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ABSTRACT

Background: In patients with pancreatic or periampullary tumor, staging laparoscopy 
(SL) can detect metastases that are occult on computed tomography (CT), thereby 
precluding nontherapeutic laparotomy. Routine SL is not advocated, but some studies 
suggest its selective use. The aim of this study was to identify patients at risk for 
metastasis in whom SL could be beneficial. 

Methods: A consecutive series of patients who underwent laparotomy for a suspected 
pancreatic or periampullary tumor were analyzed. We included patients with a 
suspected resectable solid lesion and a recent high-quality CT scan. Patients with 
and without an intraoperatively encountered metastasis were compared. Regression 
analysis was performed to examine the association between various predictors and 
metastasis. 

Results: Data from 385 patients (mean age 63, 41% women) were analyzed. Distant 
metastasis was encountered in 79 patients (21%). Logistic regression analysis 
revealed the following key predictors for metastasis: tumor size on CT scan (Odds 
Ratio [OR] 1.43, 95% confidence interval [CI] 1.16-1.76 per mm increase), weight 
loss (OR 1.28, 95% CI 1.01-1.63 per doubling the kilograms), and history of jaundice 
(OR 2.36, 95% CI 0.79-7.06). In patients with a tumor ≥ 3 cm and severe weight loss 
(≥ 10 kg) and in patients with a tumor ≥ 4 cm and moderate weight loss (≥ 5 kg), the 
proportion of patients with metastasis was > 40%. 

Conclusions: In patients with a suspected pancreatic or periampullary tumor, the 
tumor size, weight loss, and jaundice are key predictors of metastasis at exploration. 
SL might be beneficial in patients with a tumor ≥ 3 cm and severe weight loss and in 
those with a tumor ≥ 4 cm and moderate weight loss. 
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INTRODUCTION

In the Western world, the incidence of tumors in the pancreatic head region 
is currently 10-15 per 100,000 population. Pancreatic cancer is the fourth most 
common cause of cancer-related death, with an average 5-year survival of 2-5%.1,2 
The only chance for cure is surgical resection, but only 10-15% of patients are 
staged to have resectable tumors without metastasis and are candidates for surgery at 
presentation.3 Despite careful selection, a substantial proportion of operated patients 
have unresectable disease at surgical exploration due to local tumor ingrowth or 
metastasis.4,5

High-quality pancreatic computed tomography (CT) is the mainstay for staging 
pancreatic head and periampullary tumors.6 Additional imaging modalities, such 
as (endoscopic) ultrasonography (US) or magnetic resonance imaging (MRI), are 
regularly used. Staging laparoscopy (SL) for the purpose of staging pancreatic and 
periampullary tumors was introduced by Cuschieri and Warshaw et al. during the 
1980s as an additional diagnostic procedure to detect unresectable disease and to 
prevent nontherapeutic laparotomy.7,8 SL as a staging procedure is most helpful in 
detecting peritoneal and small liver metastases, which can be missed by CT and US 
(Figure 1). The procedure is less useful for detecting lymph node metastasis and local 
tumor ingrowth in the vascular structures surrounding the pancreas.9 Moreover, the 
ability of SL to obtain histological confirmation of unresectable disease is limited.10 

Figure 1. CT-occult small liver metastasis (arrow) encountered during explorative laparotomy
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With recent advances in radiologic imaging, the role of SL in staging pancreatic 
head and periampullary tumors has become controversial; although a recent meta-
analysis advocated its routine use for staging these tumors, most studies from the 
last decade do not favor routine application of the procedure because of its low yield, 
although some do suggest benefit of its selective use in patients with high risk of 
metastatic or advanced disease.11-17 

In our institution, validated CT criteria are used to assess the resectability of 
tumors in the pancreatic head region. Endoscopic US is performed only when no 
tumor is visualized but a malignancy is still suspected. SL was routinely performed 
as a staging procedure until 1998. A prospective study showed a yield of only 13%, 
with a histologically proven accuracy of 60% for distant metastasis.10 Additionally, 
palliative surgery by a double bypass proved to be more adequate in this group than 
endoscopic palliation by stenting in terms of hospital-free survival.10 Therefore, 
routine SL was abandoned. An evaluation of the new strategy confirmed that the 
additional value of SL was too limited to justify its routine application.18

Morbidity rates of surgical palliative bypass procedures can be substantial.19 In 
recent years, nonsurgical palliative therapy has improved.20,21 Hence, there might be 
a subgroup of patients who could benefit from SL and, if metastasis is encountered, 
nonsurgical treatment. Careful selection of surgical candidates remains important to 
prevent nontherapeutic laparotomy. The aim of this study was to define preoperative 
risk factors for the presence of distant metastasis and to identify high-risk patients 
who might benefit from a SL, thereby possibly precluding a nontherapeutic open 
exploration. 

METHODS

PATIENTS AND STUDY OUTLINE
We evaluated a prospective consecutive series of 648 patients with a suspected 

pancreatic head or periampullary tumor, staged to be resectable, who underwent an 
explorative laparotomy with curative intent in our center between 1999 and 2007.

Standard preoperative workups were done by CT. In case a tumor was not visualized 
but still suspected, additional endoscopic US or MRI was performed. Serum tumor 
markers such as CA19-9 were not routinely determined. All available imaging and 
biopsy results were discussed in a multidisciplinary hepatopancreatobiliary meeting, 
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including surgeons, radiologists, gastroenterologists, and medical oncologists. Tumors 
were considered unresectable if there was tumor infiltration into peripancreatic fat 
planes or if there was tumor involvement of the portal or superior mesenteric vein with 
a concave contour toward the vessel (grade D or higher according to Loyer et al.).22,23 
Lesions were also considered unresectable when arterial encasement was present: 
complete circumferential involvement (cuff sign) or narrowing or occlusion of the 
artery. Exploration was undertaken with the intent to perform a (pylorus-preserving) 
pancreatoduodenectomy. When local tumor ingrowth or metastasis was encountered 
during exploration, biopsy specimens were obtained for histological confirmation. 
Tumor-positive biopsies implicated unresectable disease, and a palliative double bypass 
procedure was performed.

For this study, the only patients included were those with a high-quality multislice 
CT scan available within 3 months before the operation with no indication of a distant 
metastasis. CT findings were recorded regarding the resectability criteria. If these 
findings were insufficiently documented in the radiology reports, the CT scans were 
reviewed by a radiologist (C.Y.N.) to document relevant criteria for resectability. The 
radiologist was unaware of the outcome of the explorative laparotomy. Suspected 
duodenal tumors, other nonperiampullary tumors, and cystic lesions were excluded.

Patient characteristics were compared between patients with and without 
histologically confirmed distant metastasis encountered during exploration. The 
possible risk factors for distant metastasis were then examined.

STATISTICAL ANALYSIS
Descriptive data are presented as the mean with standard deviation (SD) or the 

median with the interquartile range (IQR), depending on the distribution of the data. 
Comparison between patients with and without distant metastasis was performed 
using Student’s t-test or the Mann-Whitney U-test for continuous data, depending on 
the distribution, and the χ2 test for categorical data.

Univariate and multivariate logistic regression analyses were performed 
to identify risk factors for the presence of distant metastasis. The following 
characteristics were considered possible predictors of distant metastasis based on 
previous studies: suspicion of pancreatic adenocarcinoma, tumor size on preoperative 
CT, jaundice, weight loss, pain radiating to the back.9,12,24-26 To estimate their value 
for predicting distant metastasis, these variables were entered simultaneously in a 
logistic regression model, together with age and sex. A ‘core’ regression model was 
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obtained by backward elimination using a threshold of P < 0.1. Then, we performed 
an extensive explorative univariate analysis of anamnestic, laboratory, and imaging 
variables to identify additional potential risk factors. Variables that were associated 
with the presence of distant metastasis at a level of significance of P < 0.2 in the 
univariate analysis were separately added to the core regression model and tested for 
significance in a multivariate analysis. The final regression model was evaluated for 
calibration with the Hosmer-Lemeshow test (predicted versus observed probabilities) 
and for discrimination (receiver operating characteristics [ROC] curve and its area 
under the curve). Finally, we used clinically practical cutoff values for the variables 
in the final model to identify subgroups of patients with a predicted probability of at 
least 40%. In all analyses, P < 0.05 was considered to indicate statistical significance. 
All analyses were performed using SPSS software version 16.0 (SPSS, Chicago, IL, 
USA).

RESULTS

A flow chart of the study is shown in Figure 2. In the study period, a consecutive 
series of 648 patients underwent explorative laparotomy. In all, 83 patients were not 
included because they had no suspected solid pancreatic or periampullary tumor; 
these patients had mainly cystic lesions or duodenal tumors. Another 180 patients 
were excluded for various reasons: the interval between the CT scan and the operation 
was > 3 months (n = 55) or no firm conclusions could be drawn from the CT scan 
because no CT scan was available, the CT scan was done elsewhere and the images 
or date were no longer available, or the CT scan did not meet the quality criteria for 
evaluating all resectability aspects (n = 125).

Among the remaining 385 patients, a resection was performed in 220 patients 
(57%) and a palliative bypass procedure in 165 patients (43%). In 86 (52%) of the 
165 patients, the reason for unresectability was local tumor ingrowth or the presence 
of tumor-positive lymph nodes. In the remaining 79 patients (21% of the entire study 
population of 385 patients) distant metastasis (liver or peritoneal) was encountered. 
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Figure 2. Flow chart of the study

Patient characteristics of patients with and without distant metastasis are shown 
in Table 1. Significantly more patients with distant metastasis had a postoperative 
diagnosis of pancreatic adenocarcinoma than did the patients without distant 
metastasis (P = 0.002). 

Table 2 displays the results of the logistic regression analysis of possible predictors 
of distant metastasis. After backward elimination, the model contained the following 
variables: tumor size on CT-scan (Odds Ratio [OR] 1.43, 95% confidence interval 
[CI] 1.16-1.76 per millimeter increase), weight loss (2 log-transformed, OR 1.28, 
95% CI 1.01-1.63, meaning that for every doubling of weight loss, the odds of having 
distant metastasis increases by 1.28), and a history of jaundice (OR 2.36, 95% CI 
0.79-7.06). 
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Table 1. Patient characteristics of patients who underwent explorative laparotomy for suspected 
pancreatic or periampullary tumor, with and without distant metastasis (n = 385)

Characteristic

 

No distant 
metastasis 
(n = 306)

Distant metastasis 
(n = 79)

P-value
 

Age at surgery (years), mean ± SD 63.2 ± 10.1 64.0 ± 9.8 0.52
Male sex – No. (%) 184 (60) 44 (56) 0.48
ASA classification – No. (%)
  I 57 (19) 14 (18) 0.70
  II 187 (61) 52 (66)
  ≥ III 62 (20) 13 (17)
Postoperative diagnosis* – No. (%) 
  Pancreatic adenocarcinoma 174 (60) 63 (80) 0.002
  Ampullary adenocarcinoma 64 (21) 7 (9)
  Distal CBD adenocarcinoma 35 (11) 9 (11)
  Other (pre-)malignant lesions 9 (3) -
  Chronic pancreatitis 17 (6) -
  Other benign lesions 7 (2) -
*In case of unresectable disease, the most likely diagnosis was determined based on all available preoperative 
and intraoperative findings. 
SD, standard deviation; ASA, American Society of Anesthesiologists; CBD, common bile duct

Table 2. Multivariate analysis of possible predictive factors for distant metastasis based on previous 
literature (n = 315)

Factor Full model Backward elimination*
 OR (95% CI) OR (95% CI)

Age at surgery, 1-year increment 1.00 (0.97-1.03)   Dropped
Male sex 0.71 (0.40-1.27)   Dropped
Suspicion of pancreatic cancer† 1.21 (0.64-2.29)   Dropped
Tumor size on CT, 1-mm increment 1.38 (1.09-1.75) 1.43 (1.16-1.76)
History of jaundice 2.54 (0.83-7.80) 2.36 (0.79-7.06)
Weight loss, per doubling‡ 1.29 (1.01-1.66) 1.28 (1.01-1.63)
Pain radiating to the back 0.99 (0.42-2.32)   Dropped
*Threshold: P < 0.1. 
†Reference category: other malignancies more likely or other malignancies in the differential diagnosis. 
‡Data available in 315 patients. 
OR, odds ratio; CI, confidence interval; CT, computed tomography

The results of the extensive ‘explorative’ logistic regression analysis are displayed 
in Table 3. In the univariate analysis, the following variables were associated with 
distant metastasis with significance at the P < 0.2 level: the use of pain medication at 
time of presentation, low hemoglobin, high alkaline phosphatase, and enlarged lymph 
nodes on CT (> 1 cm). When separately added to the ‘core’ regression model, none of 
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these variables significantly improved the fit of the core model, consisting of tumor 
size on CT, weight loss, and a history of jaundice. The model showed good calibration 
according to the Hosmer-Lemeshow test (P = 0.37). Discrimination, as evaluated by 
the area under the ROC curve, was 0.67, indicating moderate overall discrimination. 

Table 3. Univariate and multivariate analysis of possible predictive factors for distant metastasis by 
exploration of several variables (n = 315)

Variable Univariate analysis Multivariate analysis
 OR (95% CI) OR (95% CI)

Anamnestic/physical examination 
variables†
  Signs of gastric outlet obstruction 0.97 (0.57-1.66)
  Duration of complaints, 1-week        
  increment 0.98 (0.97-1.01)

  Use of pain medication 5.98 (0.98-36.42)* 3.74 (0.34-35.08)
  Recent diabetes mellitus (within 6 
  months) 1.40 (0.49-4.02)

  Palpable mass in abdomen 0.77 (0.09-6.68)
Laboratory variables‡
  Low hemoglobin 1.92 (1.10-3.36)* 1.79 (0.95-3.40)
  High total bilirubin 0.80 (0.42-1.47)
  High aspartate transaminase 1.02 (0.55-1.88)
  High alanine transaminase 1.12 (0.56-2.22)
  High amylase 1.15 (0.29-4.55)
  High ϒ glutamyl transpeptidase 1.16 (0.42-3.26)
  High alkaline phosphatase 2.36 (1.12-4.98)* 1.74 (0.74-4.12)
  High C-reactive protein 1.53 (0.58-4.04)
  Low creatinine 1.44 (0.76-2.72)
  High creatinine 0.95 (0.19-4.77)
CT variables
  Vascular involvement§ 1.46 (0.82-2.60)
  Enlarged lymph nodes 2.12 (1.19-3.77)* 1.40 (0.72-2.73)
Other
  ASA classification ≥ III 0.74 (0.38-1.47)

*Significant at P < 0.2. 
†At the time of presentation. 
‡Normal reference values: hemoglobin ≥ 8.5 mmol/l for males and ≥ 7.5 mmol/l for females (to convert 
to dg/l, divide by 0.6206); total bilirubin ≤ 17 μmol/l (to convert to mg/dl, multiply by 0.0584); aspartate 
transaminase ≤ 40 U/l; alanine transaminase ≤ 34 U/l; amylase ≤ 220 U/l; ϒ glutamyl transpeptidase ≤ 60 
U/l; alkaline phosphatase ≥ 40 but ≤ 120 U/l; C-reactive protein ≤ 5.0 mg/l; creatinine ≥ 75 but ≤ 110 μmol/l 
for males and ≥ 65 but ≤ 95 μmol/l for females.
§Defined as loss of fat plane, flattening/narrowing or encasement up to 180˚ of one or more of the following 
vessels: superior mesenteric vein, superior mesenteric artery, portal vein. 
OR, odds ratio; CI, confidence interval; CT, computed tomography; ASA, American Society of Anesthesiologists
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Table 4 displays the number and proportion of patients with distant metastasis in 
subgroups based on different cutoff points for tumor size on CT (≥ 2, 3 or 4 cm) and 
weight loss (regardless of weight loss, weight loss ≥ 5 kg, or weight loss ≥ 10 kg), 
with or without history of jaundice. In the entire study population, 21% of the patients 
had distant metastasis. In patients with a tumor ≥ 3 cm on CT and severe weight loss 
(≥ 10 kg) or with a tumor ≥ 4 cm and moderate weight loss (≥ 5 kg), the proportion 
of patients with distant metastasis was well above 40%.

Table 4. Distant metastases in patients according to tumor size, weight loss, and jaundice
Weight loss History of jaundice Patients 

fulfilling criteria 
(n = 385)

Patients 
with distant 
metastasis 
(n = 79, 21%)

Tumors ≥ 2 cm – No. (%)
  Regardless of weight loss Regardless of jaundice 205 (53) 57 (28)
  Regardless of weight loss + 175 (54) 54 (31)
  ≥ 5 kg Regardless of jaundice 123 (39)* 39 (32)
  ≥ 5 kg + 107 (34)* 37 (35)
  ≥ 10 kg Regardless of jaundice 53 (19)* 19 (36)
  ≥ 10 kg + 45 (18)* 18 (40)
Tumors ≥ 3 cm – No. (%)
  Regardless of weight loss Regardless of jaundice 90 (23) 29 (32)
  Regardless of weight loss + 82 (21) 28 (34)
  ≥ 5 kg Regardless of jaundice 57 (18)* 21 (37)
  ≥ 5 kg + 53 (17)* 20 (38)
  ≥ 10 kg Regardless of jaundice (A) 28 (9)* 12 (43)
  ≥ 10 kg + 26 (8)* 11 (42)
Tumors ≥ 4 cm – No. (%)
  Regardless of weight loss Regardless of jaundice 21 (5) 6 (29)
  Regardless of weight loss + 18 (5) 6 (33)
  ≥ 5 kg Regardless of jaundice (B) 12 (4)* 5 (42)
  ≥ 5 kg + 11 (3)* 5 (46)
  ≥ 10 kg Regardless of jaundice 3 (1)* 1 (33)
  ≥ 10 kg + 3 (1)* 1 (33)

(A) or (B) Regardless of jaundice 37 (12)* 16 (43)
(A) or (B) + 34 (11)* 15 (44)
*Calculation based on 315 patients whose data on weight loss were available.
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DISCUSSION

In patients with a pancreatic or periampullary tumor, adequate staging is of crucial 
importance for preoperative selection of candidates for surgery. In our center, SL was 
abandoned from the staging protocol after a prospective study revealed that it had only 
limited additional value. The present study was performed to identify patients with a 
high risk of distant metastasis at exploration – in whom routine SL might be beneficial. 
In the present study, 21% of patients had distant metastasis at the time of surgical 
exploration. Logistic regression analysis with backward elimination revealed that the 
key predictors of distant metastasis were the size of the tumor on CT, weight loss, 
and a history of jaundice. After applying these risk factors to our database, we found 
that in patients with a tumor ≥ 3 cm and severe weight loss (≥ 10 kg) and in patients 
with a tumor ≥ 4 cm and moderate weight loss (≥ 5 kg), the proportion of patients 
with distant metastasis was well over 40%. These criteria were fulfilled in just over 
10% of patients.

Nieveen van Dijkum et al. and Tilleman et al. showed that the histologically 
proven accuracy of SL for distant metastasis was 60%.10,18 This figure implies that in 
this selected patient group, with more than 40% of patients with distant metastasis, 
a nontherapeutic laparotomy could be prevented in > 25% by performing SL; one 
could speculate that this yield might become even higher in the light of advances in 
diagnostic techniques that can be applied during SL. 

Large tumor size and weight loss have earlier been described as conditions 
reflecting more advanced disease that may implicate a higher risk of CT-occult 
metastastic disease. Morganti et al. described a series of 54 explorations for pancreatic 
cancer.26 Six of their patients had liver metastasis, all of whom had a tumor > 3 cm. 
Yoshida et al. described a series of 45 patients with pancreatic cancer, presumed 
resectable after imaging, in which the mean resectable tumor size was 3.1 cm and 
the mean unresectable tumor size was 4.4 cm.27 Pisters et al. and Stefanidis et al. 
concluded in their respective reviews on SL that the procedure should be selectively 
applied to patients at high risk of distant metastasis; both mentioned tumor size 
as the first criterion.9,14 Pisters et al. also mentioned weight loss as a criterion that 
suggested more advanced disease.14 To our knowledge, the present study is the first 
to describe the association between weight loss and the presence of distant metastasis 
for pancreatic/periampullary cancer. Connor et al. also noted that jaundice was a 
factor in the SL yield.25
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This study has some limitations. First, we have used indirect assessment to 
estimate the potential yield of SL; distant metastasis was used as the surrogate marker 
for patients who might benefit from the procedure. This indirect assessment method is 
widely accepted and has frequently been used before, although it should of course be 
interpreted with some caution.28,29 However, we believe that it is a valid assumption 
that SL is more useful for detecting distant metastasis than for detecting lymph node 
metastasis or local tumor ingrowth. Nieveen van Dijkum et al. found that no patient 
with locoregional tumor ingrowth or lymph node metastasis could be classified as 
‘definitely irresectable’ at SL, mostly due to the lack of histological confirmation. 
Most of these patients were classified as ‘probably irresectable’, and were offered 
an exploration; approximately one-third of these explorations resulted in resection.10

The potentially additional value of laparoscopic US and peritoneal cytology 
was not taken into account in this study design. However, in our previous studies, 
the additional value of these procedures was small (1% and 0.8%, respectively), 
mostly because suspected lesions had already been seen at laparoscopy, or because 
histological confirmation could not be obtained.30,31

Serum CA19-9 and albumin levels were not routinely measured preoperatively 
and could not be evaluated. Some studies suggest that elevated serum CA19-9 and 
low albumin levels indicate progressive disease and could help to increase the yield 
of SL.14,24,25,32,33

Our study was performed in a large consecutive series of patients, whose patient 
characteristics and hospital course were prospectively registered. We have identified 
two risk factors for the presence of distant metastasis in patients with pancreatic or 
periampullary tumors who are deemed resectable after preoperative imaging: tumor 
size on CT scan and weight loss. In patients with a tumor ≥ 3 cm and severe weight 
loss (≥ 10 kg), and in patients with a tumor ≥ 4 cm and moderate weight loss (≥ 5 kg), 
the proportion of patients with distant metastasis was well above 40%. A history of 
jaundice increased the risk of distant metastasis even further.

The question remains which method provides the best palliation for patients with 
unresectable disease found at SL. In general, endoscopic stenting is the preferred 
treatment in patients with metastasis. We have previously randomized a small series 
of patients with unresectable disease found at SL between endoscopic and surgical 
palliation and found that the group with surgical palliation had longer disease-free 
and overall survivals.10 A well-powered trial randomizing between (laparoscopic) 
surgical palliation and endoscopic palliation may help to establish the best treatment 
for patients with metastatic disease found during SL.
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CONCLUSIONS

The easily applicable criteria we identified in the present study make it possible 
to select just over 10% of patients at high risk of distant metastasis, who may benefit 
from a SL. At our center, we plan to start using a strategy of scheduling SL before 
exploration, preferably during the same session, in these selected patients. Future 
studies must validate these criteria and point out whether this strategy decreases the 
number of nontherapeutic laparotomies. 
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