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BACKGROUND:

STUDY DESIGN:

RESULTS:

CONCLUSIONS:

Accurate staging prior to resection of pancreatic ductal adenocarcinoma (PDAC) is impera-
tive to avoid unnecessary operative morbidity and oncologic futility in patients with occult
intra-abdominal distant metastases. We aimed to determine the diagnostic yield of staging
laparoscopy (SL) and to identify factors associated with increased risk of positive laparoscopy
(PL) in the modern era.

Patients with radiographically localized PDAC who underwent SL from 2017 to 2021 were
retrospectively reviewed. The yield of SL was defined as the proportion of patients with PL,
including gross metastases and/or positive peritoneal cytology. Factors associated with PL
were assessed using univariate analysis and multivariable logistic regression.

Of 1,004 patients who underwent SL, 180 (18%) had PL due to gross metastases (n = 140)
and/or positive cytology (n = 96). Patients who had neoadjuvant chemotherapy prior to lap-
aroscopy had lower rates of PL (14% vs 22%, p = 0.002). When the analysis was restricted
to chemo-naive patients who had concurrent peritoneal lavage performed, 95 of 419 patients
(23%) had PL. In multivariable analysis, PL was associated with younger (<60) age, inde-
terminate extrapancreatic lesions on preoperative imaging, body/tail tumor location, larger
tumor size, and elevated serum CA 19-9 (all p < 0.05). Among patients with no indeterminate
extrapancreatic lesions on preoperative imaging, the rate of PL ranged from 1.6% in patients
with no risk factors to 42% in young patients with large body/tail tumors and elevated serum
CA 19-9.

The rate of PL in patients with PDAC remains high in the modern era. SL with peritoneal
lavage should be considered for the majority of patients prior to resection, specifically those
with high-risk features, and ideally prior to neoadjuvant chemotherapy. (J Am Coll Surg
2023;237:49-57. © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf
of the American College of Surgeons. This is an open-access article distributed under the
terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0
[CCBY-NC-ND], where it is permissible to download and share the work provided it is prop-
etly cited. The work cannot be changed in any way or used commercially without permission
from the journal.)

Pancreatic ductal adenocarcinoma (PDAC) is a highly
aggressive malignancy and the third leading cause of can-
cer-related death in the US."* More than half of patients
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present with distant hematogenous or peritoneal met-
astatic dissemination at diagnosis, and the majority of
patients who undergo resection with curative intent will
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develop recurrence in the first 2 years after surgery, con-
firming the presence of occult metastases at the time of
surgery.”” The management of PDAC continues to evolve,
and recent years have seen an increase in the use of neo-
adjuvant therapy due to its potential to increase negative
resection margin rates, address potential occult metastatic
disease, and increase the rate of patients completing peri-
operative therapy.®’

Accurate staging prior to consideration of resection is
critically imperative to avoid the unnecessary morbidity
of surgery in patients with incurable disease. Although the
sensitivity of cross-sectional imaging such as CT and MRI
has improved in recent years and may increase further with
the addition of high-resolution metabolic imaging modal-
ities such as PET, low-volume intra-abdominal metastatic
disease continues to be missed by currently available imag-
ing strategies.”” Staging laparoscopy, an invasive but low-
risk procedure that allows for direct visualization, as well
as cytologic evaluation of the peritoneal cavity, can aid in
the detection of radiographically occult metastases. Use of
staging laparoscopy for PDAC varies greatly between indi-
vidual surgeons and institutions and has decreased in the
past decade; in a recent study that evaluated data from the
NSQIP, only 10% of patients had a staging laparoscopy
prior to undergoing resection for PDAC, and this prac-
tice decreased by approximately 50% during the 8-year
study period."” Currently, at those centers that perform
them, staging laparoscopy is used selectively in patients
with other high-risk features, such as borderline resecta-
ble or locally advanced anatomy, markedly elevated cancer
antigen (CA) 19-9, large primary tumor size, or suspicious
regional lymph nodes, but there is a lack of consensus on
the exact indications."'

With changing practices in the management of PDAC,
the persistently high rate of early recurrence, and over-
all poor prognosis after seemingly curative resection, the
value of staging laparoscopy needs to be re-evaluated
in the modern era. With this study, we aimed to deter-
mine the diagnostic yield of staging laparoscopy in our
institutional cohort and to identify factors associated
with an increased risk of occult metastases identified on
laparoscopy.

METHODS

Study cohort and data collection

The study was approved by the Mayo Clinic Institutional
Review Board. Patients with PDAC who underwent stag-
ing laparoscopy (with or without immediate resection)
at Mayo Clinic Rochester from January 2017 through
December 2021 were identified. Patients with variant
histologic exocrine carcinomas were excluded. Electronic

medical records were retrospectively reviewed, and rele-
vant variables were collected. Tumor location was defined
as proximal if the head of the pancreas was involved and
distal if only the neck, body, or tail were involved. For
tumor size, serum CA 19-9, and serum CEA, the last doc-
umented value prior to laparoscopy was used. Anatomic
resectability of the tumor (upfront resectable, borderline
resectable, or locally advanced) was defined according
to the National Comprehensive Cancer Network defini-
tion."" Based on institutional cutoffs, laboratory values
were considered elevated if serum CA 19-9 was 235 U/
ml, serum CEA was >3.0ng/ml, peritoneal CA 19-9 was
25 U/ml, or peritoneal CEA was 20.7 ng/ml. Patients were
considered to have positive laparoscopy if gross metastatic
disease was identified or if peritoneal cytology showed
malignant cells. The Clavien—Dindo classification system
was used to grade postoperative complications occurring
within 30 days of surgery, and major complications were
defined as Clavien—Dindo 23."

Staging laparoscopy

Staging laparoscopy was performed at the discretion of the
primary surgeon during the study period. At the current
time, the majority of staging laparoscopies at our institution
are performed as separate staged procedures. In this case,
gross visual examination of the abdominal cavity is com-
bined with peritoneal lavage. The protocol for peritoneal
lavage consists of irrigation of the peritoneal cavity with
1,000 ml of normal saline, agitation, and retrieval of at least
700 ml. Peritoneal lavage fluid is sent for cytologic exami-
nation, tumor markers (CA 19-9 and CEA), and cell-free
DNA analysis.'>"* For patients with a recent diagnosis who
have not yet started neoadjuvant therapy, central venous
access for administration of chemotherapy is established
under the same anesthetic. The staging laparoscopy protocol
evolved throughout the study period and therefore was not
consistent in all subjects in the current study.

Statistical analysis

Continuous variables are presented as median and inter-
quartile range (IQR) and categorical variables as num-
bers and percentage. Differences between groups were
compared using the Mann—Whitney U test for contin-
uous variables and chi-square or Fisher’s exact tests for
categorical variables. Trends over time were assessed using
the Cochran-Armitage test. Missing values for serum
CEA were imputed with the predictive mean matching
method of multple imputation by chained equations
using the mice package in R.">"® Variables listed in Table 1
and the primary outcome variable (positive vs negative
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Table 1. Characteristics and Laboratory Values of Patients with Negative vs Positive Laparoscopy

Negative laparoscopy Positive laparoscopy

Characteristic (n =824) (n =180) p Value

Age at laparoscopy, y, median (IQR) 67 (60-73) 64 (56-72) 0.002
<60y, n (%) 211 (26) 68 (38) 0.001
>60y, n (%) 613 (74) 112 (62)

Sex, n (%)

Male 428 (52) 96 (53) 0.80
Female 396 (48) 84 (47)

Tumor location, n (%)

Proximal 566 (69) 78 (43) <0.001
Distal 258 (31) 102 (57)

Tumor size, mm, median (IQR) 27 (20-36) 36 (30-48) <0.001
<20mm (T1), n (%) 239 (29) 17 (9.4) <0.001
21 to 40mm (T2), n (%) 440 (53) 97 (54)
>40mm (T3), n (%) 145 (18) 66 (37)

Anatomic resectability, n (%)

Resectable 311 (38) 40 (22) <0.001
BR/LA 513 (62) 140 (78)

Indeterminate lesion on imaging, n (%)

No 771 (94) 104 (58) <0.001
Yes 53 (6.4) 76 (42)

Neoadjuvant therapy, n (%)

No 389 (47) 108 (60) 0.002
Yes 435 (53) 72 (40)

Serum CA 19-9, U/mL, median (IQR) 57 (21-231) 204 (50-1,186) <0.001
Normal, n (%) 291 (35) 35 (19) <0.001
Nonsecretor, n (%) 53 (6.4) 13 (7.2)

Elevated, n (%) 480 (58) 132 (73)

Serum CEA*, ng/mL, median (IQR) 2.8 (1.7-5.1) 3.7 (2.1-9.0) <0.001
Normal, n (%) 283 (53) 51(39) 0.004
Elevated, n (%) 250 (47) 81 (61)

Peritoneal CA 19-9%, n (%)
<5 U/mL 277 (77) 44 (40) <0.001
>5 U/mL 82 (23) 65 (60)

Peritoneal CEA*, n (%)
<0.7 ng/mL 335 (93) 65 (60) <0.001
>0.7 ng/mL 25 (6.9) 44 (40)

*Patients with missing values for serum CEA (n = 339), peritoneal CA 19-9 (n = 536), and peritoneal CEA (n = 535) were excluded from the analysis.
BR/LA, borderline resectable/locally advanced; CEA, carcinoembryonic antigen; IQR, interquartile range.

statistically significant. All statistical calculations were per-
formed using R (version 4.0.0).

laparoscopy) were used as predictor variables. Univariate
and multivariable logistic regression was performed on
40 imputed datasets to identify factors associated with
positive laparoscopy and estimates pooled using Rubin’s
rules."” Overall survival from the time of laparoscopy was

RESULTS

estimated using the Kaplan—Meier method, and differ-
ences between subgroups were assessed using the log-rank
test. Two-sided p values of less than 0.05 were considered

Demographics and clinicopathologic characteristics
From January 2017 to December 2021, 1,004 patients
underwent staging laparoscopy for PDAC at Mayo
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Clinic Rochester. Median age was 66 years (IQR 59 to
72) and 480 patients (48%) were female. Tumor loca-
tion was proximal in 644 patients (64%) and distal in
360 patients (36%). Median tumor size was 29 mm (IQR
20 to 38); 256 patients (26%) had tumors <2cm (T1),
537 (54%) had tumors 2 to 4cm in size (T2), and 211
(21%) had tumors >4 cm in size (T3). Upfront resectable
disease was present in 351 patients (35%), and borderline
resectable or locally advanced anatomy was present in 653
(65%). Indeterminate extrapancreatic lesions were noted
on preoperative imaging in 129 patients (13%). Serum
CA 19-9 was available for all patients and was elevated
in 612 (61%), while 66 patients (6.6%) were nonsecre-
tors. Serum CEA was available in 665 patients and was
elevated in 331 (50%). Available preoperative imaging
included CT scan in all patients, MRI in 723 (72%), and
fluorodeoxyglucose-PET (CT or MRI) in 845 (84%).
Neoadjuvant therapy had been initiated or completed
prior to staging laparoscopy in 507 patients (51%).
Laparoscopy was performed with plans for immedi-
ate resection under the same anesthetic in 269 patients
(27%), and of those, resection was undertaken in 242
patients (90%). This practice decreased during the study
period (Fig. 1), with 203 of 481 cases (42%) in the first
half (January 2017 to June 2019) performed with plans
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for immediate resection compared to 66 of 523 cases
(13%) in the second half (July 2019 to December 2021;
p < 0.001). Of the 762 patients who underwent staging
laparoscopy without immediate resection, postoperative
complications occurred in 9 patients (1.2%), including a
major complication in 1 patient (0.1%).

Results of staging laparoscopy

In total, 180 patients (18%) had a positive staging lapa-
roscopy due to gross metastatic disease (n = 140) and/or
positive peritoneal cytology (n = 96). When this analysis
was restricted to patients who had a staged procedure with
peritoneal washings performed (n = 721), metastatic dis-
ease was confirmed in 151 patients (21%): 95 (23%) of
the 419 who were treatment-naive and 56 (19%) of the
302 who had started neoadjuvant therapy. Of the entire
cohort, biopsies were taken in 423 patients (42%) and
confirmed gross metastatic disease in 140 (33%), includ-
ing liver metastases only in 48 patients, peritoneal disease
only in 81 patients, and both liver and peritoneal metasta-
ses in 11 patients. Of the 721 patients who had peritoneal
washings performed, cytology was positive in 96 (13%).
Among the 96 patients with positive cytology, 40 (42%)
did not have any gross metastatic disease. Among the 111
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Figure 1. Trend in laparoscopy performed as a separate staged procedure vs immediately before resection. Staged procedures increased

significantly over time (p < 0.001).
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patients with gross metastatic disease who also had perito-
neal cytology performed, only 56 (50%) had correlative
positive cytology.

Risk factors for positive laparoscopy

Characteristics and laboratory values of patients with
positive laparoscopy compared to those with negative
laparoscopy are shown in Table 1. Patients with positive
laparoscopy were younger (median age 64 vs 67 years, p =
0.002) and were less likely to have undergone neoadjuvant
chemotherapy (40% vs 53%, p = 0.002). They were more
likely to have distal tumors (57% vs 31%, p < 0.001),
larger (=T3) tumors (37% vs 18%, p < 0.001), borderline
resectable or locally advanced anatomy (78% vs 62%, p <
0.001), and indeterminate lesions on preoperative imaging
(42% vs 6.4%, p < 0.001). They were more likely to have
elevated serum CA 19-9 (73% vs 58%, p < 0.001) and
serum CEA (61% vs 47%, p = 0.004). In patients who
had elevated serum CA 19-9 and underwent neoadjuvant
therapy (n = 385), 11 (7.9%) of 139 patients who had
normalization of serum CA 19-9 had a positive staging
laparoscopy, compared to 43 (17%) of 246 patients who
had a persistent elevation (p = 0.015).

Peritoneal CA 19-9 and CEA were evaluated in 468 and
469 patients, respectively. Peritoneal CA 19-9 was elevated
in 147 patients: 65 (60%) of the 109 patients who had
a positive laparoscopy and 82 (23%) of the 359 patients
who had a negative laparoscopy (p < 0.001). Peritoneal
CEA was clevated in 69 patients: 44 (40%) of the 109
patients who had a positive laparoscopy and 25 (6.9%) of
the 360 patients with negative laparoscopy (p < 0.001).
The sensitivity, specificity, positive predictive value, and
negative predictive value of peritoneal CA 19-9 and CEA
are shown in Table 2.

The results from univariate and multivariable analysis
of factors associated with positive laparoscopy are shown
in Table 3. In univariate analysis, younger age, distal

Table 2. Sensitivity, Specificity, and Predictive Value of
Peritoneal CA 19-9 and Carcinoembryonic Antigen for
Detecting Occult Intra-abdominal Metastases on Staging
Laparoscopy

Elevated Elevated Elevated
peritoneal peritoneal peritoneal CA
Variable CA 199 CEA 19-9 and/or CEA
Sensitivity, % 60 40 69
Specificity, % 77 93 76
Positive predictive 44 64 46
value, %
Negative predictive 86 84 89
value, %

location, tumor size, borderline resectable, or locally
advanced anatomy, the presence of indeterminate lesions
on preoperative imaging, elevated serum and peritoneal
CA 19-9 and CEA, and no preoperative neoadjuvant
therapy were associated with an increased risk of posi-
tive laparoscopy (all p < 0.05). In multivariable analysis,
younger age, distal location, increasing tumor size, the
presence of indeterminate lesions on imaging, elevated
serum CA 19-9, and elevated peritoneal CEA remained
associated with an increased risk of positive laparoscopy
(all p < 0.05). Based on these results, age <60 years,
body/tail location, size >2cm, and elevated serum CA
19-9 were defined as preoperative risk factors for radio-
graphically occult metastases on laparoscopy. In patients
with no indeterminate lesions on preoperative imaging,
the rate of positive laparoscopy by number of risk factors
is shown in Table 4 and ranged from 1.6% for patients
with no risk factors to 42% for patients with all four risk
factors.

Follow-up and survival

Of the 824 patients who had a negative laparoscopy, 69
patients (8.4%) were undergoing neoadjuvant therapy at
last follow-up, 504 patients (61%) had undergone resec-
tion, and 251 patients (31%) were undergoing nonopera-
tive or palliative treatment due to progression, conditional
factors, or patient preference. Median overall survival
from the time of staging laparoscopy was 36 months (95%
CI 31 to 42) in patients with negative laparoscopy who
eventually underwent resection, 14 months (95% CI 13
to 17) in patients with negative laparoscopy who did not
undergo resection for whatever reason, and 12 months
(95% CI 9 to 14) in patients with positive laparoscopy
who did not undergo resection (p < 0.001; Fig. 2A). Of
the 504 patients who underwent resection, 181 (36%) had
developed recurrence at last follow-up with a median fol-
low-up time of 19 months (IQR 11 to 33) in this group.
Recurrence was locoregional (n = 26, 14%), distant (n =
135, 75%), or both (n = 20, 11%); distant recurrences
involved the liver (n = 66, 43%), peritoneum (n = 37,
24%), and/or other sites (n = 63, 41%). Among patients
with positive staging laparoscopy, median overall survival
was 11 months (95% CI 9 to 14) in patients with gross
metastatic disease and 13 months (95% CI 9 months or
never reached) in patients with positive peritoneal cytol-
ogy only, and this was comparable (p = 0.40; Fig. 2B).

DISCUSSION

In this study, we describe our 5-year contemporary insti-
tutional experience with more than 1,000 consecutive
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Table 3. Univariate and Multivariable Analysis of Factors Associated with Positive Laparoscopy

Univariate analysis

Multivariable analysis

Characteristic 0Odds ratio (95% Cl) p Value Odds ratio (95% CI) p Value
Age at laparoscopy

>60y 1.00 (ref) 1.00 (ref)

<60y 1.76 (1.25-2.47) 0.001 1.82 (1.19-2.79) 0.006
Tumor location

Proximal 1.00 (ref) 1.00 (ref)

Distal 2.87 (2.07-4.00) <0.001 2.78 (1.84-4.21) <0.001
Tumor size

<20mm (T1) 1.00 (ref) 1.00 (ref)

21 t0 40 mm (T2) 3.10 (1.85-5.48) <0.001 2.33 (1.25-4.32) 0.008

>40 mm (T3) 6.40 (3.69-11.65) <0.001 2.28 (1.14-4.56) 0.019
Anatomical resectability

Resectable 1.00 (ref) 1.00 (ref)

BR/LA 2.12 (1.47-3.13) <0.001 1.55 (0.96-2.51) 0.07
Indeterminate lesion on imaging

No 1.00 (ref) 1.00 (ref)

Yes 10.63 (7.11-16.03) <0.001 6.84 (4.19-11.17) <0.001
Serum CA 19-9

Normal (<35 U/mL) 1.00 (ref) 1.00 (ref)

Nonsecretor 2.04 (0.98-4.03) 0.046 1.69 (0.73-3.92) 0.22

Elevated (235 U/ml) 2.29 (1.55-3.45) <0.001 1.69 (1.02-2.81) 0.042
Serum CEA

Normal (3.0 ng/mL) 1.00 (ref) 1.00 (ref)

Elevated (>3.0 ng/mL) 1.66 (1.08-2.55) 0.022 1.19 (0.72-1.99) 0.49
Neoadjuvant therapy

No 1.00 (ref) 1.00 (ref)

Yes 0.60 (0.43-0.83) 0.002 0.72 (0.47-1.10) 0.13
Peritoneal CA 19-9

Normal (<5 U/mL) 1.00 (ref) 1.00 (ref)

Elevated (=5 U/mL) 2.89 (1.76-4.73) <0.001 1.76 (0.95-3.27) 0.07
Peritoneal CEA

Normal (<0.7 ng/mL) 1.00 (ref) 1.00 (ref)

Elevated (20.7 ng/mL) 6.74 (3.72-12.21) <0.001 2.94 (1.45-5.93) 0.003

Data presented after multiple imputation for serum CEA, peritoneal CA 19-9, and peritoneal CEA.

BR/LA, borderline resectable/locally advanced.

staging laparoscopies for PDAC. We found that the rate
of positive laparoscopy, defined as gross metastatic dis-
ease or positive peritoneal fluid cytology, was high and
led to a change in management in approximately 1 in
5 patients. Additionally, we identified several factors
associated with an increased risk of identifying meta-
static dissemination at staging laparoscopy. These results
suggest that staging laparoscopy with peritoneal lavage
should be strongly considered in the majority of patients
with pancreatic cancer, ideally prior to initiation of neo-
adjuvant therapy.

The strongest risk factor for positive staging laparoscopy
was the presence of indeterminate extrapancreatic lesions
on preoperative imaging. However, 12% of patients with-
out any suspicious lesions had metastatic disease iden-
tified on staging laparoscopy, emphasizing the limited
sensitivity of cross-sectional imaging even in this era of
modern imaging technology and higher resolution. Other
preoperative risk factors for positive staging laparoscopy
included several anatomic factors known to be associated
with an increased risk of metastatic dissemination, such as
large tumor size and body/tail location.'*"” Additionally,
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Table 4. Rate of Positive Laparoscopy among Patients
with No Indeterminate Extrapancreatic Lesions on
Preoperative Imaging by Number of Risk Factors

No. of risk No. of patients Rate of positive
factors (% of total) laparoscopy, %
0 63 (7.2) 1.6
1 203 (23) 2.5
2 373 (43) 11
3 203 (23) 21
4 33 (3.4) 42

Risk factors were defined as age <60 y, body/tail location, size >2 ¢m, and elevated serum
CA 19-9.

young patients had higher rates of positive laparoscopy.
The reason for this is unclear but may be related to differ-
ences in disease biology in this young subset of patients.”
While the rate of positive laparoscopy was low in patients
who had none of these risk factors present, this applied
to only a very small minority of the cohort, suggesting
that the majority of patients (>80%) would benefit from
undergoing staging laparoscopy. Lastly, the rate of pos-
itive laparoscopy was lower in patients who had started
neoadjuvant chemotherapy, suggesting that any preopera-
tive chemotherapy prior to staging laparoscopy may limit
the sensitivity of this examination. Thus, we recommend
that staging laparoscopy be performed before initiation of
neoadjuvant therapy if possible, as treatment effect may

mask limited metastatic disease. In our current practice,
we concurrently place central line access for subsequent
chemotherapy.

Over the 5-year study period, our institutional prac-
tice transitioned from frequently performing staging
laparoscopy immediately prior to planned resection to
almost exclusively performing separate staged proce-
dures. This mirrors the increased use of neoadjuvant
therapy, as staging laparoscopy at the time of initial diag-
nosis may help guide whether a patient is a candidate
for neoadjuvant chemotherapy and/or chemoradiation
with subsequent consideration of resection vs palliative
chemotherapy only. Performing laparoscopy as a separate
staged procedure also allows for diagnostic adjuncts such
as peritoneal washings with cytology or peritoneal tumor
markers, which take several days to analyze and report
and may provide additional information that can help
guide therapy. The importance of these adjuncts is evi-
denced by the fact that approximately half of patients
with positive peritoneal cytology in the current study had
no gross distant metastatic disease. Positive peritoneal
cytology in the absence of gross metastases is generally
considered to be equivalent to other distant metastatic
dissemination, and this was confirmed by our results,
which showed similar survival for patients who had pos-
itive peritoneal cytology only compared to those with
gross metastatic disease.
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Figure 2. Kaplan—Meier survival curves for overall survival from staging laparoscopy. (A) All patients stratified by laparoscopy findings and
whether resection was eventually performed (p < 0.001). (B) Patients with positive laparoscopy stratified by gross metastatic disease vs

positive peritoneal cytology only (p = 0.40).
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In addition to conventional serum tumor markers, we
found that patients with positive laparoscopy were more
likely to have elevated peritoneal fluid CA 19-9 and CEA.
While the predictive capacity of peritoneal fluid tumor
markers at staging laparoscopy for PDAC remains inde-
terminate, our experience has been that they correlate
well with the presence of peritoneal metastases, with ele-
vated peritoneal CA 19-9 and CEA found in 60% and
40%, respectively, of patients with positive laparoscopy in
the current study. The significance of elevated peritoneal
tumor markers in the absence of gross metastases or pos-
itive peritoneal cytology is unknown but may represent
occult peritoneal tumor dissemination, although further
studies are needed and are currently being performed at
our center with consideration of repeat laparoscopy after
neoadjuvant therapy. Additionally, our group recently
published prospective trial data showing high rates of
mutant cell-free KRAS DNA in peritoneal lavage fluid
from patients with clinically positive laparoscopy but also
in patients with clinically negative laparoscopy, suggesting
that standard laparoscopic staging with gross visualization
and peritoneal fluid cytologic examination may be inad-
equate.'® We found in this current study that only 50%
of patients with gross metastases had concurrent positive
cytology, suggesting that while a positive cytology result is
meaningful and prognostic, negative cytology is not help-
ful, likely due to poor sensitivity of these assays. Therefore,
the addition of biochemical (CA 19-9/CEA) and novel
molecular (cell-free DNA) biomarkers may improve our
current methods of peritoneal staging.

This study has several limitations inherent to its ret-
rospective and single-center design. While staging lap-
aroscopy is currently performed in nearly all patients
considered for resection at our institution regardless of
risk factors, this practice evolved during the study period,
and it is possible that staging laparoscopy was preferen-
tially performed in higher-risk patients in the earlier years
of the study, although a comparison of the yield of lap-
aroscopy throughout the study period suggests that this
was not the case. Additionally, as a high-volume pancre-
atic surgery center, our center sees many patients with
advanced lesions, which are associated with a higher risk of
metastatic dissemination. As the complexity of cases seen
at different institutions varies, the overall rate of positive
laparoscopy may not be directly transferable to the patient
populations at other centers.

CONCLUSIONS

The yield of staging laparoscopy in patients with PDAC
remains significant, even in the current era of high-quality
imaging, and resulted in a change in management in 1 of

5 patients in our institutional cohort. Staging laparoscopy
should be considered in the majority of patients prior to
resection and/or initiation of neoadjuvant therapy, specifi-
cally in patients with high-risk features such as indetermi-
nate extrapancreatic lesions on imaging, young age, large
tumor size, distal tumor location, or elevated serum tumor
markers. In addition to direct visualization of peritoneal
and hepatic surfaces, staging laparoscopy can facilitate the
detection of occult metastases with the use of adjuncts
such as peritoneal cytology, peritoneal tumor markers, and
other potential peritoneal biomarkers.
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