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ABSTRACT

Objective: analysis and evaluation of a multidisciplinary ap-
proach, postoperative results and survival of a group of patients
with resected pancreatic cancer after a multimodal therapy.

Design: descriptive, prospective and observational study.

Patients: between January 2004 and December 2004, 124
patients with pancreatic cancer were evaluated. In 30 patients
pancreatic resection was performed, and they are the object of
this study. Results of preoperative evaluation, postoperative mor-
bidity and mortality, and long term survival were studied.

Results: diagnostic evaluation was completed in ambulatory
basis in 20% of the patients. In 63% of cases, admission was done
in the same day of surgery. In 3 patients (9%), tumor resection
was not achieved, therefore, concordance between radiological
and surgical resectability rate was 91%. Resectability rate was
24.1%. Surgical Mortality was 3.3%, with a global morbidity rate
of 56.6%. Survival at one, two, three and, four years was 76.2%,
56.3%, 43%, v 27.3% respectively.

Conclusions: technological development and coordination of
efforts in multidisciplinary teams offer an accurate evaluation of
tumor involvement, and may reduce the number of laparotomies
without tumor resection. The application of a systematic and ge-
neralized multimodal treatment in pancreatic cancer is progres-
sively showing a tendency of progressive increase in resectability
and survival rates in pancreatic cancer.

Key Words: Pancreatic cancer. Multidisciplinary. Multimodal
Therapy.

INTRODUCTION
Pancreatic Cancer (PC) has increased its incidence in

Spain over 160% from 1980 to 2005 (1,2). Its poor prog-
nosis has generated a traditional pessimism. However, in

Received: 05-02-10.
Accepted: 30-06-10.

Correspondence: R. Morales Soriano. Servicio de Cirugia General y Diges-
tivo. Hospital Son Lldtzer. 07198 Palma de Mallorca. e-mail: rafa.mora-
les@telefonica.es; rmorales@hsll.es

recent years a renewed interest has emerged thanks to the
multidisciplinary approach which is resulting in a better
tumor extension evaluation, standardization of the surgical
technique, oncologic adjuvant protocols, and more recent-
ly, neoadjuvant therapy (3,4). These developments, toge-
ther with reduction of surgical morbidity and mortality, the
appearance of increasingly effective cytostatics, and the
implementation of multimodal systematic therapy in the
majority of patients, are achieving for the first time, an in-
crease of long term survival in pancreatic cancer (5-7).

OBJECTIVES

Evaluation of tumor extension with a multidisciplinary
approach. 2. Analysis of postoperative results and sur-
vival, after the implementation of a multimodal therapy,
in a group of consecutive patients with resected pancreat-
ic malignancies. Variables studied: rate of tumor exten-
sion evaluation in ambulatory basis, surgical resectability
rate, mortality and postoperative morbidity, peroperative
transfusion rate, reoperation, hospital stay, readmission,
histological findings and survival.

PATIENTS AND METHODS
Patients selection

Between January 2004 and December 2009, 124 patients
with pancreatic cancer were analyzed prospectively at the
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Fig. 1. Algorythm guideline aproved by the Hepatobiliary pancreatic
Tumor Committee

Hospital Son Llatzer. Pancreatic resection was performed in
30 patients, who are the object of this study. Inclusion crite-
ria: Patients with malignant pancreatic tumours that under-
went resection. Exclusion Criteria: Patients with cholangio-
carcinoma, ampullary adenocarcinoma/periampullary, non-
invasive mucinous neoplasms, and malignant tumours of
the duodenum were excluded. All patients were assessed at
the weekly meeting of Liver-Tumor Committee, composed
by surgeons, gastroenterologists, radiologists, oncologists
and pathologists. A guideline protocol previously agreed
and approved by the committee was applied to all patients.
All patients signed a specific informed consent for evalua-
tion and treatment procedures.

Extension and resectability study

The study began with a double-contrast CT scan with
oral and intravenous dye, three phases, and fine cuts (1-2
mm). In 26 patients a EUS was done, of which, a fine nee-
dle aspiration was made in 22 cases. Until 2006, cytologi-
cal diagnosis was made with conventional Papanicolau
staining from samples obtained by biliary brushing with
retrograde cholangiopancreatography (ERCP) and FNA
(fine needle aspiration) endoscopic ultrasonography
(EUS). From 2006 on, a liquid cytology technique (Thin-
Prep®) was introduced, with Diff-Quick staining to assess
the adequacy of cellularity. ERCP was performed with
placement of a plastic biliary stent (8 fr.) in patients with
severe jaundice, or surgical intervention exceeding one
week, as well as in patients included in the preoperative
neoadjuvant protocol. Percutaneous transhepatic drainage
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Fig. 2. Surgical field alter cephalic duodenopancreatectomy. 1. V.
Cava; 2. Right Renal vein; 3. Left renal vein; 4. Portal vein; 5. Splenic
vein; 6. Distal pancreas; 7. Superior mesenteric artery; 8. Aorta; 9. Su-
perior duodenopancreatic artery; 10. Right Hepatic artery coming from
the superior mesenteric artery. 11. Common hepatic artery; 12. Liga-
ted gastroduodenal artery; 13. Common bile duct (sectioned); 14. Celi-
ac Trunk.

was done when the endoscopic route failed. The guideline
protocol applied is showed in Fig. 1. Patients were classi-
fied in three groups: 1. Metastatic disease, with radiologic
evidence of liver, lung or peritoneal metastases. 2. Re-
sectable disease: resectable tumours without vascular in-
filtration, and 3. Locally advanced disease: tumours with
infiltration of portal, or superior mesenteric vein. In this
last group, a preoperative neoadjuvant protocol with gem-
citabine (1000 mg/m?) and oxaliplatine (100 mg/m?) was
performed during 4 cycles, together with a posterior re-
evaluation with CT scan. In patients without systemic pro-
gression surgery was scheduled 4 weeks after the last cy-
cle. Tumours with arterial involvement (common hepatic
artery, celiac axis or superior mesenteric artery) were con-
sidered unresectable.

Surgical resection limits

Pancreaticoduodenectomy included an antrectomy.
Dissection of uncinate process reached the right border of
the superior mesenteric artery (5,8,9). Lymphadenectomy
included the hepatoduodenal ligament, celiac trunk and
infraduodenal interaortocaval space (Fig. 2).

Histological analysis

An intraoperative and definitive study of resection
margins was performed at 3 levels: 1. Hepatic duct mar-
gin, 2. Pancreatic section margin, and 3. Superior mesen-
teric artery margin. Involvement of resection margins
was defined according to the American Joint Commission
on Cancer Staging Manual (6™ Edition). RO: Absence of
tumor cells in all resection margins, R1: presence of tu-
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mor cells in any of the margins, and R2: presence of
macroscopic tumor in any margin.

Patient follow-up and survival. After surgery, patients
received adjuvant therapy with (gemcitabine 1000
mg/m2) and a follow-up every 3 months with analysis,
tumor markers (CEA and CA 19-9) and CT. For patients
without recurrence after 3 years, the interval between
checks was extended to 6 months for patients living out-
side our Health Area, follow-up was performed by tele-
phone. For survival analysis, patients with follow up less
than twelve months were excluded. The patient died in
the immediate postoperative was excluded for long term
survival analysis.

Definitions

—Pancreatic Fistula. Drainage of more than 50 ml of
liquid with amylase superior to three times the normal
limit of plasmatic amylase during ten or more days, or ra-
diologic or surgical evidence of anastomotic dehiscence.

—Slow gastric emptying. Unable to start oral diet, or
requirement of a nasogastric tube during more than ten
days postoperatively.

—Surgical Mortality. Death within 30 days after
surgery or anytime during hospitalization.

Statistical analysis

Descriptive analysis of quantitative variables is ex-
pressed through the average, standard deviation, median
and ranges. Qualitative variables are expressed in per-
centages. Comparisons between both were made with
Chi-square, and exact Fischer’s test. A level of statistical
significance p < 0.05 was established. Survival analysis
was done using the Kaplan-Meier test.

RESULTS
Preoperative evaluation

Between January 2004 and December 2009, pancreatic
cancer was diagnosed to 124 patients at the Hospital Son
Llatzer. Thirty of these patients underwent tumor resec-
tion (surgical resectability 24.1%). Initial symptoms were
jaundice (73.5%, 22 patients), epigastric pain (16.6%, 5
patients), acute pancreatitis (6.6%, 2 patients), and toxic
syndrome (3.3%, 1 patient). The average age was 65.2
years (37-85 years). There were 16 male (53.4%), and 14
women (46.6%). From the 33 patients who were consid-
ered resectable, tumor resection could not be performed
in 3 cases (9%), because of subcentimetric hepatic metas-
tasis (2 cases), and arterial and venous vascular invasion
(1 case), therefore correlation between radiological and
surgical resectability was 90.9%. Tumor was visible by
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CT-scan in 93.3% of patients. EUS was done in 26 pa-
tients (86.7%), with tumor identification in 25 cases (di-
agnostic accuracy: 96.1). In the 2 patients were tumor
was not visible with CT, diagnosis was made with EUS,
and cytological confirmation of malignancy was made by
endosonographic punction. Preoperative biliary drainage
was performed in 15 patients (52%), using endoscopic
route in 11 cases and percutaneus transhepatic drainage
in 4 cases. We could not find significant differences in lo-
cal or systemic infections between patients with biliary
stent (4 patients), and patients without (2 patients) (p =
0.07). Tumor extension evaluation could be done on an
outpatient basis in 20% of patients (6 cases), and admis-
sion was performed the same day of surgery in 19 cases
(63%).

Surgical results

Of the 120 patients with a PC diagnosis, pancreatic re-
section was performed on 30 (surgical resectability rate:
24.1%). Three laparotomies without tumour resection
were done (9%). Techniques applied were Whipple pan-
creaticoduodenectomy (25 cases, 83.4%), distal pancrea-
tectomy with splenectomy (4 cases, 13.3%), and total
pancreatectomy with splenectomy (1 case). In four pa-
tients (12%), neighbour organs were resected because of
local invasion (subtotal gastrectomy 2 cases, partial
colectomy 1 case, and hepatic segmentectomy 1 case).
Hepatic resection was performed due to an isolated he-
patic metastasis in an asymptomatic patient after two
years of neoadjuvant therapy and radiologic disappear-
ance of the tumour. Portal vein resection was performed
in 3 patients because of tumor invasion (2 lateral resec-
tions with primary suture, and 1 segmentary resection
with polytetrafluoroethylene (PTFE) graft reconstruction.

Transfusion rate was 14% for patients with preopera-
tive haemoglobin superior to 12 gr/dl and 38% for those
patients < 12 g/dl. Mortality in the series was 3.3% (one
patient died with acute portal vein thrombosis after portal
segmentary resection). Global morbidity was 56.6%.
Reintervention rate was 6.6% (one postoperative intesti-
nal obstruction, and one intra-abdominal extravasation of
jejunostomy catheter). Readmission rate was 6.6% (2 cas-
es): one adhesive intestinal obstruction one month after
surgery, and one intra-abdominal collection 15 days after
surgery which resolved spontaneously. Medical complica-
tions rate was 29.5%: two central track infections, one
subclavian vein thrombosis, one urinary infection and
one cardiac arrhythmia which required a pace-maker
placement. Perioperative results are shown in Table 1.

Histhological results

Resection margins were clear (R0) in 24 cases (80.1%),
R1 in 4 cases (13.3%), and R2 in 2 patients (6.6%). The
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Table I. Perioperative Results
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Table II. Histologic results

Perioperative Results n (%)
Mortality 1(3.3%)
General morbidity 56.6%
Medical Complications 5(29.5%)
Surgical Complications 12 (70.5%)

- Slow Gastric Emptying 2(6.6%)

(
- Pancreatic Fistula 2 (6.6%)
- Intra-abdominal Abscess 2 (6.6%)
- Postoperative Haemorrhage 1(3.3%)
— Chylous Ascites 1(3.3%)
- Wound Infection 1(3.3%)
- Enteral Catheter Extravasation 1(3.3%)
— Biliary Fistula 1(3.3%)
- Intestinal Obstruction 1(3.3%)
Reinterventions 2 (6,6%)

Postoperative Intestinal Obstruction
Jejunostomy Catheter Extravasation

Readmissions 2 (6,6%)
Adhesive Intestinal Obstruction
Postoperative Abscess

Operative Duration Average: 6,3 (4-9) hours

Median: 6,5 hours

Postoperative Stay 15,6 days (7-42 days)

average of isolated nodes per patient was 18.5 (median
15). Perineural invasion was confirmed in 27 of 30 patients
(90%). The three patients without perineural invasion cor-
responded to one endocrine carcinoma, an invasive intra-
ductal papillary mucinous carcinoma, and invasive solid
pseudopapillary tumor respectively. Lymph node involve-
ment was present in 76.7% of patients. The average of ex-
amined lymph nodes per patient was 18.5 (Table II).

Follow up and Survival

Adjuvant chemotherapy was administered in 82.8%
(25 patients). In three patients chemotherapy was not ad-
ministered, in one patient ought to advanced age, and in
two cases ought to the histology of the tumor (solid
pseudopapillary tumor in one case, and neuroendocrine
carcinoma in another case). Postoperative radiotherapy
was applied in 17% of patients (3 cases with involvement
of the resection margins, and two cases of local recur-
rence). Preoperative neoadjuvant therapy was performed
on 5 patients. Postoperative follow-up was completed in
all patients except for one, due to unnoticed residence
change. Twelve patients died during follow up. Causes of
death were tumor progression (8 cases), acute myocardial
(1 case), mesenteric ischemia (1 case), pulmonary em-
bolism (1 case), and development of prostate adenocarci-
noma with pulmonary metastases in another case. Four
patients had suffered or developed a malignancy other
than CP (two patients with complete remission from lym-

Histology
Ductal Adenocarcinoma 23
Invasive Intraductal Papillary Mucinous 2
Acinar Adenocarcinoma 1
Carcinoma Endocrino 1
Adenocarcinoma Mixto (Pancreatico-Biliar) 1
Sarcomatoid Carcinoma 1
Invasive Solid Pseudopapilar Tumor 1

Cellular Differentiation

G1 31%

G2 55%

G3 7%

G4 7%
TNM

T-T2-T3-T4 0-16,6%-80,1% - 3,3%

NO - N1 23,3% - 76,7%

Nodes per patient Average 18,5 (5-53)
Resectinon margins

RO 80,1%

R1 13.3%

R2 6,6%
Tumor size 39ecm(1,5-17)

phoma, and one patient diagnosed during follow-up of a
prostate adenocarcinoma). In the fourth patient, one gas-
trointestinal stromal tumors in stomach and proximal je-
junum was diagnosed during pancreatectomy being both
resected during surgery. Follow up average was 24.6
months (4-68 months), with median of 15 months. Even-
though a greater survival rate is described for some pan-
creatic malignancies such as intraductal papillary carci-
noma or endocrine carcinoma if compared to ductal
adenocarcinoma, all cases described in the series present-
ed criteria of malignancy and have therefore been includ-
ed in the survival evaluation. The current median survival
was 24 months (median 14). Survival at one, two, three
and four years was 76.2%, 56.3%, 43% and 27.3% re-
spectively. Average survival decreases to 20.7 months
(median 13) if malignancies with better prognosis de-
scribed above are excluded. Average survival of patients
without nodes invasion was significantly greater to that
of patients with invaded nodes (NO: average 44.8 months,
median 50; N1: average 16.3 months, median 14) (p =
0.0211). Survival rate presented no differences between
patients without resection margins invasion (average 22
months) and patients with resection margins invasion
(average 20.8) (p = 0.3536).

DISCUSSION

Pancreatic cancer incidence has increased in Spain over
a 160% between 1980 and 2005, with 4.591 deaths regis-
tered in 2005 (1,2). PC is considered to be the digestive tu-
mor with worse prognosis due to its early dissemination,
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late diagnosis and, until now, absence of an effective sys-
temic therapyl0. At diagnosis, 50% of patients present
with liver or lung metastases, with a median survival be-
tween 4 and 6 months, and 30% of patients presents with a
locally advanced tumor with vascular infiltration, having a
median survival between 6 and 12 months. Only 15-25%
of these tumors are resectable at the time of diagnosis, with
this group having a median survival of 20-25 months, a
survival at 5 years of 10-25%, and a local recurrence rate
during the first 2 years of 75%(11-14). In spite this data,
there have been published recently several works indicat-
ing that a progressive change is taking place in the progno-
sis of CP (6,7,15-17). On one side, important advances
have been incorporated in the diagnosis and assessment of
tumor resectability, as well as in the perioperative manage-
ment, postoperative complications management and onco-
logic adjuvant therapy. On the other, initially non-invasive
tumors like intraductal papillary neoplasms and mucinous
neoplasms have been described, which can undergo
surgery in an early stage before transforming into a malig-
nant tumor (18). Despite these improvements, PC still rais-
es certain nihilism. In a study of 192.500 patients with pan-
creatic cancer, Bilimoria described that less than 40% of
patients with early-stage tumors were operated in the Unit-
ed States, and that more than 40% of patients with pancre-
atic cancer are offered no therapy for the poor general
prognosis (19).

These improvements represent an important techno-
logical development and resource consumption. A coor-
dinated multidisciplinary approach offers an appropriate
study of tumor involvement and an accurate assessment
of pancreatic tumors resectability. In this way, unneces-
sary explorative laparotomies in patients with unre-
sectable diseases can be avoided, saving surgery for those
patients with real surgical resection chances (7). In our
study, CT and EUS diagnostic accuracy was 91% and
93% respectively, with a radiologic and surgical tumor
resectability concordance of 91% (30 of 33 patients), in
tune with published studies (4,20).

When handling with resectable tumors, preoperative
biliary drainage is still a controversial aspect due to pos-
sible increase of local septic complications, but it can be
useful for surgical scheduling and for those patients un-
dergoing preoperative neoadjuvant therapy (4). In our
study, this procedure was performed on 15 patients and
neither local nor systemic sepsis significative differences
appeared between patients with biliary drainage and
without it.

Some reasons to explain the better prognosis of pan-
creatic cancer in last years have been the advances in pe-
rioperative care, surgical technique, and early detection
of complications, resulting in a decrease of the surgical
mortality of pancreatectomy from 25% in the late 70s, to
less than 5% today (21-24,28). In our series, mortality
was 3.3% (one patient). Decrease in postoperative mor-
bidity and mortality, and evidence of high rate of per-
ineural and lymph node infiltration of these tumors (90
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and 76.7% respectively in our study), has favoured an in-
crease of surgical and oncologic radicalism with the aim
of increasing surgical resectability rate and clear resec-
tion margins, in order to decrease local recurrency and tu-
mor systemic progression after surgery (25,29-31). In this
higher radicalism context, resection of invaded contigu-
ous organs is becoming more common, resulting in a
higher complications rate in these patients, but also in
over a 35% of survival at 3 years 32. In our group, multi-
visceral resections were performed in 12% of cases (4 pa-
tients) without a higher morbidity or mortality.

Another area of growing interest is vascular resection
in locally advanced tumors. At diagnosis, approximately
30% of patients show tumors invading mesenteric or celi-
ac trunk vessels, which were considered irresectable until
recently (33-35). In the last years several publications
proved that in the absence of distant disease, resection of
the porto-mesenteric vein can be performed with a rea-
sonable morbidity, but with a significant increase sur-
vival, to patients undergoing pancreatectomy without
vascular resection, but with a significant increase of sur-
vival. Therefore, more and more teams are starting to
work with vascular resection techniques, thus increasing
surgical resectability rate (36-39).

Probably, the most decisive factor to explain this re-
cent increase in survival has been the widespread and
systematic use of a multimodal treatment that combines
surgical resection with new cytostatic agents and/or radi-
ation therapy (20,28). Based on results of neoadjuvant
therapy in rectal cancer 41, in the early 90s several
groups started a preoperative neoadjuvant scheme
with/without radiotherapy for resectable pancreatic can-
cer (3,42-46). The main advantages proposed with this
new scheme are to provide a complete therapy in most
patients, avoiding complex surgery in patients with rapid-
ly progressive disease and/or occult metastases, achiev-
ing a complete histological response in 5% of patients, a
lower involvement of surgical resection margins, and re-
cently described, obtaining a lower lymph node infiltra-
tion rate in the studied specimens, which would mean
downstage the tumor (7,46-49). In this line of multimodal
therapy, Ohigashi 50 has recently published the results of
a triple therapy with preoperative chemo-radiotherapy,
followed by surgery with postoperative years infusion of
5-Fluorouracile through the gastroduodenal artery and
superior mesenteric vein, with 5 years survival of 53%,
local reoccurrence of 9%, and 7% of hepatic metastasis.

LIMITATIONS OF THE STUDY

The main limitations of this study are the reduced size
of the sample and the short follow-up of the patients, re-
sulting from the early stage condition of the program. We
expect to be able to incorporate a greater number of pa-
tients and to extend the follow-up period to more than 5
years in the future.
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CONCLUSIONS

Cure rate in pancreatic cancer is still poor. However,

technological development and multidisciplinary ap-
proach can improve the accuracy of the tumor extension
evaluation, and reduce the number of diagnostic laparo-
tomies without tumor resection. With the application of a
multimodal systematic and generalized therapy that com-
bines radical surgery with new schemes of oncologic
therapies, surgical resectability and mid and long-term
survival seem to be showing a gradual increase. Random-
ized clinical trials are needed to evaluate the effective-
ness of other promising lines such as neoadjuvant thera-
py, or postoperative intrahepatic infusion of cytostatics.
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