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ABSTRACT

Background. Recent imaging and the
increasing use of neoadjuvant therapy puts the contempo-
rary utility of staging laparoscopy for patients with
pancreatic adenocarcinoma (PDAC) into question. This
study aimed to develop a prognostic score to optimize
prevention of an unnecessary laparotomy and minimize the
rate for unnecessary laparoscopy.

Methods. Clinicopathologic data were evaluated for all
patients undergoing surgical intervention for PDAC
between 2001 and 2015, who were stratified into group 1
(2001-2008) and group 2 (2009-2014).

Results. The study identified 1001 patients eligible for
analysis, 331 (33%) of whom underwent a staging
laparoscopy before exploration. An unnecessary laparo-
tomy was prevented for 44.4% of the patients in period 1
and for 24% of the patients in period 2 (p < 0.001). Male
gender [odds ratio (OR), 1.8; p < 0.05], preoperative
resectability (borderline resectable OR 2.1; p < 0.019;
locally advanced OR 7.6; p < 0.001), CA 19-9 levels
higher than 394 U/L (OR 3.1; p < 0.001), no neoadjuvant
chemotherapy (OR 2.7; p = 0.012), and pancreatic body or
tail lesions (OR 1.8; p = 0.063) were predictive of occult
metastatic disease. The developed scoring index demon-
strated a c-statistic of 0.729. The observed-to-expected
ratio for the index at every score level validated the index’s
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model. A score cutoff at 4 was able to detect 76.1% of
radiographically occult metastatic disease.

Conclusion. The rate for unnecessary laparotomy among
patients with PDAC has decreased in contemporary times,
but unnecessary laparotomy still occurs for 1 in 4 patients.
Using our scoring system, a cutoff of 4 allows 76% of
radiographically occult metastases to be predicted, thereby
selecting high-risk patients for laparoscopic biopsy and
potentially avoiding a non-therapeutic laparotomy.

Pancreatic adenocarcinoma represents one of the most
biologically aggressive solid organ tumors, with more than
70% of patients presenting with locally advanced or
metastatic disease.! The 5-year disease-specific survival
rates for patients with pancreatic cancer are lower than
20%,> with surgical resection in the absence of metastatic
disease providing patients the best opportunity for long-
term survival. However, as many as one third of patients
harbor occult metastatic disease not detected on preoper-
ative imaging, resulting in unnecessary morbidity from a
non-therapeutic laparotomy.*~

Staging laparoscopy is a minimally invasive method that
allows for more accurate staging by detecting low-volume,
radiographically occult metastatic disease not identified on
preoperative imaging. It was first proposed by our institution
as an initial staging method in 1986, when Warshaw et al.®
demonstrated that staging laparoscopy identified occult
metastases and prevented an unnecessary laparotomy for 35%
of patients. This incidence rate has been consistent throughout
subsequent studies, which report a rate of 31-51% of all
patients explored for pancreatic adenocarcinoma.’’* Patients
at higher risk for radiographically occult metastases include
those with pancreatic tail lesions and elevated CA 19-9 levels.
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However, the majority of studies reporting on the
diagnostic utility of staging laparoscopy were conducted in
the early 2000s.”*"'" Since then, imaging technology has
improved, with high-resolution computed tomography
scans providing greater sensitivity.'? Additionally, the
treatment paradigm for locally advanced and unre-
sectable pancreatic cancer has changed, with neoadjuvant
FOLFIRINOX demonstrating encouraging downstaging
rates and margin-negative resections.'> ">

This study aimed first to determine the utility of staging
laparoscopy for patients with pancreatic adenocarcinoma in
the contemporary setting of improved imaging and
increased use of neoadjuvant chemotherapy. The second
aim was to develop a novel index to identify patients at
higher risk of having laparoscopically detectable metas-
tases to minimize unnecessary laparotomies and the
overuse of laparoscopy.

METHODS

This study was approved by the Massachusetts General
Hospital Institutional Review Board (protocol ID:
2014p001951). All patients who underwent a surgical
exploration for pancreatic adenocarcinoma at Massachusetts
General Hospital from 2001 to 2015 were identified via the
Research Patient Data Registry (RPDR), our institution’s
centralized clinical data registry/warehouse. Patients’ med-
ical records from clinic visits, inpatient admissions,
emergency room visits, operative notes, and pathology
reports were linked to obtain longitudinal data. Patients who
underwent a pancreatectomy were then defined by Current
Procedural Terminology (CPT) codes for pancreaticoduo-
denectomy (48150, 48152), distal pancreatectomy (48140,
48145, 48146), and total pancreatectomy (48155) as a pri-
mary procedure in the database.

Patients were included in the study irrespective of age.
Patients who underwent staging laparoscopy were identi-
fied via the CPT codes 49320 and 49321 and confirmed via
medical record chart review. The staging laparoscopy
group included patients who underwent laparoscopy before
surgical exploration as a combined procedure or as a sep-
arate staging procedure at a date before exploration for
curative intent. Patients who were explored for symptoms
of biliary or gastric obstruction were excluded from the
analysis to prevent allocation bias.

Patients receiving neoadjuvant treatment before resec-
tion were enrolled in a standardized neoadjuvant protocol,
in which surveillance imaging is performed every 2 months
throughout their treatment. Additionally, a final, preoper-
ative staging scan was performed with a high-resolution
pancreas protocol CT scan not more than 4 weeks before
their date for surgical exploration.

Perioperative Variables

Patient demographics including age, sex, race, and
comorbidities were extracted from RPDR. The Charlson
comorbidity index was used to quantify patients’ comor-
bidities based on the presence or absence of International
Classification of Diseases, Ninth Revision (ICD-9) diag-
nosis codes during episodes of care at the time of
presentation for surgery or before.'®

Tumor-specific variables and chemotherapy data were
obtained via linkage with the Tumor Registry of the Mas-
sachusetts General Hospital. The tumor-specific variables
included date of diagnosis, tumor size, location, lymph node
involvement, surgical margins, date of recurrence or metastatic
disease, and date of disease-specific death. Receipt of neoad-
juvant chemotherapy was defined as a chemotherapy start date
before the date of the operation and adjuvant chemotherapy as
a chemotherapy start date after the date of the operation. The
patient’s resectability was determined by the documentation in
the surgeon’s preoperative note. For patients classified as
borderline or locally advanced, the preoperative imaging was
reviewed. Pretreatment tumor resectability was categorized as
resectable, borderline, or unresectable as defined by the
AHPBA/SSAT/SSO Expert Consensus Statement."”

Outcomes Definition

Avoidance of an unnecessary laparotomy was defined as
radiographically occult metastatic disease found on staging
laparoscopy, thus avoiding a laparotomy. Laparotomies
were then classified as therapeutic if surgical extirpation of
the tumor was performed or non-therapeutic if the resection
was not performed because of metastases missed by
laparoscopy due to local vascular invasion. All metastatic
lesions were biopsied and confirmed via pathology analy-
sis. The study period was divided into period 1
(2001-2008) and period 2 (2009-2015) for comparative
analysis of staging laparoscopy’s yield.

Derivation of Index Predicting Laparoscopically
Detectable Metastases

To determine the yield of staging laparoscopy for the
entire population, we used a previously described tech-
nique to generate an index to identify independent
predictors of laparoscopically detectable metastases.'® The
predictors were identified by evaluating preoperative fac-
tors for patients who avoided an unnecessary laparotomy
secondary to laparoscopically detected metastases, or who
were found to have metastatic disease during exploratory
laparotomy. Univariate analyses of laparoscopically
detectable metastases were first performed using all
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preoperatively available variables. Variables with a p value
lower than 0.05 and a frequency of occurrence greater than
20% were then included in a backward, stepwise logistic
regression model with a p value threshold greater than 0.1
for variable exclusion. Then a preliminary index was
generated by applying weighted coefficients to the vari-
ables based on the odds ratio (OR) of the variables
(multiplier index). The coefficients then were divided by
the lowest common denominator and rounded off to the
nearest integer to develop the final index (rounded index)
and thus generate a score that would be pragmatic and easy
to use.

Performance Measures of Index

Discrimination, the ability of the index to distinguish
patients who have laparoscopically detectable metastases
from those who do not, was measured by the area under the
receiver operating characteristic (ROC) curve (i.e., the
c-statistic). The ROC is bounded by 0.50 and 1, with better
discriminating scores having more area under the curve
than poorer discriminating scores. Calibration (goodness of
fit), the correlation between the predicted value of the
index and the actual value, was measured by the model’s
pseudo 2. The pseudo #* is bounded by 0 and 1, and the
greater the magnitude of calibration, the greater the value.
The Youden index, which is the sum value of the sensi-
tivity and specificity, was used to select an optimal cutoff.
This approach assumes that the value of sensitivity and
specificity is equal and allows selection of the highest sum
value of both measures.

Statistical Analysis

Statistical analyses were performed using Intercooled
Stata software, version 12.0 (StateCorp College Station,
TX, USA). Categorical variables were analyzed using a
Pearson chi-square test, and continuous variables were
analyzed using the Wilcoxon rank-sum test. Certain con-
tinuous variables, such as age and CA 19-9 levels, were
divided into quartiles and analyzed as ordinal variables to
avoid assumption of linearity. All tests were performed
two-sided, and statistical significance was accepted at a
p value of 0.05 or less.

RESULTS
Patient Demographics
We identified 1001 patients with pancreatic adenocar-

cinoma who underwent surgical exploration with curative
intent throughout the study period. The exploration was

performed for 493 of the patients during period 1 and for
508 of the patients during period 2. Staging laparoscopy
was performed more frequently during period 2 (36.8 vs
29.2% during period 1; p = 0.01). Gender, age, race, and
Charlson comorbidity index (CCI) score did not differ
between the patients who underwent staging laparoscopy
and those who did not (Table 1).

Tumor-Specific Variables

More tumors were located in the pancreatic body/tail in
the laparoscopy group (29.3 vs 17.4% in the non-la-
paroscopy group; p < 0.001). The median tumor size for
the entire cohort was 3 cm [interquartile range (IQR),
2.4-4.0 cm]. No difference was identified between the
laparoscopy (3 cm) and no-laparoscopy cohorts (3.2 cm;
p = 0.378). The preoperative CA 19-9 level of the patients
in the staging laparoscopy group (median, 118 U/L; IQR,
28-631 U/L) was higher than that of the patients in the
non-laparoscopy group (71 U/L; IQR 17-350 U/L;
p = 0.0035).

The preoperative imaging showed a higher proportion of
patients deemed to have locally advanced pancreatic ade-
nocarcinoma in the staging laparoscopy group (18.8 vs
6.0% in the non-laparoscopy group; p < 0.001). Staging
laparoscopy also was performed more frequently for the
patients undergoing distal pancreatectomy (30.2 vs 17.8%
in the non-laparoscopy group; p = 0.001, Table 1).

Time Period Analysis of the Benefits Conferred
by Staging Laparoscopy

Figure 1 depicts the flow diagram of our study’s cohort
in periods 1 and 2. In period 1, 144 patients underwent
staging laparoscopy, and an unnecessary laparotomy was
prevented in 44.4% (64/144) of all cases. Despite staging
laparoscopy, 25 patients were not resected due to meta-
static (n = 10) or locally advanced (n = 15) disease. In
period 2, staging laparoscopy prevented an unnecessary
laparotomy for 24% (45/187) of the patients, which was
lower than the 44% observed in period 1 (p < 0.001).
Despite staging laparoscopy, 13 patients (9%) were not
resected due to metastatic (n = 4) or locally advanced
(n = 9) disease in this period.

Of all the patients who did not undergo surgical resec-
tion secondary to metastatic disease, the long-term
incidence of postoperative gastric outlet obstruction was
7% for the laparoscopy group and 6% for the laparotomy
group (p = 0.210). Additionally, the incidence of biliary
obstruction requiring biliary stenting did not differ between
the laparoscopy group (35%) and the laparotomy group
(24%) (p = 0.210).
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TABLE 1 Demographics and tumor variables for patients undergoing surgical exploration for pancreatic adenocarcinoma

Total Laparoscopy No laparoscopy p value
(n = 929) (n = 309) (n = 620)
n (%) n (%) n (%)

Periods

1 (2001-2008) 493 144 (29.2) 349 (70.8)

2 (2009-2014) 508 187 (36.8) 321 (63.2) 0.011
Males 529 (52.9) 171 (51.7) 358 (53.4) 0.597
Age: years (IQR) 70 (62-77) 69 (61-76) 70 (62-77) 0.113
Race

White 907 (93.3) 303 (94.9) 604 (92.5)

African American 14 (1.4) 5(1.6) 9(1.4)

Hispanic 27 (2.8) 3(0.9) 24 (3.7)

Asian 23 (2.4) 8 (2.5) 15 (2.3)

American Indian 1 (0.1) 0 (0) 1(0.2) 0.165
CCI

<5 256 (25.6) 89 (26.9) 167 (24.9)

6-10 251 (25.1) 83 (25.1) 168 (25.1)

11-15 474 (47.4) 152 (45.9) 322 (48.1)

>15 20 (2.0) 7(2.1) 13 (1.9) 0.901
Tumor location

Head/uncinate 758 (78.7) 222 (70.7) 536 (82.6) <0.001

Body/tail 205 (21.3) 92 (29.3) 113 (17.4)

Tumor size (cm) 3.0 (2.4-4.0) 3.0 (2.4-4.0) 3.2(2.54.2) 0.378
CA 19-9: U/mL (IQR) 80 (20-394) 118 (28-631) 71 (17-350) 0.0035
Neoadjuvant chemotherapy 147 (14.7) 42 (12.7) 105 (15.7) 0.210
Preoperative resectability

Resectable 589 (63.4) 153 (47.9) 436 (71.5) <0.001

Borderline 243 (26.2) 106 (33.2) 137 (22.5)

Locally advanced 797(10.4) 60 (18.8) 37 (6.0)

Procedure

PD 579 (78.2) 134 (69.8) 445 (81.2) 0.001

DP 156 (21.1) 58 (30.2) 98 (17.8)

TP 5(0.7) 0 (0) 5(0.9)

IQR interquartile range, CCI Charlson comorbidity index, PD pancreaticoduodenectomy, DP distal pancreatectomy, TP total pancreatectomy

Predictors of Laparoscopically Detectable Metastases

We identified 176 patients who presented with laparo-
scopically detectable occult metastatic disease. Most of the
patients had metastases found on the liver (n = 113,
11.3%) or peritoneum (n = 56, 5.6%), followed by the root
of the celiac artery (n = 20, 2.0%) and the superior
mesenteric artery (n = 13, 1.3%). We then modeled a
stepwise regression analysis to identify predictors of its
occurrence. Preoperative resectability was the strongest
predictor of laparoscopically detectable metastases. The
patients with borderline resectable and locally advanced

tumors were respectively 2.1 times [95% confidence
interval (CI), 1.129-3.836; p = 0.019] and 7.6 times (95%
CI 3.667-15.668; p < 0.001) more likely to have laparo-
scopically detectable metastases. Additionally, preopera-
tive CA 19-9 levels higher than 394 U/L (OR 3.1; 95% CI
1.812-5.408; p < 0.001) and pancreatic body/tail lesions
(OR 1.8; 95% CI 0.970-3.172; p = 0.063) also were
associated with higher odds of patients having occult
metastases that could be identified on laparoscopy.
Neoadjuvant chemotherapy was associated with lower
odds, so it was converted to a variable reflecting opposite
directionality (no neoadjuvant chemotherapy: OR 2.7; 95%
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FIG. 1 Flow diagram depicting the breakdown of the study’s coho
unnecessary laparotomy. "Comparison of non-therapeutic laparotomy

CI 1.242-5.796; p = 0.012) for ease of index generation.
The original model had a c-statistic of 0.726 and a pseudo
» of 0.139. All predictors of laparoscopically
detectable metastases had a frequency occurrence of at
least 20% (Table 2). The multiplier index had a c-statistic
of 0.723 and a pseudo #* of 0.135. The final index (rounded
index) had a c-statistic of 0.729 and a pseudo # of 0.137,
both of which were similar to that of the original model.
Table 2 depicts the c-statistics and pseudo 72 of each index-

generation step.

Metastatic disease
(n=4)

Locally unresectable
(0=9)

rt in period 1 (2001-2008) and period 2 (2009-2015). *Comparison of
in period 1. *Comparison of non-therapeutic laparotomy in period 2

Final Index Performance Measures

Laparoscopy score = (1 x male) + (1 x borderline resectable)
+ (1 x pancreatic body/tail lesion)
+ (1 x no receipt of neoadjuvant chemotherapy)
+ (2 x CA 19-9 > 394 U/L) + (4 x locally advanced)

The difference in the predicted laparoscopically
detectable metastases rate versus the actual rate, the
observed-to-expected (O:E) ratio, was examined to assess
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TABLE 2 Multivariate regression model for laparoscopy detectable metastases in patients explored for pancreatic adenocarcinoma, with the

index generation and its corresponding c-statistic and pseudo P

Variable Frequency of occurrence (%) Odds ratio (OR) (95% CI) Model coefficient
Original model Multiplier Multiplier/1.75 Rounded

Males 52.9 1.8 (1.079-3.046) 1.8 1.0 1
Preoperative resectability

Borderline resectable 26.2 2.1 (1.129-3.836) 2.1 1.2 1

Locally advanced 10.4 7.6 (3.667-15.668) 7.6 4.3 4
No neoadjuvant chemotherapy 85.3 2.7 (1.242-5.796) 2.7 1.5 1
CA 19-9 >394 U/L 24.8 3.1 (1.813-5.408) 3.1 1.8 2
Pancreatic body/tail lesion 21.3 1.8 (0.970-3.172) 1.8 1.0 1
ROC - 0.726 0.723 0.723 0.729
Pseudo - 0.139 0.135 0.135 0.137

OR odds ratio, CI confidence interval, ROC receiver operating characteristic

O:E ratio

Index score

FIG. 2 Observed:expected ratio (yellow dot) of the index at each
score level, with its corresponding 95% confidence interval

the validity of the index (Fig. 2). The O:E ratio had 95%
CIs that crossed 1 at every score level, indicating no sig-
nificant difference between the predicted and observed
rates at all score levels.

The incidence of laparoscopically detectable metastases
at each index score level as well as the trade-offs of
selecting different cutoff values is depicted in Fig. 3.
Assuming the value of sensitivity and specificity to be
equal, a cutoff value is picked based on the highest Youden
index, which puts the cutoff at 4 (sensitivity of 76.1%,
specificity of 49.1%, Youden index of 125.2). A proposed
index score cutoff of 4 detects up to 76.1% of all laparo-
scopically detectable metastases.

DISCUSSION

Staging laparoscopy can be used as a minimally invasive
method to improve the staging of pancreatic adenocarci-

noma. Laparoscopy can prevent an unnecessary

laparotomy by detecting radiographically occult metas-
tases, particularly in patients with pancreatic tail lesions
and elevated CA 19-9 levels.

A recent meta-analysis analyzed 24 studies assessing the
utility of staging laparoscopy for pancreatic cancer, which
demonstrated sensitivities ranging from 44 to 93% and
specificities ranging from 59 to 93%. However, most of the
studies were performed in the early 2000s, with the most
recent study published in 2011.°

The contemporary utility of staging laparoscopy for
pancreatic cancer often is questioned due to improved
imaging and increased use of neoadjuvant chemotherapy.
The findings of this study demonstrated that staging
laparoscopy prevented a laparotomy for 24.1% of the
patients, a percentage significantly lower than the 35%
reported by Warshaw et al.® However, diagnostic laparo-
scopy adds time and cost to an operation. To improve the
utility of laparoscopy, we developed a novel index with
five variables to help predict which patients have a high
likelihood of laparoscopically detectable metastases and
therefore would benefit from a diagnostic laparoscopy.

The decreased number of unnecessary laparotomies in
period 2 (24.1%) compared with period 1 (44.4%;
p < 0.001) may reflect the improvement in imaging tech-
nology.'? Improved resolution of multidetector CTs has led
to better radiographic detection of metastatic disease.
However, staging laparoscopy still prevented an unneces-
sary laparotomy for almost 1 in 5 patients, which is
significant enough to warrant its use in contemporary
times. Additionally, modern-day laparoscopes have supe-
rior resolution, increased brightness and depth of field, and
decreased distortion, allowing for fewer metastases to be
missed.'”?° These improved cameras most likely con-
tributed to fewer metastases being missed in period 2.
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FIG. 3 Probability of patients with pancreatic adenocarcinoma
having laparoscopy detectable metastases (/ine) at each index score,
together with the sensitivity (second row), specificity (third row),

Recently, more neoadjuvant chemotherapy is being used
for borderline resectable and locally advanced pancreatic
adenocarcinomas. In particular, findings show that FOL-
FIRINOX radiographically downstages one third of
patients who initially present with stage 3 disease.'> More
importantly, neoadjuvant chemotherapy and radiation
therapy lead to a desmoplastic response around the Tumor
and conventional radiographic imaging is unable to dis-
tinguish between the desmoplasia and true tumor
involvement of major visceral vessels.

Our institution analyzed 40 patients receiving neoadju-
vant FOLFIRINOX and found that 92% had an RO
resection despite imaging suggesting continued unre-
sectability, leading to our practice of exploring patients
based on improvement in CA 19-9 levels."* Our study
demonstrated that the use of neoadjuvant chemotherapy
was associated with a decreased incidence of laparoscopi-
cally detectable metastases, in theory because the patients
had withstood the “test of time.”

proportion of missed laparoscopically detectable metastases (fourth
row), and proportion of unnecessary laparoscopies (fifth row) at each
index score cutoff

It is interesting to note that male patients were 1.8 times
more likely to have laparoscopically detectable metastases
than female patients. It is well established that independent
of body weight, males have more visceral adipose tissue
volume, as measured by computed tomography, than
females.”'** This higher visceral adipose tissue volume in
males may obscure the radiographic detection of intraab-
dominal metastases, given that up to 30% of metastases are
on the omental and mesenteric fat. Additionally, tumor size
was not predictive of radiographically occult metastatic
disease, given that it was collinear with resectability and
CA 19-9 levels in the multivariate analysis.

Finally, although the risk factors for patients with
radiographically occult metastatic disease are well defined,
no well-validated nomogram or scoring system exists to
stratify these patients. We generated a practical index
composed of five simple predictors selected on the basis of
three concepts: predictive value, adequate frequency in the
preoperative setting, and clinical face validity. The index
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underwent simplification procedures to allow its pragmatic
use by clinicians, without compromise of its discrimination
and calibration performances (Table 2).

It needs to be highlighted that parsimonious risk models
should be created for better applicability in practice.
Meguid et al.>* used the American College of Surgeons
National Surgical Quality Improvement Program data set
and demonstrated that the first 7 of 28 variables entered
accounted for at least 99% of the c-index for the full model.

To summarize, patients at highest risk of harboring
radiographically occult metastases who would benefit from
staging laparoscopy include male patients, patients with
borderline resectable and locally advanced lesions, patients
who did not undergo neoadjuvant chemotherapy, patients
who have a CA 19-9 level higher than 394 U/L, and
patients with the lesion in the pancreatic body or tail.
Figure 3 best depicts the trade-offs of each score cutoff if it
were to be selected.

We propose an index score cutoff of 4 for selecting
patients at higher risk for occult metastatic disease based
on the Youden index, which values sensitivity and speci-
ficity equally.”* Whereas this score cutoff would detect a
radiographically occult metastasis in 18% of patients, 76%
of laparoscopies would be unnecessary (Fig. 3). However,
we contest that the cost and additional operative time for a
brief staging laparoscopy is a good trade-off if 1 in 5
patients can be spared of an unnecessary laparotomy. If it is
deemed that sensitivity (benefits derived from an unnec-
essary laparotomy, namely, shorter stay, lower morbidity
rates, improved quality of life, and quicker initiation of
chemotherapy)®® carries more value than specificity (cost
of performing a laparoscopy before laparotomy), the
threshold should be moved downward, thus sacrificing
specificity for sensitivity. It should be emphasized that the
scoring system is intended to select high-risk patients for
laparoscopy, and if a suspected metastatic lesion is found, a
biopsy should be performed to confirm metastases, which
will guide treatment planning in addition to avoiding a
laparotomy. Furthermore, staging laparoscopy allows for
intraoperative peritoneal washing to be performed, which
may suggest metastatic spread and incipient peritoneal
carcinomatosis when positive.?

Our study must be interpreted in the context of its
design. The definition of our exposure—staging laparo-
scopy, included both staged procedures and single
procedures. For some of the early neoadjuvant therapy
clinical trials, we were required to perform laparoscopy at
the time of diagnosis. However, because no change in the
chemotherapeutic regimen occurred for patients with
metastatic disease or locally advanced disease, we cur-
rently give these patients the “benefit of the doubt” and
perform laparoscopy only at the time of resection.

Our definition of laparoscopically detectable metastases
included patients in the no-laparoscopy group shown to
have metastatic disease on laparotomy, presuming that they
would have been detected if staging laparoscopy had been
performed. However, previous studies have shown that the
false-negative rate for laparoscopy is low, with rates
reported to range from 4 to 7%.>° Our own series reported
a rate of 4.2%, comprising mostly metastases located in the
posterior segments of the liver. Additionally, our study
represents an analysis of a single, high-volume referral
center. Therefore, its generalizability may be limited and
should be validated in other institutions.

Finally, opponents of staging laparoscopy would note
that patients eventually require prophylactic bypass pro-
cedures and therefore would need a laparotomy. However,
data suggest that almost none (2%) of the patients who
present without obstruction eventually experience an indi-
cation for a bypass.”’ Additionally, the advent of minimally
invasive procedures for symptomatic and obstructive pal-
liation such as endoscopic biliary stenting and laparoscopic
gastrointestinal or biliary bypass further obviates the need
for a laparotomy.

In the contemporary setting of improved imaging and
increased use of neoadjuvant chemotherapy, our study
demonstrated that staging laparoscopy would still prevent
an unnecessary laparotomy for 24% of patients undergoing
surgical exploration. We propose a practical scoring index
for better selection of patients at higher risk for occult
metastatic disease to further maximize the yield of staging
laparoscopy for patients with pancreatic adenocarcinoma.
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