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The impact of cancer involving the peripancreatic soft tissue (PST), irrespective of

margin status, following a resection of pancreatic adenocarcinoma is not known. The

purpose of this study is to determine such an impact on a cohort of patients. Data from

274 patients who underwent pancreatic surgery by our team between 1998 and 2012 was

reviewed. Of those 119 patients who had pancreatic resection for adenocarcinoma were

retrospectively analyzed. Patients were categorized into 3 groups: Group 1¼R1 resection

(N¼ 39), Group 2¼ R0 with involved PST (N¼ 54), and Group 3¼ R0 with uninvolved

PST (N ¼ 26). Demographics, operative data, tumor characteristics and overall survival

(OS) were evaluated. Operations performed were: Whipple (N ¼ 53), pylorus sparing

Whipple (N ¼ 41), total pancreatectomy (N ¼ 11), and other (N ¼ 14). Median OS for

Groups 1, 2, and 3 were 8.5 months, 12 months, and 69.6 months respectively (P , 0.001).

Tumor size (P¼ 0.016), margin status (P¼ 0.006), grade (P¼ 0.001), stage (P¼ 0.037), PST

status (P , 0.001), complications (P ¼ 0.046), transfusion history (P ¼ 0.003) were all
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predictors of survival. Cox regression analysis demonstrated that grade (HR ¼ 3.1), PST

involvement (HR¼ 2.7), transfusion requirement (HR¼ 2.6) and margin status (HR¼ 2.0)

were the only independent predictors of mortality. PST is a novel predictor of poor

outcome for patients with resected pancreatic cancer.

Key words: Peripancreatic soft tissue – Novel predictor – pancreas – Malignancy – Outcome
– Adenocarcinoma

Pancreatic cancer is the fourth most common
cause of cancer death in the United States.1 This

cancer has the highest mortality among all cancers.1

The 5-year overall survival (5-year-OS) of the
involved patients is reported to be as low as 6%–
18%.1,2 In patients with localized disease, complete
surgical resection is the only curative treatment3 and
the 5-year-OS can be as high as 25%.4–7 Due to the
often late presentation of pancreatic cancer, only a
minority of the patients (10%–20%) are considered
to be a candidate for curative resection (CR). At the
time of diagnosis, more than 50% of patients have
already developed distant metastasis and 35% have
locally advanced disease.8 Patients with locally
advanced disease are believed to benefit from
radical surgeries to achieve R-0 resection, where all
post resection margins are tumor free. Although the
majority of the previous studies have emphasized
the importance of surgical margin status as a
predictor of survival in these patients,3,5,7,9 others
have not.10,11 However, the impact of an involved
peripancreatic soft tissue (PST), irrespective of
resection margin status, following a pancreatectomy
is not known. We determined the impact of involved
PST on a cohort of patients with pancreatic adeno-
carcinoma.

Material and Methods

Following IRB approval, we retrospectively re-
viewed data from 274 patients who underwent
pancreatic surgery by our team between February
1998 and January 2012. After initial workup, which
included routine blood tests and tumor markers
(CEA, CA19-9), pancreas protocol computed tomog-
raphy (CT), and either positron emission tomogra-
phy (PET)/PET-CT scan, magnetic resonance
cholangiopancreatography (MRCP), endoscopic ret-
rograde cholangiopancreatography (ERCP), or,
more recently, endoscopic ultrasound scan (EUS),
the patients were discussed by a multidisciplinary
team of gastroenterologists, interventional radiolo-
gists, oncologists, oncologic surgeons, and hepato-

pancreato-biliary (HPB) surgeons. Distant metasta-
sis or major artery involvement (celiac or superior
mesenteric artery) by tumor infiltrate was consid-
ered as a contraindication to CR in the patients in
whom palliative procedures were performed if
necessary. The involvement of the superior mesen-
teric vein (SMV) or portal vein (PV), if tumor
thrombi were not present inside these vessels, was
not considered as a contraindication for CR. In the
current study we defined peripancreatic soft tissue
(PST) involvement as the presence of tumor cells in
the peripancreatic soft tissues, including the anterior
and posterior plain of fat and fibrous tissues.

Malignant causes were present in 175 patients.
Among them, 119 patients with adenocarcinoma
underwent CR of the pancreas pathology. This
group (119 patients) is the focus of the current
study. These 119 patients were categorized into 3
groups: Group 1¼ R1 resection (N¼ 39), Group 2¼
R0 with involved PST (N ¼ 54), and Group 3 ¼ R0
with uninvolved PST (N ¼ 26). Demographic data,
duration of operation, use of hemodilution tech-
nique (when 1 or 2 bottles of blood is taken from the
patient before the surgery and transfused back
immediately after the operation), estimated blood
loss (EBL), amount of blood transfusion (intra-
operative and postoperative), length of hospital stay
(LOS), rate and severity of complications (pancreatic
leak, biliary leak, bleeding, gastroparesis, infection,
etc.), peri-operative mortality, overall survival, and
long-term outcome were evaluated.

In this study, peri-operative complication was
defined as the presence of intra- or postoperative
complications up to 30 days post surgery or the time
of patient’s discharge, whichever was longer. The
severity of peri-operative complications were scored
based on the revised Clavien-Dindo (CD) classifica-
tion.12,13 When more than one complication oc-
curred, the score of the most severe complication
was considered as the complication score of the
patient.

Final pathology reports were rereviewed by
another pathologist blinded to patient’s information
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for evaluation of the tumor characteristics (histolo-
gy, size, location, grade, stage, lymph node, margin,
and PST status). During follow up, if CA 19-9 was
high before the surgery and declined after surgery,
its level was checked regularly for early detection of
recurrence. In addition, regular imaging including
CT and/or PET/PET-CT was also used (every 3
months up to 1 year, then every 6 months for 2 more
years and yearly up to 5 years thereafter) for
detection of recurrence during the follow-ups.
Patients were followed indefinitely. Descriptive
statistics were used to summarize the data. Stu-
dent’s t-test, ANOVA, Chi-Square test, Kaplan-
Meier method and log-rank test was used for
statistical analysis. In a multivariate analysis using
a Cox regression model, variables were assessed in
search of independent risk factors predicting poor
outcome in the patients. A P-value of , 0.05 was
considered significant. All analysis was performed
using the SAS system 9.2 (Gray, North Carolina).

Results

The mean age of the patients was 64.1 þ 10.2 years.
Fifty nine of the patients (49.6%) were female and 89
(74.8%) were Caucasian. Age, gender, and race were
not significantly different between Group 1, Group
2, and Group 3 (P . 0.05 for all) (Table 1). Ninety-six
percent of lesions (N ¼ 114) were solid. The mean
tumor size was 3.8 þ 1.9 cm, and 59.7% of patients
(N¼ 71) had lymph node involvement at the time of
surgery. The grades were: 1 (4.3%), 2 (51.7%), 3
(41.5%), and 4 (2.5%). The stages were: 1A (4.2%), 1B
(7.6%), IIA (26.0%), IIB (47.9%), III (10.9%), and IV
(3.4%). Patients and tumor characteristics are de-
picted in Table 1, and the type of operation
performed in these 119 patients is summarized in
Table 2.

The mean OR time was 326.1 þ 78.7 minutes
(range ¼ 150–520 minutes) and the mean EBL was
552.4 þ 508.5 ml (range ¼ 75–2500). Eighty-two
patients (68.9%) received a blood transfusion during
their hospital stay (intra-operative and postopera-
tive), and the average amount of the transfusion was
3.7þ 7.1 units (range 0–57 units). Hemodilution was
used in 30 patients (25.2%), and these patients
required significantly less blood to be transfused
during their hospital stay (1.4þ 2.1 units) compared
with the other patients (4.5 þ 8.0 units, P ¼ 0.001).
Pre-operation CA 19-9 serum levels . 200 U/mL
were significantly associated with a higher risk of
vascular involvement (PV and SMV) in the patients
(22.45% versus 4.88%, P¼ 0.032). More than 57% of

the patients (N¼ 68) did not have any complications
in the peri-operative period. Table 2 summarizes the
peri-operative complications in the patients based
on their CD severity score.

The 5-year-OS for the entire group of patients was
20.6%. Stages IIB–IV had a significantly lower
median overall survival than stages I-IIA (P ¼
0.037). Fig. 1A shows the overall survival of the
patients based on the tumor stage in the patients.
Patients with tumor grades of I–II had a significantly
higher median overall survival compared with
patients with tumor grade III–IV (P ¼ 0.001).
Figure-1B shows the overall survival of the patients
based on the tumor grade in the patients.

Median OS for Groups 1, 2, and 3 were 8.5
months, 12 months, and 69.6 months respectively (P
, 0.001). The overall survival of the patients in the
three groups has been compared in Fig. 1C. Tumor
size (P¼ 0.016), margin status (P¼ 0.006), grade (P¼
0.001), stage (P ¼ 0.037), PST status (P , 0.001),
presence of complications (P ¼ 0.046), severity of
complications (P¼ 0.002) and transfusion history (P
¼ 0.003) were all predictors of survival. Patient and
tumor characteristics and univariate survival anal-
ysis in the 119 patients are listed in Table 3.

Cox regression analysis demonstrated that grade
(hazard ratio¼ 3.1, P¼ 0.002), PST involvement (HR
¼ 2.7, P¼ 0.041), transfusion requirement (HR¼ 2.6,
P ¼ 0.038), and margin status (HR ¼ 2.0, P ¼ 0.041)
were the only independent predictors of mortality
(Table 4). The mean overall survival for the patients
was 18.1 months and 40 (33.6%) patients are
currently alive.

Discussion

Although improvement in surgical techniques and
expertise, patient selection, and peri-operative care,
along with the implementation of multidisciplinary
approach to patient’s care, has led to reduced
morbidity and an improved 5-year-OS in high
volume pancreatic centers in some reports,5,8,14–16

pancreatic cancer is still one of the exceptional
cancers for which survival has not improved
significantly for nearly 40 years.1 More accurate
imaging modalities such as PET-CT, EUS, and new
generations of CT or MRI/MRCP have all contrib-
uted to earlier detection of pancreatic cancers and
improvement in their preoperative staging. This has
led to a better patient selection and an increase in
curative resectability rate in patients suffering from
a pancreatic malignancy.4,8 All of these factors have
to some extent played a role in improving long-term
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Table 2 Type of the operation, distribution and severity score of postoperative complications based on the revised Clavien-Dindo classification (CD
grade) in the 119 patients

Type of operations and tumor characteristics Group 1 (N ¼ 39) Group 2 (N ¼ 54) Group 3 (N ¼ 26) No. (%)

Type of operations
Pylorus sparing Whipple 17 (43.6) 16 (29.6) 8 (30.8) 41 (34.5)
Standard Whipple 14 (35.9) 24 (44.4) 15 (57.7) 53 (44.6)
Body / distal pancreatectomy 3 (7.7) 8 (14.8) 2 (7.7) 13 (10.9)
Total pancreatectomy 5 (12.8) 6 (11.2) 0 (0.0) 11 (9.2)
Ampulectomy 0 (0.0) 0 (0.0) 1 (3.8) 1 (0.8)

Type of complications
No complication 22 (56.4) 28 (51.9) 18 (69.2) 68 (57.2)

CD Grade 0
Mild complication

CD Grade I 1 (2.6) 6 (11.1) 1 (3.9) 8 (6.7)
CD Grade II 7 (18.0) 6 (11.1) 2 (7.7) 15 (12.6)
CD Grade III-A 3 (7.7) 3 (5.6) 2 (7.7) 8 (6.7)

Sever complication
CD Grade III-B 2 (5.1) 5 (9.3) 1 (3.9) 8 (6.7)
CD Grade IV-A 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
CD Grade IV-B 0 (0.0) 1 (1.9) 0 (0.0) 1 (0.8)

Death
CD Grade V 3 (7.7) 4 (7.4) 2 (7.7) 9 (7.6)

Missing information 1 (2.6) 1 (1.9) 0 (0.0) 2 (1.7)

Table 1 Comparison of patient’s and tumor characteristics, hospital stay, and operative data in the three groups of patients

Patient and tumor characteristics Group 1 (N ¼ 39) Group 2 (N ¼ 54) Group 3 (N ¼ 26) P-value

Age § 64.3 6 8.9 65.1 6 10.2 61.8 6 11.9 0.406*
Gender, N (%)

Female 18 (46.2) 28 (51.8) 13 (50) 0.862#

Male 21 (53.8) 26 (48.2) 13 (50)
Race, N (%)

Caucasian 30 (76.9) 40 (74.1) 19 (73.1) 0.928#

African American 9 (23.1) 14 (25.9) 7 (26.9)
Hospital stay (days) § 23.6 6 24 16.3 6 10.7 15.1 6 6.3 0.047*
Estimated blood loss (milliliter) § 671 6 609 570 6 534 388 6 258 0.231*
Operation time (minute) § 346 6 96 319 6 77 317 6 54 0.532*
Presence of complication N (%) 16 (42.1) 25 (47.2) 8 (30.8) 0.381#

Patients received BT, N (%) 30 (78.9) 39 (73.6) 13 (50) 0.034#

Intra-operative BT (units) § 2.4 6 2.9 1.9 6 2.5 0.3 6 0.7 0.002*
Postoperative BT (units) § 3.3 6 10.5 1.6 6 2.5 0.9 6 1.2 0.279*
Preoperative Ca 19-9 level 1445 6 6538 2226 6 2622 875 6 1269 0.566*
Tumor size (cm) § 4.7 6 1.9 3. 7 6 1.9 2. 7 6 1.6 ,0.001*
Perineural invasion N (%) 31 (79.5) 46 (85.2) 10 (38.5) ,0.001#

Lymphovascular invasion N (%) 23 (59) 36 (66.7) 8 (30.8) 0.009#

LN involvement N (%) 23 (59) 38 (70.4) 10 (38.5) 0.024#

Positive LN ratio § 0.21 6 0.25 0.26 6 0.29 0.01 6 0.16 0.037*
Tumor location N (%)

Head 31 (79.5) 37 (68.5) 15 (57.7) 0.082#

Ampula 3 (7.7) 9 (16.7) 9 (34.6)
Body and tail 5 (12.8) 8 (14.8) 2 (7.7)

Tumor stage N (%)
Stage I–IIA 15 (38.5) 14 (25.9) 16 (61.5) 0.008#

Stage IIB–IV 24 (61.5) 40 (74.1) 10 (38.5)
Tumor grade N (%)

Grade 1–2 22 (57.9) 28 (51.8) 16 (61.5) 0.685#

Grade 3–4 16 (42.1) 26 (48.2) 10 (38.5)

*, ANOVA test; #, Chi square test; §, Meanþ Standard deviation; LN, lymph node; Positive LN ratio, ration of positive LN / resected
LN; BT, blood transfusion.
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patient survival worldwide. In spite of these
advances, a majority of patients with pancreatic
cancer are still diagnosed late. As many as 50% of
these patients are found to have metastasis at the
time of diagnosis, and curative surgery is not an
option. Furthermore, those patients who have
locally advanced disease, even in the form of large
venous involvement (SMV/PV), may benefit from a
more aggressive surgery.2,17,18

There has been a wide variation in the rate of R1
reported in the literature, which ranges from figures
below 20% to more than 75%.19 The previous studies
have also not been consistent in showing the impact
of surgical margin status on the prediction of
survival in patients with pancreatic cancer. Al-
though the majority of the studies have emphasized
the importance of surgical margin status as a
predictor of survival in these patients,3,5,7,9 other
studies have failed to show a significant difference
of outcome based on the margin status.10,11 There
have also been a variety of definitions between
different studies as to what is called R1. Further-
more, there has been a historic controversy regard-
ing the definition of microscopic margin
involvement between United States, Canadian, and
European centers. In the United States and Canada
R1 is considered by many pathologists as the
presence of pancreatic tumor at the surface of
resection, but in Europe the presence of a tumor
within 1 mm of the margin is called R1.20

The lack of standardized protocol for postsurgical
pathologic evaluations of tissues, problems in
distinguishing distal bile duct cancers from pancre-
atic and ampullary cancers, and confusion in the
nomenclature might have all contributed towards
these variations in the reported results and out-
comes, which will preclude any comparison of data
between different studies.20 It also confirms the
unreliability of the margin status concept in its
current definition, the ‘‘presence of residual tumor
after treatment’’ according to the International
Union against Cancer Classification (renamed
Union for International Cancer Control) (UICC),21

as a predictor of survival and performance measure
guide for surgeons and reporting pathologists.19

This has led to a call for redefining this terminology
in an internationally recognized fashion.19

Conventionally, the resection margins have in-
cluded the bile duct resection margin, pancreatic
neck transection margin, uncinate process margin
(medial resection margin), and gastric/pyloric or
duodenal resection margins. However, it is not a
common practice by pathologists to look at the
tissue around the posterior surface of the pancreas
head, the surface of the head that faces the superior
mesenteric vessels and as a misnomer is called
‘‘retroperitoneal surface,’’ and the anterior surface of
the pancreas head, which is not a true resection
margin.20 We are lacking a general consensus as to
which parts of the pancreatic head constitutes the
circumferential resection margin.

A comparison between the survival of the
patients with equivocal margin involvement (tumor
involvement within 1 mm of, but not directly
reaching, one or more resection margins) and
unequivocal margin involvement (tumor directly
reaching one or more resection margins) confirmed
that even equivocal margin involvement should be
considered as incomplete resection of the pancreatic
cancer.22

In the current study, we went further and
explored the impact of PST tumor involvement
compared with unequivocal margin involvement on
the overall survival of patients with pancreatic
cancer. In the current study we defined PST
involvement as the presence of tumor cells in the
peripancreatic soft tissues including the anterior and
posterior plain of fat and fibrous tissues. The impact
of an involved PST, irrespective of resection margin
status, following a pancreatectomy has not been
investigated before.

In our study PST tumor involvement indepen-
dently predicted a poor outcome in patients who
underwent a pancreatectomy for malignancy. The
overall survival in patients with PST involvement
even in the presence of a negative resection margin
was similar to those with a positive margin. Due to
the fact that there is no current consensus on the
definition of either resection margin or R1 resection,
we propose that this novel predictor of outcome
(PST tumor involvement), which is quite practical

 
Fig. 1 (A) Overall survival of the 119 patients with pancreatic adenocarcinoma based on their tumor stage. (B) Overall survival of the

119 patients with pancreatic adenocarcinoma based on their tumor grade. (C) Overall survival in the three groups of patients with

pancreatic adenocarcinoma. Group 1 ¼ R1 resection (N¼ 39), Group 2 ¼ R0 with involved PST (N ¼ 54), and Group 3 ¼ R0 with

uninvolved PST (N¼ 26).
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and simple to report, be added to the definition of
positive margin status or, interchangeably, be used
as R1 resection.

This retrospective study, like others, has shown
that the most important factor in achieving long-term
survival in patients with resectable pancreatic cancer
is obtaining an R-0 resection. In contrast to the
previous studies, we would like to emphasize that
the presence of R-0 resection in its current definition
does not indicate the best outcome if there is PST
tumor involvement. Only in the presence of negative
PST would R-0 resection count as a strong predictor
of favorable outcome and improved survival in
pancreatic cancer patients.

In the previous studies, age of the patient,3,23,24

stage of the disease,24,25 tumor grade,3,5,24 lymph-node
status,3,5,7,24–26 resection margin status,3,5,7,9 presence

of complications,23,27,28 size of the tumor,5,9 and
transfusion requirement9,23 have all been proposed
as factors predicting outcome in the patients with
pancreatic cancer. While in our experience tumor size,
stage, grade, presence and severity of complications,
margin status, PST involvement, and transfusion
requirement were all important predictors of mortality
in the patients with pancreatic adenocarcinoma, grade
of the tumor, PST involvement, margin status, and
transfusion requirement were the only independent
factors predicting the outcome in this group of
patients.

Conclusion

In conclusion, better patient selection, intra- and
peri-operative care, center volume, and surgeon

Table 3 Univariate analysis of overall survival by patient and tumor characteristics

Characteristics Factors Median overall survival (months) P-value *

Gender Male 16.98 0.310
Female 13.38

Age ,60 years 12.96 0.325
�60 years 13.93

Race Caucasian 14.13 0.637
Non�Caucasian 10.45

Transfusion Transfusion (�) 36.59 0.003 *
Transfusion (þ) 12.03

Complication Complication (�) 14.72 0.046 *
Complication (þ) 10.98

Severity score of complication CD score (0 ) 14.72 0.002 *
CD score (I–IIIA) 17.61
CD score (IIIB–V) 3.74

Preoperative Ca-19-9 ,200 18.53 0.495
�200 14.13

Type of surgery Pyloric sparing Whipple 13.93 0.756
Whipple 13.38
Total pancreatectomy 14.13
Distal pancreatectomy 17.87

Tumor size Tumor size , 3 cm 18.69 0.016 *
Tumor size . 3 cm 11.93

Margin Margin (�) 16.98 0.006 *
Margin (þ) 8.46

Lymph node involvement Lymph Node (�) 18.68 0.105
Lymph Node (þ) 12.95

PST involvement § PST (�) 53.80 ,0.001 *
PST (þ) 11.93

Stage Stage I–IIA 21.67 0.037 *
Stage IIB–IV 12.72

Grade Grade I–II 18.53 0.001 *
Grade III–IV 10.69

Group Group 1 (R1) 8.46 ,0.001 *
Group 2 (R0/PSTþ) 12.03
Group 3 (R0/PST�) 69.61

Overall — 13.93 –
�

§ PST, peri-pancreatic soft tissue; CD, Clavien-Dindo; *, statistical significance.
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experience have all contributed to recent improve-
ments in the outcomes of major pancreatic surgeries.
Involvement of peripancreatic soft tissue indepen-
dently predicts a poor outcome in patients who had
pancreatectomy for pancreatic adenocarcinoma. Our
study demonstrates that survival in patients with
peripancreatic soft tissue tumor involvement even
in the presence of a negative resection margin is
similar to those with a positive margin. In our
experience the most important factors in predicting
long-term survival were grade of the tumor, PST
involvement, margin status, and transfusion re-
quirement.
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