the overall circumferential resection margin
status in pathology reports on PDAC specimens. Of the currently published studies that
assessed the prognostic impact of margin status following distal pancreatectomy (Table 2),
only a single study reported separately on the anterior surface [7]. Interestingly, in this study,
the anterior surface was found to be prognostically relevant, while this was not the case for
the other margins that were examined (posterior margin, vascular transection margin, and
pancreatic transection margin). Therefore, it cannot be excluded that the prognostic impact
of the overall resection margin status, described by the abovementioned studies [16,17,31,34],
was in fact determined by the involvement of the anterior surface of the pancreas.
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Figure 3. Involvement of the anterior pancreatic surface and Gerota’s fascia by this large tumour in
the pancreatic body is suspected macroscopically, both on external inspection ((A) anterior surface,
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4.5. Prognostic Impact of Resection Margin Status on Extended Distal Pancreatectomy

Because PDAC in the pancreatic body and tail is more often advanced at the time of
diagnosis than cancer in the head of the pancreas, contiguous organs may be involved and
require an extended distal pancreatectomy with en bloc resection of the affected structures
in order to obtain macroscopically negative margins. These extended surgical procedures
account for up to 30% of all distal pancreatectomy specimens [7,17–21,45,46]. As outlined
above, pathology examination of these complex surgical specimens may be challenging,
and concrete guidance as to how to undertake the examination is currently lacking. Yet,
the impact of the accuracy of the pathology examination was demonstrated by a recent
study in which the implementation of a meticulous, standardized examination protocol
increased the R1 rate for extended resection specimens from 62.5 to 100% [7]. While the
study series was relatively small (117 distal pancreatectomies, of which 34 were extended
procedures), it showed that the R1 rate, both overall and specific for the anterior surface
and posterior margin (but not the transection margin), was higher following extended
than standard surgical procedures. The proportion of cases with microscopic involvement
of more than one margin was also significantly higher. Patient outcome was found to
be worse following extended distal pancreatectomy, but given that the meticulous, fully
standardized pathology approach detected microscopic margin involvement in all the
extended specimens, the impact of R1 on outcome remains uncertain. Currently, only three
studies include a large number of extended distal pancreatectomies for PDAC [16,45,46],
and while two of these also report on a worse outcome for this group, specific data on the
margin status are lacking [16,46]. A few smaller studies (n < 50) also observed a dismal
prognosis following extended surgery, but they suffer from non-standardized pathology
examination and lack R1 rates for the extended procedures [18,21,47].

While resection of Gerota’s fascia is currently not part of a standard distal pancreate-
ctomy, a recent study revealed that 30% of surgeons include this step routinely with the
aim of obtaining an R0 resection at the posterior margin [16]. Surprisingly, the R1 rate for
the circumferential margins was found to be higher in cases with Gerota’s fascia resection
(78.1 versus 54.4% for standard distal pancreatectomy). However, due to the combined
reporting on the margin status in this study, it was not possible to assess to what extent
the higher R1 rate was due to involvement of the anterior surface, the posterior margin, or
both. Indeed, bearing in mind the fairly small size of the pancreatic body and tail in the
anteroposterior plane, and the fact that PDAC typically measures 3 cm or more at the time
of diagnosis [7,16,45,48], tumours quite commonly occupy the entire width of the pancreas,
threatening both the anterior surface and posterior margin (Figure 3). Interestingly, Gerota’s
fascia resection was independently associated with improved overall survival, which may
point at the clinical benefit of including this additional step in the surgical procedure [16].

5. Resection Margin Status and Neoadjuvant Treatment

In recent years, there has been a considerable increase in the use of neoadjuvant chemo-
and/or radiotherapy for borderline resectable, locally advanced, and primary resectable
PDAC. Consequently, the impact of neoadjuvant therapy on the assessment and prognostic
significance of resection margin status has become a highly relevant, yet little discussed,
issue [49]. Reporting of the margin status following neoadjuvant therapy is not without its
challenges. First, areas with viable residual cancer and those with tumour regression are
often macroscopically indistinguishable. It is therefore crucial that tissues at the resection
margins are completely embedded unless they are entirely normal-appearing and well
clear of the tumour bed. Furthermore, as mentioned above, margin status assessment is
based on the measurement of the minimum distance between the tumour cells and the
specimen margins in order to evaluate the likelihood of microscopic residual disease in
the surgical bed. However, it is important to note that the minimum clearance required
to distinguish between microscopic margin involvement and a free margin is dependent
on the growth pattern of the tumour: the more dispersedly a cancer grows, the larger the
clearance required for the risk of residual microscopic disease to be negligible and for the
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margin to be considered clear (R0). Since neoadjuvant therapy leads to a loss of cancer
cells, the distance between the remaining viable cancer cells may increase in areas with
tumour regression, and so may the clearance to the margins. As a direct consequence,
the proportion of cases with a clearance >1 mm is often high [50–52]. Yet, even when the
clearance to the margins exceeds 1 mm, viable cancer cells may be present in the surgical
bed because treatment effect is often patchy (Figure 4). Consequently, a minimum clearance
of >1 mm, as currently recommended by (inter-)national guidelines to report “R0”, does not
reliably reflect the absence of residual microscopic disease in the surgical bed in patients
who underwent neoadjuvant treatment.

This important issue needs to be considered when interpreting study results regarding
the prognostic impact of resection margin status. The fact that several of the studies on re-
section margins in distal pancreatectomy included both treatment-naïve and neoadjuvantly
treated patients in varying proportions (Table 2) may have contributed to the diverse and
partially conflicting results. Despite the increasing use of neoadjuvant treatment for PDAC,
preoperative administration of chemo(radio)therapy for tumours in the body and tail of
the pancreas is markedly lower than for those in the pancreatic head [53]. Hence, there
is currently only one large study that investigated the clinical impact of resection margin
status exclusively in PDAC patients who underwent neoadjuvant treatment followed by
distal pancreatectomy [54]. The results indicate that R0 may confer a survival benefit, also
following neoadjuvant therapy. However, the study suffers from a number of limitations,
including the use of less effective chemotherapy regimens, such that further studies are
needed for more conclusive evidence. Otherwise, the literature on neoadjuvant therapy
combined with distal pancreatectomy consists of a few small studies that focus mainly
on borderline resectable or locally advanced PDAC with involvement of major arterial
vessels [55–57]. Overall, in view of the paucity of studies, the heterogeneity and small
size of the study cohorts, and the divergence in pathology practice, results are sparse and
conflicting, and, thus far, they do not present a coherent picture.
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neoadjuvant therapy, a clearance of >1 mm does not preclude the presence of residual cancer in the
surgical bed (R1) because, due to partial tumour regression, the distance between residual cancer cells
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6. Conclusions

While the prognostic impact of resection margin status in PDAC is much debated,
most of our current insight is largely limited to cancer in the pancreatic head resected by
pancreatoduodenectomy. To date, studies on margin status following distal pancreate-
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ctomy are few in number and often limited by small, heterogeneous study cohorts and
non-standardized pathology. Hence, data on the prognostic impact of resection margin
status in distal pancreatectomy specimens are scarce and partially conflicting. Moreover,
there is a lack of information on more specific issues, leaving clinically relevant questions
unanswered regarding the prognostic impact of individual margins and the extent of resid-
ual disease and margin involvement following neoadjuvant treatment as well as extended
surgical procedures. As interest in the margin status following distal pancreatectomy
is increasing, there is a need for dedicated larger studies with uniform patient cohorts
regarding treatment status and with fully standardized pathology examination. In order to
achieve this, the publication of international pathology examination protocols with detailed
recommendations for meticulous grossing and microscopic examination of distal pancrea-
tectomy specimens is required to ensure the comparability of the data. Experience from
ongoing multicentre trials on PDAC in the pancreatic body and tail may bring to the fore
the need for standardization and trigger efforts to reach an international consensus [58].
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