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 INTRODUCTION 
 Pancreatic endocrine tumors (PETs) are considered a rare pathol-

ogy with a wide spectrum of clinical presentations. Th eir real inci-

dence is quite controversial; although they are found in about 1 %  of 

autopsies, their clinical incidence is reported to be only about 0.5 –

 1 / 100,000 ( 1,2 ). Th is discrepancy can only partially be explained 

by the small size and the silent clinical behavior of many PETs. 

 Th e natural history of PETs is also largely unknown; despite 

recent improvements in their classifi cation ( 3,4 ), diagnosis and 

treatment ( 2,5,6 ), the relationships between pathologic and clinical 

characteristics, type of treatment and prognosis are only partially 

understood ( 1 ). 

 Our knowledge of PETs derives mostly from small, retrospec-

tive, uncontrolled studies. Moreover, many reports involve highly 

selected patients [surgical series of resected patients ( 7,8 ), onco-

logical series mainly of metastatic patients ( 9,10 ), series focused 

on benign functioning (F) neoplasms ( 11,12 )], thus restricting the 

true picture. 

 Owing to the aforementioned reasons, in 2004, the Italian Asso-

ciation for the Study of the Pancreas (AISP) planned a prospec-

tive, observational, multicenter study on the clinical features, 

staging and management of PETs in Italy. Twenty-four centers 

were involved. Th ey were distributed throughout Italy and were 

representative of diff erent clinical areas: 12 surgical departments, 
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6 oncological centers, 5 endocrinological centers, and 1 center of 

nuclear medicine (12 surgical and 12 non-surgical centers overall). 

 In this paper, we report the preliminary data concerning the 

clinicopathological features of the entire series of patients aff ected 

by PETs.   

 METHODS 
 All newly diagnosed adult cases of pancreatic endocrine neo-

plasms consecutively observed during the period from June 2004 

to March 2007 in the 24 participating Italian centers (listed in 

 Appendix A ) were included in the study. Inclusion criteria were 

the availability of a histological diagnosis, obtained from the sur-

gical specimen or intraoperative biopsy or from percutaneous or 

endoscopic ultrasound (EUS)-guided biopsy. Rules for histological 

diagnosis were discussed, adapted, and approved among a group 

of experienced pathologists belonging to the participating centers, 

under the supervision of one of the authors (G.R.); in particular, 

the Ki67 proliferative index was expressed as a percentage based 

on the count of Ki67-positive cells in 2,000 tumor cells in areas 

with the highest immunostaining using the MIB1 antibody (DBA, 

Milan, Italy). A histological diagnosis was made according to the 

WHO classifi cation ( 13 ); subsequently, relying on original patho-

logical and radiological fi les, patients were also classifi ed according 

to the tumor-node-metastasis (TNM) classifi cation ( 3 ), not avail-

able at the time the study was planned. Th e study involved patients 

observed by the centers aft er 1 June 2004 and not later than 31 

March 2007 and was approved by the Ethics Committee of each 

participating center. In addition, informed consent was obtained 

from all participating patients. Aft er inclusion, each case was fol-

lowed up for a minimum of 2 years, during which time the data of 

the patients were updated at 6-month intervals. Th e study had an 

observational non-interventional design as each diagnostic inves-

tigation and medical or surgical treatment was performed accord-

ing to the current clinical practice of each individual center. 

 Each participating center was provided with specifi cally devel-

oped soft ware with 116 descriptors for the fi rst data entry and 60 

descriptors for each follow-up entry, as designed by the Scientifi c 

Committee of the study. At inclusion (fi rst data entry), the follow-

ing parameters were recorded: demographic data, anatomical and 

histological details, biochemical data, clinical data including pres-

entation symptoms, diagnostic investigations and staging, surgical 

treatment and any other treatment (medical, radiometabolic, abla-

tive, chemotherapeutic). Patients presenting symptoms sugges-

tive of an excess of hormone production were considered as being 

aff ected by a functioning tumor (F-PET), requiring subsequent 

laboratory confi rmation according to the standard guidelines. 

Th e remaining patients with a lack of any specifi c syndrome were 

considered as suff ering from a non-functioning tumor (NF-PET). 

Surgical resection was considered complete if no gross residual 

tumors or metastases were detectable at the end of the procedure. 

At every follow-up observation, the following data were recorded: 

modifi cations in symptoms, biochemical data, imaging data, vari-

ations in medical treatment, new surgical treatments, other new 

treatments and defi nition of the case (disease-free, stable residual 

disease, disease progression). Th e data were collected and tabu-

lated centrally. During the study period, a careful monitoring proc-

ess was implemented; at the end of the study, additional quality 

controls (concerning completeness and congruence of each chart) 

were performed. 

 Data are presented as median, mean, s.d., and 95 %  confi dence 

intervals. Additional statistical tests (Student ’ s  t -test,  χ  2  test, Pear-

son ’ s test, Fisher ’ s exact test, Levene ’ s test, analysis of variance) were 

used when appropriate. Relationships between the variables were 

tested using regression analysis. Th e diff erence was considered 

signifi cant for a  P  value     <    0.05. Statistical analysis was performed 

using SPSS soft ware version 10.   

 RESULTS  
 General data 
 Th ree hundred twenty-one cases of PETs were collected; 11 of 

them (3.4 % ) were subsequently excluded from the fi nal analysis 

because of incompleteness and / or inconsistency of the charts. 

Th irteen cases (4.2 % ) were associated with MEN-1 and were 

excluded from this study for their diff erent characteristics and 

natural history. Th erefore, 297 patients were analyzed: 223 

(75.1 % ) were recruited in the 12 surgical centers and 74 (24.9 % ) 

in the 12 non-surgical centers. Each center enrolled a mean of 

12 patients (range 1 – 81). Diagnosis was obtained from surgi-

cal specimens in the 236 patients undergoing resection (79.5 % ), 

from intraoperative biopsy in the 15 cases undergoing surgery 

without resection (5.4 % ), from percutaneous biopsy of liver 

metastasis in 34 metastatic non-operated patients (12.2 % ), and 

from EUS-guided fi ne-needle aspiration in 12 non-metastatic 

non-operated patients (4.3 % ). Th e mean age was 58.6 ± 14.7 

years. Th ere were 152 females (51.2 % ) and 145 males (48.8 % ); 

the female gender was signifi cantly more represented in F- than 

in NF-PETs: 63.1 %  vs. 47.9 % ,  P     <    0.05 ( Table 1 ). Th e great-

est proportion of enrolled patients was in the 61- to 70-year 

age group, as shown in  Figure 1 . No signifi cant diff erences in 

mean age were observed between patients belonging to diff er-

ent histological categories according to the WHO classifi cation: 

well-diff erentiated tumors (B-Ts), mean age 58.9   years; tumors 

with uncertain behavior (UB-Ts), 56.7   years; well-diff erentiated 

carcinomas (WDECs), 58.4   years, and poorly diff erentiated car-

cinomas (PDECs), 63.2   years ( P     =    0.2).   

 Clinical data 
 Clinical presentation was associated with a syndrome in 73 cases 

(24.6 % ) (F-PETs). Th e syndrome was related to an excess of insulin 

production in 53 cases (72.6 % ), to gastrin production in 15 cases 

(20.5 % ), and to other hormones released in the remaining 5 cases 

(6.8 % ) (2 glucagonomas, 2 somatostatinomas, and 1 ACTH-pro-

ducing tumor). Th e comparison of demographic and pathological 

characteristics between patients with F or NF-PETs is reported in 

 Table 1 : among F-PETs, B-Ts were signifi cantly more frequent than 

among NF-PETs (57.5 %  vs. 21.9 % ,  P     <    0.0001), whereas WDECs 

were less frequent (23.3 %  vs. 52.2 % ,  P     <    0.0001); both nodal and 

hepatic metastases were less frequent in F-PETs than in NF-PETs 
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(12.3 %  vs. 33.5 % ,  P     <    0.002 and 17.8 %  vs. 32.1 % ,  P     <    0.03, respec-

tively). Th e 232 NF-PETs (75.4 % ) were clinically asymptomatic in 

115 cases (51.4 % , incidental diagnosis; 38.7 %  of the whole series), 

whereas pain was present in 80 cases (35.7 % ), weight loss in 35 

(15.6 % ), jaundice in 15 (6.7 % ), and other symptoms in 31 (13.8 % ) 

cases (overall, 109 symptomatic cases, 48.6 % , some patients had 

more than one symptom). Th e comparison of demographic and 

pathological characteristics between patients with symptomatic 

(F or NF) or asymptomatic (NF) PETs is reported in  Table 2 : 

symptomatic cases were more oft en located in the head (43.4 %  vs. 

27.8 % ,  P     <    0.01) and had a greater risk of developing liver metas-

tases (34.6 %  vs. 19.1 % ,  P     <    0.005), whereas the greater incidence 

of nodal metastases we observed (31.3 %  vs. 23.5 % ) did not reach 

statistical signifi cance ( P     =    0.14).   

 Pathological data 
 Th e site of the tumor (in case of multifocality, the largest lesion was 

considered) was the head of the pancreas in 111 cases (37.4 % ) and 

the body-tail in 176 cases (59.2 % ), whereas the tumor was diff use 

to the whole gland in 10 cases (3.4 % ). No diff erences in the site of 

the neoplasm were observed between F- and NF-PETs ( Table 1 ). 

In 21 cases (7.1 % ), the tumor was multifocal; 5 cases (23.8 % ) were 

F-PETs and 16 (76.2 % ) were NF-PETs. Th e rate of multifocality 

was the same in NF-PETs and F-PETs (7.2 %  vs. 6.8 % ). 

 Th e median size of the tumor (in case of multifocality, the larg-

est lesion was considered) was 20   mm (mean size 31.7   mm, range 

2 – 150). Dimension correlates both with the clinical presentation 

(15   mm in F vs. 28   mm in NF,  P     <    0.001) and the histological classi-

fi cation: 15   mm in B-T, 20   mm in UB-T, 40   mm in WDEC, 40   mm 

       Table 1 .    Demographic and pathological characteristics of 297 patients with functioning or non-functioning pancreatic endocrine tumors 

    Characteristic    Functioning    Non-functioning     P     OR    95 %  CI  

   Number ( % )  73 (24.6)  224 (75.4)   —    —    

   Male gender ( % )  27 (37.0)  118 (52.7)    1   

   Female gender ( % )  46 (63.0)  106 (47.3)  0.021  0.52  0.30 – 0.90 

   Age (mean), years  56.0  59.5  NS   —    —  

   Tumor diameter (median), mm  15.0  28.0  0.001   —    —  

    Tumor site ( % )  

      Pancreatic head  28 (38.3)  83 (37.0)  NS   —    —  

      Pancreatic body-tail  41 (56.2)  135 (60.3)  NS   —    —  

      Pancreatic diffuse  4 (5.5)  6 (2.7)  NS   —    —  

    WHO classifi cation ( % )  

      Well-differentiated tumor  42 (57.5)  49 (21.9)  0.0001  0.21  0.12 – 0.39 

      Uncertain behavior  12 (16.4)  37 (16.5)  NS   —    —  

      Well-differentiated carcinoma  17 (23.3)  117 (52.2)  0.0001  3.13  1.69 – 5.79 

      Poorly differentiated carcinoma  2 (2.7)  21 (9.4)  NS   —    —  

   Lymph node metastases ( % )  9 (12.3)  75 (33.5)  0.002  3.3  1.54 – 7.03 

   Hepatic metastases ( % )  13 (17.8)  72 (32.1)  0.032  2.07  1.06 – 4.04 

    Ki67 values ( % )  

          <    2 %   54 (74.0)  113 (50.4)   —   1   

      2  –  5 %   10 (13.7)  39 (17.4)  NS   —    —  

      6  – 10 %   2 (2.7)  23 (10.3)  0.026  5.43  1.22 – 24.0 

          >    10 %   5 (6.8)  35 (15.6)  0.0029  3.05  1.12 – 8.30 

      Not assessed  2 (2.7)  14 (6.2)   —    —    —  

     CI, confi dence interval; OR, odds ratio; WHO, World Health Organization.   
     Data related to regression analysis have been adjusted by sex; univariate analysis and odds ratio were carried out for non-functioning tumors.   
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  Figure 1 .         Distribution of 297 patients with endocrine pancreatic tumors by 
age group ( P     <    0.001, analysis of variance).  
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in PDEC ( P     <    0.001). No relationship was observed between the 

median size of the tumor and the site of the neoplasm (head or 

body-tail of the pancreas). 

 According to the WHO classifi cation, the distribution of cases 

was: B-T, 91 cases (30.6 % ); UB-T, 49 cases (16.5 % ); WDEC, 134 

  Figure 2 .         Distribution of 297 endocrine pancreatic tumors according 
to World Health Organization classifi cation (Heitz  et al.  ( 13 )). B-T, well-
 differentiated tumor; PDEC, poorly differentiated carcinoma; UB-T, tumor 
with uncertain behavior; WDEC, well-differentiated carcinoma.  
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cases (45.1 % ); PDEC, 23 cases (7.7 % ) ( Figure 2 ). Patients with 

NF-PETs showed a threefold higher risk of having a WDEC 

with respect to patients with F-PETs ( Table 1 ). Distribution of 

patients according to the TNM system was as follows: stage I, 

114 cases (38.3 % ); stage IIa, 24 cases (8.1 % ); stage IIb, 9 cases 

(3.0 % ); stage IIIa, 24 cases (8.1 % ); stage IIIb, 37 cases (12.5 % ); 

stage IV, 89 cases (30.0 % ). Grading was assessed in 270 cases 

(90.9 % ); its distribution was: 164 cases grade 1 (55.2 % ), 85 cases 

grade 2 (28.6 % ), 21 cases grade 3 (7.1 % ). In  Table 3,  the rela-

tionships between WHO classifi cation and TNM staging are 

reported. 

 At diagnosis, metastases were detected in 124 patients (41.7 % ) 

(nodal in 84 cases (28.3 % ), hepatic in 85 cases (28.6 % ), and at 

other sites in 14 cases (4.7 % ). In this latter group, the bone was 

involved in 6 cases, the lung in 4, the spleen in 3, the peritoneum 

in 2, and the brain, adrenal gland, and gallbladder in 1 case each. 

No patient had metastases in other sites without the liver and / or 

lymph node involvement. Considering the 85 cases with liver 

metastases, a single metastasis was present in 12 cases (14.1 % ), 

whereas multiple metastases were detected in the remaining 

73 cases (85.9 % ) (unilobar in 16 cases, bilobar in 57). Among 

the 157 patients with WDECs or PDECs, no metastases were 

    Table 2 .    Demographic and pathological characteristics of 297 patients with symptomatic or asymptomatic pancreatic endocrine tumors 

    Characteristic    Symptomatic    Asymptomatic     P     OR    95 %  CI  

   Number ( % )  182 (61.3)  115 (38.7)   —    —    

   Male gender ( % )  84 (46.1)  61 (53.0)       

   Female gender ( % )  98 (53.8)  54 (46.5)  NS   —    —  

   Age (mean), years  57.9  59.9  NS   —    —  

   Tumor diameter (median), mm  20  23  NS   —    —  

    Tumor site ( % )  

      Pancreatic head  79 (43.4)  32 (27.8)  0.011  1.91  1.14  –  3.18 

      Pancreatic body-tail  96 (52.7)  80 (69.6)  0.008  0.51  0.31 –  0.85 

      Pancreatic diffuse  7 (3.8)  3 (2.6)  NS   —    —  

    WHO classifi cation ( % )  

      Well-differentiated tumor  54 (29.7)  37 (32.2)  NS   —    —  

      Uncertain behavior  32 (17.6)  17 (14.8)  NS   —    —  

      Well-differentiated carcinoma  83 (45.6)  51 (44.3)  NS   —    —  

      Poorly differentiated carcinoma  13 (7.1)  10 (8.7)  NS   —    —  

   Lymph node metastases ( % )  57 (31.3)  27 (23.5)  0.145  1.48  0.87 – 2.53 

   Hepatic metastases ( % )  63 (34.6)  22 (19.1)  0.005  2.23  1.28  – 3.90 

    Ki67 values ( % )  

          <    2 %   101 (55.5)  66 (57.4)  NS   —    —  

      2 – 5 %   29 (15.9)  20 (17.4)  NS   —    —  

      6  – 10 %   15 (8.2)  10 (8.7)  NS   —    —  

          >    10 %   24 (13.2)  16 (13.9)  NS   —    —  

      Not assessed  13 (7.1)  3 (2.6)  NS   —    —  

     CI, confi dence interval; OR, odds ratio; WHO, World Health Organization.   
     Data related to regression analysis have been adjusted by sex; univariate analysis and odds ratio were carried out for asymptomatic tumors.   
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Moreover, in patients with elevated CgA values, nodal and liver 

metastases were observed frequently (in 53.5 %  and 47.5 %  of 

cases, respectively). 

 Neuron-specifi c enolase was assessed in 117 cases (39.4 % ) 

and was elevated in only 19 of them (16.2 % ). In the subgroup of 

patients with abnormal neuron-specifi c enolase values, the patho-

logical characteristics (WHO histological classifi cation, degree of 

diff erentiation, and presence of nodal and liver metastases) were 

similar to those of the remaining patients.   

 Diagnostic investigations 
 At the time of enrollment in the study, abdominal ultrasound 

(US) was performed in 238 cases (80.1 % ), computed tomogra-

phy (CT) in 260 (87.5 % ), magnetic resonance in 105 (35.3 % ), 

EUS in 78 (26.2 % ), and somatostatin receptor scintigraphy 

(SRS) in 142 (47.8 % ). Data on the sensitivity of these diagnos-

tic investigations in recognizing the primary pancreatic tumor, 

and the presence of loco-regional, liver, and distant metastases 

are reported in  Table 5 . EUS showed the highest sensitivity in 

detecting the primary tumor (96.1 % , vs. CT 93.1 % , MR 91.4 % , 

US 84.9 % , SRS 67.6 % ); CT, US, and MR showed similar sen-

sitivity rates in detecting liver metastases (96.3 % , 95.4 % , and 

93.7 % , respectively), whereas the detection of nodal metastases 

was slightly diff erent (63.8 % , 54.7 % , and 41.7 % , respectively). 

No diff erences in the sensitivity of diff erent diagnostic investiga-

tions were detected in comparing F- and NF-PETs, except for 

SRS, which was more sensitive in NF- than in F-PETs (75.2 %  vs. 

45.9 % ;  P     <    0.001).   

detected in 33 cases (21.0 % ), only metastases to lymph nodes 

were present in 39 cases (24.8 % ), only liver metastases in 40 

cases (25.5 % ), and metastases to both lymph nodes and the liver 

in 45 cases (28.7 % ). Th e median size of the neoplasm was sig-

nifi cantly greater in the presence of liver metastases (M    +     40   mm 

vs. M0 18   mm;  P     <    0.01) and nodal metastases (N    +     40   mm vs. 

N0 18   mm;  P     <    0.01). Nodal and liver metastases rates were sig-

nifi cantly higher in NF-PETs than in F-PETs (odds ratio: 3.3 and 

2.07, respectively) ( Table 1 ); the presence of liver metastases 

was also signifi cantly higher in symptomatic than asymptomatic 

patients (odds ratio: 2.23) ( Table 2 ). 

 Th e Ki67 proliferative index was assessed in 281 cases (94.6 % ): 

in 270 cases on histological specimen and in 11 cases on fi ne-

needle aspiration specimen. A signifi cant correlation was found 

between Ki67 values and nodal and liver metastases as well as 

between Ki67 values and median tumor size ( Table 4 ). Ki67 

 values were signifi cantly higher in NF than in F-PETs ( Table 1 ), 

whereas no diff erences were observed between symptomatic and 

asymptomatic patients ( Table 2 ).   

 Biochemical data 
 At recruitment, chromogranin A (CgA) was assessed in 175 cases 

(58.9 % ). In 74 cases, it was within normal values (42.3 % ), whereas 

it was increased in the remaining 101 cases (57.7 % ). No relation-

ship was found between clinical presentation (F vs. NF-PETs) and 

the presence of the pathological values of CgA (data not shown). 

On the contrary, CgA was elevated more frequently in WDECs 

and PDECs than in B- and UB-Ts (77.3 %  vs. 33.3 % ,  P     <    0.001). 

  Table 3 .    Correlation between distribution of 297 endocrine pancreatic tumors according to the WHO classifi cation (Heitz  et al.  ( 13 )) and 
the TNM classifi cation (Rindi  et al.  (3) )

    WHO classifi cation    TNM stage I    TNM stage II    TNM stage III    TNM stage IV    Total  

   B-T  91 (79.8 % )  0  0  0  91 

   UB-T  23 (20.2 % )  26 (78.8 % )  0  0  49 

   WDEC  0  7 (21.2 % )  52 (85.2 % )  75 (84.3 % )  134 

   PDEC  0  0  9 (14.7 % )  14 (15.7 % )  23 

   Total  114  33  61  89  297 

     B-T, well-differentiated tumor; PDEC, poorly differentiated carcinoma; TNM, tumor-node-metastasis; UB-T, tumor with uncertain behavior; WDEC, well-differentiated carcinoma; 
WHO, World Health Organization.   

  Table 4 .    Pathological characteristics according to Ki67 value in 281 patients with endocrine pancreatic tumor 

    Ki67 value    No. of patients    Lymph node metastases    Hepatic metastases    Tumor size (median) mm  

   0  – 2 %   167  27 (16.1 % )  21 (12.6 % )  16 

   3  – 5 %   49  14 (28.6 % )  21 (42.9 % )  33 

   6  – 10 %   25  11 (44.0 % )  14 (56.0 % )  40 

       >    10 %   40  28 (70.0 % )  23 (57.5 % )  37.5 

   Not assessed  16  4 (25.0 % )  6 (37.5 % )  20 

    P         <    0.001*      <    0.001*      <    0.001** 

     Data were calculated in patients with availability of Ki67 proliferative index assessment (* P  value was calculated using analysis of variance; ** P  value was based on 
Fisher’s exact test).   
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 Treatment 
 Two hundred fi ft y-one patients (84.5 % ) underwent surgery at the 

time of recruitment in the study. Th e non-operated patients were 

observed in 18 cases (39.1 % ) in surgical centers and in the remain-

ing 28 cases (61.9 % ) in non-surgical centers; the rate of operated 

patients was 91.8 %  in surgical centers and 62.2 %  in non-surgical 

centers. Th e 46 non-operated patients were represented by 2 B-Ts, 

35 WDECs, and 9 PDECs; liver metastases were present in 34 cases 

(73.9 % ) and nodal metastases in 22 cases (47.8 % ); the median size 

of the tumor was 44.5   mm; the neoplasm was an F-PET in 6 cases 

(13.0 % ) and an NF-PET in 40 cases (86.9 % ); in 8 cases (17.4 % ), it 

was asymptomatic. Pancreatic resection was performed by laparos-

copy in only a minority of cases (21 cases, 8.4 % ). Th e surgical pro-

cedure was a complete resection in 209 cases (83.36 % ; 70.4 %  of the 

whole series), a palliative resection (debulking) in 27 cases (10.7 % ), 

an exploratory laparotomy in 12 cases (4.8 % ), and a bypass proce-

dure in 3 cases (1.2 % ). Th e type of complete resection performed 

was a pancreatoduodenectomy (PD) in 45 cases (21.5 % ), a distal 

pancreatectomy in 91 cases (43.5 % ), an enucleation in 48 cases 

(23.0 % ), a middle pancreatectomy in 15 cases (7.2 % ), and a total 

pancreatectomy in 10 cases (4.8 % ) ( Figure 3 ). When a palliative 

resection was performed, a PD was carried out in 9 cases (33.3 % ) 

and a distal pancreatectomy in 18 cases (66.6 % ). Liver resection 

was performed in 26 cases (10.3 % ): in 9 cases with radical intent 

and in 17 cases as part of a debulking procedure. 

 Postoperative mortality was 1.6 %  (4 cases) and morbidity was 

40.6 %  (102 cases). All four deaths occurred aft er a PD (classi-

fi ed as complete resection in 2 cases and as a palliative resection 

in the other 2). Morbidity rate was higher aft er complete resec-

tion (44.5 % ) than aft er palliative resection (29.6 % ), exploratory 

laparotomy (8.3 % ), or by-pass procedure (0 % ). 

 A complete resection was performed more frequently in 

F- than in NF-PETs (82.2 %  vs. 66.5 % ,  P     <    0.05). Moreover, com-

plete resection was also more frequent in B- and UB-Ts than in 

WDECs and PDECs (97.9 %  vs. 45.8 % ,  P     <    0.001), whereas palli-

ative resections were equally represented in WDECs and PDECs 

(17.1 %  vs. 13.0 % ,  P     =    0.15). On the contrary, liver resection was 

more frequently performed in PDECs than in WDECs (21.4 %  

vs. 15.6 % ,  P     <    0.05).    

 DISCUSSION 
 Th is study represents one of the few available prospective surveys 

on PETs ( 14 – 16 ) with the advantage of no relevant selection bias at 

the time of diagnosis. For this reason, it can be regarded as a true 

representation of PET characteristics, and diagnostic and thera-

peutic attitudes in Italy. Th e only bias in patient recruitment could 

be represented by the high number of surgical centers and mostly 

by the high recruitment rate observed in these centers compared 

with non-surgical ones. Nonetheless, this diff erence in recruitment 

rates refl ects the current status in PET management in Italy. 

 Despite the fact that the exact epidemiology of the disease can-

not be defi ned, some important considerations can be drawn. Tak-

ing as the referral incidence that which is estimated between 0.12 

and 0.6 / 100,000 ( 1 ) in Western countries, this study enrolled 90 

cases / year, about 1 / 4 of the cases expected in the entire country. 

If true, it means that, in Italy, there is a trend to refer PETs to a 

few specialized centers. Th is process of centralization has to be 

regarded as positive, in view of obtaining better results in the treat-

ment of this disease ( 17,18 ). 

 Our study confi rmed the tendency that the great majority of 

PETs are NF (about 75 % ) and that diagnosis is incidental in more 

  Table 5 .    Sensitivity of diagnostic investigations in recognizing the primary pancreatic tumor and the presence of loco-regional, hepatic, 
and other metastatic sites in 297 patients with pancreatic endocrine tumors 

      Primary tumor (297 cases)  
  Loco-regional metastases 

(84 cases)  
  Liver metastases 

(86 cases)  
  Other metastatic sites 

(14 cases)  

    
  No. of pts. 
examined  

  Evidence of 
disease  

  No. of pts. 
examined  

  Evidence of 
disease  

  No. of pts. 
examined  

  Evidence of 
disease  

  No. of pts. 
examined  

  Evidence of 
disease  

   US  238  202 (84.9 % )  70  37 (52.8 % )  65  62 (95.4 % )   —    —  

   CT  260  242 (93.1 % )  78  47 (60.3 % )  82  79 (96.3 % )  12  5 (41.7 % ) 

   MR  105  96 (91.4 % )  25  10 (40.0 % )  16  15 (93.7 % )  3  2 (66.6 % ) 

   EUS  78  75 (96.1 % )  12  4 (33.3 % )  4  3 (75.0 % )   —    —  

   SRS  142  96 (67.6 % )  42  22 (52.4 % )  54  47 (87.0 % )  11  5 (50.0 % ) 

     CT, computed tomography; EUS, endoscopic ultrasounds; MRI, magnetic resonance; pts., patients; SRS, somatostatin receptor scintigraphy; US, abdominal ultrasound.   
     Data on loco-regional and liver metastases are referred to histologically proven cases with nodal and hepatic metastases (reported in parentheses in the column).   

%
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  Figure 3 .         Type of resection performed in 209 patients undergoing complete 
resection for endocrine pancreatic tumor. DP, distal pancreatectomy; EN, 
enucleation; MP, middle pancreatectomy; PD, pancreaticoduodenectomy; 
TP, total pancreatectomy.  
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in the literature where rates ranging from 46 to 73 %  are observed 

( 8,22,23,25 – 27,31 – 40 ), even if it is diffi  cult to make reliable com-

parisons, because of the marked heterogeneity of the studies. Th e 

separate incidences of nodal and liver metastases were also slightly 

lower than those currently reported ( 8,22 – 27,31,32,35,38 – 41 ): it 

is possible that our series of only newly diagnosed cases dealt 

with an earlier stage of disease, not yet metastasized. Th e high 

rate of incidentally diagnosed cases, as well as the relatively small 

size of the primary tumors we observed, might further support 

this observation. 

 In 95 %  of our cases, assessment of the Ki67 proliferative index 

was possible. A linear relationship was observed between Ki67 

values and the presence of liver and nodal metastases, and also 

with the size of the tumor, confi rming the prognostic role of Ki67 

assessment ( 35 ). Th is information is of paramount importance 

in PETs ’  pathological classifi cation, and it has to be stressed that 

Ki67 assessment is also possible on the fi ne-needle aspiration 

specimen ( 42 ). Th is option allows a more precise evaluation 

of the aggressiveness of small PETs in the preoperative setting 

and it may be useful in establishing non-operative strategies in 

selected cases. 

 Regarding diagnostic evaluation, CT and US were by far the 

most used imaging techniques (in >80 %  of cases), whereas SRS 

was performed in about 50 %  of cases, compared with magnetic 

resonance and EUS in about 30 %  of cases. Th e low utilization of 

EUS and SRS probably refl ects both the scarce availability of these 

investigations throughout the entire national territory and the high 

proportion of patients undergoing surgical resection for NF-PETs. 

Overall, the results of tumor localization and staging were very sat-

isfactory in our series, as a consequence of the technological evolu-

tion observed in recent years, with the development of more and 

more sensitive and accurate imaging techniques. 

 A very high proportion of the cases we recruited underwent 

surgery, in particular resection of the primary tumor. Th ese data 

not only refl ect the high number of patients recruited in surgical 

centers but also confi rm that surgery is the cornerstone treatment 

for PETs, being the only potentially curative treatment for these 

tumors. As no other prospective data are available on the percent-

age of newly diagnosed cases undergoing surgery as a fi rst treat-

ment, our fi gure points out the current therapeutic attitude toward 

PETs in Italy. Th e fi nding that a median size of tumors without 

liver or nodal metastases was 18   mm could support an observa-

tional treatment for small PETs (    <    2   cm). However, in this series, 

only two patients were directed to observational treatment, wit-

nessing that currently this attitude is not widespread in Italy. 

Despite many reports claiming the advantages of laparoscopy in 

the surgical treatment of PETs (43,44), only 8 %  of our cases were 

treated with this approach. Pancreatic laparoscopic surgery is 

still regarded as a very demanding procedure and it is still far 

from a widespread application. A limited pancreatic excision 

(enucleation and middle pancreatectomy) was performed in 

30 %  of cases, underlying the importance of parenchyma-spar-

ing surgery in the treatment of PETs. However, it is still under 

debate and unclear when this type of procedure can be applied 

safely (only in functioning or also in non-functioning tumors? 

than one third of them. Th e clinical presentation of PETs seems 

to be very diff erent from that of the past; until 3 – 4 decades ago, 

about 80 %  of all PETs were reported to be functioning ( 19,20 ). 

Th e advances in diagnostic investigations and the improvement in 

knowledge regarding these rare tumors led to a progressive increase 

in the detection of PETs not associated with a clinical syndrome 

and / or incidentally discovered. If clinical series published one dec-

ade ago reported equal frequency between F- and NF-PETs ( 21 – 23 ), 

more recent series describe a rate of NF forms between 58 and 71 %  

( 7,8,24 – 27 ). Our 75 %  rate is the highest reported; all our cases were 

newly diagnosed aft er 2004, and it is likely that this rate is closer to 

the clinical reality of recent years. More than one third of all PETs 

and about one half of NF-PETs were discovered incidentally: these 

patients represent a specifi c category of endocrine tumors, and their 

pathological characteristics are diff erent from those of symptomatic 

ones, with a lower incidence of liver metastases. 

 Few data on the multifocality of PETs are available in the litera-

ture, apart from insulinomas (multifocal in about 5 – 10 %  of cases) 

and gastrinomas (multifocal in about 60 – 70 %  of cases) ( 28 ). Th e 

high rate of multifocality (7 % ) we observed points out the impor-

tance of a careful intraoperative search for multifocality, even in 

non-MEN 1 related cases, by wide exposure and palpation of the 

whole pancreas and by systematic utilization of intraoperative USs. 

 Th e size of the primary tumor observed in the present series 

was slightly smaller than those reported in other and older 

series: 3.6   cm according to Vagefi   et al.  ( 7 ), 4.5   cm according 

to Hochwald  et al.  ( 24 ), 6   cm according to Chu  et al.  ( 25 ). It is 

possible that the diagnosis of these neoplasms was made ear-

lier than in the past, because of the improvement in diagnostic 

investigations and better awareness of the disease. As expected 

( 7 ), the size was greater in NF- than in F-PETs, and in WDECs 

and PDECs than in B- and UB-Ts. Th is fi nding supports the 

observations that F-PETs are diagnosed earlier because of their 

symptoms and that size is an important prognostic factor for 

malignancy in PETs ( 3,24,29,30 ). 

 All our cases were classifi ed according to both the 2004 WHO 

classifi cation ( 13 ) and the TNM classifi cation ( 3 ). No data compar-

ing these two recently introduced classifi cations are yet available in 

the literature. In our study, we observed an overlap in benign forms 

between B-T and UB-T classes and stages I and II; TNM classi-

fi cation, on the other hand, seemed to better separate malignant 

forms into two groups (stages III and IV) in respect of WHO clas-

sifi cation (the great majority of cases being classifi ed as WDEC). 

We observed a higher rate of malignant forms among NF-PETs 

because of a higher risk of both nodal and liver metastases. As 

far as the WHO defi nition of malignancy of these neoplasms is 

concerned, it is interesting to observe that about 20 %  of our cases 

were classifi ed as  “ carcinomas, ”  in the absence of nodal or distant 

 metastases, because of direct invasion into adjacent tissues or 

organs. Th is rate is the same as that reported by La Rosa  et al.  ( 4 ) in 

a recent detailed pathological analysis of 155 PETs and stresses the 

importance of an accurate pathological examination to achieve the 

correct classifi cation of each case. 

 At the time of diagnosis, 41 %  of our cases showed the presence 

of metastases; this rate is a little lower than that currently reported 
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for a size     <    1   cm, 2   cm, or 3   cm?) ( 45 – 48 ), but unfortunately our 

data do not allow us to give recommendations in this regard. In 

a small percentage of cases (10 % ), a palliative pancreatic resec-

tion was performed, sometimes combined with a palliative liver 

resection. Th e role of debulking surgery in the treatment of PETs 

is under debate ( 49 – 52 ), even if recent data failed to show any sur-

vival advantage aft er primary tumor resection in the presence of 

liver metastases ( 53 ), and ENETS guidelines do not recommend 

debulking for unresectable primary NF-PETs ( 29 ). Th e outcome 

of surgery in this multicentric series can be considered as satisfac-

tory, taking into account the high rates of postoperative mortality 

and morbidity currently reported from the regional and national 

databases ( 17,18 ). 

 In summary, our report points out the high number of new cases 

of PETs observed in Italy and, in particular, of NF and inciden-

tally discovered forms. Th e great majority of them undergo surgi-

cal resection at the fi rst clinical observation. A trend toward an 

earlier diagnosis is suggested, having observed a smaller size of 

the primary tumor and a lower rate of metastasis than that usually 

reported. Among NF-PETs, malignant forms are more frequent 

than among F-PETs; symptomatic cases show higher rates of liver 

metastasis than asymptomatic cases.   

   ACKNOWLEDGMENTS  
 We thank Monica Simonetti and Ennio Sarli of Centro Consulenze, 

Firenze, Italy, for their technical and statistical support.  

 CONFLICT OF INTEREST 
  Guarantor of the article:  Alessandro Zerbi, MD. 

  Specifi c author contributions:  Members of the Scientifi c Commit-

tee, designed the study and the specifi c soft ware for collecting data: 

Alessandro Zerbi, Massimo Falconi, Guido Rindi, Gianfranco Delle 

Fave, Paola Tomassetti, Claudio Pasquali, Valerio Di Carlo; carried 

out the quality control, verifying the completeness and congruence 

of each chart: Vanessa Capitanio and Letizia Boninsegna; draft ed the 

manuscript: Alessandro Zerbi; each author approved the fi nal draft  

submitted. 

  Financial support:  Th is study was supported by an unrestricted 

grant from Ipsen, Milan, Italy. 

  Potential competing interests:  None.      

 Study Highlights 

  WHAT IS CURRENT KNOWLEDGE  
  3 The clinicopathological features and natural history of 

 pancreatic endocrine tumors are largely unknown. 

  3 Knowledge of pancreatic endocrine tumors derives mostly 
from small, retrospective, uncontrolled studies. 

  WHAT IS NEW HERE  
  3 Data are provided from a large, prospective survey conducted 

recently over a short period of time. 

  3 Non-functioning tumors and incidentally discovered forms 
are highly prevalent. 

  3 The size of the neoplasm and the rate of metastasis were 
lower than those usually reported.             
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 APPENDIX A   
 Members of the AISP-Network Study Group             
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