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ORIGINAL ARTICLE
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Abstract

Background: Neoadjuvant treatment for pancreatic ductal adenocarcinoma (PDAC) has increased,

necessitating histopathologic confirmation of cancer. This study evaluates the performance of endo-

scopic tissue acquisition (TA) procedures for borderline resectable and resectable PDAC.

Methods: Pathology reports of patients included in two nationwide randomized controlled trials

(PREOPANC and PREOPANC-2) were reviewed. The primary outcome was sensitivity for malignancy

(SFM), considering both “suspicious for” and “malignant” as positive. Secondary outcomes were rate of

adequate sampling (RAS) and diagnoses other than PDAC.

Results: Overall, 892 endoscopic procedures were performed in 617 patients, including endoscopic

ultrasonography (EUS)-guided TA in 550 (89.1%), endoscopic retrograde cholangiopancreatography

(ERCP)-guided brush cytology in 188 (30.5%), and periampullary biopsies in 61 patients (9.9%). The SFM

was 85.2% for EUS, 88.2% for repeat EUS, 52.7% for ERCP, and 37.7% for periampullary biopsies. The

RAS ranged 94–100%. Diagnoses other than PDAC were other periampullary cancers in 24 (5.4%),

premalignant disease in five (1.1%), and pancreatitis in three patients (0.7%).

Conclusions: EUS-guided TA of patients with borderline resectable and resectable PDAC included in

RCTs had an SFM above 85% for both first and repeat procedures, meeting international standards. Two

percent had false positive result for malignancy and 5% had other (non-PDAC) periampullary cancers.
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Introduction

The use of neoadjuvant treatment for patients with PDAC has
increased. It is considered mandatory to obtain histological or
cytological diagnosis prior to systemic treatment. Inherently, the
role of endoscopy-guided tissue acquisition (TA) has increased
significantly over time.1 Endoscopic ultrasound (EUS) is
recommended as first-line procedure when pathology diagnosis
is required.2 Additionally, endoscopic retrograde chol-
angiopancreatography (ERCP)-guided brush cytology can be
performed during stent placement for obstructive jaundice. Last,
endoscopy-guided biopsies of the duodenum, ampulla, or distal
bile duct can prove malignancy.
Over the past decade, several studies have assessed the yield of

EUS-guided TA for solid pancreatic or pancreatobiliary lesions.3,4

However, these studies were often small, generally performed in
tertiary referral centres, and often included patients with varying
diagnoses besides PDAC. It remains unclear whether these results
can also be applied to patients with suspected PDAC who require a
tissue confirmation of malignancy for neoadjuvant treatment.
Moreover, only a few mostly small series have reported on the
utility of a repeated endoscopic procedure in patients with initial
inconclusive TA.5–9 Furthermore, the role of ERCP-guided brush
cytology and periampullary biopsies for the diagnosis of PDAC
has not been studied in large prospective cohorts. Moreover,
definitive surgical histopathology or sufficient clinical follow-up is
necessary to determine the final diagnosis, which is not always
available for retrospective studies.
The aim of this study was to evaluate the diagnostic perfor-

mance of the three different endoscopy-guided TA procedures in
a post-hoc analysis of patients with borderline resectable or
resectable PDAC participating in two nationwide RCTs
(PREOPANC and PREOPANC-2).10,11 The quality indicators
sensitivity for malignancy (SFM) �85% and rate of adequate
sampling (RAS) �85% as proposed by the American Society for
Gastrointestinal Endoscopy (ASGE)/American College of
Gastroenterology (ACG) Task Force on Quality in Endoscopy
were used to assess diagnostic performance.12,13
Methods

Study design and patient selection
We performed a post-hoc analysis by reviewing the endoscopy-
guided TA of 623 patients with borderline resectable and
resectable PDAC included in two nationwide RCTs: the
PREOPANC (April 2013–June 2017) and PREOPANC-2 (June
2018–January 2021) trial.10,11 Inclusion and exclusion criteria
for the trials are outlined in Supplementary Table 1. The
nationwide network and registry of pathology in the Netherlands
(PALGA: Dutch Pathology Registry) was used as source for the
cyto- and histopathologic diagnoses before therapy and the final
surgical pathology diagnosis.14 Patients without an endoscopic-
TA procedure for suspected PDAC prior to inclusion of the
HPB 2023, 25, 1161–1168 © 2023 The Authors. Published by Elsevier Ltd on b
access
trial or patients who withdrew informed consent were excluded
from the present study. The trial protocols were centrally
approved by the institutional review board of the Erasmus MC
University Medical Center (MEC-2012-249, approved December
11, 2012; MEC-2018-004, approved May 16, 2018) with subse-
quent local approval by all participating centers. Both trials were
registered at the EU Clinical Trials Register (Eudra-CT 2012-
003181-40, December 11, 2012; Eudra-CT 2017–002036-17,
March 6, 2018). All patients provided written informed consent
for trial participation. This study is presented according to the
STROBE guidelines.
Endoscopy-guided tissue acquisition
EUS-guided FNA and/or FNB, ERCP-guided brush cytology,
and/or endoscopy-guided periampullary biopsy was performed
to obtain proof of suspected PDAC prior to inclusion. The
diagnostic work-up was conducted at local referring centers or at
one of the 17 designated pancreatic surgery referral centers in the
Netherlands assembled in the Dutch Pancreatic Cancer Group
(DPCG), often with pathology review at one of the DPCG cen-
ters. Based on the pathology reports, cytology and histology
materials were classified into six categories; insufficient for
analysis (b1), benign (b2), atypical (b3), neoplastic other (b4,
e.g., noninvasive intraductal papillary mucinous neoplasm
(IPMN), pancreatic neuroendocrine tumor (pNET)), suspicious
for malignancy (b5), and malignant (b6), based on the standard
for evaluating pancreatic cytology by the Papanicolaou Society of
Cytopathology.15 This classification was performed by QP with
supervision of MvV (expert pathologist with 27 years of expe-
rience). Duodenal, ampullary, and distal bile duct biopsies were
combined as periampullary biopsies for the analyses. Tumor
location was categorized as pancreas head or body/tail, whereby
masses in the pancreatic head, neck, uncinate process, and
periampullary region were included as head tumors. ERCP-
guided brush cytology was acquired by cannulation of the
distal common bile duct in the stenotic area going through the
pancreas.

PALGA cohort
For the present study, all reports containing the term “pancreas”,
“extrahepatic bile duct”, or “duodenum” of the patients included
in the PREOPANC and PREOPANC-2 trial were retrieved from
the national pathology registry PALGA.14 The reports included
data on sex, age, and date of investigation.

Outcomes
The primary outcome was the SFM of the different endoscopy-
guided TA procedures. SFM was calculated by dividing the
number of true positives (i.e., malignancy based on EUS-guided
TAwith a malignant final diagnosis) by the sum of true positives
and false negatives (i.e., both malignant and non-malignant
diagnosis based on endoscopy-guided TA in patients with a
ehalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
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malignant final diagnosis). Diagnostic materials were considered
positive for malignancy if described as “suspicious” or “positive
for malignancy” in the pathology report (broad definition,
b6+b5). Histopathology of the resected specimen or clinical
follow-up for at least one year for patients without a resection
was used as reference standard. Postoperative diagnoses of
noninvasive IPMN and well-differentiated pNET were consid-
ered premalignant tumors, thereby negative for malignancy.
Secondary outcomes included the SFM considering only

specimens described as malignant in the pathology report (strict
definition, b6), the SFM for repetition of the same endoscopic
procedure, the RAS, the rate of final diagnoses other than PDAC,
and the number of procedures performed to obtain pathological
diagnosis of PDAC. The RAS was defined as the proportion of all
procedures yielding a specimen sufficient for cyto-and/or his-
topathological analysis. To avoid confirmation bias, the rate of
final diagnoses other than PDAC was solely based on the resec-
tion cohort.
Four subgroup analyses were performed. First, the SFM was

calculated solely based on the surgical histopathology as refer-
ence standard (i.e. for patients who underwent resection only).
Second, the SFM of the different procedures was compared be-
tween patients with a head or body/tail tumor. Third, the SFM of
the different procedures was compared based on sex. Last, the
value of external pathology review was assessed by comparing the
classification of the diagnostic specimens with and without
consideration of pathology review. Specificity, positive predictive
value, negative predictive value, and accuracy were not calculated
since evidence of PDAC was a requirement for both trials.

Statistical analysis
Outcomes were presented for the complete cohort and separately
for tumors in the head and body/tail. Continuous variables were
presented as medians with interquartile ranges (IQRs) and cat-
egorical variables as frequencies and proportions. Number of
missing data were shown in the table notifications. Differences in
continuous variables between groups were calculated using the
Mann–Whitney U test. For categorical variables, the Chi-square
test or Fisher’s exact test was used, as appropriate. All tests were
two-sided and a p-value less than 0.05 was considered statistically
significant. All analyses were performed using R software version
3.4.3.
Results

Patient and tumor characteristics
The PREOPANC (n = 248) and PREOPANC-2 (n = 375) trials
included 623 patients in total. Six patients were excluded due to
withdrawal of informed consent or because no endoscopic-TA
procedure was performed. The remaining 617 patients were
analyzed (Fig. 1). Patient and tumor characteristics are shown in
Table 1a. In total, 447 patients underwent a resection, of whom
415 (92.8%) had PDAC and 32 (7.2%) had a diagnosis other than
HPB 2023, 25, 1161–1168 © 2023 The Authors. Published by Elsevier Ltd on b
access
PDAC, including other periampullary cancer type (mostly distal
cholangiocarcinoma) in 24 (5.4%), a premalignant disease
(mostly IPMN) in five (1.1%), and pancreatitis in three patients
(0.7%). The 171 patients who did not undergo a resection all had
a malignant diagnosis based on clinical follow-up. Table 2 gives
an overview of the endoscopic procedures and highest cytological
classification for the 32 patients with other final diagnoses.

Endoscopy-guided tissue acquisition
In total, 892 procedures were performed in 617 patients (Fig. 1,
Table 1B). The most performed procedure was EUS-guided TA
in 550 patients (89.1%). ERCP-guided brush cytology was
performed in 188 patients (30.5%), whilst an endoscopic peri-
ampullary biopsy was performed in 61 patients (9.9%). Patients
with a tumor in the head of the pancreas more often underwent
an additional TA attempt (35.7% vs. 7.1%, p < 0.001).

Diagnostic performance
The diagnostic performance of the endoscopy-guided TA pro-
cedures is shown in Table 3. Considering only the first proced-
ures, the SFM (broad definition, b6+b5) was 85.2% for EUS,
52.7% for ERCP, and 37.7% for periampullary biopsies. The
SFMusing the strict definition (b6) was considerably lower for all
procedures, ranging from 26.9% for ERCP to 64.8% for EUS.
Considering the repeat procedures, EUS also showed the highest
SFM using both the broad (88.2%) and strict (61.8%) definition.
In a subgroup analysis of the patients who underwent a resection,
the SFM was similar; 85.2% for EUS, 54.3% for ERCP, and 24.4%
for periampullary biopsies. The RAS was high for all procedures,
ranging from 94 to 100%.
In a subgroup analysis comparing patients with pancreas head

and body/tail tumors, the SFM for the first EUS-guided TA
procedure was higher for patients with a body/tail tumor (83.7%
vs. 94.0%, p = 0.01) when the broad definition was used, yet
comparable when the strict definition was used (64.3% vs.
66.7%, p = 0.68) (Supplementary Table 2). No difference was
found between pancreas head and body/tail tumors for the repeat
EUS-guided TA procedures.
In a subgroup analysis comparing the SFM based on sex, no

difference was found for any of the endoscopy-guided TA pro-
cedures (Supplementary Table 3).

Tissue proof of malignancy
For 42 patients (6.8%), the proof of malignancy (broad defini-
tion, b6+b5) was based on more than one procedure
(Supplementary Figure 1). EUS-guided TA most often provided
the proof of malignancy (85.9%), either by itself (n = 490,
79.4%) or also by ERCP-guided brush cytology (n = 35, 5.7%) or
periampullary biopsies (n = 5, 0.8%). Regarding the certainty of
the diagnosis, the specimen was categorized as malignant (b6) in
467 patients (75.7%) and suspicious for malignant (b5) in 144
patients (23.3%), whilst five patients (1.0%) were included in the
trials (i.e., protocol violations) based on the presence of atypical
ehalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
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Figure 1 Flow diagram of diagnostic tissue acquisition procedures. Abbreviations: EUS, Endoscopic ultrasonography; ERCP, Endoscopic

retrograde cholangiopancreatography; TA, tissue acquisition
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cells (b3, n = 3) or benign cytology (b2, n = 2). Final diagnosis
for these patients was PDAC in three and pancreatitis in two
patients. In total, external pathology review was performed in
126 patients (20.4%), leading to the same classification in 103
(81.7%), a higher classification in 20 (15.9%), and a lower
classification in three patients (2.3%) (Supplementary Table 4).
Next-generation sequencing was used in 20 patients.
Discussion

This was the first nationwide study evaluating the performance of
different endoscopy-guided TA techniques in patients with
borderline resectable and resectable PDAC. In this post-hoc
analysis of two nationwide RCTs, EUS-guided TA had an SFM
above 85% for both first and repeat procedures compared with
50% for ERCP-guided brush cytology. The RAS was high for all
TA procedures. Misdiagnosis of PDAC occurred in 7%, mostly
other periampullary cancers whilst 2% was false positive for
malignancy.
The SFM (broad definition) for EUS-guided TA in the current

study equals the reference standard of �85% as proposed by the
ASGE/ACG Task Force on Quality in Endoscopy.13 In addition,
the reference standard for RAS of �85% was clearly met. For the
other endoscopy-guided TA methods, no international reference
standard is defined. The modest SFM of 52.7% for ERCP-guided
brush cytology and 37.7% for periampullary biopsies confirms
that EUS should be preferred in case of suspected PDAC. A brush
HPB 2023, 25, 1161–1168 © 2023 The Authors. Published by Elsevier Ltd on b
access
or periampullary biopsy, however, is easily performed during
ERCP with stent placement and may prevent the need for
additional EUS-guided TA. Likewise, pathology review in a
pancreas expert center prior to scheduling a second procedure
for TA is recommended. Last, based on recent studies, next-
generation sequencing and K-RAS mutation analysis may in-
crease the SFM of TA procedures, although this could not be
analyzed in the current study due to insufficient data.16,17

In the current analysis, a large difference in SFM of 20% be-
tween the strict and broad definition was found. This difference,
however, may not be clinically relevant, since the malignancy rate
of patients with cytology suspicious for malignancy after EUS-
FNA is estimated 88–96%.18,19 In the present study, the rate of
false positive results was also negligible for suspicious malignant
specimens (Table 2). Apparently, even expert pathologists tend to
be cautious to give the definite pathological diagnosis of PDAC,
given the evident implications of the interpretation of their
findings. Nevertheless, the multidisciplinary decision to include
these patients as malignant based on suspicious malignant
cytology in combination with the imaging, tumor marker values,
and the clinical presentation seemed justifiable, preventing the
need for additional procedures.
Real-world data on the results of EUS-guided TA including

procedures performed in referring centers is limited.20–22 A Dutch
nationwide retrospective cohort study reported on 1638 consecu-
tive patients who underwent a resection for PDAC (2014–2018), of
whom 691 (42.2%) underwent preoperative EUS-guided TA in
ehalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
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Table 1 Patient and tumor characteristics and endoscopy-guided tissue acquisition procedures

Overall Head a Body/tail b P-value

n [ 617 n [ 532 n [ 85

A. Patient and tumor characteristics

Sex 0.870

Male, n (%) 347 (56.2) 298 (56.0) 49 (57.6)

Female, n (%) 270 (43.8) 234 (44.0) 36 (42.4)

Age, years (median [IQR]) 66.0 [59.0, 72.0] 66.0 [59.0, 72.0] 67.0 [62.0, 73.0] 0.129

Resection performed, n (%) 447 (72.4) 383 (72.0) 64 (75.3) 0.616

Final diagnosis (%) 0.122

PDAC 415 (92.8) 353 (92.2) 62 (96.9)

Distal cholangiocarcinoma 19 (4.3) 19 (5.0) 0 (0.0)

Ampullary carcinoma 5 (1.1) 5 (1.3) 0 (0.0)

pNET 1 (0.2) 1 (0.3) 0 (0.0)

IPMN (noninvasive) 4 (0.9) 2 (0.5) 2 (3.1)

Pancreatitis 3 (0.7) 3 (0.8) 0 (0.0)

Malignant - no resection performed c 171 150 21

B. Endoscopy-guided TA procedures

EUS-guided TA, n (%) 550 (89.1) 465 (87.4) 85 (100.0) 0.001

ERCP-guided brush cytology, n (%) 188 (30.5) 188 (35.3) 0 (0.0) <0.001

Ampullary biopsy, n (%) 23 (3.7) 23 (4.3) 0 (0.0) 0.100

Duodenal biopsy, n (%) 28 (4.5) 28 (5.3) 0 (0.0) 0.060

Distal bile duct biopsy, n (%) 15 (2.4) 15 (2.8) 0 (0.0) 0.235

More than 1 procedure, n (%) 196 (31.8) 190 (35.7) 6 (7.1) <0.001

Abbreviations: EUS, endoscopic ultrasonography; ERCP, endoscopic retrograde cholangiopancreatography; IPMN, intraductal papillary mucinous
neoplasm; IQR, interquartile range; PDAC, pancreatic ductal adenocarcinoma; pNET, pancreatic neuroendocrine tumor; TA, tissue acquisition.
a Pancreatic head/neck/uncinate process (n = 508) or periampullary tumor (n = 24).
b Pancreatic body or tail tumor.
c Patients who did not undergo a resection (n = 171), all had a malignant diagnosis based on clinical and/or radiological follow-up of at least one year.

HPB 1165
either an academic or community hospital. This study showed a
median SFM (broad definition) of 65%. Although the patients in
these studies partly overlap, the SFM in the current study was
approximately 20% higher. A possible explanation for this diver-
gence is a difference in patient selection for EUS-guided TA. In the
earlier years of the cohorts, patients with a lesion highly suspicious
for PDAC on cross-sectional imaging were less likely to undergo
EUS-guided TA, since upfront surgery was often considered
treatment of choice for these patients. Therefore, EUS-guided TA
may have been mainly performed for smaller or unclear lesions in
those early years. With more patients participating in the RCTs,
EUS-guided TA also became customary for patients with a clear
pancreatic lesion in order to obtain a tissue diagnosis as require-
ment for trial participation. Potentially, this requirement has also
motivated the endosonographers to obtain the best possible
specimen, the pathologist to commit to a clear diagnosis, and it
may have increased the use of external pathology review and next-
generation sequencing. This phenomenon is also known as the
Hawthorne effect.23

A comparison of the SFM of EUS-guided TA for pancreas head
compared with body/tail tumors showed a significantly better SFM
HPB 2023, 25, 1161–1168 © 2023 The Authors. Published by Elsevier Ltd on b
access
for body/tail tumors (broad definition only). Other studies have
shown conflicting results on this topic.24–26 This potential differ-
ence may lie in the challenging position of head tumors, whereby a
sharp angulation of the needle may be necessary to advance the
needle into the tumor. In addition, lesions in the pancreatic body
and tail are generally larger at diagnosis compared to pancreatic
head or periampullary tumors. Indeed, a large single-center study
byHaba et al. reported a lower SFM for smaller tumors,27 but other
studies reported no influence of tumor size.6,24,25

The SFM of repeat procedures was relatively high for both
repeat EUS (88.2%) and repeat ERCP-guided brush cytology
(61.5%). Apparently, it is worthwhile to perform a repeat pro-
cedure in patients with a pancreatic lesion who had an initial
indeterminate or negative diagnosis. This is consistent with
previous studies.5–9

Despite apparent ‘proof ’ of PDAC, 32 patients (7.2% of
resection cohort) ultimately did not have PDAC. It should be
noted that a clear differentiation between PDAC and distal
cholangiocarcinoma can even be unclear based on final pathol-
ogy, since these cancers are not distinguishable based on
immunohistochemistry or morphology.28 The challenge of
ehalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
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Table 2 Endoscopic procedures and highest cytological classification of patients with a final diagnosis other than PDAC (n = 32)

Distal cholangiocarcinoma
(n [ 19)

Ampullary
carcinoma (n [ 5)

pNET
(n [ 1)

IPMN (noninvasive)
(n [ 4)

Pancreatitis
(n [ 3)

PROCEDURE Overall number; (number of b6; b5; b4; b3; b2)

EUS-guided TA 11 (5; 6;0; 0; 0) 3 (2; 1; 0; 0; 0) 1 (0; 1; 0; 0; 0) 4 (2a; 2; 0; 0; 0) 1 (0; 1; 0; 0; 0)

ERCP-guided brush 4 (2; 2; 0; 0; 0) (2; 2; 0; 0; 0) 1 (0; 1; 0; 0; 0)

Periampullary biopsy 1 (1; 0; 0; 0; 0)

Both EUS-guided TA and
ERCP-guided brush

1 (1; 0; 0; 0;0) 1 (0; 0; 0; 1; 0)

Both EUS-guided TA and
periampullary biopsy

1 (1; 0; 0; 0; 0) 1 (1; 0; 0; 0; 0) 1 (0; 0; 0; 0; 1b)

Both ERCP-guided brush and
periampullary biopsy

1 (1; 0; 0; 0; 0)

Abbreviations: EUS, endoscopic ultrasonography; ERCP, endoscopic retrograde cholangiopancreatography; TA, tissue acquisition.
a Two patients with malignant cytological preoperative diagnosis had IPMN with high-grade dysplasia as final postoperative pathology.
b The classification of pathologic specimen of one patients was revised to benign disease (b2) based on pathology review, which occurred after
inclusion and randomization into the trial.

Table 3 Diagnostic performance of endoscopy-guided tissue acquisition procedures

First EUS-
guided TA

Repeat EUS-
guided TA

First ERCP-guided
brush cytology

Repeat ERCP- guided
brush cytology

Other periampullary
biopsies

ALL PATIENTS

SFM (broad definition, b6+b5) 462/542 (85.2%) 60/68 a (88.2%) 98/186 (52.7%) 8/13 (61.5%) 23/61 a (37.7%)

SFM (strict definition, b6) 352/544 (64.7%) 42/68 a (61.8%) 50/186 (26.9%) 1/13 (7.7%) 17/61 a (27.9%)

RESECTION COHORT

SFM (broad definition, b6+b5) 334/392 (85.2%) 43/49 (87.8%) 75/138 (54.3%) 6/9 (66.7%) 10/41 a (24.4%)

SFM (strict definition, b6) 250/394 (63.5%) 30/49 (61.2%) 36/138 (26.1%) 1/9 (11.1%) 7/41 a (17.1%)

ALL PATIENTS

RAS 531/550 (96.6%) 71/74 (95.9%) 185/188 (98.4%) 14/14 (100%) 62/66 (93.9%)

Malignant (b6) 354/550 (64.4%) 45/74 (60.8%) 50/188 (26.6%) 1/14 (7.1%) 17/66 (25.8%)

Suspicious for malignancy (b5) 115/550 (20.9%) 20/74 (27.0%) 48/188 (25.5%) 7/14 (50.0%) 6/66 (9.1%)

Atypical (b3) 34/550 (6.2%) 4/74 (5.4%) 34/188 (18.1%) 4/14 (28.6%) 8/66 (12.1%)

Negative for malignancy (b4+b2) 28/550 (5.1%) 2/74 (2.7%) 53/188 (28.2%) 2/14 (14.3%) 31/66 (47.0%)

Sensitivity for malignancy was calculated by dividing True Positives by the sum of True Positives and False Negatives. Rate of adequate sampling
was calculated by dividing the number of adequate samples with sufficient material for pathological examination by the total number of samples.
Abbreviations: EUS, endoscopic ultrasonography; ERCP, endoscopic retrograde cholangiopancreatography; RAS, rate of adequate sampling; SFM,
sensitivity for malignancy; TA, tissue acquisition.
a The highest classified diagnosis (i.e., b1 - b6) was included for patients who had more than one periampullary biopsy.
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correctly diagnosing patients with a pancreatic or periampullary
tumor has previously been reported by a large multicenter
retrospective cohort study of 1244 patients undergoing
pancreatoduodenectomy for a pancreatic or periampullary
tumor.29 In this study, 16% of patients had a misdiagnosis. This
higher percentage of misdiagnoses compared to the current
study is most likely because the preoperative diagnosis was based
on imaging only in 25% of the patients in their study and pa-
tients with an unclear tumor origin were likely not included in
the RCTs.
Some studies have suggested differences in anatomy, echoge-

nicity, and fat-to-parenchyma ratio between males and females,
which may impact the diagnostic performance of endoscopy-
guided TA procedures.30,31 In the current study, no difference
HPB 2023, 25, 1161–1168 © 2023 The Authors. Published by Elsevier Ltd on b
access
based on sex was found for any of the endoscopy-guided TA
procedures.
Strengths of our study include its prospective nature, the large

number of patients included in the two largest RCTs on neoad-
juvant treatment for PDAC globally, the assessment of SFM and
RAS for all endoscopy-guided TA procedures including repeat
procedures, and the nationwide coverage with diagnostic work-
up in both referring and referral centers. However, some limi-
tations should also be considered. First, inherent to the inclusion
criteria for the RCTs, this study only included patients with a
preoperative confirmation of PDAC. This may have led to an
overestimation of the SFM and RAS, since patients with false
negative TA attempts were not included. However, a study on the
generalizability of the results of the PREOPANC trial showed that
ehalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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only 4% of potentially eligible patients were not included because
of failed endoscopic-TA attempts.32 In addition, since the
required reference group of patients without PDAC diagnosis was
excluded from the trials, the specificity, positive predictive value,
negative predictive value, and accuracy could not be calculated.
However, the influence of confirmation bias is limited by our
selection criteria, as opposed to analyses focusing on these other
statistical outcomes. Second, the data were derived from existing
prospectively maintained databases which did not include spec-
ifications of the endoscopic procedures. As a consequence, we
were not able to differentiate between cytological (FNA) and
histological (FNB) specimens, lesion size, needle size, and suc-
tion techniques. The newest generation FNB needles may in-
crease the accuracy and decrease the number of needle passes
needed.3,33 Third, despite mandatory tissue acquisition prior to
inclusion in the RCTs, 7% of patients had final diagnoses other
than pancreatic cancer. Fourth, no data on adverse events were
available. However, tissue acquisition during an endoscopic
procedure is associated with low rate of adverse events.34

In conclusion, EUS-guided TA showed the highest yield in
patients with borderline resectable and resectable PDAC, with
excellent RAS and adequate SFM approximating the ASGE/AGT
reference standard. This study confirmed that EUS-guided TA
should be used as preferred endoscopic-TA procedure for pa-
tients with suspected PDAC and this procedure should be
repeated in case of an initial inconclusive diagnosis.
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