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GRAPHICAL ABSTRACT
MS (n=59) PS (n=59) P
\ Stent failure (%) 18 (30.5) 38 (64.4) <0.001
N Cholangitis after stent (%) 9 (15.3) 21(35.6) 0.02
) Another ERCP after initial stent (%) 8(13.6) 32 (54.2) <0.001
Resectable Metal stent \\& PTBD after initial stent (%) 5(8.5) 4(6.8) 1
perihilar (MS) \ MS (n-48)  PS(n=53) P
cholangiocarcinoma X Radical resection (%) 27 (56.2) 29 (54.7) 1
Plastic stent MS (n=27)  PS(n=29) P
(PS) Radicality (%) 0.569
RO 11 (42.3) 10 (34.5)
R1 15 (57.7) 17 (58.6)
R2 0 (0.0) 1(3.4)
Missing 0(0.0) 1(3.4)
Post-operative Liver failure (%) 0.016
1 22(81.5) 26 (89.7)
~ 2 0(0.0) 3(10.3)
s 5(18.5) 0(0.0)

Background and Aims: For a highly selected group of patients with unresectable perihilar cholangiocarcinoma
(pCCA), liver transplantation (LT) is a treatment option. The Dutch screening protocol comprises nonregional
lymph node (LN) assessment by EUS, and whenever LN metastases are identified, further LT screening is pre-
cluded. The aim of this study is to investigate the yield of EUS in patients with pCCA who are potentially eligible
for LT.

Methods: In this retrospective, nationwide cohort study, all consecutive patients with suspected unresectable
pCCA who underwent EUS in the screening protocol for LT were included from 2011 to 2021. During EUS, sam-
pling of a “suspicious” nonregional LN was performed based on the endoscopist’s discretion. The primary
outcome was the added value of EUS, defined as the number of patients who were precluded from further
screening because of malignant LNs.

Results: A total of 75 patients were included in whom 84 EUS procedures were performed, with EUS-guided tis-
sue acquisition confirming malignancy in LNs in 3 of 75 (4%) patients. In the 43 who underwent surgical staging
according to the protocol, nonregional LNs with malignancy were identified in 6 (14%) patients. Positive regional
LNs were found in 7 patients in post-LT-resected specimens.

Conclusions: Our current EUS screening for the detection of malignant LNs in patients with pCCA eligible for LT
shows a limited but clinically important yield. EUS with systematic screening of all LN stations, both regional and
nonregional, and the sampling of suspicious lymph nodes according to defined and set criteria could potentially
increase this yield. (Gastrointest Endosc 2024;99:548-56.)

(footnotes appear on last page of article)
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Perihilar cholangiocarcinoma (pCCA) is an uncommon ma-
lignancy originating from the bile ducts." At presentation, only
30% to 40% of the tumors are resectable by partial hepatec-
tomy.” Resectability depends on the tumor stage, vascular
involvement, and presence of liver fibrosis or cirrhosis so
that an adequate liver volume and function remain after resec-
tion. Primary sclerosing cholangitis (PSC) is an established risk
factor for pCCA and also limits liver function. For a select group
of patients with unresectable pCCA, liver transplantation (LT) is
a treatment option with curative intent. The Mayo Clinic has re-
ported favorable results using a strict protocol for these pa-
tients, which includes pre-LT neoadjuvant chemotherapy and
radiotherapy.” It is, however, unclear whether these results
are attributable to the strict selection protocol or the neoadju-
vant treatment scheme.”

Other centers have also reported on the feasibility of LT for
pCCA, without the neoadjuvant treatment scheme.” LT for
unresectable pCCA was introduced in The Netherlands in
2011, without the addition of neoadjuvant chemotherapy
and radiotherapy.”’ The Dutch screening protocol involves
EUS; cross-sectional imaging, such as CT, magnetic resonance
imaging (MRI), and fluorodeoxyglucose positron emission
tomography—computed tomography (PET-CT); and a staging
laparotomy to detect peritoneal metastases and metastatic
lymph nodes (LNs). The protocol also includes strict eligibility
criteria, as shown in Table 1, with the absence of LN metastases
being particularly important. Nonregional LNs, such as those
near the aorta, vena cava, superior mesenteric artery, and celiac
artery, are considered a contraindication for LT when malig-
nancy is confirmed during EUS or explorative laparotomy.
Regional LNs, such as those near the liver hilum, cystic duct,
common bile duct, hepatic artery, and portal vein, are not
routinely evaluated by EUS but only through frozen section
analysis in the same session as the LT and not during staging
laparotomy. Whenever no LNs positive for malignancy are iden-
tified before the hepatectomy, the LT is completed.

Adequate LN staging in patients with pCCA is essential to
exclude patients with positive nonregional LN findings from
invasive treatments, such as laparotomy or LT. However,
cross-sectional imaging has a limited accuracy in differentiating
between malignant and benign LNs.'" Additional EUS with tis-
sue acquisition (EUS-TA) can potentially detect unidentified
positive LNs. Preoperative EUS staging is routinely used for
esophageal, gastric, and pancreatic cancer with high accuracy
and influence on clinical decision making.'*"” The Mayo Clinic
has used EUS staging for pCCA in its LT protocol for multiple
years, and 17% of patients were excluded as LT candidates
after identification of metastases by EUS-TA." In another
recent study, surgical exploration was precluded in 20 of 141
(14%) patients with resectable pCCA."” EUS staging has a
high accuracy in all cholangiocarcinoma subtypes as well, de-
tecting LNs in 86% of patients compared to 47% on imaging
only (P < .001).”

The aim of this study is to investigate the effectiveness
and accuracy of EUS staging in patients with unresectable
pCCA who are being evaluated for LT.

METHODS

Study population

This retrospective national multicenter study included all
patients with suspected unresectable pCCA who underwent
EUS between 2011 and 2021 as part of the nationally
approved LT protocol for pCCA in The Netherlands.'” Inclu-
sion in this study did not depend on further workup after
EUS or final treatment. Patients were eligible from the start
of this screening protocol for LT: 2011 for both the Erasmus
MC University Medical Center and the University Medical
Center Groningen and 2016 for the Leiden University Medi-
cal Center. The eligibility criteria for LT for pCCA in this pro-
tocol are specified in Table 1. Patients were identified
through prospectively collected databases and local endos-
copy databases of all 3 Dutch LT centers. The study adhered
to the guidelines in the Declaration of Helsinki and was
approved by the local ethics committees.

LT workup

The protocolled workup for LT in this patient
population consists of staging of the tumor by tumor markers
(carbohydrate antigen [CA]19.9 and carcinoembryonic antigen
[CEA)), cross-sectional imaging (CT, MRI/MRCP, and PET-CT),
and EUS. ERCP is only performed when biliary drainage is
necessary. The indication and purpose of the EUS is to assess
the presence of nonregional LN metastases. The protocol
dictated that when a nonregional LN was deemed suspicious,
EUS-TA was indicated, and regional LNs were not targeted to
avoid needle tract tumor seeding because of the tumor’s prox-
imity. Whether or not an LN was deemed suspicious was not
further specified and was left to the discretion of the endoscop-
ist. Linear EUS endoscopes were used to evaluate LN status (Fu-
jifilm EG-580UT, Tokyo, Japan, and Pentax EG-38J10UT and
Pentax EG-3870UTK, Pentax Medical, Tokyo, Japan). The pro-
cedure was performed with conscious sedation or propofol,
depending on local practice.

The following locations were screened: periaortic, pericaval,
superior mesentery artery, and celiac artery (Fig. 1). Re-
gional LNs were not screened routinely. During the majority
of the study period, the American Joint Committee on Cancer
(7th edition) staging system for LNs was used.”’ This staging
system defined regional (or N1) LNs as LNs located at the hi-
lum, common bile duct, cystic duct, hepatic artery, or portal
vein. LNs farther from the hepatoduodenal ligament were
defined as nonregional (or N2). There was a low threshold to
perform a biopsy on nonsuspicious, nonregional LNs. Biopsy
was performed using fine-needle aspiration (FNA) or fine-
needle biopsy (FNB) based on the endosonographer’s prefer-
ence. Suspicious LNs on EUS were defined as having 1 or more
of the following characteristics: short-axis diameter of >10 mm,
hypoechogenic, round shape, and sharp demarcation. EUS-
FNA was performed by using a 22- or 25-gauge FNA-type nee-
dle, and EUS-FNB was performed by using a 22- or 25-gauge
FNB-type needle. Rapid onsite evaluation (ROSE) was used
in a small number of patients at 2 study sites to confirm if an
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TABLE 1. Eligibility criteria for LT protocol for unresectable perihilar
cholangiocarcinoma, according to the 2011 Dutch Guidelines'®

Patients were eligible for LT if

1. No previous percutaneous tumor biopsy

2. Tumor size of <30 mm (radial axis) on computed
tomography or magnetic resonance imaging

3. No previous surgical exploration with direct contact
on the tumor location

4. No nonregional LN metastases identified with EUS

5. No nonregional LN, peritoneal, or intrahepatic metastases
identified during staging laparotomy

6. No distal tumor growth necessitating an
eventual pancreatoduodenectomy

7. No general contraindications for LT

LN, Lymph node; LT, liver transplantation.

adequate tissue sample was obtained. In summary, LN assess-
ment by EUS was not standardized in the Dutch LT screening
protocol for patients with unresectable pCCA and was there-
fore mostly left to the endosonographer’s preference.

After imaging and EUS were performed, the results were re-
viewed in a multidisciplinary meeting at all 3 centers. At least 2
of the 3 centers had to agree with the criteria for transplanta-
tion. Differences in agreement were, for example, caused by
a high probability of benign stenosis, such as autoimmune chol-
angiopathy, for which prednisolone treatment was suggested
instead, but also because the tumor was deemed resectable
by partial liver resection instead. In the Dutch protocol, patho-
logic proof is pursued but is not required.

If the audit reached consensus and imaging and EUS-TA
did not show any metastases, a diagnostic laparoscopy or
open laparotomy was performed with excision of LNs
located from the distal hepatoduodenal ligament and along
the common hepatic artery to the celiac trunk. The abdom-
inal cavity and liver were also inspected for metastases. If
no LN metastases were found, the patient was placed on
the national waiting list for LT with a nonstandard excep-
tion with 38 Model for End-Stage Liver Disease points, aim-
ing for transplantation at <3 months after surgical staging.
During this waiting period, patients were closely moni-
tored with cross-sectional imaging. All LTs started with an
explorative laparotomy with reinspection of the abdominal
cavity and biopsy of suspicious regional and nonregional
LNs. If frozen section analysis identified metastases in the
liver, peritoneum, or LNs, the LT was aborted.

Outcomes

The primary outcome of this study was the impact of EUS on
the workup of the LT protocol, defined as the number of pa-
tients precluded from further workup because of positive for
malignancies identified by EUS-TA. The secondary outcomes
were (1) the number of patients in whom EUS failed to detect

Figure 1. Overview of the locations of lymph nodes (LNs) defined as
regional and nonregional according to the American Joint Committee
on Cancer. Regional LNs included LNs at the liver hilum, common bile
duct, cystic duct, hepatic artery, and portal vein. Nonregional LNs included
periaortic, pericaval, superior mesenteric artery, and celiac artery/trunk
LNs. NR, Nonregional; R, regional.

malignant LNs by EUS, (2) EUS-associated adverse events, and
(3) post-LT survival.

Data collection and analysis

Each individual patient record was systematically reviewed.
Data collected included patient demographics, clinical informa-
tion (American Society of Anesthesiologists classification and
performance status), imaging studies (CT, MRI/MRCP, PET-
CT, and information about any LNs present), EUS characteris-
tics (like LN status and biopsy outcomes), and surgical out-
comes (type of resection and LN status). Factors that might
affect imaging quality or suspiciousness of LNs, such as recent
cholangitis or a biliary stent, were also collected. Follow-up
time was based on data availability in individual medical records
and calculated from time of presentation, EUS, and LT. Contin-
uous variables are reported as mean with standard deviation or
median with interquartile range (IQR), depending on the distri-
bution. Survival was analyzed using Kaplan-Meier estimates and
log-rank tests, with a 2-sided P value of <.05 considered statis-
tically significant.

RESULTS

Baseline characteristics

A total of 75 patients were evaluated for LT by EUS. Forty-
seven (63%) patients were male, with a median age of 56 years
(IQR, 43-65) (Table 2). Nearly half (52%) had a prior diagnosis
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TABLE 2. Baseline and staging characteristics of the included patients
undergoing EUS for liver transplantation workup

Total cohort

Variable (n = 75)
Age, y 56 (43-65)
Male sex 47 (63)
PSC 39 (52)
ASA
1 4 (5)
2 39 (52)
3 32 (43)
Eastern Cooperative Oncology Group/World Health
Organization performance status
0 58 (78)
1 13 (17)
2 3(4)
3 1(1)
Imaging
Computed tomography and/or PET-CT 74 (99)
Magnetic resonance imaging/magnetic resonance 53 (71)
cholangiopancreatography
Cholangitis <30 days before imaging 26 (14)
Stent in situ at time of imaging 93 (49)
Nonregional lymph node described at imaging 41 (55)

Values are n (%) or median (interquartile range).

ASA, American Society of Anesthesiologists physical status classification system;
ECOG, Eastern Cooperative Oncology Group; PET-CT, positron emission tomography-
computed tomography; PSC, primary sclerosing cholangitis.

of PSC. Imaging showed nonregional lymphadenopathy in 55%
of the patients.

EUS characteristics

The 75 included patients underwent 84 EUS procedures.
The first EUS was performed 7 days (IQR, 2-18) after the last im-
aging, with a second EUS performed in 8 patients for various
reasons, such as incomplete visualization or unsuccessful pro-
cedure (n = 4), Tissue Acquisition of specific LNs (n = 3), TA
of distal Common Bile Duct (CBD) mass indicated (n = 1), or
for unspecified reasons (n = 1). A total of 65 nonregional LNs
in 34 patients were described (Table 3). EUS-TA was performed
in 35 of 65 (54%) nonregional LNs; in 30 of 33 (91%) of the sus-
picious LNs, and in 5 of 32 (16%) nonsuspicious LNs. Malig-
nancy was found in 2 of 35 (6%) biopsy specimens in 2
different patients. These specific LNs were not described on im-
aging and were suspicious on EUS. Although not conform the
protocol, biopsy by EUS-TA was performed on 11 regional LNs,
with 1 showing malignancy. There was no specific information
available on needle type or other puncture characteristics.
Figure 2 shows 2 examples of identified LNs. In 25 of 75
(33%) patients, no LNs were identified during EUS. There
were no procedure-related adverse events associated with
the EUS or EUS-TA.

The yield of EUS

LT workup was precluded in 3 of 75 (4%) patients because of
confirmation by EUS-TA of LNs positive for malignancy. In the
43 patients who underwent surgical LN staging according to the
LT protocol, LT was precluded because of the identification of
nonregional LNs during explorative laparotomy or robot-
assisted LN sampling in 6 of 43 (14%) patients. In the patient
with proven malignancy in a regional LN, an extended hemihe-
patectomy with pancreatoduodenectomy was performed
instead without a staging procedure, outside of the LT proto-
col. Multiple nonregional LNs positive for malignancy were
identified on postoperative histopathology. This resulted in a
total of 7 malignant nonregional LNs that were missed with
EUS in 7 of 54 (13%) patients who underwent any form of sur-
gical procedure, in or outside of the LT protocol. Regarding
these missed LNs at EUS, in 4 patients, no LNs were described;
in 2 patients, the LN was described as suspicious, but EUS-TA
failed to confirm malignancy; and in 1 patient, the LN was iden-
tified, but EUS-TA was not performed because the LN was
described as not suspicious. At cross-sectional imaging, these
missed LNs were described as suspicious in 3 patients and
not suspicious in 1 patient and were not described in 3 patients.
The median time period between EUS and surgical staging was
47 days (IQR, 16-51).

LT workup

As shown in Figure 3, 21 of 75 (28%) patients did not un-
dergo LT or any other form of surgery after initial LT workup
for several reasons. Of the remaining 54 (72%) patients, 43
(80%) were worked up for LT according to the LT protocol
with 36 (84%) patients undergoing explorative laparotomy
and 7 (16%) patients undergoing robot-assisted diagnostic lap-
aroscopy with LN sampling. These procedures were performed
after a median period of 36 days after EUS (IQR, 23-50). In 6 of
43 (14%) procedures, malignant nonregional LNs were identi-
fied, precluding LT workup in 6 (14%) patients. In 7 (16%) pa-
tients, workup for LT was precluded by other reasons. The final
pathology results are detailed in Table 4.

Of the remaining 37 patients in whom staging investiga-
tion findings remained negative, 28 (76%) underwent LT,
and 1 (3%) was still on the waiting list. In 5 of 28 (18%)
patients, an additional pancreatoduodenectomy was per-
formed because the distal frozen section margin was posi-
tive for malignancy in 2 patients and showed atypia in
3 patients. One patient’s LT was stopped during the surgery
because of the discovery of ingrowth in the retroperitoneal
space and positive findings on distal bile duct frozen section
analysis. In the 28 patients with an LT, final surgical resec-
tion specimens showed >1 regional LN positive for malig-
nancy in 7 (25%) patients. In 6 of the 28 (21%) patients,
no malignancy was identified in the explant.

Patients treated outside of the LT protocol
Eleven of 54 (20%) patients did not proceed in further
workup according to the LT protocol after the EUS. Of these
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TABLE 3. LN and pathology outcomes of EUS staging in 84 EUS procedures

EUS-TA
Described LNs Short axis (mm) FNA FNB Malignancy

Total LNs described 98 9 (5.6-12.8)
Regional 33

Suspicious 13 10 (9-13.3)* 8 (62) 1(8) 1(11)

Not suspicious 20 12 (8.8-15)} 1 (5) 1 (5) 0 (0)
Nonregional 65

Suspicious 33 7.8 (5-12.5)% 28 (85)" 3 (9)* 2(7)

Not suspicious 32 6 (4.1-8)** 5 (16) 0 0 (0)

Values are n, n (%), or median (interquartile range).

EUS-TA, EUS-guided tissue acquisition; FNA, fine-needle aspiration; FNB, fine-needle biopsy; LN, lymph node.

*Missing in 1 LN.

tMissing in 12 LN.

iMissing in 8 LN.

*In 1 LN, both FNA and FNB were performed.
**Missing in 10 LNs.
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Figure 2. Two examples of identified LNs. A, An unsuspicious LN located at station 16A2. A biopsy was not performed. B, A suspicious LN located at
station 9. Biopsy showed malignancy. AO, Aorta; C7, celiac trunk; SMA, superior mesenteric artery; S7,, station.

11 patients, 9 (82%) underwent an LT for the indication of
PSC cirrhosis because the diagnosis of pCCA was not
confirmed or was deemed less probable preoperatively. In
3 patients, pCCA was identified in surgical resection speci-
mens, with 1 patient having multiple regional LNs positive
for malignancy. The other 2 (18%) patients were deemed
to have resectable pCCA and underwent a hemihepatec-
tomy; 1 of these patients had multiple regional LNs positive
for malignancy. These 10 procedures were performed after a
median period of 100 days after EUS (IQR, 65-222).

In total, positive regional and/or nonregional LNs were
identified during workup, at explorative surgery, or in surgi-
cal resection specimens in 16 of 75 (21%) patients. Of these
16 patients, LNs were found with EUS-TA (n = 3), at explor-
ative surgery (n = 6), and in resection specimens (n = 7).

Survival after LT
In total, there were 22 patients with confirmed pCCA in
surgical resection specimens who underwent an LT. In those

patients, the overall median survival time was 37 months
(95% confidence interval, 20.2-not applicable). Positive
regional LNs were identified in 7 of 22 (32%) patients. There
was a trend toward better survival for patients without
regional LN in surgical resection specimens (log-rank P =
.054).

DISCUSSION

In this retrospective, multicenter, nationwide cohort
study, we found that in patients undergoing a staging EUS
aiming at the detection of nonregional LN metastases in
the setting of LT screening for suspected unresectable
pCCA, EUS-TA detected nonregional LN metastases in only
3%. These patients were precluded from invasive surgical
treatments, such as explorative laparotomy or LT. However,
in 7 (13%) additional patients, nonregional LNs were identi-
fied during these invasive surgical treatments that were not
identified by EUS. Combining the yield of EUS and surgery,
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EUS staging for LT in patients with
presumed unresectable pCCA
(n=75)

—’1 Precluded due to positive non-regional LN (n = 2) ‘
—-{ Precluded due to positive regional LN (n= 1) }—

Precluded due to other reasons (n = 19)
- Other malignancy diagnosis (n = 2)*
- Benign disease more probable (n=5)
- Inoperable due to comorbidities (n = 3)
- Distant metastasis diagnosed through VATS (n = 2)
- Disease progression (n = 4)
- Resectable disease, referral and lost to FU (n=1)

v

- In work-up or on waiting listfor LT (n = 2)

v
Other surgery (n=11)

- LT(n=9)
- Hemi-hepatectomy (n=2)

A

v
Surgical lymph node staging (n = 43)

=I Precluded due to positive LN (n = 6)

Preclusion from further work-up (n=7)
- Hemi-hepatectomy (n=1)

- Otherreasons (n=6)**

v
LT (n=28)
Waiting list (n=1)
Intentionto LT (n=1)

Figure 3. Flowchart of patients undergoing EUS in LT workup for unresectable perihilar cholangiocarcinoma. *Breast cancer in 1 patient and rectal car-
cinoma in 1 patient. **Lost to follow-up (n = 2), benign disease more probable (n = 1), tumor spill caused by gallbladder cancer (n = 1), gallbladder
cancer diagnosis during waiting period (n = 1), and death caused by adverse events after explorative laparotomy (n = 1). FU, follow-up; LT, liver trans-
plantation; LN, lymph node; pCCA, perihilar cholangiocarcinoma; VATS, video-assisted thoracoscopic surgery.

TABLE 4. Pathology findings for patients with presumed CCA who underwent surgical staging or treatment (n = 54)

Total patients who underwent Patients who underwent LT
Variable surgery (n = 54) conforming to LT protocol (n = 28) Other patients (n = 26)
Final pathology diagnosis available* 50 (93) 28 (100) 22 (85)
Pathology diagnosis
pCCA 32 (64) 19 (68) 13 (59)'
Benign 12 (24) 6 (21) 6 (27)
Intrahepatic CCA 3 (6) 2(7) 1 (5)
MT-HCC/CCA 1(2) 1(4) -
Gallbladder cancer 2 (4 - 2 (9)

Values are n (%).

CCA, Cholangiocarcinoma; MT-HCC, mixed type-hepatocellular carcinoma/cholangiocarcinoma; pCCA, perihilar cholangiocarcinoma; -, not applicable.

*Final pathology was not available in 4 patients who underwent a form of surgery: still on waiting list (n = 1), died after complicated laparotomy (n = 1), lost to follow-up after
laparotomy (n = 1), and wait-and-see period after laparotomy (n = 1).

ln 3 of 8 (38%) patients who underwent LT outside the pCCA LT protocol because benign disease was more probable, pCCA was still confirmed in surgical specimens.
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regional and/or nonregional LNs positive for malignancy
were identified in 16 of 75 (21%) patients.

Previous studies have reported higher rates of surgery
preclusion after the identification by EUS of LNs positive
for malignancy.'®*"** For example, Gleeson et al'® pre-
cluded 8 of 47 (17%) patients from neoadjuvant chemoradia-
tion therapy and surgery after identification of metastases by
EUS. Another study™ not specifying the EUS method pre-
cluded 1 of 17 (6%) patients. A follow-up study from the
Mayo Clinic using standardized EUS found that EUS identi-
fied LNs in 89% of the patients with pCCA and that EUS-TA
found malignancy in 16%, precluding surgery.”’ However,
in our study, surgery was precluded in only 4% of patients.
Our results do not align with these previous studies, which
may be attributable to differences in screening methods
and patient selection. Our semistandardized method con-
sisted of screening for nonregional LNs with EUS-TA only
when an LN was deemed suspicious, whereas the Mayo
Clinic assessed all LN locations, with a low threshold for
EUS-TA.'"

In our current protocol, EUS-TA is performed onlywhen an
endosonographer deems a nonregional LN suspicious. Out of
the 28 suspicious nonregional LNs on which biopsies were
performed, malignancy was found in 2 (7%) LNs across 2 pa-
tients. Some studies have suggested that EUS features of LNs
are not predictive of malignant involvement in the setting of
pCCA."" Because of inadequate reporting, we were unable
toanalyze specific LN characteristics on EUS with regard to pa-
thology outcome. Other studies, such as that by Gleeson
et al,"® had a low threshold for performing EUS-TA and also
had a cytopathologist present during the EUS to perform
ROSE if requested. This allowed for repeat EUS-TA in the
same LN if inadequate material was obtained. It is important
to note that our study did not follow this strategy, and this dif-
ference in approach may have led to an underestimation of
the potential yield of EUS-TA. There still is some debate about
the additional value of ROSE for EUS-TA of LNs.”>*

The median time between the last EUS and first surgical
procedure was 36 days for patients following the LT protocol
and 100 days for patients receiving surgical treatment
outside the LT protocol. These time periods reflect both
the strict protocol and the waiting period for an LT or
curative-intent resection outside the protocol. Nonregional
LNs positive for malignancy were identified in 13% of the pa-
tients who underwent surgery. This is similar to findings
from the Mayo Clinic studies, but it should be interpreted
with caution because there are some important differ-
ences."®* In these studies, it is possible that some LNs
that were positive for malignancy were ablated by neoadju-
vant chemoradiation therapy before staging laparotomy.
Also, the time period between EUS and staging laparotomy
was significantly longer than in our study, primarily because
of the omission of neoadjuvant chemoradiation therapy. It is
possible that the “missed” nonregional LNs were not present
at the time of EUS and developed in the time period between
EUS and surgery.

Unfortunately, imaging has poor performance in detect-
ing LN involvement in cholangiocarcinoma, with a sensi-
tivity of only 53%."'" In current practice, radiologists base
lymphadenopathy primarily on the short-axis criterion of
>10 mm, but specific cross-sectional imaging characteris-
tics for malignant LNs in pCCA are lacking. Lymphadenop-
athy at imaging is significantly associated with positive
EUS-TA findings compared to no lymphadenopathy (24%
vs 119%).” We were unable to validate this finding because
of the limited number of patients with positive LN findings.
In the 7 patients with nonregional LNs confirmed positive
for malignancy at surgery, these were described at cross-
sectional imaging in 4 patients, with 3 of them being
defined as suspicious. The 2 nonregional LNs that were
identified with EUS-TA as positive for malignancy were
not described at cross-sectional imaging.

We were unable to find a significant difference in survival
for patients with and without malignant regional LNs identi-
fied in patients with pathologically confirmed pCCA, likely
because of the limited power of our analysis. However, in
arecent report by Dondorf et al,”® the median survival for pa-
tients with no LN showing malignancy after LT was 46.7
months, compared to 7.1 months for patients with positive
LN findings (P <.001). Similarly, in patients treated by partial
liver resection, 5-year overall survival was 47% in patients
with nodal-negative disease, whereas only 9% of the patients
with nodal-positive disease were alive (P < .001).”’

This is the largest retrospective multicenter study on the
value of preoperative EUS in patients with presumed unre-
sectable pCCA in the workup for LT. However, this study
has several limitations. First, because of the retrospective na-
ture of the study, data regarding LN characteristics and loca-
tions were not reported in a standardized or complete
manner, both at cross-sectional imaging and EUS, and could
therefore not be analyzed. Second, the EUS procedures
were not performed in a standardized manner, and some
nonregional LN locations were not described. There was a
high threshold to perform EUS-TA. EUS-TA was primarily
performed in nonregional LNs that were deemed suspicious
by the endosonographer, whereas in some other series, all
LNs, both suspicious and nonsuspicious, were sampled.
This nonstandardized method most likely resulted in under-
estimation of the yield of EUS. Third, it is possible that non-
regional LNs that were positive for malignancy were still
“negative” at the time of EUS but turned “positive” in the
time between EUS and surgery because of disease progres-
sion, although this is unlikely given the relatively short
period between EUS and surgery. Both the nonstandardized
manner of EUS procedures and tumor progression could
have contributed to the missed malignancy-positive LNs,
but it is unclear which one is dominant based on our data
and the current literature. Finally, regional LNs were not sys-
tematically checked during the EUS procedures, in line with
the Mayo protocol. The Dutch protocol was changed after
the results were discussed internally, with regional LNs as
additional targets during EUS.
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Regarding the discussion of whether regional LNs
should be targeted during EUS, more research is needed.
On the one side, LT outcomes for patients with regional
LNs positive for malignancy is significantly worse, and
preoperative identification could preclude a surgical pro-
cedure. On the other side, there is a risk of needle-tract
seeding in hilar LNs whenever the pCCA is located close
by. In the light of the 8th American Joint Committee on
Cancer edition, we believe that the benefits of highly
standardized EUS screening of both regional and nonre-
gional LNs outweighs the very low risks of needle-tract
seeding and EUS-TA-associated adverse events.
Regarding EUS-TA of regional LNs, care should be taken
to not pass the tumor mass itself to lower the risk of
needle-tract seeding. With the implementation of the
standardized EUS screening method, only performed by
experienced endosonographers, more patients are
spared from explorative surgery, and more prognostic in-
formation will be provided to patients earlier in the dis-
ease course, resulting in more time to explore palliative
treatment options.

In summary, the current approach with EUS-TA in the
workup for LT for unresectable pCCA in The Netherlands
has a relatively low yield. This study, in line with the cur-
rent literature, suggests that a more standardized EUS
screening method, visualizing all LN locations before
LT regardless of prior imaging findings, should be
considered. These LN locations should also be described
according to the classification of the Japanese Society of
Hepato-Biliary-Pancreatic Surgery.28 Prospective regis-
tration studies are currently being performed and are
eagerly awaited (NCT05678218).
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