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aBsTracT

Background and Aims: a positive resection margin is considered to be a factor associated 
with poor prognosis after pancreatic ductal adenocarcinoma resection. however, analysis 
of the resection margin is dependent on the pathological slicing technique. The aim of this 
systematic review and meta-analysis was to study the impact of resection margin on the 
survival of pancreatic ductal adenocarcinoma patients whose specimens were analyzed 
using the axial slicing technique.

Material and Methods: a systematic search in the Pubmed, cochrane, and embase 
datasets covering the time period from november 2006 to January 2019 was performed. 
only studies with axial slicing technique (Leeds Pathology Protocol or royal college 
of Pathology Protocol) were included in the final database. meta-analysis between the 
marginal distance and survival was performed with the Inverse variance method in 
revman.
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INTRODUCTION

A study of 28 European Union (EU) countries predicts 
that pancreatic cancer may become the third leading 
cause of cancer-related death in the EU after lung and 
colorectal cancers, in contrast to stable or even declin-
ing trends for most cancer types (1). At the moment, the 
best prognosis can be achieved by combining surgery 
and oncological therapy. Resection margin (RM) status 
is one of the most important factors influencing sur-
vival. Despite this, controversy exists as to what should 
be considered to be complete clearance of a pancreatic 
tumor. The International Study Group of Pancreatic 
Surgery (ISGPS) (2), Royal College of Pathologists (3), 
and the College of American Pathologists (CAP) (4) 
suggested an RM of at least 1 mm, while the International 
Union Against Cancer (UICC) (5) claims that an RM of 
0 mm would suffice. In contrast to this, some authors 
even suggest that extending this cutoff to 1.5 or 2 mm 
(6–8) could significantly improve survival. Earlier stud-
ies (9, 10) reporting the effect of pancreatic cancer 
tumor-free RM have included a variety of different 
pathologic techniques. To study the impact of RM on 
survival among pancreatic ductal adenocarcinoma 
(PDAC) patients, we conducted a systematic review 
and a meta-analysis including only studies analyzing 
pathological samples with axial slicing techniques: 
Leeds Pathology Protocol (LEEPP) or Royal College of 
Pathology Protocol (RCP).

MATERIALS AND METHODS

DATA SOURCES AND SEARCH STRATEGy

A systematic search in MEDLINE, Embase, and the 
Cochrane library was conducted in collaboration with a 
medical librarian (search strategy in Supplemental 
Material 1). An additional search was performed by 
conducting a review of the references in the articles 
retrieved. The search included studies published 
between November 2006 and January 2019. Studies 
describing RM length and its relation to the survival of 
patients with pancreatic cancer were included. Both 
MeSH terms (pancreatic neoplasms, pancreaticoduo-
denectomy, pancreatectomy, pancreaticojejunostomy) 

and free text words concerning pancreatic tumors and 
resections were used as search words. We specifically 
avoided adding a search term “margin” to harvest all 
studies in which RM length could have been one of the 
outcomes. This systematic review followed the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) (11).

STUDy SELECTION

Search results were independently reviewed by two 
authors (R.A. and B.K.). Any disagreement over eligi-
bility was resolved through discussion. Inclusion crite-
ria were curative surgery for PDAC performed, length 
of tumor-free margin reported, patients older than 
18 years, follow-up of at least 1 year available, survival 
data, and axial slicing technique used for pathological 
report (LEEPP or RCP) included. To minimize hetero-
geneity between the studies and to ensure more clini-
cally significant results, we also used the following 
exclusion criteria: studies with combined results for 
other periampullary cancers (ampullary, distal bile 
duct, and duodenal), unclear pathological assessment 
of margins, reviews or meta-analyses, small case series 
(⩽6 patients), published as abstracts only, and non-
English-language studies. The corresponding authors 
of the studies included were sent an email to receive 
additional results or data for this meta-analysis.

RISK FOR BIAS AND PUBLICATION BIAS 
EVALUATION

The Newcastle-Ottawa Scale (NOS, Supplemental 
Material 2) was used to assess the quality of the stud-
ies included. The evaluation was performed by three 
authors (R.A., B.K., E.Z.).

STATISTICAL ANALySIS

Multivariate hazard ratio (HR) together with its 95% 
confidence interval (CI) was directly extracted from the 
text. HR pooled together according to different width of 
tumor-free margin was calculated using the Inverse 
Variance Random Effects Model and presented with 

Results: The systematic search resulted in nine studies meeting the inclusion criteria. The 
median survival for a resection margin 0 mm ranged from 12.3 to 23.4 months, for resection 
margin <0.5 mm 16 months, for resection margin <1 mm ranged from 11 to 27.5 months, 
for resection margin <1.5 mm ranged from 16.9 to 21.2 months, and for resection margin 
>2 mm ranged from 53.9 to 63.1 months. five studies were eligible for meta-analysis. The 
pooled multivariable hazard ratio favored resection margin ⩾1 mm (hazard ratio: 1.32 and 
95% confidence interval: 1.03–1.68, p = 0.03).

Conclusion: resection margins ⩾1 mm seem to lead to better survival in pancreatic ductal 
adenocarcinoma patients than resection margin <1 mm. however, there is not enough 
data to evaluate the effect of oncologic therapy or to analyze the impact of other resection 
margin distances on survival.

Key words: Carcinoma; pancreatic ductal; pancreatic cancer; pancreatic neoplasms; pancreatectomy; resection 
margin; analysis; survival; clinical pathology
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Forest plots. A p-value less than 0.05 was considered 
statistically significant. A chi-square statistic was used 
to test the statistical heterogeneity. Heterogeneity 
between trials was evaluated with I2. All statistical anal-
yses were performed in Review Manager 5.3 program 
(Cochrane Collaboration, Copenhagen, Denmark).

RESULTS

STUDy SELECTION

The search strategy yielded 1629 studies for further 
analysis. The studies represented a wide spectrum of 
published data on pancreatic resections of which most 
of did not focus on the issues analyzed in this study. 
Full texts of 166 studies were assessed, and 9 studies 
were included in the qualitative analysis. The most 
common exclusion criterion was unclear pathological 
assessment protocol (Fig. 1).

STUDy CHARACTERISTICS

Six of the studies included had used LEEPP for the 
evaluation of surgical specimens and three studies 
reported using RCP. All studies originated in Europe. 
Two studies (Delpero et al. (12) and Ghaneh et al. (6)) 
were based on a multicentre database. Most of the 
patients had T3 tumor and 18%–37% of the tumors 

were poorly differentiated but information of those 
were also lacking in some of the included articles. The 
proportion of adjuvant therapy varied between the 
studies from 27% to 96%. The use of neoadjuvant 
therapy (NAT) varied from 0% to 21%. Data on adju-
vant therapy or NAT were not reported in all studies. 
All studies reported univariate analyses for survival, 
and one study (Ghaneh et al. (6)) also reported dis-
ease-free survival in relation to margin lengths. In 
addition, Delpero et al. (12) reported disease-free sur-
vival of the whole cohort. Five studies reported mul-
tivariable HRs for survival in relation with at least 
one margin width and were included in the quantita-
tive meta-analysis (Fig. 2).

SURVIVAL

Median survival varied 12.3–23.4 months for patients 
having a microscopic tumor at the margin (0-mm mar-
gin). One study reported a median survival of 
16 months for patients with a margin under 0.5 mm. 
Eight studies demonstrated a median survival of 11–
27.5 months for patients having a tumor-free margin 
under 1 mm. Nine studies reported median survivals 
of 17.3–53.9 months for over 1-mm margin (Table 1). 
Two studies reported median survivals of 16.9–
21.2 months for a margin under 1.5 mm, and the same 
studies reported median survival of 53.9 and 

Fig. 1. The PRISMA flow chart of the data search.
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63.1 months for patients having a RM over 1.5 mm. 
Two studies reported a median survival 15.1–
63.6 months for a RM over 2 mm. An overview of the 
effect of margin length is shown in Fig. 3. Reported 
multivariate HRs are shown in Table 2. One study (18) 
reported multivariate HRs for RM ⩾1 mm versus RM 
0 mm (HR = 0.73, CI: 0.54–098, p = 0.036) and RM ⩽1 
versus 0 mm (HR: 0.71, CI: 0.54–0.95, p = 0.019). The 
most of the HRs (five studies) were reported for the 
RM ⩾1 mm. The pooled multivariable HR favored RM 
⩾1 mm (HR: 1.32 and 95% CI: 1.03–1.68, p = 0.03).

DISEASE-FREE SURVIVAL

Ghaneh et al. (6) reported recurrence-free survival in 
relation to margin widths. They reported a median 
recurrence-free survival of 15.7 (14.3–17) months for 
tumor clearance over 1 mm, 14.5 (12.8–17.1) months 
for margin clearance under 1 mm, and 11.9 (10.9–13.3) 
months for 0-mm margin clearance.

DISCUSSION

RM status after curative surgery for PDAC is consid-
ered as one of the most crucial factors, influencing sur-
vival and in some centers serves as a selection criterion 
for different treatment modalities. In clinical practice, 
a tumor-free RM ⩾1 mm is considered to be an R0 
resection. yet, controversy exists what would be the 
ideal margin clearance. The ratio of R0 and R1 resec-
tions in studies differs significantly from 20% to 85% 
R1 resections (7, 8, 15, 16, 19, 20), due to the different 
pathology protocols used for RM evaluation. So far, 
none of the published meta-analyses have considered 
this important aspect (21, 22). Therefore, we decided 
to include only studies evaluating pathological sam-
ples with the axial slicing technique (LEEPP or RCP) 
in our meta-analysis (9). Here, we could demonstrate 
that a RM >1 mm leads to a better prognosis com-
pared to <1 mm, but the barely significant CI and the 
small amount of evidence on other margins hamper a 
comprehensive analysis on the role of the best RM.

TABLE 1
List of included studies and study characteristics.

Studies Design Country Study 
period

Total Pathologic 
protocol

Age T3 (%) Gr 3 (%) AT (%) NAT (%)

Campbell 
et al. (13)

Prospective 
database

United Kingdom 1997–2007 163 RCP Median: 66 y 83 33 27 NR

Delpero 
et al. (12)

Prospective 
multicentre study

France 2008–2010 142 LEEPP Median: 63 y 77 18 NR 21

Gebauer 
et al. (14)

Prospective 
database

Germany 2007–2011 118 LEEPP >65 y: 28%–37% 49–50 20 NR NR

Ghaneh 
et al. (6)

Prospective 
multicentre 
database

Europe 2007–2009 1151 LEEPP Median: 62 y NR 22 96 0

Jamieson 
et al. (15)

Prospective 
database

United Kingdom 1996–2011 217 RCP >65 y: 45% 90 31 47 1

John et al. 
(16)

Prospective 
database

United Kingdom 2003–2009 70 RCP Median: 66 y NR 37 NR NR

Menon 
et al. (17)

Prospective 
database

United Kingdom 2003–2007 27 LEEPP >65 y: 60%–68% 100 NR NR NR

Strobel 
et al. (18)

Prospective 
database

Germany 2006–2012 561 LEEPP >70 y: 38% 96 33 84 4.3

Verbeke 
et al. (9)

Prospective 
database

Germany 1995–2003 102 LEEPP Median: 66 y 92 NR 54 NR

RCP: Royal College of Pathologists; LEEPP: Leed’s Pathological Protocol; AT: adjuvant therapy; NAT: neoadjuvant therapy; Gr: level of 
differentiation; NR: not reported; y: years.

Fig. 2. Meta-analysis of the eligible hazard ratios on 1-mm resection margin (RM).
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Earlier studies demonstrated a wide range of R1 
resection rates after PDAC surgery (7, 8, 19). More 
interestingly, these studies reported that their patients 
had R1 resection rates of less than 20%, but demon-
strated local recurrence rates from 60% to 80%. These 
observations reveal that the true R1 proportion seems 
to be underestimated. Keeping this in mind, Verbeke 
et  al. published in 2006 (9) an article describing the 
development of a new pathology protocol for the 
examination of pancreatoduodenectomy specimens 
(9). This involved multicolour margin staining, axial 
slicing, and extensive tissue sampling, which later 
came to be known as the LEEPP. This led to a higher 
overall R1 rate (85%) and a significant correlation of 
RM status with survival. At about the same time, the 
Royal College of Pathologists also published their pro-

tocol (3). These protocols are to the best of our knowl-
edge essentially identical. Later, studies using these 
protocols all concluded higher rates of R1, ranging 
from 76% to 81% (13, 17, 20). Considering the diffuse 
growth pattern of PDAC and the high rates of local 
recurrence, these findings seem to be more accurate 
and reflect the aggressive biological behavior of 
PDAC.

A meta-analysis by Butturini et al. (23) did not iden-
tify RM status as a significant factor for survival and 
doubted the 1-mm cutoff value. Further trials showed 
no major differences in outcomes between resection 
with involved margin and resections in which the 
tumor was found within 1 mm of the RM (10, 13). This 
led to the “1 mm principle” for radical PDAC surgery, 
which was originally adopted from rectal cancer  

Fig. 3. The reported median survivals in relation to different resection margin (RM) cutoffs.

TABLE 2
Reported multivariate hazard ratios and p-values.

Margin cutoffs Delpero et al. (12) Jamieson et al. (15) Ghaneh et al. (6) Cambpell et al. (13) Gebauer et al. (14) John et al. (16)

0.5 mm
 multivariate 
HR (CI)

NR 1.42 (1.02–1.99) NR NR NR NR

 p NR 0.039 NR NR NR 0.846
0 mm
 multivariate 
HR (CI)

1.1 (0.7–1.9) NR 1.31 (1.093–0.566) NR NR NR

 p 0.623 NR 0.719 NR NR 0.84
1 mm
 multivariate 
HR (CI)

1.5 (0.9–2.5) 1.67 (1.02–1.99) 0.95 (0.709–0.268) 1.443 (0.896–2.324) 0.727 (0.2425–1.244) NR

 p 0.106 0.009 0.003 0.132 0.245 NR
1.5 mm
 multivariate 
HR (CI)

1.5 (0.9–2.6) 2.75 (1.59–4.75) NR NR NR NR

 p 0.101 <0.0001 NR NR NR 0.81
2 mm
 multivariate 
HR (CI)

1.2 (0.7–2.1) 2.66 (1.46–4.82) NR NR 0.429 (0.217–0.847) NR

 p 0.555 0.001 NR NR 0.015 0.54

HR: hazard ratio; CI: confidence interval.
Menon et al. and Verbeke et al. did not report multivariate HRs or p-values. Ströbel et al. reported for special margins as reported in 
“Results” section.
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surgery, where the distance of tumor-free circumferen-
tial margin was considered to have a significant asso-
ciation with reduced local recurrence rates (24, 25).

Verbeke et al. (26) compared the growth patterns of 
rectal and pancreatic tumors. They concluded that in 
PDAC the tumor is more dispersed, particularly on 
the periphery, and doubted that the 1-mm cutoff value 
would suffice. This was corroborated by other studies 
(14, 15, 27), which have shown that increasing RM 
could significantly improve survival. Chang et al. (27) 
contended with data from 1990 to 2007 that optimal 
long-term survival can only be achieved when the RM 
is more than 1.5 mm. Unfortunately, they did not 
define the pathological technique they used in the 
analysis which challenges the interpretation of the 
results. Considering these findings, it seems that dis-
persed cancer cells are very likely to remain after 
resection even though no tumor is present within 
1 mm of the RM. This suggests that the R status might 
be a surrogate marker for PDAC aggressiveness, 
instead of indicating success of surgery. In addition, 
some of patients present metastasis early after pancre-
atic resection. This indicates that 1-mm tumor clear-
ance might not be essential for PDAC.

In addition to RM and resection success, other fac-
tors are also associated with the prognosis. These fac-
tors include those detectable in pathological analysis 
(nodal status, tumor differentiation, size, vascular and 
perineural invasion), factors associated with the treat-
ment process (operation volume, amount of blood lost, 
peri- and post-operative complications), oncological 
treatment given, and factors associated with the tumor 
biology of each individual patient (18, 20, 28–41). The 
studies included in our analysis concentrated on 
reporting histopathological and demographic features, 
and no data on patient’s individual tumor biology or 
treatment processes were available. The ESPAC trials 
1, 3, and 4 (39–41) have proven the benefits of adjuvant 
therapy for PDAC patients. However, the proportion 
adjuvant therapy or NAT administered varied in the 
studies included or was not reported. This as well as 
the fact that also patients after NAT were included in 
some of the studies may bias the results.

As pointed out, a uniform slicing technique of a pan-
creatic specimen is crucial for a standardized compari-
son of the surgical RMs between different studies. The 
time span of the data search in our study included all 
the years after the LEEPPs technique (after 2006), and 
searches were conducted in three different databases. 
Only studies which reported using a standardized axial 
slicing technique for pathological analysis (LEEPP or 
RCP) were included which is a strength in our study. 
However, only nine studies were eligible for the sys-
tematic review and five studies for the meta-analysis. 
Other studies did not use standardized axial slicing 
technique or did not report the method used for patho-
logical analysis. Furthermore, we could not find studies 
evaluating patients’ pancreatic RM after 2012 which 
would use one of these pathological methods. Imaging 
capabilities, surgical techniques, and oncological treat-
ment have dramatically evolved since. All of this chal-
lenges the evaluation of the effect of margins on 
survival. Nevertheless, we consider a uniform slicing 
technique to be the most important factor, if the effect  
of RM on survival is studied. Moreover, the studies 

reported a variety of background data, and especially 
the role of oncologic therapy stays unresolved in this 
analysis. Despite the careful inclusion of the studies, 
part of the data included patients also from the era 
before 2006. However, it was possible to pool HR for the 
most commonly used RM of 1 mm, but in total the evi-
dence for the role of margins stays weak.

In conclusion, over 1-mm RM results in better sur-
vival than <1-mm margin. However, the impact of the 
RM, and moreover, that of other margin distances 
remain uncertain because of the variability of the 
patients characteristics in the studies. Especially, the 
role of adjuvant therapy stays unclear. Further studies 
are needed to evaluate the true effect of the margin 
clearance.
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