
Introduction
Pancreatic ductal adenocarcinoma (PDAC) is now the second
most common gastrointestinal cancer and the fourth most le-
thal malignancy in the United States, with a 5-year relative sur-
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ABSTRACT

Background and study aims In borderline resectable/lo-

cally advanced pancreatic ductal adenocarcinoma (PDAC),

stereotactic body radiation therapy (SBRT) is an emerging

neoadjuvant treatment option. Endoscopic ultrasound

(EUS)-guided insertion of fiducial markers being a prerequi-

site, our aim was to assess its feasibility and safety and also

to evaluate its success, from both the endoscopist’s and

radiotherapist’s perspectives.

Patients and methods We prospectively collected data

concerning PDAC patients submitted to EUS-guided fidu-

cial placement, from February 2018 to November 2019.

Technical success was defined as at least one marker pre-

sumed inside the tumor. Quality success was assessed at

pre-SBRT computed tomography, accordingly to the num-

ber of markers inside or <1 cm from the tumor, number of

markers at the tumor extremity, their location in different

planes, the distance between them, and their distance

from the biliary stent (if present). A new quality score was

then proposed and high-quality success defined as at least

six of 12 points.

Results Thirty-seven patients were enrolled. A total of 97

fiducials were implanted, with a median of three fiducials

per patient (0–4). The technical success rate was 92%,

with failure of fiducial placement in three patients. Three

patients (8%) had adverse events (fever, mild acute pan-

creatitis, and biliary stent migration). At pre-SBRT evaluati-

on, two patients’ markers had migrated. The high-quality

success rate was 62.5%.

Conclusions Our results contribute to demonstrating the

feasibility and safety of EUS-guided fiducial placement for

SBRT treatment in PDAC. It is hoped that the newly pro-

posed quality score will pave the way for improving fiducial

positioning and SBRT delivery.
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vival rate not higher than 9% [1]. In the combined 28 member
states of the European Union, it now ranks as the seventh most
common form of cancer, with more than 100,000 new cases es-
timated in both sexes in 2018, corresponding to 3% of all new
cancer cases [2].

Surgical excision remains the only curative treatment, with
an estimated 5-year survival rate of 20% after resection. How-
ever, most patients are diagnosed after progression to a non-
resectable disease, with only 15% to 20% being potential candi-
dates for curative surgery at presentation [3]. For patients with
borderline resectable or locally advanced PDAC, chemotherapy
and radiation therapy are increasingly being proposed for ther-
apeutic management, with the purpose of improving curative
resectability rates, local control, and overall survival [3]. In this
setting, conventional radiation therapy is now challenged by
stereotactic body radiotherapy (SBRT). The pancreatic SBRT
technique allows delivery of ablative doses in a highly confor-
mational way, particularly at the tumor/vessel interface in few
sessions (3 to 5), while reducing collateral damage to adjacent
organs [4, 5]. It can be easily integrated into a neoadjuvant ap-
proach, notably as an attempt to sterilize these tumor/vessels
interface regions, contributing to a higher curative (R0) resec-
tion rate, as suggested by previous retrospective and phase I/II
studies [6]. Insertion of inert radiopaque gold or polymer-
based markers in or close to the tumor is a prerequisite for pan-
creatic SBRT treatments, allowing for precise targeting and
real-time tracking of the tumor. Even though fiducials can be
placed surgically or percutaneously (under ultrasound/compu-
ted tomography [CT] guidance), endoscopic ultrasound (EUS)
placement has been established as the preferred route of inser-
tion of fiducial markers in PDAC, given that surgery is a lot more
invasive and percutaneous procedures involve other risks such
as bleeding or needle tract tumor seeding [7]. The aim of this
study was to assess the feasibility and safety of EUS-guided fi-
ducial placement in two academic centers. Moreover, we in-
tended to evaluate both the technical and qualitative success
of this technique, from the endoscopist’s and radiotherapist’s
points of view, respectively.

Material and methods
Study design

We prospectively collected and analyzed clinical and technical
data regarding all the PDAC patients who underwent EUS-guid-
ed placement of fiducial markers in two different academic
hospitals (Erasme University Hospital and Saint-Pierre Universi-
ty Hospital, Brussels Belgium). All patients had first received
four to six cycles of chemotherapy (folfirinox or gemcitabine-
nab-paclitaxel). SBRTwas then performed if there were no signs
of disease progression to complete induction treatment. Pa-
tients with distant metastases, poor functional status, ongoing
infection, current pregnancy, coagulopathy (international nor-
malized ratio > 1.5 or platelet count < 75,000) or receiving anti-
platelet/anticoagulant medications that could not be safely in-
terrupted before the procedure were excluded. Statistical de-
scriptive analyses were performed using SPSS software version
25 (IBM SPSS, New York, United States). The institutional ethics

committees of both centers approved the study protocol,
which was created in accordance with the ethical guidelines of
the 1975 Declaration of Helsinki. Because this was an observa-
tional retrospective study, no prior signed consent was obtain-
ed. All authors had access to the collected data and approved
the final manuscript.

Technical aspects

The procedures were routinely performed by two experienced
endoscopists (> 200 EUS examinations [8]), using a linear EUS
scope (GFUCT180, Olympus, Hamburg, Germany or EG38–
70UTK, Pentax, Hamburg, Germany). Patients were under ei-
ther deep sedation or general anesthesia and they all received
antibiotic prophylaxis prior to fiducial insertion. Two types of
radio-opaque markers were used: polymer markers (Polymark
0.8 ×3mm) back-loaded in a regular 19G FNA needle and gold
markers delivered with a pre-loaded 22G dedicated needle
(EchoTip Ultra Fiducial Needle, Cook). Fluoroscopy also was
used in most cases to monitor the procedure. Relevant techni-
cal data were then included in the final procedure report and
entered in a prospective registry.

Outcomes

Technical success was defined as at least one marker presumed
to be inside the tumor at the end of the EUS procedure. At pre-
SBRT simulation CT, the number of visible markers and their lo-
cation (in regard to the tumor and to each other) were assessed
by the radiotherapist. After a collaborative meeting between
the endoscopic and radiotherapy teams, a quality score based
on SBRT prerequisites was proposed, including the following
criteria: number of markers inside or < 1 cm from the tumor,
number of markers located in the border of the tumor, their lo-
cation in different planes, their distance from the biliary stent
(if present), and the distance between the fiducials themselves
evaluated by the overlap of the different fiducial expanded vol-
umes (FEV). FEV is a volume comprising a radius of 4mm
around each fiducial marker, calculated and generated at the
dosimetric computed tomography (CT) scan.

The score ranged from 0 to 12 points and high-quality suc-
cess was defined as a score equal or higher than 6/12 points
(▶Table1). A perfect score would imply the insertion of at least
three fiducial markers, placed at the tumor’s periphery and/or
within 1 cm of the tumor, in different spatial planes, without
overlap between them or with the biliary stent (preferably > 8
mm apart).

Secondary adverse events (AEs) also were documented.
These included bleeding (if blood transfusion and/or local
treatment by endoscopy or arterial embolization was required),
perforation (with abdominal pain and extra-visceral air visualiz-
ed at imaging exam), acute pancreatitis (defined accordingly to
the revised Atlanta classification [9]), and post-procedural fever
(> 37.5 °C).
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Results
From February 2018 to November 2019, a total of 37 patients
were enrolled (▶Table 2). All of them had initially been treated
with four to six cycles of induction chemotherapy. The majority
were male (54.1%), with a median age of 60 years (IQR 18). The
mean tumor size was 25.9 ± 7.7mm and lesions were mostly lo-
cated at the pancreatic head (70%). Almost all the lesions were
close or invading at least one vessel, with only one showing no
vascular involvement (60% and 35% had venous and arterial
vessels involvement, respectively).

A total of 97 fiducials were implanted, with a median num-
ber of three fiducials placed per patient (range 0–4). The tech-
nical success rate was 92%, with failure of fiducials placement
in three patients, in two cases due to interposing vessels and
in one case due to inability to define the tumor limits (probably
altered by the induction chemotherapy). At pre-SBRT CT evalu-
ation, however, there were two patients whose markers had mi-
grated and thus were not visualized. In one case, the patient
was directly referred to surgery due to the favorable evolution
of the contact between the tumor and vessels after chemother-
apy. For the second case, due to the persistence of vascular
contacts, the radiotherapist used natural markers for guidance
(like the main arterial structures and intra-pancreatic calcifica-
tions), which significantly increased the difficulty of treatment
delivery. Fiducial migration was also observed in five additional
patients, but there were always at least two markers still in
place.

Of the 32 patients with visible markers at pre-SBRT evaluati-
on, 76% had at least two markers inside or < 1 cm from the tu-
mor and in 75%, there was at least one marker located at the
border of the tumor. Nevertheless, marker placement in differ-

ent spatial planes was achieved in only 56% of cases and there
were 72% in which at least two markers were positioned too
close to each other, with a FEV overlap (▶Table3). A high-qual-
ity success score (≥6 /12) was therefore achieved in 62.5% of
the cases.

AE were observed in three patients (8%), with one case of
post-procedural fever that resolved spontaneously, one case of
mild acute pancreatitis that recovered after conservative medi-
cal treatment, and one case of biliary stent migration.

Discussion
Our study revealed a high technical success rate (92%) and a
low number of AEs (8%) associated with EUS-guided fiducial
placement, confirming the easibility and safety of this endo-
scopic procedure. This was first demonstrated in 2006 by Pish-
vaian et al [7], with no complications observed among the six
pancreatic cancer patients who underwent the procedure. A
more recent systematic review and meta-analysis of studies
evaluating the technical aspects, safety, and efficacy of EUS fi-
ducial placement in gastrointestinal malignancies, reporting on
1155 patients, also revealed favorable results [10]. For pancre-
atic lesions alone, the rate of technical success was 95%, with a
migration rate of 2% to 7% and a complication rate ranging be-
tween 1% and 13%, as observed in our series. The latter includ-
ed minor bleeding and duodenal hematoma, mild pancreatitis,

▶Table 1 Fiducial placement quality score.

Question Answer Points

Number of markers inside the tumor or
< 1 cm?

1 1

2 2

≥3 3

Number of markers in the extremity of the
tumor?

0 0

1 1

≥2 2

Are the markers positioned in different
spatial planes?

No 0

Yes 2

Is the distance from the biliary stent
> 1mm?

No 0

Yes 2

Is there an overlap between FEVs? Yes 0

No 3

TOTAL …/12

FEV, fiducial expanded volume (volume comprising a radius of 4mm around
each fiducial marker).

▶Table 2 Population demographics.

n = 37

Hospital

▪ CHU Saint-Pierre 40.5%

▪ CUB Erasme 59.5%

Median age (y) 60 (IQR 18)

Male patients (%) 54.1%

Prior biliary stenting 47.4%

Previous FNA/FNB 100%

Mean tumor size (mm) 25.9 (SD 7.7)

Tumor location (%)

▪ Head 70.3%

▪ Neck 5.4%

▪ Uncinate process 10.8%

▪ Body 13.5%

Vascular involvement (%)

▪ Venous vessels 60%

▪ Arterial vessels 35%

▪ No vessels involved 2.7%

FNA, fine-needle aspiration; FNB, fine-needle biopsy.
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and cholangitis, and there was no registry of any deaths nor life-
threatening complications [10].

Regarding antibiotic prophylaxis, most of the previous stud-
ies evaluating the safety of EUS-guided fiducial placement in
pancreatobiliary lesions described its routine use in all cases
and reported no infectious AEs. However, in a recently pub-
lished retrospective study by Chandnani et al, 14.4% of patients
(n =355) did not receive antibiotic prophylaxis. Even though in-
fectious complications were observed, they remained extreme-
ly rare, with only three cases of post-EUS infection (one of 51
patients (2%) in patients who have not received antibiotics de-
veloping acute cholangitis, whereas two of 304 (0.7%) who had
received prophylactic antibiotics developed bacteremia and

septic shock, respectively) [11]. To date, there are still no clear
guidelines on use of antibiotic prophylaxis in EUS-guided fidu-
cial placement. However, infections seem to be extremely rare,
making us consider abandoning routine use of antibiotics in fa-
vor of a more selective strategy in the future.

In all of the previously published studies, “technical success”
was defined as the ability to place fiducials in the tumor. How-
ever, that may be insufficient to allow for appropriate fiducial
tracing and thus, to allow for SBRT to be performed. Our study
stands out as the first work that proposes a new definition of
“quality success” with more recent criteria for optimal fiducial
placement for SBRT delivery in pancreatic cancer, in the form
of a quality score described in collaboration with an experi-
enced radiotherapist.

The notion of “ideal fiducial geometry” (IFG) was proposed
in 2003, with a few recommendations for correctly place the
markers, including placing at least three fiducials with a mini-
mum interfiducial distance >2 cm, a minimum interfiducial an-
gle of >15 degrees, and noncollinear placement in the imaging
plane [12]. Since then, there have been major technical im-
provements and changes in radiotherapy that have led to mod-
ern SBRT techniques, such as modern planning methods (inten-
sity modulated radiotherapy/volumetric modulated arc ther-
apy), four-dimensional CT (to assess the amplitude and direc-
tion of tumor movement during the respiratory cycle), abdom-
inal compression and breath-hold techniques (to restrain tumor
movement) and the use of on-board cone-beam CT (for daily
tumor position verification) and tracking. Yet to our knowl-
edge, the IFG standards have never been revised and newer
guiding criteria have yet to be proposed. Also, to date, there
are still no solid data about the impact of the fiducial placement
based on the IFG criteria on final SBRT quality.

With our new quality score, optimal marker placement can
be achieved with the introduction of at least three markers, ide-
ally inserted at the borders of the tumor, in different spatial
planes and with a minimum distance of 1 cm between them.
This allows for triangulation and rigorous tumor contouring in
multiple planes, increasing treatment precision and contribut-
ing to effective delivery of stereotaxic radiotherapy in terms of
the ease and security of treatment administration. Insertion of
only one marker or multiple markers placed more than 1 cm
away from the tumor should be avoided, as this would greatly
decrease the accuracy of radiation delivery (owing reduction in
radiation dose). Finally, because each marker is surrounded by
an area of 4mm (FEV), which serves as a reference during radio-
therapy treatment planning, with the overlap between the dif-
ferent FEVs leading to imaging artifacts, an interfiducial dis-
tance of at least 1 cm is preferable. The same principle applies
to the distance between the markers and a biliary stent, if pres-
ent. Moreover, the latter cannot be used as a marker on its own
due to how much it moves during respiration, correlating poor-
ly with tumor localization [13].

When compared to the IFG, our score’s criteria seem better
adapted to current SBRT practice and also more achievable with
EUS-guided fiducial insertion, with a high-quality success rate
of 62.5% in our cohort. It is an easily reproductible score with
a potentially significant clinical impact, as it may facilitate

▶Table 3 Technical and quality results.

n = 37

Technical success rate 92% (34 patients)

Median number of inserted markers
(per patient)

3 (0–4)

Adverse events (%) 8%

Fever 2.7%

Mild acute pancreatitis 2.7%

Biliary stent migration 2.7%

n=34

SBRT delivered (%) 97.1%

Markers migration rate (%) 5.9% (2 patients)

n = 32

Markers inside the tumor or < 1 cm

▪ 1 (1) 12.5%

▪ 2 (2) 31.3%

▪ ≥3 (3) 56.2%

Markers in the extremity of the tumor

▪ 0 (0) 25%

▪ 1 (1) 68.8%

▪ ≥2 (2) 12.5%

Markers in different planes

▪ Yes (2) 56.3%

▪ No (0) 43.7%

Distance from the biliary stent > 1mm

▪ No (0) 15.6%

▪ Yes (2) 84.4%

Overlap FEV

▪ Yes (0) 71.9%

▪ No (3) 28.1%

(n) = Points attributed accordingly to the quality score.
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smoother and more precise delivery of SBRT. However, a direct
correlation between optimal fiducial placement and overall on-
cological outcome remains to be demonstrated, as this is only
one of multiple factors influencing the final clinical outcome.

The main limitation of our study was the small number of pa-
tients included, which could contribute to underestimating the
percentage of fiducial introduction failure or AEs. Information
concerning the type of needle employed (19 vs 22 gauge) also
is lacking, even though previous studies have suggested that
there is no statistical difference between them when it comes
to fiducial marker insertion [14]. Also, even though our quality
results seem promising, a multicenter prospective study is still
needed to validate our quality score.

Conclusions
In conclusion, our results contribute to demonstrating the fea-
sibility and security of EUS-guided fiducial marker placement
for SBRT in PDAC, with encouraging results in regards to techni-
cal success and rates of AEs. It is hoped that the newly proposed
quality score will lead the way to improvement in fiducial posi-
tioning, allowing for optimization of SBRT treatment delivery
with better final results.
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