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1.Introduction: 
 
1.1 Embryological and anatomical background of the Foregut and 
Pancreas: 
 

The foregut gives rise to the esophagus, stomach, liver, gallbladder, 
pancreas and the caudal portion of the duodenum. Pancreas development 
begins during the 4th-5th weeks of gestation as distinct dorsal and ventral 
buds arising from the endoderm of the caudal foregut, the proximal 
duodenum. The dorsal bud is larger than and slightly more cranial to the 
ventral bud. Each bud communicates with the foregut through a duct. 
Rotation of the duodenum causes the ventral pancreatic bud to rotate 
clockwise to the left of the duodenum and brings it posterior and inferior to 
the dorsal pancreatic bud.  

The two buds fuse to form the pancreas during the 7th week of gestation. 
The ventral bud forms the inferior part of the head of the pancreas and the 
uncinate process and the dorsal bud forms the superior part of the head, 
the body, and the tail of the pancreas. The ductal systems of the two buds 

fuse in the 8th week. The main pancreatic duct (duct of Wirsung) which 
enters the duodenum at the major duodenal papilla (ampulla of Vater) is 
formed by the longer dorsal duct draining into the proximal ventral duct to 
form. If the proximal portion of the dorsal duct remains, it forms an 
accessory duct (duct of Santorini) that opens into a minor accessory papilla 
located about 2 cm above the main duct. The accessory duct opens into a 
minor papilla in 33% of people and ends blindly in 8% of people. Fifty 
percent of people do not have an accessory duct. Endocrine cells (islets) are 

identifiable by the 8th week. Exocrine 
pancreatic development continues 
after birth with maturation of specific 
digestive enzymes.(1,4) 
 
Figure1: Embrology of the pancreas: 

 

 
 

 
Pancreas of a 5-week-old human embryo.(Naspghan) 
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The fully developed pancreas is arbitrarily divided into head, uncinate 
process, neck, body and tail. The pancreatic head constitutes about 50% 
and the body and tail the remaining 50% of the pancreatic parenchymal 
mass. The head of the pancreas lies in the duodenal C loop in front of the 
inferior vena cava and the left renal vein. The uncinate process is an 
extension of the lower (inferior) half of the head toward the left; it is of 
varying size and is wedged between the superior mesenteric vessels (vein 
on right, and artery on left) in front and the aorta behind it. The lower 
(terminal) part of the common bile duct runs behind (or sometimes 
through) the upper half of the head of pancreas before it joins the main 
pancreatic duct of Wirsung to form a common channel (ampulla), which 
opens at the papilla on the medial wall of the second part of the duodenum. 
 
The neck of the pancreas lies in front of the superior mesenteric vein, 
splenic vein and portal vein junction. The body and tail of the pancreas run 
obliquely upward to the left in front of the aorta and left kidney. The 
pancreatic neck is the arbitrary junction between the head and body of the 
pancreas. Portal vein lies behind the neck of the pancreas; no tributaries 
drain from the posterior surface of the pancreas into the anterior surface of 
the portal vein; therefore, a tunnel can be easily created behind the neck of 
the pancreas before its division. The narrow tip of the pancreas tail reaches 
the splenic hilum in the splenorenal (lienorenal) ligament.(2,3,4) 
 

Figure 2: Anatomy of the pancreas: 
 

 

The pancreas and duodenum posterior view (Left), anterior view (Right). (Naspghan) 
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1.2. Histological build up and function of the Pancreas:  
 
The histological build up of the pancreas includes two glandular systems: 
- Exocrine pancreas:  
 
This part arises as little grape-like cell clusters, each called an acinus 
located at the terminal ends of pancreatic ducts. These acinar cells secrete 
enzyme-rich pancreatic juice into tiny merging ducts that form two 
dominant ducts. The larger duct fuses with the common bile duct. The 
smooth muscle sphincter of the hepatopancreatic ampulla controls the 
release of pancreatic juice and bile into the small intestine. 
The pancreas produces over a liter of pancreatic juice each day. This juice 
contains protein-digesting enzymes in their inactive forms which are 
activated in the duodenum via the enteropeptidase enzyme which 
stimulates the activation of trypsin from trypsinogen of the pancreas, which 
in turn changes the pancreatic enzymes procarboxypeptidase and 
chymotrypsinogen into their active forms, carboxypeptidase and 
chymotrypsin. Amylase, Lipase and nuclease are secreted in their active 
forms.(5) 
 

- Endocrine pancreas: 
 
The islets of the endocrine pancreas each contain four varieties of cells: 

• The alpha cell produces the hormone glucagon and makes up 
approximately 20 percent of each islet. Glucagon plays an important role in 
blood glucose regulation; low blood glucose levels stimulate its release. 

• The beta cell produces the hormone insulin and makes up approximately 
75 percent of each islet. Elevated blood glucose levels stimulate the release 
of insulin. 

• The delta cell accounts for four percent of the islet cells and secretes the 
peptide hormone somatostatin. Pancreatic somatostatin inhibits the release 
of both glucagon and insulin. 

• The PP cell accounts for about one percent of islet cells and secretes the 
pancreatic polypeptide hormone. It is thought to play a role in appetite, as 
well as in the regulation of pancreatic exocrine and endocrine secretions. 
Pancreatic polypeptide released following a meal may reduce further food 
consumption; however, it is also released in response to fasting.(5) 
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1.3. Pancreatic neoplasia: 

1.3.1. Cellular components: 

Basically, pancreatic neoplasms are classified according to their cellular linage. 

Every cell type that exists in the pancreas has been described to have one or 
more neoplastic lesions.(6,7,8,9) 

Cellular components of the pancreas can be classified to six categories:  

I. Acinar cells     

II. Ductal cells  

These two cell lineage constitute the exocrine pancreas. 

III. Islets of Langerhans: which represents the endocrine component. 

IV. Ambiguous cells: less characterized centroacinar cells. 

V. Supportive elements: surrounding connective tissue, vessels, 
nerves…ect.   

VI. Potenial cells: no clear function in adult human pancreas. (ex: stem cells) 
(6,7,8,9) 

 

1.3.2. Overview of the various types of pancreatic neoplasms: 

1. Ductal Neoplasia: 

With their high regenerative capacity and secretory properties, ductal cells 
are more vulnerable to neoplastic transformations. Moreover, the ducts are 
the only component of the pancreas exposed to the outside world 
(mutagens). The vast majority of pancreatic neoplasms have ductal origin.  
Mucin related glycoproteins (MUC1) and onkoproteins such as 
carbohydrate antigen 19-9 (CA19-9),  and carcinoembryonic antigen (CEA) 
are typically detected in ductal and mucinous tumors.(6,7) 
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• Invasive Ductal Neoplasia: 

The most common form of ductal neoplasms is the invasive ductal 
adenocarcinoma (pancreatic cancer). It is also the most common 
pancreatic tumor constituting more than 85% of all pancreatic tumors. 
Invasive ductal adenocarcinomas have some unique morphological 
characters such as rapid perineural invasion and vascular invasion. The 
former would be a possible cause of back pain in pancreatic cancer, while 
the later may explain the metastatic nature of the tumor.(6) 

Some other invasive tumors from the ductal cell lineage have been reported 
and described. For example, a less differentiated form of ductal 
adenocarcinoma known as undifferentiated carcinoma which has a much 
more aggressive behavior.(10) Some further distinctive tumors with 
osteoclast like giant cell components have been reported (Undifferentiated 
carcinoma with osteoclast-like giant cells).(11) 
 
A squamous differentiation can also be seen in ductal adenocarcinomas 
(adenosquamous carcinoma).(11,12,13) Other rarer and highly aggressive 
forms of ductal tumors have been reported such as colloid carcinoma and 
medullary carcinoma.(14,15,16,17) 
 
 

• Noninvasive Ductal Neoplasia: 
 
The relative recently identified Pancreatic intraepithelial Neoplasms 
(PanIN) represent the most common form under this category (18). These 
tumors can grow in a metaplastic form to resemble a carcinoma in situ. 
However, usually they are accidently found in morphologically normal 
pancreata.(19)  

Some large non invasive ductal tumors which usually grow up to clinically 
detectable masses have been identified. These include mucinous cystic 
neoplasms, intraductal papillary mucinous neoplasms, and intraductal 
oncocytic papillary neoplasms. Such tumors may show a sort of 
precancerous behavior similar to the adenoma-carcinoma sequence of 
tumors from other gastrointestinal origin.(20,21) 

Furthermore, non malignant serous-cystic pancreatic tumors (serous 
adenoma) have been described.(6,22) These tumors lack mucinous 
differentiation and appear almost always in body-tail parts of the 
pancreas.(6,22) 
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2. Pancreatic Endocrine Neoplasia (PEN): 

Previously known as islet cell tumors, PENs are well differentiated 
hormonally and clinically functional tumors. They are named upon the 
hormonal syndrome for example insulinoma or glucagonoma, gastrinoma 
…ect. Non functional PENs are detected accidentally. PENs can be part of 
multiple endocrine neoplasia (MEN type 1) Although they tend to follow a 
benign course, metastasis and recurrence are not rare. High proliferation 
index with high mitotic activity are signs of aggressive tumor behavior. 
Recently, the WHO distinguished between well differentiated pancreatic 
endocrine tumors and well differentiated pancreatic carcinomas.(23-29) 

Other rare forms of pancreatic tumors include: (6) 
 
3. Acinar Cell carcinoma (ACC). 
 
4. Mixed carcinomas. 
 
5. Solid Pseudopapillary Tumor.  
 
6. Cystic Pancreatic Lesions: the most common forms are: intraductal 
papillary mucinous neoplasm (IPMN) and serous cystadenoma.  
 
7. Pseudotumors. 
 
8. Mesenchymal Tumors. 
 
9. Secondary Tumors.  
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1.4. Invasive Ductal Adenocarcinoma ‚Pancreatic Cancer’:  

1.4.1. Epidemiology and risk factors:  

Pancreatic Cancer is the 14th most common cancer and the 7th common 
cause of cancer mortality worldwide.(30) Though, there is a remarkable 
variation of the incidence among different geographical regions. Developed 
western countries have higher incidence compared to developing African 
and south American countries.(30-32) This variation suggests that 
environmental factors play an important role as risk factors for the 
development of pancreatic cancer. 

 

Figure 3: Epidemiology of pancreatic cancer: 

 

Diagram of incidence of pancreatic cancer in both sexes throughout the world Adapted from Globocan 

2018. (31) 
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Data investigating risk factors for pancreatic cancer are still preliminary. 
Generally, risk factors can be divided into 2 main categories: 

• Non modifiable risk factors: 

Age: 
 
Pancreatic cancer is a disease of the elderly. 90% of newly diagnoses 
patients are older than  55 years. Though, demographic differences have to 
been taken in consideration.(30) 
 
 
Gender: 
 
The incidence of pancreatic cancer tend to be slightly higher in males than 
females. (Age-standardised rate 5.5 in males compared to 4.0 in 
females).(30,31) Wahi et al 2009 showed in his review that reproductive 
factors are not associated with development of pancreatic cancer in 
females.(33) Environmental exposure is meant to be an alternative 
explanation for incidence difference.  
 
Ethnicity: 
 
It has been postulated that the incidence of pancreatic cancers is higher in 
African Americans than in their fellow Caucasians.(34)  This was attributed to 
higher nicotine and alcohol consumption and higher body mass index 
within African Africans.(35) Genetic predisposition has been also 
postulated.(36) 
 
Microbiota: 
 
The potential role of gut micobiota and gastrointestinal cancer has been 
under extensive investigation over the last decade. A recent review showed 
that lower levels of Neisseria elongate and Streptococcus mitis, and higher 
levels of Porphyromonas gingivalis and Granulicatella adiacens are 
associated with an increased risk of pancreatic cancer.(37) 
 

Diabetes: 
 
Both types of diabetes are established risk factors for pancreatic 
cancer.(38,39) 
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Genetic susceptibility: 
 
Familial Pancreatic cancer accounts for 5 to 10% of new cases.  Pancreatic 
cancer is considered to be for familial if two or more first degree relatives 
as previously being diagnosed with the disease. Patients with familial risk 
factors have a higher risk of developing pancreatic cancer than those with 
no family history. Specific syndromes such as Peutz-Jegherz syndrome and 
hereditary non polyposis colon cancer are also associated with an increased 
risk of pancreatic cancer compared to the general population.(40-44) 
 
 

• Modifiable risk factors: 

Chronic pancreatitis: 

Chronic pancreatitis is a well established risk factor for pancreatic 
cancer.(52,53) Patients with chronic pancreatitis have up to 13 fold higher 
risk of pancreatic cancer.(52)  

Smoking: 

Many studies have identified the significantly increased risk to develop 
pancreatic cancer in smokers.(45,46)  Even after smoking cessation, the risk 
remains high. (46,47) 

Alcohol: 

Alcohol consumption has been linked to pancreatic cancer since years. 
Several studies have investigated the role of alcohol consumption in 
development of pancreatic cancer.(48,49)  One  recent meta-analysis showed 
that low and moderate alcohol consumption was not associated with 
pancreatic cancer risk, however, in those with a high alcohol consumption 
there was a 15% increased risk of pancreatic cancer.(50) Excessive alcohol 
consumption is the leading cause of chronic pancreatitis which is per se a 
risk factor for pancreatic cancer.  

Obesity: 

Obesity is a rising problem in the modern world. Studies which investigated 
the association of increased body mass index (BMI) and pancreatic cancer 
reported an increased risk of pancreatic cancer up to 10% in obese patients 
with every 5 BMI units.(51) As obesity is a serious problem more in 
developed countries, this might explain the increased incidence of some 
cancers including pancreatic cancer in these countries.  
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Infection: 

Correlation between pancreatic cancer and some infections such as H. 
pylori and hepatitis C. have been investigated. However, More research 
work is needed in this field.(30)  

Diet: 

There is no such a strong evidence about the impact of dietary factors on 
the risk of pancreatic cancers.(51) 

Figure 4: Impact of modifiable factors on pancreatic cancer: 

 

 

 

 

 

 

 

 

 
 
 

World Cancer Research Fund global report 2015. (51) 
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1.4.2. Pathophysiology and molecular biology: 
 
As in many other solid malignant tumors accumulation of genetic mutations 
triggers the development of pancreatic cancer.(64) Mutation in three 
different gene groups take place to start the carcinogenesis; oncogenes, 
tumor-suppressor genes and genomic maintenance genes.(65,66) 
 
Genetic alteration in pancreatic cancer include numerous genes such as 
oncogenes (K-ras, HER2, AKT2, and MYB) as well as tumor suppressor genes 
(TP53, P16, CDKN2, CDKNB, MADH4, FHIT, BRCA2, TGFBR2 and MLH1).(64) 
 
In around 80% of non familial pancreatic cancers a mutation the K-ras 
takes place.(67) P16 and TP53 are the most commonly inactivated tumor 
suppressor genes in pancreatic cancer.(68,69) Additionally, pancreatic cancer 
overexpresses many growth factors and their receptors, including the 
epidermal growth factor family, vascular endothelial growth factor, 
fibroblast growth factor, and many cytokines, such as transforming growth 
factor β, interleukins 1, 6, 8, and tumor necrosis factor α.(70-78). 
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1.4.3. Diagnostic tools and Screening: 
 
The success in reducing cancer mortality in some solid tumors is not 
particularly related to the development of new drugs or other therapeutic 
agents, rather to a remarkable extent due to the advance achieved in early 
detection and screening programs.(56,60)  
 
Within this strategy the concept of prophylactic therapies had been 
developed. Preemptive surgical interventions have been recognized as 
useful and effective therapeutic tools for the management of several 
premalignant conditions in high risk patients.  
 
For example, prophylactic liver transplantation in patients with primary 
sclerosing cholangitis reduces the risk of cholangiocarcinoma.(57) 
 Total thyroidectomy is recommended for patients with multiple endocrine 
neoplasia MEN typ 2/familial medullary carcinoma.(58) prophylactic 
bilateral mastectomy and oophorectomy in patients with BRCA1 and 
BRCA2 mutations reduces the risk of breast cancer and ovarian cancer by 
90%.(59) 
Total proctocolectomy is recommend for patient with familial hereditary 
non polyposis colorectal cancer. (60) 
 
Due to its rapid progression and aggressive nature as well as it’s low 
incidence, pancreatic cancer was considered historically not a suitable 
disease for an effective preventive or early detection program. Nowadays, 
accumulating knowledge about the tumor biology  and the continuous 
development in diagnostic tools changed our vision to the disease.(56) 
 
The carcinogenesis in pancreatic cancer is indeed a multistep process 
which takes place over a couple of years as in other gastrointestinal tumors. 
Therefore, this process allows a potential window of time to detect and 
manage pre-invasive lesions.(61,62) 
 
Already existing diagnostic methods can now detect some precancerous 
lesion such as PanINs and IPMNs.(63) However, a cost effective screening 
program with this relatively low incidence is still awaited. On the other 
hand, high risk individuals are evaluated for potential precancerous 
lesions.(61) 
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• Symptoms and clinical presentation: 

Symptoms primarily are caused by mass effect rather than exocrine or 
endocrine insufficiency . The clinical features depend on the size and 
location of the tumor as well as its metastases. Jaundice, pain, and weight 
loss are classic symptoms of pancreatic cancer. Nonspecific early symptoms 
often are unrecognized; therefore, most pancreatic cancers are advanced at 
the diagnosis.(79) 

More than two thirds of pancreatic cancers occur in the head of the 
pancreas and usually present as steadily increasing jaundice caused by 
biliary duct obstruction. Obstruction of the bile duct causes jaundice with 
disproportionately increased levels of conjugated bilirubin and alkaline 
phosphatase in the blood. Urine becomes dark because of the high level of 
conjugated bilirubin and the absence of urobilinogen. Stool turns pale 
because of the lack of stercobilinogen in the bowel.(80)  

In addition to jaundice, rising bilirubin levels can cause severe pruritus. As 
hepatic function becomes compromised, patients experience fatigue, 
anorexia, and bruising caused by loss of clotting factors.  

Patients with tumors in the body and tail of the pancreas generally present 
with nonspecific pain and weight loss. Body and tail tumors are much less 
likely to cause obstructive signs and symptoms. Patients may have pain in 
the epigastrium or the back ranging from a dull ache to a severe pain. 
Tumors in the body and tail usually do not cause symptoms until they are 
large and most present as locally advanced disease extending to the 
peritoneum and spleen.(80) 

Unexplained weight loss may be the presenting feature of pancreatic 
cancer. Weight loss may be caused or exacerbated by anorexia, diarrhea, or 
early satiety. Obstruction of the pancreatic duct causes steatorrhea, 
exacerbating weight loss and malnutrition. Patients commonly become 
cachectic as the disease progresses.  
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• Physical examination: 

Other than jaundice, weight loss, and bruising, physical examination 
findings may be normal. A distended, palpable but non tender gall- bladder 
in a jaundiced patient (Courvoisier’s sign) is 83 to 90% specific but only 26 
to 55% sensitive for malignant obstruction of the bile duct. Although 
Courvoisier’s sign increases the likelihood of malignancy, absence of the 
sign does not rule it out. The liver may be tender and enlarged. In advanced 
disease stages, patients may present with ascites, palmar erythema, and 
spider angioma. Other findings associated with advanced pancreatic cancer 
or other abdominal malignancies include left supraclavicular 
lymphadenopathy (Virchow’s node) and recurring superficial 
thrombophlebitis (Trousseau’s sign).(81) 

• Diagnostic Tests: 

Together with patient history, physical examination, serum bilirubin and 
alkaline phosphatase levels can point to pancreatic cancer, but they are not 
diagnostic. The serum tumor marker carbohydrate antigen CA19-9 may 
help confirm the diagnosis in symptomatic patients and may help predict 
prognosis and recurrence after resection. However, CA19-9 lacks sufficient 
sensitivity (only 50 to 75%) and specificity (80%) to effectively screen 
asymptomatic patients.(82) Recent data suggested that the serum tumor 
markers beta subunit of human chorionic gonadotropin (beta-HCG) and 
CA72-4 are also strong independent prognostic factors.(83,84) 

Conventional computed tomography (CT) and transabdominal 
ultrasonography are appropriate for initial imaging. However, dual-phase 
helical CT scanning is the most sensitive test, and it noninvasively identifies 
98% of pancreatic cancers and distant metastases, providing diagnostic and 
staging information.  If CT findings are not concrete or negative and clinical 
suspicion remains high, endoscopic ultrasonography can be performed. A 
fine-needle aspiration biopsy guided by endoscopic ultrasonography may 
provide tissue diagnosis in patients with primarily nonresectable tumors. 

Patients who are surgical candidates can undergo definitive surgery 
without preoperative histologic confirmation. Magnetic resonance imaging 
is less sensitive than CT and is not used in typical clinical practice.  

Endoscopic retrograde cholangiopancreatography (ERCP) is used only 
when other modalities are inconclusive and the suspicion for malignancy is 
high or when delineation of the biliary tree is crucial. ERCP also is 
appropriate when stent placement to relieve biliary obstruction is 
needed.(85-87) 
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1.4.4. Tumor staging: 
 
The most widely used staging system for pancreatic cancer is the one 
designed by the American Joint Committee on Cancer (AJCC) together with 
the Union for International Cancer Control (UICC). The  8th and latest 
edition of the AJCC staging manual was released in 2016 und have been 
effective since the beginning of 2018.(88) 
 
 
Table 1: 8th Edition Staging Manual AJCC: 

AJCC (TNM) 

Primary tumor (T) 
 
 

Tx Primary tumor cannot be assessed 
T0 No evidence of primary tumor 
Tis Carcinoma in situ 
T1 Tumor  ≤2 cm in greatest dimension 
T2 Tumor >2≤ 4 cm in greatest dimension. 

T3 
Tumor >4cm without involvement of coeliac axis or superior 

mesenteric artery 
T4 Tumor involves coeliac axis or superior mesenteric artery 

Regional Lymph 
Nodes (N) 

 

NX Regional lymph nodes cannot be assessed 
N0 No regional lymph nodes metastasis 
N1 Metastasis in 1-3 lymph nodes 
N2 Metastasis in ≥ 4 lymph nodes 

 Distant Metastasis 
(M) 

 

M0 No distant metastasis 
M1 Distant metastasis 

 
UICC 

Stage 0 Tis N0 M0 
Stage IA T1 N0 M0 
Stage IB T2 N0 M0 
Stage IIA T3 N0 M0 
Stage IIB T1 N1 M0 

 T2 N1 M0 
 T3 N1 M0 

Stage III T4 Any N M0 
 Any T N2 M0 

Stage IV Any T Any N M1 
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Patients included in this series have been treated at our institute between 
2006 and 2012. Therefore, they have been staged according to the 6th and 
7th editions of the AJCC staging manual released on 2002 and 2009 and 
effective since 2003 and 2010 respectively. 
 
Differences between these three editions include mainly tumor size and 
number of lymph nodes metastases. 
 
Table 2: 7th Edition Staging Manual AJCC: 

AJCC (TNM) 

Primary tumor (T) 
 
 

Tx Primary tumor cannot be assessed 
T0 No evidence of primary tumor 
Tis Carcinoma in situ 
T1* Tumor limited to pancreas, ≤2 cm in greatest dimension 
T2* Tumor limited to pancreas, >2 ≤ 4 cm in greatest dimension. 

T3* 
Tumor extends beyond pancreas without involvement of coeliac 

axis or superior mesenteric artery 
T4* Tumor involves coeliac axis or superior mesenteric artery 

Regional Lymph 
Nodes (N) 

 

NX Regional lymph nodes cannot be assessed 
N0 No regional lymph nodes metastasis 
N1 Metastasis in 1-3 lymph nodes 
N2* - 

 Distant Metastasis 
(M) 

 

M0 No distant metastasis 
M1 Distant metastasis 

 
UICC 

Stage 0 Tis N0 M0 
Stage IA T1 N0 M0 
Stage IB T2 N0 M0 
Stage IIA T3 N0 M0 
Stage IIB T1 N1 M0 

 T2 N1 M0 
 T3 N1 M0 

Stage III* T4 Any N M0 
Stage IV Any T Any N M1 
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Table 3: 6th Edition Staging Manual AJCC: 
AJCC (TNM) 

Primary tumor (T) 
 
 

Tx Primary tumor cannot be assessed 
T0 No evidence of primary tumor 
Tis Carcinoma in situ 
T1* Tumor limited to pancreas, ≤2 cm in greatest dimension 
T2* Tumor limited to pancreas, >2 cm in greatest dimension. 

T3* 
Tumor extends beyond pancreas without involvement of coeliac 

axis or superior mesenteric artery 
T4* Tumor involves coeliac axis or superior mesenteric artery 

Regional Lymph 
Nodes (N) 

 

NX Regional lymph nodes cannot be assessed 
N0 No regional lymph nodes metastasis 
N1 Metastasis in 1-3 lymph nodes 
N2* - 

 Distant Metastasis 
(M) 

 

M0 No distant metastasis 
M1 Distant metastasis 

 
UICC 

Stage 0 Tis N0 M0 
Stage IA T1 N0 M0 
Stage IB T2 N0 M0 
Stage IIA T3 N0 M0 
Stage IIB T1 N1 M0 

 T2 N1 M0 
 T3 N1 M0 

Stage III* T4 Any N M0 
Stage IV Any T Any N M1 

* Variations between the 6th, 7th and the 8th edition of the AJCC staging manual.   
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1.4.5. Treatment: 
 
Although many patients are not good candidates for resection at the time of 
presentation, surgery remains the only chance for a potentially curative 
treatment. Only 20% of the patients have resectable tumors at the time of 
diagnosis. Multimodality therapeutic strategies are carried out in most of 
the operated cases. This includes combinations between Surgery, 
Chemotherapy and Radiationtherapy on adjuvant and/or neoadjuvant 
basis.(89) According to the size and extention of the primary tumor and the 
presence of distant metastases pancreatic cancer is clinically classified into 
resectable, borderline resectable, locally advanced disease and metastatic 
disease.(89) 
 

• Resectable pancreatic cancer: 
 

Surgery is recommended for small organ-localized lesions without distant 
metastases. Tumor free resection margins (R0) should be targeted. Patients 
with macroscopically rest tumors (R2) will get no benefit at all from the 
surgery.(89) Until now there is no universally accepted standard pathological 
reporting for R0, which leads to relevant discrepancies regarding R0/R1 
rates. The American-European AJCC/UICC staging system defines R1 
resection as the presence of microscopic tumor cells on the resection tissue 
margin (0mm rule). While the British Royal College of Pathology considers 
a resection as R1 if tumor cells are present within 1mm of the resected 
margin.(91) 
 

• Borderline resectable pancreatic cancer: 
 
The definition of borderline resectable pancreatic cancer is not uniform and 
still under debate. Typically it is defined as the imprecise continuum 
between radiologically and technically resectable and nonresectable 
disease. Imaging criteria and clinical features are the main deciding 
factors.(89) As vascular reconstruction is usually the limiting factor during 
surgery. Therefore, vascular involvement plays the key role in deciding 
whether the tumor is resectable or not. Older studies have shown that 
pancreatic resection en bloc with resection of parts of the mesenterico 
portal axis did not improve outcomes.(97) This hypothesis has been 
challenged by later studies from single institution high volume centers.(98,99) 
 
Data about arterial resection alongside pancreatectomy procedures for 
pancreatic cancers is limited. Mollberg et al showed in his meta analysis of 
26 studies that patients undergoing pancreatectomy en bloc with arterial 
resection had significantly greater perioperative morbidity and mortality. 



 22 

However, arterial resection indeed improved the survival compared to 
patients who did not undergo resection.(100) This conclusion was supported 
by other studies from high volume centers.(101)  
 

• Locally advanced pancreatic cancer: 
 
The term locally advanced pancreatic cancer implies the involvement of 
adjacent structures, especially major arteries, by the pancreas tumor that 
precludes surgical resection, without evidence of distant metastases.(89) 
Subjective clinical assessment und staging as well as variations between 
different institutions lead to overlap at the presentation of borderline and 
locally advanced tumors.(102) 
 

• Metastatic pancreatic cancer: 
 
Surgical resection of the primary tumor is no more of a benefit for patients 
with metastatic tumors. Gastric and biliary bypass procedures can be 
offered to control symptoms such as icterus and mechanical bowel 
obstruction.   
 
Figure 5: Criteria for resectability: (source: Anuhya Kommalapati et al 2018) 
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• Surgical procedures: 
 

According to tumor location, size and invasion of adjacent structures 
surgical procedures vary from one patient to another. Tumors in the head 
part of the pancreas are resected via a partial pancreaticoduodenctomy 
(Whipple procedure).  
 
Figure 6: Whipple procedure:  
Removal of most of the duodenum, the pylorus, head of pancreas, distal part of the common 
bile duct, the gallbladder and regional lymph nodes. Bruns, Kleespies et al 2009(95) 

 

 
 
 
 
 
 
 
 
 
 
 
 
Reconstruction can take place using 1, 2 or even 3 loops of small intestine. 
At our institution a reconstruction using 2 loops of small intestine is carried 
out on standard basis.(95) Independently from the type of reconstruction, 
three anastomoses have to be accomplished: a pancreaticojejunostomy, a 
gastroenterostomy and a biliary anastomosis.  
 
Figure 7: Types of reconstruction in Whipple procedure:  
one loop (left), two loops (middle) or three loops (right). Bruns, Kleespies et al 2009(95) 
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To avoid dumping symptoms caused by loss of regulation of stomach 
emptying after pyloric resection, a pylorus preserving Whipple are carried 
out sometimes. In tumors of the body or tail parts of the pancreas or tumors 
to the left from the mesenterico portal axis a distal pancreatectomy with 
splenectomy is carried out in most of the cases (distal 
splenopancreatectomy). Big pancreas body tumors can be removed using a 
total or subtotal pancreatoduodenectomy with or without splenectomy.  
 

• Vascular ‘venous’ resection: 
 
Irrespective of the type of procedure performed, a complete mobilization of 
the specimen should be done before the vascular resection resulting in an 
en bloc resection of the whole specimen including the affected vessel. 
Tangential resection of the lateral superior mesenteric vein or portal vein 
or segmental sleeve resection can be performed based on tumor location. 
Tangential resection in case of attachment of the tumor to the right-sided 
superior mesenteric vein or portal vein was usually reconstructed by 
simple venous suture. In case of resection of more than one-third of the 
lateral wall, autologous venous patches (internal jugular, saphenous, 
inferior mesenteric vein) can be performed to avoid venous narrowing. 
Hereby, the splenic vein can be preserved. In case of infiltration of more 
than half of the circumference a venous segment resection should be done. 
Reconstruction is carried out using an end to end anastomosis or using a 
venous patch. In case of confluence resection the splenic vein stump is not 
reinserted when adequate collateral circulation is present via the short 
gastric veins. (152) 

 
 

Figure 8: Types of 
reconstruction after 
resection of parts of 

the mesenterico portal 
axis: 

 
A: tangential resection with 
or without vascular patch. 

 
 B: SMV segment resection.  

 
C/D: Confluence resection. 
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Neoadjuvant and adjuvant therapies: 
 

• Neoadjuvant treatment: 
 
Over the recent years data from single institutions und some meta analyses 
increased focus on the neoadjuvant treatment options for  early stage 
disease as well as locally advanced tumors.(103) Decreasing tumor size, 
disease downstaging, increasing the R0 resection rates, limiting surgical 
complexity and treating micrometastases at the time of diagnosis were the 
main driving forces for application of neoadjuvant treatment in pancreatic 
cancer. (103) 
 
Table 4: Recent meta analyses supporting neoadjuvant treatment: (source 

Raufi et al 2018) 
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The indication of neoadjuvant treatment in patients with resectable tumors 
was also under debate. Failure to response to the treatment or even disease 
progress into metastatic or locally advanced ‘nonresectable’ tumor have 
been reported up to 16% according to Zhan et al 2017.(104) Golcher et al 
2015 demonstrated that neoadjuvant treatment for resectable tumors could 
not increase the resection rates but indeed increased the median overall 
survival.(105) 
 
Table 5: Studies discussing neoadjuvant treatment for resectable pancreatic 
cancer: (source Raufi et al 2018) 

 
The role of neoadjuvant treatment in borderline resectable and locally 
advanced tumors has been also distinctively investigated. Furthermore, 
radiation therapy was included in some trials. However, most of the trials 
were carried out at single centers and had small sample sizes.  
 
For example, the PREOPANC study from 2018 showed survival benefit and 
higher rates of R0 resection for patients with borderline resectable tumors 
who received neoadjuvant chemotherapy + Radiation therapy compared to 
patients who were directly operated. Notably, resection rates were lower in 
the neoadjuvant group. Trials of neoadjuvant treatment in locally advanced 
tumors showed some superiority in R0 resection rates but no survival 
benefit.(103) 
 
 
 
 
 
 
 
 

 



 27 

Table 6: Studies discussing neoadjuvant treatment for borderline and 
locally advanced pancreatic cancer: (source Raufi et al 2018) 
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• Adjuvant Treatment: 
 
For patients with potentially curable pancreatic tumors adjuvant 
chemotherapy is recommended on standard basis to prevent disease 
recurrence which is very common even with the earliest tumor stages. 
Reproducible data showed better overall survival for patients who received 
adjuvant chemotherapy following surgical resection.(92) Gemcitabine had 
been the most widely used regimen for adjuvant chemotherapy for 
pancreatic cancers. 5 Fluorouracil and Leucovorin have been also  tried.(93) 
The ESPAC-4 Study (European Study Group for Pancreatic Cancer) showed 
remarkable survival benefit when combining Gemcitabine with 
Capecitabine compared to Gemcitabine only. This regimen is currently the 
standard adjuvant therapy for resected pancreatic cancer.(89,94) 
 
Recently, and based on the experienced beneficial application of 
FOLFIRINOX as a palliative chemotherapy, Conroy et al. 2018 demonstrated 
remarkable survival benefit for FOLFIRINOX as an adjuvant chemotherapy 
for resected pancreatic cancer compared to Gemcitabine. Though, this 
benefit is achieved at the expenses of more toxic effects.  
 
 

• Palliative therapy: 
 
Palliative therapy in nonresectable pancreatic cancer targets mainly pain 
and obstructive symptoms aiming to improve the quality of life. Biliary 
digestive and gastrojejunal anastomoses (double Bypass) can be carried out 
to overcome jaundice and gastric output obstruction. Stenting the bile duct 
using endoscopic retrograde cholangiopancreatography (ERCP) can be 
carried out in cases of isolated jaundice without gastric output obstruction.  
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1.5. Purpose of the study: 
 

Pancreatic cancer is one of the most aggressive tumors of the 
gastrointestinal tract. The complex pathophysiology and molecular biology 
of the tumor as well as the unfavorable anatomical relations to the major 
visceral blood vessels add more difficulty to the management of such a 
malignancy. Hence, the prognosis of pancreatic cancer remains almost 
unchanged over years with a 5 year survival rate around 5%. 
 
Surgical resection represents the only possible chance for a potential cure. 
However, only 15-20% of the patients present with small localized tumor at 
the time of diagnosis. Extension of the surgical procedures to include 
resection of neighboring organs or adjacent vital blood vessels has been a 
focus for clinical surgical research over the last decades. Till the 1990s, 
tumor infiltration of the mesenterico portal axis had been considered a 
contraindication for surgical resection. Nowadays, due to the increasing 
surgical experiences in high volume pancreas centers as well as 
development of the perioperative care, an en bloc pancreatectomy with 
vascular resection is carried out on regular basis with very promising 
outcomes regarding overall survival and postoperative morbidity. 
 
On the other hand, systemic chemotherapy is an essential component of the 
multimodality therapy in pancreatic cancer. Chemotherapy can be applied  
on adjuvant or neoadjuvant basis with curative intention and also as a 
palliative therapy for non resectable tumors. Recent trials in chemotherapy 
for pancreatic cancer have shown some improvement in terms of survival.  
 
With this improvement in chemotherapy regimens and the remaining 
controversy about the indication for an extended pancreatectomy with en 
bloc vascular resection for locally advanced tumors, two hypotheses have 
been suggested: 
 
a) In terms of survival, it is still worthy to carry out an en bloc vascular 
resection instead of palliative chemotherapy for borderline resectable and 
locally advanced pancreatic cancer. 
 
b) The survival benefit after en bloc vascular resection is NOT balanced out 
by the postulated higher postoperative morbidity and mortality. 
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2. Material and Methods: 
 
This is a retrospective data analysis of patients with different stages of 
pancreatic cancer who underwent pancreatic resections  at the department 
of General, Visceral and Thoracic Surgery at the University Medical Center 
Hamburg-Eppendorf. 
 
2.1. Selection of patients:  
 
Between 2006 and 2012 a total of 764 patients have been admitted at our 
department for a planned pancreatic resection by pancreatic cancer. A 
curative concept of therapy have been intended for all patients.  
Patients who underwent a neoadjuvant chemotherapy (n=185) were 
excluded. Surgical exploration showed inoperable tumors in 142 patients. 
These patients were also excluded. The final cohort included a total of 437 
patients.  
 
2.2. Subgroups of patients:  
 
The cohort of 437 patients was divided into two main groups: 364 patients 
who underwent conventional pancreatectomy procedures without vascular 
resections (nVR) and 73 patients who underwent extended pancreatectomy 
procedures enbloc with resection of parts of the mesenterico portal axis 
(VR). The later group (VR) was further divided according to microscopic 
proof of tumor invasion of the resected venous segment. 
 
2.3 Perioperative management:  
 
The preoperative tumor work up included routine laboratory tests 
including tumor markers (CA19-9 and CEA), abdominal ultrasound, 
computed tomography as well as endoscopic investigations such as 
endoscopic retrograde cholangiopancreatography with or without 
ultrasound. Distant metastases were investigated using standard imaging 
procedures such as x-ray and/or computed tomography.  
 
The postoperative management included routine laboratory tests alongside 
with daily physical examinations with special regards for the common 
surgical complications such as hemorrhage, bile leak, anastomosis 
insufficiency and pancreatic fistula. Portal vein thrombosis was investigated 
via Doppler ultrasound on routine basis in patients who underwent an 
enbloc vascular resection. Perioperative mortality was defined as death 
within the first 30 days after surgery. 
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2.4. Follow up: 
 
Follow up was carried out through regular patients’ visits at our outpatient 
clinic for the first 3 months after surgery. Later on, the follow up was done 
through contacting the patients’ family doctors or from the data collected 
from our regional cancer registry. In some cases the patients have been 
directly contacted. In this study the median follow up of the whole cohort 
was 22 months.  
 
 
2.5. Ethical Consideration: 
 
All the collected data was treated anonymously and was saved only by the 
author. The data was only generated for this study and was not 
shown/manipulated to/by a third party. Under this limitation and 
according to the law of the medical syndicate in Hamburg (Berufung, § 9 
Abs.2 Hamburgerisches Kammergesetz für Heilberufe), there was no need for 
an additional ethical approval.  
The offered treatment at the time of surgery as well as all surgical decisions 
taken were completely independent from all research studies including this 
one.  
 
2.6. Statistical analysis: 
 
The statistical analysis was performed using SPSS software and Prism 
Graphpad. Survival probabilities were estimated using the Kaplan Meier 
curves. Differences between patient groups were assessed by Log-rank test. 
Differences were considered to be statistically significant at a P value of 
<0.05. Patients who died within 90 days after the surgery were excluded 
from the overall survival statistics.  
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3. Results: 
 
3.1. Characteristics of patients: 
 
The age of included patients ranged from 32 to 90 years old. The median 
age was 67.5 years. Among the 437 patients included there was 224 males 
and 213 females.  
The cohort of 437 patients was divided into two main groups: 364 patients 
who underwent classical pancreatectomy procedures without vascular 
resections (nVR) and 73 patients who underwent extended pancreatectomy 
with en bloc vascular resection (VR). The later group (VR) was further 
divided according to the histological proof of tumor invasion of the resected 
vessel. 
Thirty one patients had histologically tumor invasion of the resected vein 
(VR+), whereas in 42 patients the histology reports had shown no signs of 
tumor invasion of the portal vein (VR-). 
Other findings such as tumor differentiation, lymph node involvement and 
vascular invasion were assessed at our department of histopathology at our 
institute.  
 
Table 7: Characteristics of patients: 

 

  

 

VR 

 

(nVR) 

(n=364) 

 

Total 

(n=437) 

 
 

P 

 
 
 

 
VR+ (n=31) VR- (n=42) 

 

Total (n=73) 
 

 

 
 

 

Gender M/F 15/16 16/26 31/42 193/171 224/213 0.1285 
 
 

Median age 67 (49-87) 66 (41-83) 66 (41-87) 69 (32-90) 67.5 (32-87) 0.9203 
 
 

Age groups:       
 
 

 

30-50 years 5 (16.1%) 3 (7.2%) 8 (11%) 37 (10.2%) 45 (10.3%) 0.3802 
 
 

51-70 years 23 (74.2%) 30 (71.4%) 53 (72.6%) 201 (55.2%) 254 (58.1%) 0.2059 
 
 

>71 years 3 (9.7%) 9 (21.4%) 12 (16.4%) 126 (34.6%) 138 (24.6%) 0.0298 
 
 

VR+ = vascular infiltration.  VR- = no vascular infiltration.  nVR= no vascular resection. 
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3.2. Types of Surgery: 
Based on perioperative assessment as well as intraoperative findings 
regarding the location of the tumor different surgical procedures had been 
carried out.  
Partial pancreato-duodendectomy ,Whipple’ (PPD) was the most common 
procedure carried out. In the VR group, 22 patients (71%) from the VR+ 
group and 31 patients (73.8%) from the VR- group had undergone a 
Whipple resection.  
 
Total duodeno-spleno-pancreatectomy (TDSP) procedures had been 
carried out in 8 patients (25.8%) from the VR+ group and in 10 patients 
(23.8%) from the VR- group. One VR+ patient (3.2%) had undergone a 
pyloric preserving pancreatoduodenectomy (PPPD) and one VR- patient 
(2.3%) had undergone a distal spleno-pancreatectomy (DSP).  
 
In the nVR group the procedures were divided as follows: 203 patients 
(55.8%) > PPD, 64 patients (17.6%) > PPPD, 34 patients (9.3%) > TDSP and 
63 patients (17.3%) > DSP. 
 
Table 8: Types of surgery: 
 

  

 

VR 

 

(nVR) 

(n=364) 

 

Total 

(n=437) 

 
 

P 

 
 
 

 
VR+ (n=31) VR- (n=42) 

 

Total (n=73) 
 

 

 
 

 

Type of surgery       
 
 

PPD 22 (71%) 31 (73.8%) 53 (72.6%) 203 (55.8%) 256 (58.6%) 0.2238 
 
 

TDSP 8 (25.8%) 10 (23.8%) 18 (24.7%) 63 (17.3%) 81 (18.5%) 0.2987 
 
 

PPPD 1 (3.2%) 0 1 (1.4%) 64 (17.6%) 65 (14.9%) 0.0024 
 
 

DSP 0 1 (2.3%) 1 (1.4%) 34 (9.3%) 35 (8%) 0.0541 
 
 

VR+ = vascular infiltration.  VR- = no vascular infiltration.  nVR= no vascular resection. 
PPPD = Pylorus preserving pancreatoduodenectomy. TDSP = total duodeno-
splenopancreatectomy.  PPD = partial pancreatoduodenectomy (whipple).  DSP = distal 
splenopancreatectomy 
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3.3. Tumor classification: 
 
In the nVR group 334 patients had T3 or T4 tumors and only 30 patients 
had T1 or T2 tumors. Whereas all 73 patients in the VR group had T3 or T4 
tumors (P= 0.698). Nodal involvement was present in 60 and 280 patients 
in the VR and nVR groups respectively. (P=0.402) Resection margins were 
free (R0) in 69.9% of the VR patients and in 55.2% of the nVR patients (P= 
0.029). From the 22 patients with R1 resection margins in the VR group, the 
R1 situation was on the venous resection site only in one patient. In the 
other 21 patients the R1 situation was at the dorsal resection margin. 
Within the 163 patients with R1 resection margins in the nVR group, only 
41 patients had had microscopically tumor cells the at the dorsal or the  
intrapancreatic resection sites. In the other 122 patients, tumor cells were 
present at the SMV groove.    
 
Table 9: Tumor classification: 
 

  

 

VR 

 

(nVR) 

(n=364) 

 

Total 

(n=437) 

 
 

P 

 
 
 

 
VR+ (n=31) VR- (n=42) 

 

Total (n=73) 
 

 

 
 

 

Tumor        

T1 0 0 0 8 (2.2%) 8 (1.9%) 
 
 

 

T2 0 0 0 22 (6%) 22 (5%) 
 
 

 

T3 25 (80.6%) 39 (92.9%) 64 (87.7%) 320 (87.9%) 385 (88.1%) 0.887 
 
 

T4 6 (19.4%) 2 (4.8%) 8 (10.9%) 14 (3.9%) 22 (5%) 0.024 
 
 

Nodal 

involvement 
      

 

N0 4 (12.9%) 9 (21.4%) 13 (17.8%) 84 (23.1%) 97 (22.2%) 
 
 

 

N1 27 (87.1%) 33 (78.6%) 60 (82.2%) 280 (76.9%) 340 (77.8%) 0.402 
 
 

Resection 

margins 
      

 

R0 18 (58.1%) 33 (78.6%) 51 (69.9%) 201 (55.2%) 252 (57.7%) 
 
 

 

R1 13 (41.9%) 9 (21.4%) 22 (30.1%) 163 (44.8%)* 185 (42.3%) 0.029 
 
 

VR+ = vascular infiltration.  VR- = no vascular infiltration.  nVR= no vascular resection. 
* R1 at the SMV groove in 122 patients. 
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3.4. Perioperative morbidity and mortality: 
 
Anastomosis insufficiency (AI) was the most common complication 
reported. A total of 74 patients (16.9%) had at least one anastomosis which 
was insufficient. With respect to the type of surgery and the carried out 
anastomoses the pancreaticojejunostomy was the most vulnerable 
anastomoses with leakage rates of 20.2% and 3.7% in the nVR and the VR 
groups respectively (P=0.010). An insufficiency of the biliary anastomoses 
was seen in 3 VR patients (4.2%) and in 11 nVR patients (3.3%) (P= 0.740). 
Two nVR patients (0.6%) had an insufficient gastroenterostomy. Two more 
nVR patients had insufficient panreaticojejunostomy and biliary 
anastomosis.  
 
From the whole cohort 58 patients (15.9%) suffered a pancreatic fistula: 3 
(5.5%) from the VR group and 55 (18.2%) from the nVR group (P=0.036). 
Grade C pancreatic fistula had been only reported in 14 patients (4.7%) 
from the nVR group.  
 
One VR Patient (1.4%) had a postoperative hemorrhage compared to 35 
patients (9.6%) from the nVR group (P= 0.027). Nine nVR patients (2.5%) 
had a postoperative portal vein thrombosis compared to only one VR 
patient (1.4%) (P=0.571). Intraabdominal infections have been also 
reported in comparable rates in both VR (9.6%) and nVR (5.2%) groups 
(P=0.180).  
 
In-hospital mortality (30 days mortality) was slightly higher in the VR 
group (12.3%) than in the nVR group (5.8%) (P=0.064). 
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Table 10: Perioperative morbidity and mortality: 
 

  

 

VR 

 

(nVR) 

(n=364) 

 

Total (n=437) 

 
 

P 

 
 
 

 
VR+ (n=31) VR- (n=42) 

 

Total (n=73) 
 

 

 
 

 

Pancreatic 

fistula 
      

 

Grade A 1(4.3%) 1 (3.1%) 2(3.6%)  9 (3%)   11(3%)  
 
 

 

Grade B 0 1 (3.1%) 1(1.8%)  
32 (10.6%) 

 
 33 (9%)  

 
 

 

Grade C 0 0  14 (4.7%)   14 (3.8%)   
 
 

total   3 (5.5%)  55 (18.2%) 
  58 (15.9%) 
 

0.036 
 
 

Anastomoses 

insufficiency 
      

 

GE 0 0 0 2 (0.6%)* 2 (0.5%)* 
 
 

 

PJ 1(4.3%)** 1 (3.2%)** 2 (3.7%)** 54 (20.2%)** 56 (16.5%)** 0.010 
 
 

Biliary 2 (6.5%)*** 1 (2.4%)*** 3 (4.2%)*** 11 (3.3%)***  14 (3.5%)*** 0.740 
 
 

PJ+ biliary 0 0 0 2 (0.7%)** 2 (0.6%)** 
 
 

 

total   5 (6.8%) 69 (18.9%) 74 (16.9%) 0.027 
 
 

Hemorrhage 1(3.2%) 0 1 (1.4%) 35 (9.6%) 36 (8.2%) 0.027 
 
 

Portal vein 

thrombosis 

 

1(3.2%) 0 1 (1.4%) 9 (2.5%) 10 (2.3%) 0.571 
 
 

Intraabdominal 

infections 
4 (12.9%) 3 (7.1%)  7 (9.6%) 19 (5.2%) 26 (5.9%) 0.180 

 
 

30 days mortality 6 (19.3%) 3 (7.1%) 9 (12.3%) 21 (5.8%) 30 (6.9%) 0.064 
 
 

GE: Gastroenterostomy.  PJ: Pancreaticojejeunostomy. 

  Patients who underwent a total duodenosplenopancreatectomy (n= 18 VR, 63 nVR) 
are excluded as they could not develop a pancreas fistula.  

* Patients who underwent a distal splenopancreatectomy (n=34) are excluded as they 
lack a gastroenterostomy. 

** Patients who underwent a total duodenosplenopancreatectomy (n= 63) or a distal 
splenopancreatectomy (n=34) are excluded as they lack a pancreaticojejunostomy. 

*** Patients who underwent a distal spelnopancreatectomy (n=34) are excluded from 
the statistik as they lack a biliary anastomosis.  
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3.5. Survival: 
 
The median survival (MS) was 25.1 months in the nVR group compared to 
14.1 months in the VR group (P=0.0158). Patients with histological proof of 
tumor invasion (VR+) had a MS of 12.6 months, while those without tumor 
invasion (VR-) had a MS of 14.4 months. Two patients (2.7%) from VR 
group and 16 patients (4.4%) from the nVR group survived for more than 
10 years. The MS in the whole VR group was 14.1 months. 
 
Figure 9: Survival in nVR, VR+ and VR- groups 

 
 
The following graphs show the differences in MS between the nVR and VR 
groups and between the VR+ and VR- subgroups regarding vascular 
infiltration, nodal involvement, resection margins, tumor size, and age.  
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• Resection margin: 
 
Regardless of the vascular resection, patients with tumor free resection 
margins had significantly better MS. 
 
Figure 10: Impact of resection margins on survival in nVR and VR 
groups: 

 
 

Independant of vascular tumor invasion patients with tumor free 
resection margins had also better but statistically non significant MS.  
 
Figure 11: Impact of resection margins on survival in VR+ and VR- 
groups: 
 

Moreover, there was no significant difference in survival between only 
R0 patients from the nVR (29,2m) and VR+ (15,2m) groups. (P=0,545) 
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Figure 12: Impact of resection margins on survival in nVR and VR+ 
groups: 
 
 
 
 
 
 
 

 
 

• Nodal involvement:  
 
The impact of nodal involvement on survival was similar to that of the 
resection margin. Patients without lymph node metastasis had a better 
survival than those with lymph node metastases. Neither vascular resection 
nor vascular invasion changed the better survival trends of N0 patients. 
 

Figure 13: Impact of nodal involvement on survival in all groups: 

 

R0 patients

0 25 50 75 100 125 150
0

50

100
nVR MS=29,2m

 
VR+ MS=15,2m

P=0,545

Survival in months

C
u

m
 S

u
rv

iv
a

l

 



 40 

• Tumor size: 
 
As mentioned before, T1-T2 tumors were present only in the nVR group. 
Patients with T1-T2 tumors had a remarkably better MS than patients with 
T3-T4 tumors (48m Vs 23.8m respectively, P<0.0001). 
 
Figure 14: Impact of tumor size on survival in nVR group: 
 
 
 
 
 
 
 
 
 
 
 
 
 
That statistically non significant trend seen in MS between nVR and VR+ 
patients shrunk when patients with T1-T2 tumors from the nVR group 
were excluded.  
 
Figure 15: Survival in T3-T4 tumors between nVR and VR groups: 
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• Age: 
 
Survival data was diverse throughout different age groups in all groups of 
patients. In the nVR group age groups (30-50y) (51-70y) had better MS of 
25.7 months and 26.8 months respectively compared to 19.3 months in 
elderly patients (>71y) (P=0.007). 
 
Figure 16: Impact of age on survival in the nVR group: 
 
 
 

 
In the VR+ group although the MS was obviously higher with 47.1 months 
in age group (31-50y) compared to 12.2 months in age group (51-70y) and 
19,1 months in elderly patients >71y, this was not statistically significant 
(P=0.1706) due to the very few number of patients in age group (31-50) 
(n=3). Adversely, the same age group in the VR- group had the lowest MS 
(9months) compared to 16.1 and 14.1 months in patients between 51-70y 
and >71 respectively. (P=0.462) 
 
Figure 17: Impact of age on survival in the VR groups: 
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4. Discussion: 
 
Pancreatic cancer is the 4th most  common cause of cancer death in the 
Western world.(32) Till now the surgical resection is considered the only 
chance for a definitive cure. However,  only one quarter of the patients have 
resectable tumors without distant metastasis or infiltration of adjacent 
structures at the time of presentation.  
 
Historically, patients with locally advanced tumors involving infiltration of 
segments of the mesenterico portal axis have been considered primarly 
inoperable. According to the current literature, vascular (venous) resection 
had been carried out in up to 20% of pancreatic resections.(89) Resection 
and reconstruction of parts of the portal venous system have been the 
challenging procedure even for experienced surgeons. Advances in 
perioperative care and surgical techniques alongside with increasing 
experience at tertiary high volume pancreatic centers countered the 
challenge of borderline resectable and locally advanced tumors especially 
in tumors invading the mesenterico portal axis. This in turn increased the 
rates of resectability and improved the perioperative outcomes.  
 
Several studies over the last two decades have shown that extended enbloc 
vascular resection had comparable mortality rates and median survival 
rates. Enbloc vascular resection should be targeted only when an R0 
resection can be achieved in patients without distant metastasis.(148-152) 

 
The exclusion of the surgical option for those patients with borderline 
resectable or locally advanced tumos directs therapeutical efforts into 
palliative procedures. Till now, systemic chemotherapy is the only feasable 
accepted form of palliative treatment.(89)  
 
However, recent improvement in chemotherapies invigorated some old 
discussions which question the benefit of surgical resection of borderline 
resectable and local advanced tumors.  
  
Therefore, published data on survival after palliative chemotherapy have 
been revised and compared to survival data presented in this series.  
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4.1. Survival: 
 
Gemcitabine has been considered for long years as the only releable 
effective monotherapy. Patients with locally advanced or metastatic tumors 
treated palliatively with Gemcitabine as a monotherapy had a median 
survival of 6.8 months.(113) Recently Gargiulo et. al 2019 published the 
results of the phase III multicenter clinical trial (APC-SAKK) using palliative 
Gemcitabine based chemotherapy. The study showed a median survial of 
7.9 months.(110) 
 
It was not untill 2011 when Conroy et. al introduced his polychemotherapy 
with the FOLFIRINOX protocol (Oxaliplatin, Leucovorin, Irinotecan, 
Fuorouracil) which showed a significant improvement in terms of survival. 
Under FOLFIRINOX survival rates rose up to 11.1 months.(111-113) 
In 2013 a large prospective clinical multicenter clinical trial showed some 
improvement of survival rates when Gemcitabine was combined with the 
albumin-bound nanoformulation of paclitaxel (Nab-paclitaxel). Von Hoff et. 
al showed survival rates up to 8.5 months under Gemcitabine + Nab-
paclitaxel compared to 6.7 months under Gemcitabine only.(112) 
 
Prospective studies directly comparing Gemcitabine based chemotherapy 
and FOLFIRINOX still don’t exist. A most recent Meta-Analysis from 
Pusceddu et al. 2019 investigated 16 retrospective studies including over 
3000 patients, who have been treated with Gemcitabine + Nab-Paclitaxel or 
FOLFIRINOX. The Meta-Analysis concluded that despite the reproducible 
better survival rates under FOLFIRINOX, the overall risk of disease 
progression and death was not favoring one protocol over the other.(114) 
 
Toxicity of the different chemotherapy regimens has been also a matter of 
debate in pancreatic cancer research field. Nevertheless, FOLFIRINOX since 
its introduction as one of the reliable options as a first line of treatment is 
known to be much more aggressive than other regimens of chemotherapy. 
Its adverse effect include hematological suppression, gastrointestinal 
distress as well as neurotoxicity.(111-113) These toxic side effects raised 
interests for further modification to be applied to the dose or the drug 
combination of the FOLFIRINOX protocol.  For example, Kang H et al. 2018 
showed that modified dose of FOLFIRINOX would have comparable efficacy 
but lower toxicity than the initially introduced standard dose.(115) 
 
Hence, the application of FOLFIRINOX has been restricted to fit patients 
(ECOG 0-1).(109-112) Alternatively, the application of FOLFIRINOX on an 
adjuvant or neoadjuvant setting has emerged as an option under trial.(116-

118) 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Pusceddu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30959763
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In this series, the median survival in the VR group as a whole was 14.1 
months regardless of the microscopic tumor infiltration of the resected 
venous segment. Interestingly, in more than half of the patients presented 
(42/73), it was peritumoral inflammation rather than true cancer tissue 
which adhered to the resected segments of the mesenterico portal axis. 
Within the VR group, the MS was 12.6 and 14.4 months in the VR+ and VR- 
groups respectively (p=0.499). 
 
Hence, the main issue about borderline resectable and to lesser extent local 
advanced tumors is that the preoperative staging does not match the real 
situation. Nevertheless, the decision to carry out an en bloc vascular 
resection or not is usually based on macroscopic intraopertive findings and 
supported by personal experience as well as institutional standards. 
Macroscopic infiltration of the mesenterico portal axis should not be 
considered a contraindication for surgical resection. 
 
For a better understanding of the survival data presented in this series, the 
impact of the different prognostic factors had been reviewed separately. 
 

• Resection margin: 
 
The American-European AJCC/UICC staging system defines R1 resection as 
the presence of microscopic tumor cells on the resection tissue margin 
(0mm rule). While the British Royal College of Pathology considers a 
resection as R1 if tumor cells are present within 1mm of the resected 
margin. 
 
The role of microscopic tumor infiltration of resection margins (R1) on the 
overall survival has been intensivly discussed in the literature.  Ravikumar 
et al. 2014 and Tseng et al. 2004 have shown no adverse effect of R1 
resection on the overall survival.(119,120)  
 
Some other authors suggested that differences of handling the histological 
samples - especially from the circumferential resection margins – in 
different institutes might lead to the variation R1 rates and consequently on 
the relevance of resection margins on the overall survival.(120-122) On the 
contrary, some studies such as the ESPAC-1 study showed a negative 
prognostic role of the R1 status.(123) 

Despite the existing discrepencies in the litertaure about the prognostic 
value of the R status, curative surgical intention should always target an R0 
resection.  
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In the presented series patients with tumor free resection margins indeed 
enjoyed better MS. This finding had been observed in all patients groups . In 
R0 patients MS was 15.2 months, 16 months and 29.2 months in the VR+, 
VR- and nVR groups respectively. Whereas R1 patients had MS of 12.4 
months, 8.9 months and 17.9 months in the VR+, VR- and nVR groups 
respectively. (see tables 10-11-12) 
  
 

• Nodal involvment: 
 
Lymph node status is considered one of the most important postoperative 
prognostic factors for pancreatic cancer.(124,125) For long years the N status 
of the AJCC classification has been used as the standard lymph nodal staging 
system.(125) 
 
Unlike the R status, the literature has been quite homogenous upon 
describing the adverse relationship between lymph nodes metastasis and 
survival.(124-128) 
 
The presented data are consistent with the data shown in the literature. 
Patients without lymph nodes metastasis (N0) had better survival rates in 
all groups. In the nVR group N0 patients had a median survival of 36.3 
months comapred to a median survival of 22.1 months in N1 patients (p: 
<0.0001). Correspondingly, in the VR group, N0 patients had also a better 
median survival than N1 patients: 21.3 months compared to 11 months 
respectively. Though statistically not significant (p value: 0.1272) 
 
Recently, there have been some helpful studies trying to stratify or 
subgroup Patients in each N status-group. Hereby, a more specific 
prognostic role of nodal involvment was targeted. Statistics such as number 
of lymph nodes, nodal ratio (NR) as well as log odds of positive lymph 
nodes (LODDS) have been introduced as additional staging systems. 
 
Ramacciato et al. 2017 investiged the prognostic role of NR and LODDS in 
patients who underwent an enbloc vascular resection. Further prognostic 
stratification could be achieved for N1 patients using the mentioned staging 
systems. No statistical superiority was observed for one staging system 
over the others. Application of these staging systems in N0 was ruled 
out.(124) 
 
La Torre et al. 2014 also investigated the prognostic values of N status, NR 
and LODDS. This study showed better prognostic stratification when the 
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LODDS staging system was applied compared to NR in node negative 
patients.(129) 
 
 

• Tumor size: 
 
Tumor size has been notabely considered as an influencing prognostic 
factor in pancreatic cancer.(130,131) 
All patients who underwent an enbloc vascular resection (VR) and the 
majority of patients who had underwent a classical pancreatectomy (nVR) 
had T3 or T4 tumors. Whereas, Patients with T1 or T2 tumors were only 
existent in the nVR group.  
 
The presented data reproduced the findings in the literature. Patients with 
T1 or T2 tumors had significantly better survival rates (48m) compared to 
(23.8m) for patients with T3 or T4 tumors. (p <0.0001) 
This adverse relationship between tumor size and survival would explain 
the significant difference in survival rates when the nVR group as a whole 
(25.1m) was compared to the VR (14.6m) or VR+ (12.2m) groups 
(p=0.0158, p=0.5517 respectively). 
 
Interestingly, this statistical significance in survival rates was lost when 
only patients with T3/T4 tumors from the nVR group (23.8m)  were 
compared to patients from the VR+ (12.6m) (p=0.5470). 
 
 

• Age/Gender: 
 
With a median age at the diagnosis of around 70 years pancreatic cancer is 
not a disease of young patients. Only 11% of the diagnoses are occur the age 
of 54 or younger.(133,135)  
 
Famous trials such as the ACCORD-11 excluded patients older than 75 years 
to avoid possible bias caused by lower survival rates expected from older 
patients. Furthermore, the Toxicity of FOLFIRINOX would have been very 
risky for those low-reserve patients.(111,133)  
 
Although a direct relationship between age and increasing morbidity and 
mortality ratios would be, postulated. Several studies have shown that even 
elderly patients would benefit from a surgical resection in terms of survival 
with increased risk for postoperative mortality to be taken in 
consideration.(136-138) 
 



 47 

Sugiura et al. 2014 investigated the impact of age on survival. In this the 3 
age groups were: >70y, 70-80y and >81y. Here younger patients had 
significantly better survival rates than elderly and the very elderly 
(p = 0.007 and p < 0.001).(139) Demographic aspects of the study population 
have to be taken in consideration.  
 
Khan et al. 2010 arguably investigated the indication for surgical resection 
in very elderly patients. As the options for systemic therapies decline with 
the decreasing age, the surgical resection stays a viable option for this 
group of patients. The payoff would be increased morbidity and short term 
mortality.(140) 
 
In this series, patients were subdivided into 3 age groups: 30y-50y, 51y-70y 
and >71y. Patients from the first group (30-50y) had better median survival 
than the other two groups. This trend was independent from the procedure. 
Vascular resection did not alter the survival compass between different age 
groups. 
Moreover, the two patients from the VR group who survived more than 10 
years were both from the younger group aging 41 and 49 years old.  
 
Gender did not establish itself as a deciding factor in pancreatic cancer.  
 
Thus, if the targeted R0 resection can be achieved via an en bloc vascular 
resection the overall median survival is expectedly better than the best 
possible survival attained by applying a palliative chemotherapy.  
 
 
4.2. Perioperative Morbidity and mortality: 
 
Does the extended en bloc vascular resection increase the perioperative 
morbidity and short term mortality?! 
This assumption has been previously discussed in the literature.  
 
The argument that morbidity and mortality is substantially elevated,(141-148) 

has been disproved by several surgical series that evidenced comparable 
in-hospital morbidity and mortality rates after VR.(149-152) Nonetheless, the 
belief in the usefulness of VR is still controversial. In the present series, 
vascular reconstruction was not associated with increased prevalence of 
specific vascular complications, such as hemorrhage or thrombosis. Overall, 
the analysis of in-hospital morbidity and mortality rates of VR patients 
were nearly identical compared with patients without vascular resections. 
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• Pancreatic fistula and anastomosis insufficiency: 
 

Postoperative pancreatic fistula [POPF] is one of the most common 
complications after pancreatic surgeries. It is one of the main causes of 
postoperative morbidity.(141-144,149) In 2005 the International study group of 
pancreatic fistula[ISGPF] set up the first definition and clinical staging of 
POPF. According to the ISGPF the incidence POPF can reach up to 29%.(108)  
 
Independent of the severity of the POPF, the demonstrated data in the 
present series showed that POPF was even more common among nVR 
patients (18.2%) than in VR patients (5.5%) (p=0.036) 
 
Within the same context, vascular resection did not increase the incidence 
of anastomosis insufficiency. Five VR (6.8%) patients had been proven to 
have an insufficiency of at least one anastomosis. Whereas anastomosis 
insufficiency had been reported in 69 (18.9%) nVR patients (p=0.027).  
 
These data were similar to data published in other series. For example 
Bachellier P et al 2001 showed rates of POPF of 6.7% and 13.9% in VR and 
nVR groups respectively.(152)  
 
 

• Vascular complications: 
 
Vascular complications such as hemorrhage and thrombosis after 
panceatectomy procedures are not very uncommen. It has postulated that 
extending the already complex pancreatectomy procedures to include 
vascular resection and reconstruction would increase the incidence of such 
complications.(147,148) Arguably, some studies had shown that a vascular 
resection did not necessarily increase the incidence rates of vascular 
complications.  
 
For example, in his series from our institution Yekebas et al 2008 showed 
close rates of hemorrhage (5.6% and 4.4% in VR and nVR groups 
respectively) as well as portal vein thrombosis (0.7% and 1.5% in VR and 
nVR groups respectively). (153) 
 
Regarding port vein thrombosis similar findings have been reproduced in 
the presented series. Herein, one VR patient (1.4%) and 9 nVR patients 
(2.5%) (p=0.571) suffered a postoperative thrombosis of the portal vein. 
Thirty five nVR patients (9.6%) had had a relevant postoperative 
hemorrhage compared to only VR patient (1.4%) (p=0.027).  
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Despite statistical pairing of VR and nVR groups, the remarkable difference 
in sample sizes between the two groups could explain why some 
complications are numerically higher in the nVR group.   
 
 

• Other complications: 
 
The incidence of other complications such as intraabdominal infections 
showed also no significant difference between the VR and nVR groups with 
a slight trend to be more often in the VR group. Seven (9.6%) VR patients 
and 19 (5.2%) nVR patients had been reported to have intraabdominal 
infections (p=0.180). Here again previously published data could have been 
reproduced.(149,153) 
 

• Perioperative mortality: 
 
As a matter of fact, reviewing the previous data about the perioperative 
morbidity would conclude that the perioperative mortality would follow 
the same comparable pattern in both nVR and VR groups. The 30 days 
mortality have been  reported in 9 (12.3%) VR patients and 21 (5.8%) nVR 
patients (p=0.064). Previously published data from other series were not 
different.(149,152) 
 
Hence, accumulating data from this series and similar previuosly published 
series concluded that vascular resection is not likely to increase vascular 
related complications or other non vascular related complications which in 
turn leads to comparable in hospital mortality. 
 
After analysing the data generated from this series and after reviewing the 
related literature, the two suggested hypotheses could be persuadively 
defended.  
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5. Summary: 
 
Pancreatic cancer is the 4th most fatal cancer in the western world. In spite 
of continuous trials to improve the multimodality therapeutic approaches, 
the prognosis of pancreatic cancer did not remarkably improve over the 
years.  
 
Although around half of the patients present with borderline resectable or 
local advanced tumors, surgical resection is the only definite treatment. In 
the last two decades, accumulating data from single center series brought 
strong evidence that tumors infiltrating the mesenterico portal axis can be 
safely resected with comparable perioperative morbidity and mortality. 
 
Data presented in this series demonstrated the survival benefit after en bloc 
vascular resection for tumors macroscopically infiltrating the mesenterico 
portal axis. This survival benefit over palliative chemotherapy is more 
obvious when the targeted R0 resection is achieved. Moreover, 
perioperative morbidity and mortality did not significantly differ in patients 
who underwent en bloc vascular resections when compared to patients 
who underwent classical pancreatectomy procedures without vascular 
resection at the same period of time.  
 
Furthermore, tumor size, nodal involvement and age have been proven to 
have prognostic value on the median survival independently from the 
surgical procedure carried out.  
 
Recently developed and eventually more effective chemotherapy regimens 
such as FOLFIRINOX pose strong toxic side effects so that its application is 
restricted to younger and fitter patients.  
 
Convincing data from this series consolidates previously published results. 
En bloc vascular resection still pays off with better median survival and 
comparable perioperative morbidity and mortality. Extended 
pancreatectomy with en bloc vascular resection pursuing tumor free 
resection margins remains the only realistic chance for a potential cure. 
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6. Zusammenfassung: 
 
Pankreaskarzinom ist die vierthäufigste Ursache für Krebstod in der 
westlichen Welt. Trotz wiederholter Studien zur Verbesserung der 
multimodalen Therapieansätze, verbesserte sich die Prognose des 
Pankreaskarzinoms über die Jahre nicht wirklich. 
 
Obwohl etwa die Hälfte der Patienten an borderline resectable oder lokal 
fortgeschrittenen Tumoren zur Zeit der Diagnose leidet, bleibt die 
chirurgische Resektion die einzig definitive Behandlung. In den letzten zwei 
Jahrzehnten haben akkumulierte Daten aus einzelnen Zentrumsreihen 
starke Beweise dafür erbracht, dass Tumoren, die in die Mesenterico-
Portal-Achse eindringen, mit vergleichbarer perioperativer Morbidität und 
Mortalität sicher reseziert werden können. 
 
Die in dieser Serie vorgestellten Daten zeigten den Überlebensvorteil nach 
en-bloc-Gefäßresektion bei Tumoren, die makroskopisch die mesenterico-
Portalachse infiltrieren. Dieser Überlebensvorteil gegenüber einer 
palliativen Chemotherapie ist offensichtlicher, wenn die gezielte R0-
Resektion erreicht wird. Darüber hinaus waren die perioperative 
Morbidität und Mortalität bei Patienten, bei den eine en-bloc-
Gefäßresektion durchgeführt wurde, nicht signifikant unterschiedlich im 
Vergleich zu Patienten, bei den im gleichen Zeitraum klassischen 
Pankreatektomie-Verfahren ohne Gefäßresektion durchgeführt wurden. 
 
Zusätzlich, zeigten sich Tumorgröße, Lymphknotenbefall und Alter - 
unabhängig vom durchgeführten chirurgischen Eingriff - einen 
prognostischen Einfluss auf das mediane Überleben, zu haben. 
 
Neuerlich entwickelte und letztendlich wirksamere Chemotherapien wie 
FOLFIRINOX weisen starke toxische Nebenwirkungen auf, sodass ihre 
Anwendung auf jüngere, fitte Patienten beschränkt ist.  
 
Überzeugende Daten aus dieser Studie konsolidieren die bereits 
veröffentlichten Evidenzen. En-bloc-Gefäßresektion zahlt sich immer noch 
mit einem besseren medianen Überleben und vergleichbarer perioperativer 
Morbidität und Mortalität aus. Eine erweiterte Pankreatektomie mit en-
bloc-Gefäßresektion unter Erzielung tumorfreier Resektionsränder bleibt 
die einzige realistische Chance für eine mögliche Heilung. 
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7. Abbreviations: 
 
PEN  Pancreatic Endocrine Neoplasia 
IPMN  Intraductal Papillary Mucinous Neoplasm 
MS  median survival 
CA19-9 Carbohydrate Antigen 19-9 
CEA  Carcinoembryogenic Antigen  
nVR  classical pancreatectomy without vascular resection 
VR  pancreatectomy with vascular resection 
VR+  histological proof of tumor invasion of the resected vessel 
VR-  no histological proof of tumor invasion of the resected vessel 
PPD  partial pancreatoduodenectomy 
TDSP  total duodenosplenopancreatectomy 
DSP  distal splenopancreatectomy 
PPPD  pyloric preserving pancreatoduodenectomy 
POPF  postoperative pancreatic fistula 
IGSPF international study group of pancreatic fistula 
LODDS log odds of positive lymph nodes 
GE  gastro-enterostomy anastomosis 
PJ  pancreatico-jejunostomy anastomosis 
AJCC  American Joint Committee on Cancer 
UICC  Union for International Cancer Control 
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