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 Background: The aim of this study was to compare the clinical outcome in patients with pancreatic ductal adenocarcino-
ma who underwent frozen section and paraffin section histology of the surgical resection margins during 
pancreaticoduodenectomy.

 Material/Methods: Frozen section and routine paraffin section histopathology were performed using the following categories: 
R0 (no tumor cells at the surgical resection margin), R1 (tumor cells at, or within 1 mm, of the surgical resec-
tion margin), and R2 (tumor seen macroscopically at the surgical resection margin). R1 and R2 patients under-
went additional resection to achieve R0.

 Results: Of 346 patients who underwent pancreaticoduodenectomy, frozen section histology showed positive resection 
margins in 22 patients (9.2%) and paraffin section histology was positive in 20 patients (8.4%). The OS was 
nine months in frozen section-positive patients and 20 months in frozen section-negative patients (p=0.001). 
The OS rates were significantly different between the paraffin section-positive and paraffin section-negative 
patients (11 months vs. 21 months) (p=0.001). Univariate and multivariate analysis showed that increased tu-
mor size, high tumor grade, lymph node metastases, a positive superior mesenteric artery and retroperito-
neal margin, and a positive resection margin on frozen section were significantly correlated with reduced OS 
(p<0.05). Twenty-two patients with positive resection margins on frozen section histology underwent further 
resection; R0 was achieved in 14 patients, with no significant difference in OS.

 Conclusions: For patients who underwent pancreaticoduodenectomy for pancreatic carcinoma with positive resection mar-
gins on frozen section, further surgical resection to achieve R0 had no significant positive impact on OS.
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Background

Worldwide, pancreatic cancer represents approximately 10% of 
all gastrointestinal cancers and ranks fourth for cancer-relat-
ed mortality [1,2]. Ductal adenocarcinoma of the pancreas has 
high mortality when compared with other gastrointestinal can-
cers, is difficult to diagnose early, and the primary treatment is 
surgical excision, or pancreaticoduodenectomy (Whipple pro-
cedure) [3,4]. However, only 20% of cases of ductal adenocar-
cinoma are surgically resectable at diagnosis [3,4]. The over-
all 5-year survival rate for patients with adenocarcinoma of 
the pancreas is less than 5% at diagnosis [5,6].

Despite recent developments in surgical and medical treat-
ment, pancreatic cancer still has a poor prognosis. Tumor 
size, tumor stage, tumor grade, lymph node status, the pres-
ence of lymphovascular and perineural invasion, and a posi-
tive surgical resection margin are the main prognostic factors, 
which have been confirmed by previous clinical studies [7–14]. 
Of the prognostic factors for patients with pancreatic carci-
noma, the surgeon can influence or modify the status of the 
surgical resection margin, the extent of lymph node dissec-
tion, and patient selection, all of which can affect the overall 
survival (OS) rate of the patient, but other prognostic factors 
cannot be modified surgically [6–14]. According to the recom-
mendations of the International Union Against Cancer (UICC) 
(www.uicc.org) and the American Joint Committee on Cancer 
(AJCC) (www.cancerstaging.org), evaluation of the surgical re-
section margins are categorized as R0 (no tumor cells at the 
surgical resection margin), R1 (tumor cells at, or within 1 mm, 
of the surgical resection margin), and R2 (tumor seen macro-
scopically at the surgical resection margin).

Several previously published studies have shown that patient 
prognosis in pancreatic adenocarcinomas is affected by an R0 
resection margin at pancreaticoduodenectomy, and R0 has been 
shown to be an independent prognostic factor for long-term 
survival rates [10,15,16]. However, some studies have reported 
that no significant difference could be demonstrated between 
R0 and R1 resections on long-term survival rates [10,11,17,18]. 
These conflicting results could be explained by the surgical 
techniques, the experience of the pathologist evaluating the 
specimens, and the biology of the tumor.

During pancreaticoduodenectomy, the pancreatic neck resec-
tion margin, superior mesenteric artery and retroperitoneal 
resection margin, the bile duct resection margin, and the in-
testinal resection margin are also evaluated. In the case of 
positive superior mesenteric artery and retroperitoneal sur-
gical resection margins, additional surgical resection cannot 
be performed. However, if a positive pancreatic neck surgical 
margin is detected by intraoperative analysis of the frozen 
section histology, an additional resection can be performed. 

Previously published studies have shown that an R0 margin, 
diagnosed by intra-operative frozen section histology, has a 
positive impact on patient survival rate [10,18,19]. However, 
other studies have shown that intraoperative frozen section 
analysis had no impact on long-term survival rates, but it can 
increase the rate of diagnosis of R0 [9,11,17,20].

Therefore, the aim of this study was to compare the clini-
cal outcome in terms of OS in patients with pancreatic duc-
tal adenocarcinoma who underwent frozen section and paraf-
fin section histology of the surgical resection margins during 
pancreaticoduodenectomy.

Material and Methods

Ethical approval

All procedures involving human study participants were per-
formed in accordance with local ethical standards and with 
the approval of the Local Institutional and National Research 
Committees and with the 1964 Helsinki declaration and its 
amendments. All patients provided written informed con-
sent to undergo the surgical and diagnostic procedures used 
in this study.

Patients studied and study design

A prospective observational study analyzed data from 346 pa-
tients who underwent pancreaticoduodenectomy (Whipple 
procedure) in the Medical Faculty Hospital of Gazi University, 
Ankara, Turkey between October 2008 and June 2016. A total 
of 238 patients with a histopathological diagnosis of pancre-
atic ductal adenocarcinoma were enrolled in the study. All pa-
tients were examined using multidetector computed tomog-
raphy (CT) imaging, and patients who fulfilled the criteria for 
tumor resectability underwent elective pancreaticoduodenec-
tomy and were included in the study. There were 108 patients 
who were excluded from the study due to a histopathological 
diagnosis of distal bile duct tumor, ampullary tumor, neuro-
endocrine tumor, duodenal tumor, intraductal papillary muci-
nous neoplasm, solid pseudopapillary tumor, or chronic pan-
creatitis. Patients were also excluded from the study if they 
had distant metastasis, the involvement of the superior mes-
enteric artery of more than 180 degrees, hepatic artery inva-
sion, and macroscopic residual tumor at the resection margins 
following tumor resection (R2).

Clinical study variables

Demographic data recorded included patient age, sex, the use 
of neoadjuvant chemotherapy or radiotherapy, and the use of 
resection of the portal vein or the superior mesenteric vein. 
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The characteristics of the tumor were also recorded, includ-
ing the tumor size (cm), the histopathological grade, the tu-
mor, node, metastasis (TNM) stage, according to the American 
Joint Committee on Cancer (AJCC) Cancer Staging Manual (7th 
edition), lymphovascular invasion, perineural invasion, pan-
creatic neck margin status on frozen section and on paraffin 
section histology, final surgical margin histology of the resec-
tion specimen, the lymph node metastasis status, the follow-
up period, and overall survival (OS) rates.

Pancreaticoduodenectomy

All patients who were included in the study underwent stan-
dard pancreaticoduodenectomy, with resection of the pancre-
as performed with cauterization. During surgery, frozen sec-
tion analysis was routinely performed for the pancreatic tissue 
at the resection margin of the pancreatic neck. Additional re-
section was performed in patients who had a positive frozen 
section diagnosis (R1), to achieve a negative surgical margin 
(R0). Postoperative routine formalin-fixed, paraffin-embedded 
(FFPE) tissue sections (paraffin sections) were examined histo-
logically using routine diagnostic laboratory methods.

Categories of surgical resection margin status (R0, R1, and 
R2)

Surgical margin status was evaluated with frozen section 
and paraffin section histology according to the recommen-
dations of the International Union Against Cancer (UICC) 
(www.uicc.org) and the American Joint Committee on Cancer 
(AJCC) (www.cancerstaging.org). The surgical resection margins 
were categorized as: R0 (no tumor cells at the surgical resec-
tion margin), R1 (tumor cells at, or within 1 mm, of the surgi-
cal resection margin), and R2 (tumor seen macroscopically at 
the surgical resection margin). Patients with R2 resection sta-
tus were excluded from the study because the number of pa-
tients who had R2 resection margins was small.

Categories of patients included in the study according to 
resection margin status on frozen section and paraffin 
section histology

The focus of this study was to evaluate the role of intraop-
erative frozen section histology to detect R0 and R1 surgical 
margins and to follow up these findings with the later exam-
ination of the formalin-fixed, paraffin-embedded or paraffin 
sections which were available for histopathology several hours 
postoperatively. Patients were divided into groups according to 
their surgical resection margin properties. Patients with neg-
ative frozen section and paraffin section histology (R0 on fro-
zen section and R0 on paraffin section); patients with negative 
frozen section histology and positive paraffin section histolo-
gy (R0 on frozen section and R1 on paraffin section); patients 

with positive frozen section histology and negative paraffin 
section histology (R1 on frozen section and R0 on paraffin sec-
tion); and patients who had additional resection because of 
positive frozen section histology, but who remained R1 in par-
affin section histology (R1 on frozen section and R1 on par-
affin section). Survival rates were calculated from the day of 
surgery. The distribution of patients by pancreatic neck margin 
frozen section and paraffin section status is shown in Figure 1.

Statistical analysis

The software package SPSS version 21.0 was used for statisti-
cal analysis. Complementary statistics were presented as the 
frequency, percentage distribution, the mean, and the medi-
an. The chi-squared (c2) test was used for the comparison of 
qualitative variables. The Kruskal-Wallis test was used for the 
four-group comparison of quantitative variables, and the Mann-
Whitney U test was used for the comparison of two groups. 
The Kaplan-Meier log-rank test was used to show the impact 
of the variables on overall survival (OS0. Variables that were 
significant at p<0.05 in univariate analysis were analyzed with 
the multivariate Cox regression method, and 95% confidence 
intervals (CI) were calculated with hazard ratio (HR) values. 
The accepted level of significance was p<0.05.

Results

Patients and clinical characteristics

This study investigated the surgical margins of 238 patients 
who underwent pancreaticoduodenectomy (Whipple proce-
dure) for pancreatic ductal adenocarcinoma. All surgical pro-
cedures were performed in Gazi University Faculty of Medicine 
between October 2008 and June 2016. The authors of this 

FS:RO
(n=216)

OS:21
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OS:11.5
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OS:9
months

OS:15
months

FS:R1
(n=22)

Pancreas neck margin FS analysis
(n=238)

Re-resection

FS:RO         PS:RO
(n=204)

FS:R1         PS:R1
(n=8)

FS:R1         PS:RO
(n=14)

FS:RO         PS:R1
(n=12)

Figure 1.  The distribution of patients who underwent a 
pancreatic neck margin frozen section and routine 
formalin-fixed, paraffin wax-embedded section 
histopathology.
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study performed the surgery on these patients. Demographic 
characteristics, intraoperative characteristics, and pathologi-
cal properties of the tumors are shown in Table 1. The mean 
age of the 238 patients was 64 years (range, 29–90 years), 
and 62.2% were men (148/238). Among these patients, 6.7% 
(n=16) underwent portal vein or superior mesenteric vein re-
section. Neoadjuvant chemotherapy was administered to only 
1.7% of the patients. The calculated median overall survival 
(OS) was 19.0 months, and the mean tumor size was 3.0 cm 
(range, 0.3–11 cm).

Pancreatic ductal adenocarcinoma histopathology and 
stage

Histopathological examination of the tumors showed the fol-
lowing tumor grades: well-differentiated in 82 patients (34.5%); 
moderately-differentiated in 118 patients (49.6%); and poor-
ly-differentiated in 38 patients (16%). Also, 73.9% of the pa-
tients had at least one metastatic lymph node, while 87.3% 
of the patients had histological pancreatic lymphovascular 

invasion, and 94.1% had perineural invasion. In 88.2% of pa-
tients (n=210), the tumor stage was T3, and in 38.7% of pa-
tients (n=92) the superior mesenteric artery and the retroper-
itoneal surgical margin were positive.

Patient overall survival (OS)

The findings of the univariate analysis performed for OS-related 
factors are shown in Table 2. Reduced patient OS was correlat-
ed with an increase in tumor size (p=0.001), poorly-differenti-
ated histological grade (p=0.001), the presence of a metastatic 
lymph node (p=0.001), and positive superior mesenteric artery 
and retroperitoneal resection margin (p=0.001). Multivariate 
Cox regression analysis (Table 2) showed that reduced pa-
tient OS was correlated with increased tumor size (HR=1.3; 
95% CI, 1.1–1.5; p=0.001), moderately-differentiated or poor-
ly-differentiated tumor (HR=2.0; 95% CI, 1.7–2.9; p=0.001, and 
HR=2.5; 95% CI, 1.5–3.1; p=0.001, respectively), positive supe-
rior mesenteric artery and retroperitoneal resection margins 
(HR=1.6; 95% CI, 1.1–2.3; p=0.03), the presence of metastatic 

Variable
All patients

(n=238)
FS: R0–PS: R0

(n=204)
FS: R0–PS: R1

(n=12)
FS: R1–PS: R0

(n=14)
FS: R1–PS: R1

(n=8)
P value

Mean age (years)  64 (29–90)  65 (29–90)  64 (49–79)  63 (42–77)  62 (54–77) 0.971

Sex (male)  148 (62.2%)  124 (60.8%)  10 (83.3%)  8 (57.1%)  6 (57.1%) 0.367

Tumor size (cm) 3.1±1.2 3.1±1.3 3.5±1.3 3.1±1.1 3.5±1.0 0.572

PV/SMV resection  16 (6.7%)  10 (4.9%) –  6 (42.9%) – 0.001

Neoadjuvant CT  4 (1.7%)  4 (2%) – – – 0.878

OS (months)  19 (1–85)  21 (7–85)  11.5 (9–16)  15 (3–33)  9 (1–25) 0.001

Histologic grade

0.709
 Well differentiated  82 (34.5%)  70 (34.3%)  4 (33.3%)  6 (42.9%)  2 (25%)

 Moderately differentiated  118 (49.6%)  100 (49.0%)  8 (66.7%)  6 (42.9%)  4 (50%)

 Poorly differentiated  38 (16%)  34 (16.7%) –  2 (14.3%)  2 (25%)

SMA/RP margin positivity  92 (38.7%)  62 (30.4%)  12 (100%)  10 (71.4%)  8 (100%) 0.001

T stage

0.574

 T1  4 (1.7%)  4 (2%) – – –

 T2  14 (5.9%)  14 (6.9%) – – –

 T3  210 (88.2%)  178 (86.3%)  12 (100%)  12 (85.7%)  8 (100%)

 T4  10 (4.2%)  8 (3.9%) –  2 (14.3%) –

LN positivity  176 (73.9%)  146 (71.5%)  12 (100%)  14 (100%)  4 (50%) 0.041

LVI positivity  208 (87.3%)  178 (87.2%)  12 (100%)  10 (71.4%)  8 (100%) 0.321

PNI positivity  224 (94.1%)  192 (94.1%)  10 (83.3%)  14 (100%)  8 (100%) 0.273

Table 1. Demographic, operative, and pathological characteristics of all patients.
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lymph nodes (HR=1.2; 95% CI, 1.1–1.8; p=0.001), the presence 
of positive margins in frozen section analysis (HR=2.2; 95% CI, 
2.2–3.8; p=0.008), and positive final paraffin section pancre-
atic neck margin analysis (HR=4.1; 95% CI, 2.2–7.8; p=0.001). 
On multivariate analysis, vascular resection and the presence 
of lymphovascular invasion and perineural invasion were not 
correlated with decreased OS.

Categories of involvement of the resections margin

Evaluation of the resection margin of the neck of the pancre-
as included the categories: R0 (no tumor cells at the surgical 
resection margin), R1 (tumor cells at, or within 1 mm, of the 
surgical resection margin), and R2 (tumor seen macroscopi-
cally at the surgical resection margin), with R2 cases exclud-
ed from the study. The main objective of our study was to in-
vestigate the impact of additional resections carried out to 
achieve R0 in paraffin section analysis for patients with pos-
itive pancreatic neck surgical margins diagnosed on intra-op-
erative frozen section histology. Additional resection was per-
formed in patients with positive frozen section analysis, which 
was done to determine the pancreatic neck margin. In 14 of 

these patients, R0 was diagnosed on paraffin section histol-
ogy (R1 on frozen section and R0 on paraffin section), but it 
could not be achieved in 8 patients (R1 on frozen section and 
R1 on paraffin section). In 204 patients a negative resection 
margin on frozen section histology was confirmed on paraf-
fin section histology (R0 on frozen section and R0 on paraffin 
section). The pancreatic neck margin was evaluated as R1 in 
the final paraffin section analysis in only 12 patients, although 
frozen section analysis indicated R0 (R0 on frozen section and 
R1 on paraffin section). Histological findings of the tumor re-
section margins are shown in Table 1.

Involvement of the resection margins and patient overall 
survival (OS)

Frozen section analysis was performed for all patients. The 
results of intra-operative frozen section histology showed 
that 22 patients (9.2%) had positive pancreatic neck margins. 
Postoperative paraffin section histology showed that 20 pa-
tients (8.4%) had positive pancreatic margins (R1). Regardless 
of the final paraffin section margin histology, there were signif-
icantly lower OS rates of patients who had positive pancreatic 

Variable
Univariate Multivariate

HR 98% CI P Value HR 98% CI P Value

Tumor size (cm) 1.3 1.1–1.4 0.001 1.3 1.1–1.5 0.001

Histopathologic grade

 Well differentiated Ref Ref

 Moderately differentiated 1.1 0.7–1.6 0.47 2.0 1.7–2.9 0.001

 Poorly differentiated 2.2 1.3–3.5 0.001 2.5 1.5–3.1 0.001

LVI 1.0 0.8–1.3 0.43 2.0 0.8–2.8 0.68

PNI 1.0 0.8–1.6 0.60 1.2 0.3–4.2 0.67

MLN 1.2 1.1–1.3 0.001 1.2 1.1–1.8 0.001

SMA/RP margin 2.4 1.7–3.4 0.001 1.6 1.1–2.3 0.03

SMV/PV resection 1.4 0.6–1.7 0.49 1.0 0.4–2.5 0.59

FS positivity 2.3 1.4–3.8 0.001 2.2 1.2–3.8 0.008

PS positivity 4.4 2.6–7.4 0.001 4.1 2.2–7.8 0.001

Neck margin status

 FS: R0®PS: R0 Ref Ref

 FS: R0®PS: R1 4.5 2.1–9.4 0.001 3.5 2.5–8.9 0.008

 FS: R1®PS: R0 4.8 2.5–9.1 0.001 3.7 2.7–9.1 0.008

 FS: R1®PS: R1 1.1 0.5–2.6 0.69 1.7 0.8–1.9 0.47

Table 2.  Univariate and multivariate analysis of clinicopathologic factors associated with overall survival, including final pancreatic 
neck margin status.

CI – indicates confidence interval; HR – hazard ratio. Bold values are statistically significant.
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neck margins in the intraoperative frozen section histology 
compared with patients who had negative frozen section anal-
ysis (9 months vs. 20 months) (p=0.001) (Figure 2). Also, the 
mean OS was 11 months in patients with R1 in the paraffin 
section histology of the pancreatic neck resection margin, and 
21 months in patients with R0 in the paraffin section histolo-
gy (p=0.001) (Figure 3). The difference between the mean OS 
rates was not statistically significant (15 months vs. 9 months) 
(p=0.17) between 14 patients who were R1 on frozen section 
histology, but became R0 in later paraffin section histology 
(R1 on frozen section and R0 on paraffin section), and eight 
patients who did not become R0 on paraffin section histology 
(R1 on frozen section and R1on paraffin section).

Discussion

Currently, the most effective treatment option for pancreatic 
ductal adenocarcinoma of the head of the pancreas is pancre-
aticoduodenectomy (Whipple procedure). The risk factors that 
are associated with low patient survival rates in completely re-
sected tumors include increased tumor size, the presence of 
lymphovascular invasion and perineural invasion, lymph node 
metastasis, poor (high) histological grade, and a positive sur-
gical resection margin. Among these risk factors, a clear sur-
gical resection margin and adequate lymph node dissection 
are directly affected by the surgical technique and by the ex-
perience of the surgeon.

The histological evaluation of the surgical resection margins 
is important in preventing tumor recurrence. In the present 
study, the surgical resection margin status was evaluated with 

frozen section and paraffin section histology according to the 
recommendations of the International Union Against Cancer 
(UICC) and the American Joint Committee on Cancer (AJCC) as: 
R0 (no tumor cells at the surgical resection margin), R1 (tu-
mor cells at, or within 1 mm, of the surgical resection mar-
gin), and R2 (tumor seen macroscopically at the surgical resec-
tion margin). Patients with R2 resection status were excluded 
from the study because the number of patients who had R2 
resection margins was small. In patients with positive frozen 
section results obtained with a specimen from the pancreatic 
neck, additional resection was performed to achieve R0. The 
surgical resection margins of the superior mesenteric artery, 
retroperitoneal margin, bile duct, and pancreatic margin sta-
tus are variables that can be evaluated separately. However, 
among these surgical margins, the pancreatic neck resection 
margin was evaluated and correlated with overall survival (OS).

In cases of a positive pancreatic neck margin in intraopera-
tive frozen section analysis, the final margin status in paraf-
fin section analysis might become R0 with additional resec-
tion or resections. However, this status raises the question of 
the possible benefits with respect to long-term survival rates. 
Several previously published studies conducted at specialized 
surgical centers at with a high volume of pancreatic surgical 
procedures have shown that R0 diagnosed by intra-operative 
frozen section, followed by additional surgical resection might 
have a positive impact on survival rates [10,15,16]. However, 
other studies have shown conflicting findings [10,11,17,18]. 
Therefore, the objective of this study was to evaluate the im-
pact of the confirmation of the finding on frozen section histol-
ogy with that of paraffin section histology on long-term surviv-
al rates in patients who underwent pancreaticoduodenectomy, 
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Figure 2.  Overall survival (OS) of patients who had a pancreatic 
neck margin frozen section.
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formalin-fixed, paraffin wax-embedded section 
histopathology.
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including for patients with both R0 and R1 intra-operative fro-
zen section histology.

In the present study, the mean OS rates for the patients who 
had negative pancreatic neck surgical margins on frozen sec-
tion histology were significantly greater compared with pa-
tients with frozen section-positive histology, regardless of the 
results of paraffin section analysis (20 months vs. 9 months) 
(p=0.001). These findings are supported by those of, Lad et 
al., who reported that a positive pancreatic neck surgical ex-
cision margin on frozen section histology (R1) was associated 
with poor patients survival, but that extending the neck resec-
tion to achieve an R0 margin did not improve OS (mean OS of 
17.3 months in R0 patients and 11.1 R1 patients) [21]. In 2013, 
a study by Kimbrough et al. showed that patients with R0 re-
section margins, compared with R1 resection margins, had both 
improved OS (22.7 months vs. 15.0 months) (P=0.004) and dis-
ease-free survival (13.5 months vs. 10.7 months) (P=0.026) [20]. 
However, in the present study, frozen section-positive pancre-
atic neck surgical margin was an independent factor for OS 
in multivariate Cox regression analysis. However, OS was sig-
nificantly increased in the patients who underwent addition-
al resection due to frozen section-positive margins who had 
R0 on paraffin section histology (R1 on frozen section and R0 
on paraffin section), compared with patients who were R0 on 
intraoperative frozen section and who were R0 on postoper-
ative paraffin section (R0 on frozen section and R0 on paraf-
fin section). However, the mean survival rates of the following 
groups were similar with no statistical difference between the 
groups: R0 on frozen section and R1 on paraffin section; and 
R1 on frozen section and R1 on paraffin section.

The findings of the present study are not only supported by 
those of Lad et al. [21], but also by Kooby et al. [13], who 
showed that the survival rates were comparable between pa-
tients who had R0 resection margin status after additional 
resection, and patients who were R1 in the paraffin section 
analysis. However, in these studies, the resection margins 
were evaluated in the R0 and R1 groups by both frozen sec-
tion and paraffin section histology, but the final paraffin sec-
tion analysis included the R1 group [13,21]. However, in the 
present study, an additional resection was performed for all 
frozen section-positive patients. Regardless of the additional 
resection, positive lymph nodes, increased tumor size, histo-
logical grade, and the presence of lymphovascular invasion and 
perineural invasion were found to be associated with paraffin 
section-positive (R1) compared with paraffin section-negative 
(R0) patients (Table 1). Similar to previously published studies, 
the findings of the present study confirmed that aggressive 
tumor biology is correlated directly with tumor involvement 
of the pancreatic neck surgical margin [18,22].

Although the findings of previously published studies to com-
pare the clinical outcome in patients with pancreatic ductal 
adenocarcinoma who underwent frozen section and paraffin 
section histology of the surgical resection margins during pan-
creaticoduodenectomy have shown some conflicting findings 
overall, the findings in the literature tend to support the find-
ings of the present study [9,11,23]. Dillhoff et al. reported that 
additional surgical resection did not correlate with a signifi-
cantly improved mean OS rate (21.7 months vs. 14.6 months) 
(p=0.20) [9]. Dillhoff et al. suggested that the most important 
factor correlating with patient OS was the presence of posi-
tive lymph nodes, and therefore, tumor biology was more im-
portant than the presence of tumor at the surgical resection 
margin [9]. Hernandez et al. reported similar results to those 
reported in the present study, with the mean OS reported 
as 21 months in R0 patients, 13 months in R1 patients, and 
11 months in R1 to R0 patients [11]. Also, Hernandez et al. 
showed that there was a more important relation between pos-
itive lymph nodes (an indicator of tumor biology) than the sta-
tus of the surgical resection margin [11]. However, in this pre-
viously published study [11], the study design differed, as the 
superior mesenteric artery, retroperitoneal, and bile duct sur-
gical margins were analyzed in addition to the pancreatic neck 
surgical margin. Neoptolemos et al. [24] reported that the OS 
rates of patients with R0 resection margins were significantly 
greater compared with the OS rates of patients with R1 resec-
tion margins (R0, 16.9 months vs. R1, 10.9 months) (p£0.05). 
However, previously published meta-analysis data has also 
reported that the resection margin does not have an impact 
on OS and that the prevalence of R1 resection margin status 
has a broad range from 25–80% [7,24–27]. It is also possible 
that the range of differences in the prevalence of the R1 sta-
tus in the surgical resection margins during pancreaticoduo-
denectomy might depend on the differences of the methods 
of evaluation of the resected specimen, both intra-operative-
ly and postoperatively.

Although the majority of previously published studies sup-
port the findings of the present study, there have been some 
conflicting results, which have suggested more aggressive 
surgical interventions should be performed to achieve an R0 
margin [18,28,29]. Fatima et al. reported that the OS rates of 
patients who were R1 frozen section-positive but became R0 
after additional resections were similar to those of patients 
who were R0 intra-operatively and that these rates were sig-
nificantly higher than those of patients who were R1 in par-
affin section analysis [10]. Also, Schmidt et al. carried out to-
tal pancreatectomy in patients to achieve an R0 margin and 
showed that OS rates increased significantly in patients who 
achieved R0 [18]. Because there remains no clear consensus 
regarding further resection for patients with pancreatic duc-
tal adenocarcinoma undergoing pancreaticoduodenectomy 
who have positive intra-operative resection margins on frozen 
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section histology, and that surgical margin status might be af-
fected by more aggressive tumor biology, the risk/benefit ratio 
of total pancreatectomy, which has high morbidity and mor-
tality rates, should be evaluated cautiously.

This study had several limitations, including small subject study 
size obtained from a single center and the lack of a standard-
ized method of sampling and histopathological evaluation of 
the surgical resection margin. The main limitation of this study 
was that the duration of the study and length of patient fol-
low-up did not allow for long-term evaluation of the tumor 
recurrence rates at the pancreatic neck margin. The results of 
the study should not be interpreted as supporting the lack of 
further surgical intervention when patients with pancreatic 
ductal adenocarcinoma have positive surgical resection mar-
gins during pancreaticoduodenectomy. It is important to con-
tinue to study and improve the techniques for intra-operative 
evaluation of the completeness of surgical excision for pa-
tients with pancreatic ductal adenocarcinoma and to contin-
ue to evaluate other prognostic factors in patients with this 
type of cancer, together with improvements in non-surgical 
treatment approaches.

Conclusions

The aim of this study was to compare the clinical outcome in 
patients with pancreatic ductal adenocarcinoma who under-
went frozen section and paraffin section histology of the sur-
gical resection margins during pancreaticoduodenectomy. The 
findings of this study supported that for patients with frozen 
section-positive resection margins (R1), additional resection 
might achieve a tumor-free margin (R0), but the findings from 
this study showed that this had no significant impact on over-
all survival (OS). Although the findings of this study do not 
resolve the continuing controversy regarding the necessity of 
intra-operative frozen section diagnosis during surgery, the find-
ings do contribute to the literature in this aspect of the man-
agement of patients with pancreatic ductal adenocarcinoma.

Acknowledgments

The authors acknowledge editing support to prepare the writ-
ten English content of the manuscript.

Conflict of interest

None.

References:

 1. Ferlay J, Shin HR, Bray F et al: Estimates of worldwide burden of cancer in 
2008: GLOBOCAN 2008. Int J Cancer, 2010; 127(12): 2893–917

 2. Jemal A, Siegel R, Ward E et al: Cancer statistics, 2007. Cancer J Clin, 2007; 
57: 43–66

 3. Ferrone CR, Brennan MF, Gonen M: Pancreatic adenocarcinoma: The actu-
al 5-year survivors. J Gastrointest Surg, 2008; 12: 701–6

 4. Winter JM, Cameron JL, Campbell KA: 1423 pancreaticoduodenectomies 
for pancreatic cancer: A single-institution experience. J Gastrointest Surg, 
2006; 10: 1199–210

 5. Cartwright T, Richards DA, Boehm KA: Cancer of the pancreas: are we mak-
ing progress? A review of studies in the US Oncology Research Network. 
Cancer Control, 2008; 15: 308–13

 6. Shaib Y, Davila J, Naumann C, El-Serag H: The impact of curative intent sur-
gery on the survival of pancreatic cancer patients: A US population-based 
study. Am J Gastroenterol, 2007; 102: 1377–82

 7. Butturini G, Stocken DD, Wente MN: Influence of resection margins and 
treatment on survival in patients with pancreatic cancer: Meta-analysis of 
randomized controlled trials. Arch Surg, 2008; 143: 75–83

 8. Cleary SP, Gryfe R, Guindi M: Prognostic factors in resected pancreatic ad-
enocarcinoma: Analysis of actual 5-year survivors. J Am Coll Surg, 2004; 
198: 722–31

 9. Dillhoff M, Yates R, Wall K et al: Intraoperative assessment of pancreat-
ic neck margin at the time of pancreaticoduodenectomy increases likeli-
hood of margin-negative resection in patients with pancreatic cancer. J 
Gastrointest Surg, 2009; 13: 825–30

 10. Fatima J, Schnelldorfer T, Barton J et al: Pancreatoduodenectomy for duc-
tal adenocarcinoma: implications of positive margin on survival. Arch Surg, 
2010; 145: 167–72

 11. Hernandez J, Mullinax J, Clark W: Survival after pancreaticoduodenectomy 
is not improved by extending resections to achieve negative margins. Ann 
Surg, 2009; 250: 76–80

 12. Kato K, Yamada S, Sugimoto H: Prognostic factors for survival after extend-
ed pancreatectomy for pancreatic head cancer: Influence of resection mar-
gin status on survival. Pancreas, 2009; 38: 605–12

 13. Kooby DD, Lad NL, Squires MH et al: Value of intraoperative neck margin 
analysis during whipple for pancreatic adenocarcinoma. Ann Surg, 2014; 
260: 494–503

 14. Murakami Y, Uemura K, Sudo T: Number of metastatic lymph nodes, but 
not lymph node ratio, is an independent prognostic factor after resection 
of pancreatic carcinoma. J Am Coll Surg, 2010; 211: 196–204

 15. Sohn TA, Yeo CJ, Cameron JL: Resected adenocarcinoma of the pancreas-616 
patients: Results, outcomes, and prognostic indicators. J Gastrointest Surg, 
2000; 4: 567–79

 16. Yeo CJ, Cameron JL, Sohn TA: Six hundred fifty consecutive pancreaticodu-
odenectomies in the 1990s: Pathology, complications, and outcomes. Ann 
Surg, 1997; 226: 248–57

 17. Raut CP, Tseng JF, Sun CC: Impact of resection status on pattern of failure 
and survival after pancreaticoduodenectomy for pancreatic adenocarcino-
ma. Ann Surg, 2007; 246: 52–60

 18. Schmidt CM, Glant J, Winter JM: Total pancreatectomy (R0 resection) im-
proves survival over subtotal pancreatectomy in isolated neck margin pos-
itive pancreatic adenocarcinoma. Surgery, 2007; 142: 572–78

 19. Zhang Y, Frampton AE, Cohen P: Tumor infiltration in the medial resection 
margin predicts survival after pancreaticoduodenectomy for pancreatic 
ductal adenocarcinoma. J Gastrointest Surg, 2012; 16: 1875–82

 20. Kimbrough CW, St Hill CR, Martin RC: Tumor-positive resection margins re-
flect an aggressive tumor biology in pancreatic cancer. J Surg Oncol, 2013; 
107: 602–7

 21. Lad NL, Squires MH, Maithel SK et al: Is it time to stop checking frozen 
section neck margins during pancreaticoduodenectomy? Ann Surg Oncol, 
2013; 20: 3626–33

 22. Sosa JA, Bowman HM, Gordon TA et al: Importance of hospital volume in 
the management of pancreatic cancer. Surg Forum, 1997; 48: 584–86

 23. Pang TC, Wilson O, Argueta MA: Frozen section of the pancreatic neck mar-
gin in pancreatoduodenectomy for pancreatic adenocarcinoma is of limit-
ed utility. Pathology, 2014; 46: 188–92

4912
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Dikmen K. et al.: 
Frozen section vs. paraffin section for pancreatic adenocarcinoma

© Med Sci Monit, 2018; 24: 4905-4913 
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



 24. Neoptolemos JP, Stocken DD, Dunn JA: Influence of resection margins on 
survival for patients with pancreatic cancer treated by adjuvant chemora-
diation and/or chemotherapy in the ESPAC-1 randomized controlled trial. 
Ann Surg, 2001; 234: 758–68

 25. Adsay NV, Basturk O, Altinel D: The number of lymph nodes identified in 
a simple pancreatoduodenectomy specimen: Comparison of conventional 
vs. orange-peeling approach in pathologic assessment. Mod Pathol, 2009; 
22: 107–12

 26. Esposito I, Kleeff J, Bergmann F: Most pancreatic cancer resections are R1 
resections. Ann Surg Oncol, 2008; 15: 1651–60

 27. Liszka L, Pajak J, Zielinska-Pajak E: Different approaches to assessment of 
lymph nodes and surgical margin status in patients with ductal adenocar-
cinoma of the pancreas treated with pancreaticoduodenectomy. Pathology, 
2010; 42: 138–46

 28. Barreto SG, Pandanaboyana S, Ironside N, Windsor JA: Does revision of re-
section margins based on frozen section improve overall survival follow-
ing pancreatoduodenectomy for pancreatic ductal adenocarcinoma? A me-
ta-analysis. HPB (Oxford), 2017; 19(7): 573–79

 29. Konstantinidis IT, Warshaw AL, Allen JN: Pancreatic ductal adenocarcino-
ma: Is there a survival difference for R1 resections versus locally advanced 
unresectable tumors? What is a “true” R0 resection? Ann Surg, 2013; 257: 
731–36

4913
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Dikmen K. et al.: 
Frozen section vs. paraffin section for pancreatic adenocarcinoma
© Med Sci Monit, 2018; 24: 4905-4913

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


