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Abstract t 

Objective.Objective. To establish the prognostic value of CT data obtained from a the pre-
operativee CT scan in patients with potentially resectable pancreatic head carcinoma. 
Background.Background. Pancreatic tumors are frequently explored and sometimes resected, in 
spitee of a high risk for unresectability predicted by CT. We correlated CT data with 
survivall  in patients with pancreatic head carcinoma, to find criteria that are useful in 
decidingg whether or not to attempt a surgical resection. 
PatientsPatients and methods. In 71 consecutive patients with potentially resectable pancreatic 
headd carcinoma prognostic factors on CT e.g. tumor size, peripancreatic infiltration, 
gradess of vascular encasement and enlargement of lymph nodes. Criteria for local 
unresectabilityy were > 180 degrees circumferential vascular encasement, tumor 
concavityy towards a vessel and presence of any infiltration. All patients underwent 
surgicall  exploration. CT findings were compared with results of surgery and 
histopathology.. Prognostic factors for resected and unresected tumors were analyzed 
usingg single and multivariate analysis. 
Results.Results. A resection was performed in 41 of the 71 patients (in 24 the resection was 
radical).. The sensitivity, specificity and positive predictive value of CT with respect to 
surgicall  unresectability were 0.67, 0.63 and 0.57, respectively. With respect to a non-
radicall  resection these were 0.62, 0.75 and 0.83, respectively. Median survival was 
211 months for resectable and 9.7 months for unresectable tumors. For resected tumors 
survivall  was relatively poor for tumor with a diameter >3 cm (relative hazard 3.8) and 
whenn CT signs of local unresectability were noted. Median survival of resected tumors 
<< 2 cm was nearly 30 months. Encasement of the superior mesenteric artery had a poor 
prognosiss in all tumors. 
Conclusion.Conclusion. CT signs of local unresectability and tumor diameter >3 cm predict a poor 
survivall  in resected tumors. 

26 6 



CTCT criteria as prognostic factors for survival in pancreatic carcinoma 

Introduction n 

Pancreaticc carcinoma has a very poor prognosis. Only 10-15% of tumors are 
resectablee at the time of diagnosis and hence are potentially curable.1 Many techniques 
aree used to determine the resectability including CT, MRI and diagnostic 
laparoscopy.2"66 In the diagnostic work-up of patients CT is predominantly used to 
determinee unresectability of tumors and thus to avoid unnecessary surgery. The 
accuracyy of CT in determining surgical resectability is 77-90%.7"13 Prediction of a 
resectablee tumor by CT is relatively poor, due to metastases that are missed or due to 
unexpectedd local tumor extension. In patients with signs of local unresectability on 
CT,, resections are often attempted, sometimes successfully. Prediction of 
unresectabilityy by CT is not 100% accurate. Resectability may also depend on the 
surgeon'ss opinion whether a venous resection is done or whether a high risk of tumor-
positivee resection margins is accepted.14"16 Thus surgical resection itself is not a 
referencee standard in the evaluation of CT in the prediction of results of treatment. A 
betterr reference standard for CT would be a radical resection confirmed histologically, 
butt even this standard may be influenced by the individual surgeon. Clinically the 
mostt important outcome is survival of the patient. Previous studies on survival have 
examinedd prognostic factors in patients with tumors, that were already known to be 
unresectablee or in patients after a resection had already been performed.17"26 One study 
demonstratedd that the CT finding of venous invasion had prognostic value.27 

Thee aim of this study was to examine the chances of survival in a group of 
patientss with pancreatic head carcinoma, who were potential surgical candidates and to 
determinee whether a preoperative CT scan can predict survival. If CT findings can be 
identifiedd that predict survival, they may be helpful in selecting candidates for surgery 
orr other therapy. 

Patientss and methods 

Betweenn February 1997 and July 1999 approximately 200 patients suspected of 
havingg pancreatic carcinoma underwent a spiral CT for staging at the Academic 
Medicall  Center, Amsterdam. Of these, 72 consecutive patients with pancreatic head 
carcinomaa eventually underwent surgery for attempted resection with curative intent. 
Thee diagnosis was confirmed histologically in all of these patients. Periampullary 
tumorss were included, but distal cholangiocarcinomas, cystic tumors or endocrine 
tumorss were excluded. One patient was excluded from analysis because of lack of 
followw up. The remaining 71 patients were included in this study. 
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Patients Patients 
Theree were 33 males and 38 females, their median age was 62 years (range 42-

76).. Forty-one patients underwent a pylorus preserving pancreatico-duodenectomy 
(PPPD).. In 30 the tumors were proven unresectable at surgery, because of metastases 
(n=10)) or local tumor extension into surrounding blood vessels or the mesocolon. 
Patientss with unresectable tumors usually had a double bypass surgery (hepato-
jejunostomyy and gastro-enterostomy with cholecystectomy and celiac plexus blockage 
withh alcohol), three patients had a single bypass only. 

CTCT technique 
Alll  patients were prospectively included to undergo a pre-operative CT according 

too protocol, using a dual slice technique (CT Twin Flash, Elscint, Haifa). Collimation 
wass 2 x 2.5 mm, 120 kVp, 199 mAs, table speed 7.5 mm/s. Intravenous contrast 
injectionn was given at a rate of 3.5 ml/s (130 ml Omnipaque 300, Nycomed, Oslo). A 
duall  phase scan was performed, the pancreatic phase of the scan had a delay of 50 
seconds. . 
Thee CT scans were retrieved after surgery and reviewed on a workstation by two 
experiencedd abdominal radiologists, separately. The only information given to the 
radiologistt was that patients had been explored for suspected pancreatic cancer. If 
theree was disagreement between readers, a third consensus reading was held. 
CTT variables used for survival analysis were (i) tumor size (if tumors were visible at 
CT);; (ii) infiltration of peripancreatic fat planes, the hepatoduodenal ligament and the 
mesentery,, scored as present or absent (regardless whether this infiltration was 
presumedd to be due to tumor infiltration or to inflammatory infiltration); (iii ) 
encasementencasement of the portal or superior mesenteric vein, measured in three degrees of 
circumferentialcircumferential involvement (< 90 degrees, between 90-180 degrees, > 180 degrees), 
(iv)) tumor convexity grade A-E. (according to Loyer7: grade A: fat plane visible 
betweenn tumor and vessel; grade B: normal pancreatic tissue between tumor and 
vessel;; grade C: tumor adjacent to vessel with a contour convex towards the vessel; 
gradee D; tumor adjacent to vessel with a contour concave towards the vessel, grade E: 
circumferentiall  involvement of vessel; grade F: thrombosis or occlusion of vessel, (v) 
encasementencasement of the hepatic artery and the superior mesenteric artery, regarded as 
presentt if involvement was >180 degrees, (vi) suspected liver metastases (vii) distant 
lymphlymph nodes larger than 1 cm. Also an overall CT variable local resectability was 
scored.. Local resectability combined several CT criteria: a tumor was regarded as 
locallyy not resectable if any infiltration was present, or if any vessel showed 
involvementt of > 180 degrees or if tumor convexity was scored as grade D or E. 

Thee CT variable local resectability was also compared to whether surgical 
resectionn was done and the histopathology of resected tumors. Completeness of the 
resectionn (whether resection margins were tumor negative) was established by 
reviewingg histopathology reports. 
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Survival Survival 
Inn February 2001, 12 of the patients were known to be alive. In these patients the 

averagee follow up time after surgery was 34 months (range 23-41). This was used as 
survivall  time (censored cases). The time of death was known in 57 patients, survival 
wass calculated from the date of surgery. In 2 patients known to have died, the exact 
datee of death could not be determined. The last visit to the outpatient clinic was used 
ass endpoint for survival in these patients. 
Wee compared the survival for patient groups defined according to CT criteria, using 
separatee variables and a multivariable model. All CT variables, as well as the clinical 
variabless age and sex, were used for survival analysis. For univariable analysis Kaplan 
MeierMeier survival curves were determined, using the logrank for significance. The median 
agee of 62 years was used as the cut-off level for age. For tumor size several cut-off 
levelss were analyzed. Multivariable analysis was performed for all tumors and for 
surgicallyy resectable and unresectable tumors separately. A Cox regression analysis 
wass performed for factors that had significant prognostic value to determine the 
relativee risk for death. 

Results s 

CTT scans of 36 of the 71 patients were scored as locally resectable and of 35 as 
locallyy unresectable. A surgical resection could be performed in 26 and 15 patients 
respectively.. The overall resection rate was 57 percent. The sensitivity of CT for 
surgicall  unresectability was 0.67 (20/30) and the predictive value for unresectability 
wass 0.57 (20/35), (Table la). In the 26 and 15 patients that underwent a resection, the 
resectionn margins were tumor-negative at pathology in 18 and 6 patients respectively. 
Accordinglyy the rate of a radical resection was 59 percent (24/41). The sensitivity of 
CTT for a non-radical resection was 0.62 (29/47) with a predictive value of 0.83 
(29/35),, (Table lb,c). 

Tablee la Local resectability at CT correlated with surgical resection 

Surgery y 

CT T 

Locall  resectable 

Locall  unresectable 

Total l 

resectedd not resected Total 

266 10 36 

155 20 35 

411 30 71 
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Tablee lb Local resectability at CT correlated with surgical resection 

Histologyy resection margins tumor-

CTT negative positive total 

Locall  resectable 178 18 36 

Locall  unresectable 6 29 35 

Totall  24 47 71 

Tablee lc Predictive value of CT scan for unresectability and non-radical resection 

unresectabilityy non-radical 
resection n 

Sensitivity y 
Specificity y 
Positivee predicative value 
Negativee predictive value 
Accuracy y 

0.677 (20/30) 0.62 (29/47) 
0.63(26/41)) 0.75(18/24) 
0.577 (20/35) 0.83 (29/35) 
0.72(26/36)) 0.50(18/36) 
0.65(46/71)) 0.66(47/71) 

Thee estimated mean survival of the group (n=71) was 16 months (median 10.8 
months)) with a probability of survival at 6, 12, 24 months of 82%, 43%, 20% 
respectively.. Median survival time was 21 months for patients with resected tumors 
(n=41),, compared to 9.7 months after a bypass procedure (n=30), ( Fig 1). 

Factorss that were used in univariable analysis for resected and unresected tumors 
aree listed in Table 2a and 2b. In non-resected tumors the only significant survival 
factorr was encasement of the mesenteric artery, which implied a median survival time 
off  4 months. The mortality increased by a factor of 5 if encasement was present. 

Forr resected tumors size was a significant prognostic factor. Median survival 
timee was 19.3 months for tumors with a diameter smaller than 3 cm, and 9.9 months 
forr tumors with a diameter larger than 3 cm. Ten of the 28 tumors with diameters 
largerr than 3 cm could be resected, but the resection margins were tumor-negative in 
onlyy three. All patients that were alive had tumors smaller than 3cm. Further analysis 
showedd a difference in survival between tumors with a diameter of 2 -3 cm and those 
withh a diameter smaller than 2 cm. Seventeen patients, who had a tumor with 
diameterss of 2-3 cm, had a median survival time of 16.6 months (Fig 2). 
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Surgery y 

~~ unresectable n=30 

censoredd n= 0 

resectablee n=41 

-,, censored n=12 
50 0 

Timee (month) p< 0.00005 

Figuree 1. Survival for surgical (un) resectability (n=71) 

Infiltrationn of the hepatoduodenal ligament and infiltration of the peripancreatic fat 

hadd prognostic value. Al l patients that survived had no evidence of infiltration on CT. 

Venouss encasement of > 90 degrees had prognostic value. The prognostic value 

off  involvement of > 180 degrees was statistically not significant. The median survival 

off  patients that had > 180 degrees tumors was 8.7 months, for patients with < 180 

degreess tumors this was 17.6 months. Tumor concavity had significant prognostic 

value.. For patients with grade DE tumors the relative risk of death was a factor 5 

greaterr than for patients with grade ABC tumors. Patients with grade A tumors showed 

aa significantly longer survival time of almost 30 months. 

Agee and sex did not have a significant influence on survival. The factor local 

resectabilityresectability had significant prognostic value with median survival time of 8.5 months 

iff  tumors were considered as being locally unresectable (Fig 3). 
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Figuree 2a. Survival for tumor size in unresected tumors (n=29) 

MultivariableMultivariable analysis 
Thee CT factors with statistically significant prognostic value in the univariate 

analysiss were included in a stepwise Cox regression model. For analysis of all patients 
thee factors included were: presence of peripancreatic fat infiltration, encasement of the 
superiorr mesenteric artery, tumor diameter of >3 cm, tumor convexity > grade A, 
venouss involvement of >90 degrees and presence of infiltration of the hepatoduodenal 
ligament.. Of these factors the model showed that independent factors for survival were 
encasementt of the SM artery, tumor convexity grade B or higher and tumor diameter 
largerr than 3cm. Corrected for age and sex the Relative Risk for death increased by a 
factorr of 4.7 for SMA involvement, by a factor of 2.1 for tumors larger than 3 cm and 
byy a factor of 3.2 for tumor convexity grade B or higher (Table 3a). 

Forr resected tumors the analysis showed two independent factors: tumor 
convexityy grade DE and tumor size larger than 2 cm (Table 3b). The RR for death 
increasedd by a factor of 4.9 and 3.2 respectively. 
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Thee variable local resectability at CT was compared separately. There was an 
increasedd risk of death, that was independent of the factor tumor diameter of > 2 cm. 
Thee Relative Risk for death increased by a factor of 3.2 if tumors were considered to 
bee unresectable according to the CT (p-value 0.008). 
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Figuree 2b. Survival for tumorsize in resected tumors (n=36) 
pp = 0.02 for T< 2 cm versus T> 2 cm 
p== 0.001 for T< 3 cm versus T< 3 cm 
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Figuree 3a. Survival in resected tumors (n= 41) 
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Figuree 3b. Survival for unresectable tumors at laparotomy (n=30) 
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Tablee 3a Relative hazard of independent factors in Multivariate Model 
allall  tumors 

Variablee Relative hazard P value 
forr survival 

SMM Artery encased 4.7 0.027 
Tumorr convexity B or larger 3.2 0.011 
Tumorr > 3 cm 2.1 0.022 
Malee gender 1.5 0.164 
Agee < 62 years 1.5 0.142 

Tablee 3b Relative hazard of independent factors in Multivariate Model 
resectedresected tumors 

Variablee Relative hazard P value 
forr survival 

Tumorr convexity D or E 4.9 0.001 
Tumorr > 2 cm 3.2 0.022 

Discussion n 

Prognosticc factors for survival have been described in patients in whom a 
surgicall  resection has been performed and in patients with advanced pancreatic cancer. 
17266 In the group of pre-operative patients data on prognosis are lacking. We examined 
CTT findings and assessed the prognostic factors in this selected group of patients. The 
resultss show that a tumor diameter larger than 2 cm, tumor convexity grade DE, and 
'locall  resectability' predicted by CT have important prognostic value. Ideally one 
wouldd like to analyze CT criteria in a group of patients with pancreatic cancer that are 
surgicall  candidates. However, to compensate for the effects of a surgical resection, the 
predictivee values of CT factors had to be analyzed separately for resected and 
unresectedd tumors. If a significant CT factor is found in either subgroup, potentially 
therapeuticc strategy would be changed. If no significant factor can be identified, this 
wouldd imply no change in surgical strategy. However, if a CT factor predicts a poor 
survivall  in all patients, it may merely predict the resectability of the tumor. Most CT 
factorss relate to unresectability of the tumor, but their predictive value varies. This can 
bee quantified by comparing the relative numbers of patients for each factor in resected 
andd unresected patients (Table 2 be). For example: in unresectable tumors 18 of 29 had 
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aa diameter larger than 3 cm and in resected tumors 10 of 36 had diameters larger than 
33 cm. The relative risk of a tumor diameter >3 cm to be unresectable was 0.64 (18/28) 
comparedd to the risk of 0.30 (11/37) for tumors with diameters <3 cm. 

Iff  a factor has a high risk for unresectability the number of patients with this factor 
inn the resected group will be relatively low e.g. for venous encasement of >180 
degrees.. The prognostic value for survival may not reach statistical significance for 
thesee factors, but an important effect on prognosis may be suggested if large 
differencess in survival exist. 

Forr unresected tumors CT factors had littl e predictive value. A poor effect on 
survivall  was seen for mesenteric artery encasement, although the number of patients 
wass low. Tumors completely separate from the vessels (grade A convexity) seem to 
havee a slightly better (but not significant) survival. Probably unresectability is the 
majorr factor that determines survival. 

Severall  CT factors predict survival after a resection has been performed (Table 
2b).. In the multivariate analysis 2 factors remained: tumor diameter >2 cm and tumor 
convexityy >grade C. Nearly all tumors with diameters smaller than 2 cm were resected 
andd median survival time of patients with these tumors was nearly 30 months after 
resection.. Tumor size is a well known prognostic factor in patients with resected 
tumorss as well as in those with advanced carcinoma.22'3132 A comparable prognosis for 
patientss with small tumors was found previously in patients after a resection: for 
patientss with tumors <2cm at pathology the median survival was 29.7 months 
comparedd to 10.7 months for patients with tumors >2 cm.33 The present study also 
showedd that patients with resected tumors with diameters of 2-3 cm have a better 
prognosiss than patients with resected tumors larger than 3 cm. Furthermore no patient 
thatt survived had a tumor resected with a diameter larger than 3 cm. 

SMAA involvement and tumor convexity grade D are CT signs of local 
unresectability.. SMA involvement indicated a poor prognosis. Survival was also 
relativelyy poor in patients with non-resected tumors. The number of patients with 
arteriall  involvement was very limited. It is probable that surgery had already been 
avoidedd in most patients with arterial involvement. 

Thee overall CT variable for local unresectability, takes into account the risk of 
bothh arterial and venous invasion. Median survival after resection was 8.5 months for 
tumorss considered to be locally unresectable and 23.1 months if considered to be 
locallyy resectable. The number of survivors in both groups were one and eleven, 
respectively.. For the variable local unresectability venous involvement of >180 
degreess was regarded as an indicator of an unresectable tumor. This was based on a 
previouss study.13 Portal vein involvement of >90 degrees also has a high predictive 
valuee for invasion11 and Furukawa showed that portal vein involvement of >90 
degreess is associated with a poor survival (33% 1 year survival).27 Indeed in the 
presentt study involvement of >90 degrees had significant prognostic value. There 
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weree four tumors resected with involvement between 90-180 degrees. Median survival 
off  these patients was 8.6 months, which is comparable to the survival of those 
regardedd as locally unresectable by CT. 

Suspectedd metastases and enlarged lymph nodes at CT did not have prognostic 
value.. This is probably due to selection; most patients with metastases had already 
beenn excluded. Depending on localization, metastases in enlarged lymph nodes on CT 
cann be confirmed with fine needle aspiration and if confirmed surgery will not be 
performed.. When there is doubt about metastases, laparoscopy with laparoscopic 
ultrasonographyy may confirm metastases and preclude a resection. Absence of liver 
metastasiss was shown to be the most important prognostic factor in unresectable 
carcinoma.'' "' Microscopic lymph node status after resection is known to correlate 
withh survival.31'33,34 CT is not able to indicate lymph node status in non-enlarged 
nodes. . 

Forr staging pancreatic carcinoma, CT is regarded as the primary modality and it 
mayy demonstrate unresectable disease in the majority of patients. The reported 
accuracyy of CT in determining surgical resectability is 77-90%, but accuracy is 
generallyy high in patient groups that have a low resection rate, sometimes less than 
30%.. 7"13 In the present study fifteen of 35 patients regarded as unresectable by CT 
underwentt a resection. This meant that CT had a predictive value for surgical 
unresectabilityy of 57%, prediction of a resectable tumor by CT was correct in 72%. 
Thee predictive power of CT was therefore only moderate in excluding patients from 
surgicall  exploration. This may be partly explained by selection bias as only patients 
thatt underwent surgical exploration were selected for this study. Patients with tumors 
thatt were regarded as clearly unresectable on CT e.g. by demonstration of extensive 
invasionn or metastases, would not have been selected for surgery. 

AA major problem is the detection of local tumor extension and vascular invasion, 
whichh is present in about 50% of surgical patients.7,8'11,13,30 Depending on the criteria 
used,, CT can predict vascular invasion with 100% predictive value, but with a low 
sensitivity.111 Therefore a large proportion of patients cannot be excluded from surgical 
exploration.. Extensive surgery is often performed and venous resection is sometimes 
advocated,, even if tumor invasion is demonstrated on CT.15'16 

Whetherr a resection is of therapeutic value is partly dependent on the histo-
pathologicall  findings in resected tumors. Presence of tumor positive resection margins 
aree an important prognostic factor for survival.24,28,31 In the present study, CT had a 
predictivee value for positive margins of 83%. There were 6 patients with radically 
resectedd tumors, that were regarded as being locally unresectable on CT. CT 
underestimatedd tumor positive microscopic margins: in 50% of tumors predicted as 
locallyy resectable by CT, resection margins were shown to be tumor positive. These 
findingss are similar to a previous study comparing CT findings and tumor invasion of 
vessels:: a high risk for invasion can be demonstrated, but in many patients 
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microscopicc invasion is underestimated by CT.11 It is questionable whether the 
predictivee value of 83% for a positive margin will be sufficient to influence the 
decisionn on surgical exploration. These findings support the aim of this study: to find 
CTT criteria that predict a poor survival and thus to refrain from surgery. 

AA limitation of the present study is that mainly CT parameters were evaluated. 
Otherr parameters that may be obtained pre-operatively like baseline clinical 
performance55 or serum CA 19-926 are known to have an influence on survival. 
Furthermore,, all patients had a pancreatic head adenocarcinoma with histological 
confirmation.. Caution should be taken to implement these data on patients with a 
pancreaticc mass suspected for tumor. Tumors with a different histology e.g. an 
endocrinee tumor, may have a better prognosis. Post-operative treatment was also not 
takenn into account. Adjuvant therapy however is known to have a limited effect on 
survival.5 5 

Inn summary, our findings suggest that prognostic factors can be identified at the 
pre-operativee CT scans. Most important are factors that predict survival for resected 
tumors.. Survival is longest in tumors smaller than 2cm. A poor survival is seen in 
resectedd tumors that are larger than 3cm and in tumors that showed CT signs of local 
unresectability:: tumor convexity grade D, vascular encasement >180 degrees or 
infiltrationn surrounding the pancreas. This parameter might be extended with portal 
venouss encasement >90 degrees. Encasement of the mesenteric artery had an 
extremelyy poor prognosis for both resected and unresected tumors. These findings may 
addd to the value of CT for staging pancreatic cancer and may guide the choice of 
therapy. . 
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