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Abstract: Chemo(radio)therapy is becoming the new standard for patients with locally advanced pancreatic
cancer. In case of tumor regression on imaging, surgical resection can be undertaken, albeit often with the
need for extended procedures. Reevaluation of the current routine pathology procedures is required to
establish the appropriate histopathological approach of the resulting specimens. This review focusses on
margin status, which is universally considered a core data item of the pathology report, of relevance to both
the management of the individual patient and the evaluation of the result of surgery in this particular patient
group. As explained in this review, due to the cytoreductive effect of neoadjuvant therapy, the conventional
definition of a tumor-free margin (“R0”) based on 1 mm clearance is not adequate. Furthermore, the
complexity of many of the specimens following extended or multivisceral en bloc surgical resection make
margin assessment challenging. These large specimens require extensive sampling, which is not always
easily implemented in daily practice. At present, there is marked divergence in pathology practice, and
consequently, neither the true RO-rate nor the exact prognostic effect of the margin status have been
definitively established for resected locally advanced pancreatic cancer. A concerted effort towards uniform

and optimal margin assessment is unfortunately still lacking.
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Introduction the fact that the pathology assessment of the margins still

. . . differs between centers, leading to considerable variation
Over the past decade, increasing attention has been

. .. . . . in the reported rates of resections with tumor-free margins
paid to the clinical significance of the margin status in P 8

patients undergoing surgical resection for pancreatic
ductal adenocarcinoma (PDAC). While a growing body
of published evidence indicates that margin status is a
prognostic factor in primary resected pancreatic cancer,
some studies do not observe an association with patient
outcome (1,2). This continued controversy likely reflects

(“RO”) (3).

As neoadjuvant therapy has become part of the
standard treatment for pancreatic cancer, its impact on
the assessment and clinical significance of traditional
pathology-based parameters, including margin status, is
to be revisited (4). This narrative review describes the
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Figure 1 Cancer growth pattern and minimum clearance. Schematic representation of the compact growth pattern of rectal cancer (upper

panel) and the dispersed growth pattern of pancreatic cancer (lower panel) illustrates that a minimum clearance of 1 mm represents complete

resection (R0) in the former but not in the latter (blue dots: cancer cells, red line: resection margin, black interrupted line: 1 mm clearance).

challenges that are associated with margin assessment
of surgical specimens following neoadjuvant treatment
for locally advanced pancreatic cancer and discusses the
uncertainties that surround the prognostic value of margin
status in this particular patient group. Considering that the
RO-rate is increasingly used as an endpoint in clinical trials
that investigate the benefit of neoadjuvant treatment, the
accuracy and prognostic value of the margin status have
become highly relevant - but as yet little discussed - issues.

RO following neoadjuvant treatment: is 1 mm
clearance adequate?

Margin assessment is based on the measurement of the
minimum distance of the tumor cells to the margins in order
to evaluate the probability of microscopic residual disease
(“R1”). Indeed, as the surgical bed cannot be examined to
establish whether cancer cells were left /7 situ, the proximity
of the tumor to the margins of the surgical specimen is used
to predict the likelihood of what is commonly referred to as
microscopic margin involvement.

Central in this assessment is the minimum clearance,
which is generally accepted to be 1 mm (5-7). It is important
to note that the “1 mm rule” originated as a mere adoption
from rectal cancer, for which meticulous studies had shown
a significantly increased risk of local recurrence if clearance
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was <1 mm. Similar studies on pancreatic cancer revealed
that clearance less than 1 mm is indeed associated with
poorer patient outcome (8-12), but prognostic relevance
was observed also for larger clearances, that is, 1.5 mm and
2 mm (10-12). Key in this respect is the fact that the
minimum clearance, which allows to distinguish between
microscopic margin involvement and a free margin, depends
on the growth pattern of the cancer (Figure 1): the more
dispersedly a cancer grows, the larger a clearance is required
for the risk of residual microscopic disease to be negligible
and the margin status to be reported as “R0”. Quantitative
assessment of the growth pattern of rectal cancer and
pancreatic cancer revealed that the former grows in a
significantly more compact fashion, while the latter grows
more dispersedly, that is, individual pancreatic cancer cells are
separated by larger distances (13). This observation provides
a rational explanation for the reported clinical relevance in
pancreatic cancer of clearances of more than 1 mm.

Because neoadjuvant treatment results in the loss of
cancer cells, the distance between residual cancer cells
increases in areas with cytotoxic effect (Figure 2). As a
consequence, a distance of >1 mm does no longer reliably
reflect the absence of residual microscopic disease in
the surgical bed. In other words, following neoadjuvant
treatment, RO-status based on 1 mm clearance can no longer
be attributed the same oncological significance, because the
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Figure 2 Neoadjuvant treatment and minimum clearance. Same schematic representation of rectal cancer (upper panel) and pancreatic

cancer (lower panel) as in Figure I, but now following neoadjuvant chemo(radio-)therapy with partial tumor regression, i.e., loss of a

proportion of cancer cells (blue dots: cancer cells, red line: resection margin, black interrupted line: 1 mm clearance).

underlying principles differ from those in treatment-naive
PDAC. Hence, the increased R0-rate following neoadjuvant
treatment that has been reported for both borderline
resectable and locally advanced pancreatic cancer (14-19)
cannot be readily interpreted as a clear-cut increase in the
rate of resections resulting in negative margins.

Tumor regression around unresected structures:
implicit assumptions

While imaging plays a central role in the assessment of the
effect of neoadjuvant treatment, its accuracy to discriminate
between tumor regression with fibrosis and fibrosis
containing residual viable cancer cells is known to be
limited (20). Nonetheless, in the absence of any better
means to identify the presence and localization of residual
cancer, the resectability of a tumor is determined based
on radiological findings. This is especially relevant in the
setting of locally advanced pancreatic cancer, where not
all extrapancreatic tissues that were involved by tumor
at baseline, can be resected. In most centers, resection
of the superior mesenteric artery or celiac trunk will not
be undertaken if imaging indicates tumor regression
around these structures following neoadjuvant treatment.
A similar approach may also be taken regarding tumor
regression around other major anatomical structures.

© Journal of Gastrointestinal Oncology. All rights reserved.

As a consequence, these structures are precluded from
pathology examination, tacitly assumed to be free of tumor,
and not given any further consideration when pathology
examination of the surgical resection specimen reveals an
“RO-resection” (Figure 3).

Specimen grossing: the challenges

Accurate margin assessment requires meticulous specimen
grossing and microscopic examination. While the latter
can be repeated by retrospective slide review in order
to check and possibly correct microscopic findings,
specimen grossing is usually a one-off procedure without
the possibility of retrospective review and correction.
Specimen grossing consists of the dissection, macroscopic
examination, and sampling of a surgical resection specimen.
It is well established that the quality of the grossing
procedure for each of these steps affects the accuracy of
margin assessment for standard pancreatoduodenectomy
and distal pancreatectomy specimens (3,21). Despite the
importance of meticulous, standardized specimen grossing,
there is still significant divergence in practice that is likely
responsible for the considerable variation in reported RO-
rates (3).

Surgical resection of locally advanced pancreatic cancer
that has responded favorably to neoadjuvant treatment often
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Figure 3 Residual microscopic disease (R1) around unresected structures remains unreported. (A) Schematic representation of locally

advanced pancreatic cancer (purple) showing semicircumferential tumor growth around the superior mesenteric artery (SMA). (B)

Neoadjuvant treatment results in good tumor regression around the SMA with only focal discrete residual disease (dotted line: tumor bed).

(C) Following pancreatoduodenectomy with venous resection, the margins of the specimen are clear and the resection is considered “R0”,

despite residual microscopic disease around the SMA (interrupted line: surgical margins).

requires extended procedures, which result in large and
complex specimens. Segments of major veins or arteries,
stomach, large or small bowel may be resected as well as
entire organs, such as the left adrenal gland or kidney, or a
combination of these. Grossing of such specimens is often
challenging and time-consuming, and unfortunately, none
of the current protocols proposed by national pathology
societies or professional bodies provide guidance on
specimen dissection, tissue sampling, or margin assessment.
While this has not been formally investigated, it is
reasonable to assume that there is significant divergence in
the grossing of these complex specimens. When it comes to
the examination of the margins, multiple additional margins
need to be considered in extended resection specimens, and
both specimen dissection and tissue sampling may have to
be tailored to the individual case.

A particularly crucial part of the grossing procedure is
tissue sampling. First, sampling has to be relevant, that is,
samples must be taken from the part of the specimen that
represents a (threatened) transection or—more often—
dissection margin. Second, sampling must be extensive,
because (I) microscopic margin involvement is—by
definition—invisible macroscopically, (II) the invasive front
of pancreatic cancer is notoriously ill-defined and poorly
discernible on naked-eye inspection, and (III) fibrosis
induced by neoadjuvant treatment further effaces the
distinction between cancer and noncancerous tissues.

High RO-rate in locally advanced pancreatic
cancer: fact or fiction?

Data on the RO-rate for resected locally advanced pancreatic
are difficult to retrieve from the literature, because studies
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often report on mixed patient cohorts, including primary
resectable, borderline resectable, and locally advanced
pancreatic cancer. The few results that are available from
studies in which RO was defined as 1 mm clearance, show
a wide range—from 29.3% to 91% (Table 1)—not unlike
the variation seen for RO-rates in treatment-naive primary
and borderline resectable pancreatic cancer. However, the
majority of studies on locally advanced pancreatic cancer
report an RO-rate that is similar to or higher than that for
primary resectable tumors. This is surprising in view of the
extensive involvement of structures outside the standard
surgical field that defines locally advanced disease.

A possible explanation for the high(er) RO-rate is the
beneficial effect of neoadjuvant therapy, because treatment-
induced cancer cell death is likely to reduce the risk of
tumor being present close to a margin. Indeed, a recent
meta-analysis comparing upfront surgery with neoadjuvant
treatment for primary and borderline resectable pancreatic
cancer showed a significantly higher R0O-rate for the
neoadjuvant group (86.2% uvs. 66.9%) (39).

However, these results need to be interpreted with
caution. Of major concern is the varying, often only
moderate quality of margin assessment in most studies (39)
due to the lack of standardization of and/or information
on key parts of the pathology examination procedure. It
is important to note that in the vast majority of tumors,
treatment-induced regression remains incomplete, such that
viable cancer persists, often with a patchy and seemingly
random distribution of cancer cells in the original tumor
bed. As a consequence, the tissues at all surgical margins
have to be embedded and microscopically examined in their
entirety (Figures 4-6). Because resection of locally advanced
pancreatic cancer often results in extended, multivisceral
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Table 1 Summary of studies on margin status in neoadjuvantly treated and surgically resected locally advanced pancreatic cancer

Number of patients

RO-definition (minimum Difference in survival

_ 0,
Study Study type with LAPC clearance) RO-rate (%) (R1 vs. RO)
Philip et al. 2020 (22) PS 16 NS (according to national 41.2 NA
guidelines in European
countries, USA, Canada)
Wolfe et al. 2020 (23) RS 72% NS 73.6 Significant in multi-
variate analysis

Gemenetzis et al. 2019 (24) RS 415 >1 mm 88 Significant in

univariate analysis
Klaiber et al. 2019 (25) PS, non-RCT 190* >1 mm 29.3 Significant in

univariate analysis
Kourie et al. 2019 (26) RS 14* NS 100 NA
Maggino et al. 2019 (27) PS, non-RCT 413* >1 mm 57.8 Not significant
Napolitano et al. 2019 (28) RS 20 Not explicitly stated, 62.5 NA

likely >1 mm
Pouypoudat et al. 2019 (29) RS 13* 0and 1 mm 92.3 (RO =0 mm); NA
75.6 (RO >1 mm)
Lee et al. 2018 (30) RS 15 Not explicitly stated, 73.3 NA
likely 0 mm

Hackert et al. 2016 (31) RS 292 NS 32.9 NA
Stein et al. 2016 (32) PS 6* NS 100 NA
Khushman et al. 2015 (33) RS 12 >1 mm 83.3 NA
Nanda et al. 2015 (34) RS 2 NS 83 NA
Blazer et al. 2015 (35) RS 11 >1 mm 91 NA
Sadot et al. 2015 (36) RS 31 NS 51.2 NA
Faris et al. 2013 (37) RS 22 NS 23 NA
Hosein et al. 2012 (38) RS 9 >1 mm 90 NA

*, study cohort includes also primary resectable, borderline resectable, or oligometastatic disease; only patients with locally advanced
pancreatic cancer displayed. , study cohort includes also borderline resectable, numbers are not disaggregated. LAPC, locally advanced
pancreatic cancer; NA, not analysed; NS, not stated; PS, prospective study; RCT, randomized clinical trial; RS, retrospective study.

specimens with multiple additional dissection planes and
transection margins (for example circumferential and
transection margins of venous and arterial resections),
the number of tissue blocks required to assess the overall
margin status may be high, possibly unrealistic in the face
of constraints that may be imposed in terms of budget
and human resources. Yet, any deviation from (sub-)total
sampling of the tissues at the margins bears the risk of
underreporting microscopic margin involvement.
Considering that neoadjuvant therapy exerts a positive
effect on the margin status through the reduction of cancer
cells, the R-status could be expected to covary with the
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degree of tumor regression. Interestingly, only a single
study has compared the RO-rate between subgroups with
different grades of tumor regression (40). Unfortunately,
however, due to the small size of the study cohort (n=32),
conclusions cannot be drawn.

RO in resected LAPC: prognostically relevant?

While the prognostic impact of the margin status in patients
undergoing upfront surgery for primary and borderline
resectable pancreatic cancer continues to be controversially
debated, the limited data that have been published
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Figure 4 Total pancreatectomy specimen with resection of celiac
trunk. A sagittal specimen slice through the body of the pancreas
shows a large, ill-defined tumor with growth around the celiac
trunk (dotted line). Note the proximity of the tumor periphery to
the entire circumferential specimen surface, both anteriorly (inked

red) and posteriorly (inked blue).
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Figure 5 Distal pancreatectomy with resection of stomach and left
colonic flexure. A sagittal specimen slice through the tail of the
pancreas shows an ill-defined tumor (dotted line) that surrounds
the splenic vessels and infiltrates the gastric wall, but remains well
clear of the colon. Note the close proximity of the tumor to the

posterior wall (inked blue).

for locally advanced disease are outright conflicting
(14,25,27,39,41). Obvious reasons for the lack of compelling
evidence have been discussed above and relate to the lack of
standardized and meticulous pathology assessment as well as
to the small size and mixed composition of patient cohorts

© Journal of Gastrointestinal Oncology. All rights reserved.
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Figure 6 Distal pancreatectomy with resection of left adrenal
gland, left kidney, and left colonic flexure. A sagittal specimen slice
through the tail of the pancreas shows a large, ill-defined tumor
(dotted line) with focal infiltration of the adrenal gland and kidney.
Note the close proximity of the tumor to the colon, the renal

vessels, and the posterior wall (inked black).

(Tuble 1).

Patient outcome following neoadjuvant treatment and
surgery for locally advanced pancreatic cancer is determined
by a host of patient- and tumor-related factors, including
chemosensitivity of the cancer cells, the size and site of
residual cancer, lymph node metastasis, and perineural
spread. Hence, singling out the prognostic value of the
margin status is challenging and would require large study
cohorts and fully standardized patient management and
specimen examination. Moreover, local recurrence, which
is the consequence of positive resection margins, may also
result from perineural or lymphovascular tumor invasion
and lymph node metastasis, that is, from modes of tumor
propagation that are present, single or combined, in the
majority of tumors.

Future studies are needed to improve our understanding
of the prognostic impact of margin status in combination
with other key determinants of disease recurrence, namely
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the response to treatment and characteristics of the residual
cancer cell population. While joint initiatives to improve
existing scoring systems of treatment effect are being
undertaken (42), characterization of residual viable tumor—
for example in terms of proliferative activity or expression
of chemosensitivity markers—is left largely unexplored in
the clinical setting. A concerted effort to both standardize
and refine various aspects of the pathology assessment is
essential to understand these complex tumor biological
processes.

Conclusions

While R-status is much debated, now also for locally
advanced pancreatic cancer, data are scarce and of varying,
often limited quality, precluding comparison between
studies and centers. As such, neither the incidence of RO-
resections nor the impact of the margin status on outcome
has been definitely established for patients with locally
advanced disease. The number of clinical studies on this
patient group seems to be incongruous with the lack of
activity devoted to the harmonization and optimization of
the methods that are essential to increasing our knowledge.
By weakening the evidence generated by clinical studies, the
continued lack of these basic prerequisites precludes true
progress.
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