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Abstract

BACKGROUND

Image-guided radiotherapy (IGRT) has significantly improved the precision in
which radiotherapy is delivered in cancer treatment. Typically, IGRT uses bony
landmarks and key anatomical structures to locate the tumor. Recent studies have
demonstrated the feasibility of peri-tumor fiducials in enabling even more
accurate delineation of target and normal tissue. The use of gold coils as fiducials
in gastrointestinal tumors has been extensively studied. However, placement
requires expertise and specialized endoscopic ultrasound equipment. This article
reports the long-term outcomes of using a standard gastroscopy to inject liquid
fiducials for the treatment of oesophageal and gastric tumors with IGRT.

AIM
To assess the long-term outcomes of liquid fiducial-guided IGRT in a cohort of
oesophageal and gastric cancer patients.
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METHODS

A retrospective cohort study of consecutive adults with Oesophagogastric cancers
referred for liquid fiducial placement before definitive/neo-adjuvant or palliative
IGRT between 2013 and 2021 at a tertiary hospital in Melbourne, Australia was
conducted. Up to four liquid fiducials were inserted per patient, each injection
consisting of 0.2-0.5mL of a 1:1 mixture of iodized oil (Lipiodol; Aspen
Pharmacare) and n-butyl 2-cyanoacrylate (Histoacryl®; B. Braun). A 23-gauge
injector (Cook Medical) was used for the injection. All procedures were performed
by or under the supervision of a gastroenterologist. Liquid fiducial-based IGRT
(LF-IGRT) consisted of computer-assisted direct matching of the fiducial region
on cone-beam computerised tomography at the time of radiotherapy. Patients
received standard-IGRT (S-IGRT) if fiducial visibility was insufficient, consisting
of bone match as a surrogate for tumor position. Radiotherapy was delivered to
54Gy in 30 fractions for curative patients and up to 45Gy in 15 fractions for
palliative treatments.

RESULTS

52 patients were referred for liquid fiducial placement within the study period. A
total of 51 patients underwent liquid fiducial implantation. Of these a total of 31
patients received radiotherapy. Among these, the median age was 77.4 years with
a range between 57.5 and 88.8, and 64.5% were male. Twenty-seven out of the 31
patients were able to have LF-IGRT while four had S-IGRT. There were no
complications after endoscopic implantation of liquid fiducials in our cohort. The
cohort overall survival (OS) post-radiotherapy was 19 mo (range 0 to 87 mo).
Whilst the progression-free survival (PFS) post-radiotherapy was 13 mo (range 0
to 74 mo). For those treated with curative intent, the median OS was 22.0 mo
(range 0 to 87 mo) with a PFS median of 14.0 mo (range 0 to 74 mo). Grade 3
complication rate post-radiotherapy was 29%.

CONCLUSION

LF-IGRT is feasible in 87.1% of patients undergoing liquid fiducial placement
through standard gastroscopy injection technique. Our cohort has an overall
survival of 19 mo and PFS of 13 mo. Further studies are warranted to determine
the long-term outcomes of liquid-fiducial based IGRT.

Key Words: Image-guided radiotherapy; Lipiodol; Gastroscopy; Gastric cancer; Oeso-
phageal cancer; Fiducial

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Based on a cohort of 31 patients who had undergone lipiodol fiducial
implantation through standard gastroscopy and received radiotherapy, fiducial-based
image-guided radiotherapy (IGRT) was possible in 87.1%. Our cohort had an overall
survival of 19 mo and progression-free survival of 13 mo. Further studies are
warranted to determine the long-term outcomes of liquid-fiducial based IGRT.

Citation: Be KH, Khor R, Lim Joon D, Starvaggi B, Chao M, Ng SP, Ng M, Zorron Cheng Tao
Pu L, Efthymiou M, Vaughan R, Chandran S. Long-term clinical outcomes of lipiodol marking
using standard gastroscopy for image-guided radiotherapy of upper gastrointestinal cancers.
World J Gastroenterol 2021; 27(42): 7387-7401

URL: https://www.wjgnet.com/1007-9327/full/v27/i42/7387.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i42.7387

INTRODUCTION

In 2020, an estimated 1.69 million cases of oesophageal and gastric cancers were
diagnosed worldwide, equating to nearly one in every twelve new diagnoses of
cancer. Together esophageal and gastric cancers were responsible for approximately
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1.31 million cases of cancer-related mortality[1]. In Australia, the projected age-
standardised cancer-related death rates of oesophageal and gastric cancers were 7.8 in
2020, ranking in the top 5 cancer-related death[2]. As with all cancers, patients with
earlier-stage tumors display a better prognosis. Unfortunately, most gastrooeso-
phageal cancers are diagnosed at later stages, often warranting chemoradiotherapy
with or without surgery[3].

Radiotherapy is one of the main treatment modality in the neoadjuvant and
definitive treatment of oesophageal cancers[4-6]. Currently, its use in gastric cancer is
largely limited to the post-operatively setting, however more evidence in the
neoadjuvant setting is emerging with the near completion of a randomized control
trial[7,8]. As such, radiotherapy either as the primary therapy or as an adjunct
continues to have an important role in the treatment of patients with oesophageal and
gastric cancer[9,10].

A known limitation to the delivery of radiotherapy to patients with upper
gastrointestinal malignancies is that early tumors can be difficult to identify on
computerized tomography (CT) scans, impairing the delineation of the tumor for
radiotherapy treatment design. F-18 Fluorodeoxyglucose positron emission
tomography (FDG-PET) can assist in defining the metabolically active tumor volume,
but some studies indicate that up to 20% of oesophageal carcinomas are not FDG-PET
avid[11]. Furthermore, the mobility of the oesophagus and stomach particularly with
respiratory motion and its different physiological states such as fasting and fed states
need to be considered during radiotherapy[12,13]. Fiducial placements of markers
potentially allow a more accurate definition of the radiotherapy field. The use of
fiducial markers to help guide radiotherapy has been demonstrated as feasible in
many solid cancer treatments including the prostate, pancreas and hollow viscus of the
gastrointestinal tract[12,14,15]. Fiducial-based image-guided radiotherapy (F-IGRT) in
the treatment of prostate cancer has been demonstrated to have advantages of
optimising radiation dosage to the tumor, whilst minimising radiation exposure to
normal tissue[16,17]. Comparatively, the data for the gastrointestinal tract is less
robust. A recent meta-analysis, although showing high efficacy and safety of
endoscopic ultrasound (EUS)-guided fiducials for pancreatic cancer radiotherapy,
highlights that more information is needed regarding the impact of fiducials on long-
term clinical outcomes[18]. The insertion of fiducials within the gastrointestinal tract
using EUS guidance, although attaining high technical success rates, has substantial
limitations with its broad adoption in clinical practice. These include high costs, the
necessity of a highly trained endoscopist (who can perform EUS) and a cumbersome
solid fiducial loading method[19].

A new type of fiducial was introduced by our group to address these limitations of
solid fiducials implantation. lodized oil-based liquid fiducials are less expensive and
can be inserted by an endoscopist who perform gastroscopies. This was described for
the first time in our pilot study in 2016[20], in which we demonstrated that similar
results could be achieved compared to solid fiducials. Although the data from this
study has enabled conclusions on the safety and technical efficacy of the use of liquid
fiducials, long-term efficacy data focused on the patients that received LF-IGRT was
not available. Hence, this study presents data on long-term follow-up of patients with
gastroesophageal cancers who received F-IGRT based on liquid fiducials placed with
standard gastroscopy injection technique.

MATERIALS AND METHODS
Ethical approval

This is a retrospective cohort study of consecutive adults with oesophageal and gastric
cancers referred to the endoscopy unit at Austin Health, Melbourne, Australia for
liquid fiducial placement before IGRT between January 2013 and January 2021. A
database of all patients referred to the endoscopy unit for liquid fiducial placement
before IGRT was prospectively maintained. The study was approved after institutional
board review (Austin Research Ethics Committee: H2013/04975). Informed consent
was waived; patient confidentiality was maintained and protected.

Patient selection

Inclusion criteria were patients with: (1) A management plan discussed in a multi-
disciplinary team meeting for radiotherapy for oesophageal (squamous carcinoma or
adenocarcinoma) or gastric cancer; and (2) Referred to the endoscopy team for
placement of fiducial markers.

November 14,2021 | Volume?27 | Issue42 |
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Exclusion criteria were patients that did not have liquid fiducials inserted (e.g.,
deemed as unfit for endoscopic procedure); patients that did not have radiotherapy
after placement of fiducials (e.g., declining clinical status) and patients that had
surgery before radiotherapy after fiducial placement. In addition, patients who had
incomplete treatment and outcome data (e.g., due to loss of follow up) were excluded
from our analysis.

Clinical data collection

Patient clinical data including diagnosis, functional performance status as defined by
Eastern Cooperative Oncology Group (ECOG)[21], the American Joint Committee on
Cancer (AJCC) 8" edition staging[22], and treatment outcomes were retrospectively
collected from patient medical records, endoscopy, radiology, surgical and
histopathology reports. The national health database (©Australian Digital Health
Agency) was used to assess whether the patient was still alive.

Information for patients treated at other centers was requested from their treating
radiation oncologists. When information on the measured primary and secondary
outcomes was available, these patients were included in the analysis.

Progression-free survival (PFS) was assessed based on patient disposition at their
latest oncological follow-up appointment.

The endoscopic procedure

The endoscopic procedure aims to insert a total of four fiducials per patient (2
proximal and 2 distal edges of the tumor), each injection consisting of 0.2-0.5mL of a
1:1 mixture of iodized oil (Lipiodol; Aspen Pharmacare) and n-butyl 2-cyanoacrylate
(Histoacryl®; B. Braun). If a tumor was obstructing the passage of the gastroscope, only
fiducials on the proximal edge were placed. In addition, if a tumor was extending to
the level of the cricopharyngeal, it was not technically possible to insert fiducials at the
proximal edge and only distal edges were placed. A 23-gauge injector (Cook Medical®)
was used for these injections. All procedures were performed by or under the
supervision of a gastroenterologists. All procedures were done under sedation, which
was performed by an accredited anaesthetist. The endoscope used for all procedures
was a standard gastroscope [(GIF-H1180 and H190; Olympus®©), Melbourne, Victoria,
Australia], and did not require the aid of fluoroscopy. Patients were routinely
observed after the procedure for 1 h after which they were discharged if there were no
significant adverse events.

The injection technique

Three 2-mL syringes with a Luer Lock™ that can securely be locked onto the end of the
injector needle are required; two are filled with iodized oil and only one will contain
the iodised oil/n-butyl 2-cyanoacrylate mixture (1 mL: 1 mL).

Step 1: The 23-gauge injector is primed with the iodised oil only outside the patient.

Step 2: When the endoscopist is ready to inject, the injector is passed down the
accessory channel of the gastroscope and further primed with the iodized oil/n-butyl
2-cyanoacrylate mixture, ideally within the stomach.

Step 3: A total of four-point injections (0.2-0.5 mL each) are made into the edges of
the tumor. Two injections are placed proximally and another two placed distally into
the edges of the tumor, when possible.

Step 4: Once marking is completed, the injector should be flushed with the syringe
containing iodised oil only to prevent accidental gluing of the accessory channel, again
ideally within the stomach.

Step 5: The gastroscope is then withdrawn with the needle retracted but the injector
tip itself is slightly out of the distal tip of the gastroscope.

Step 6: Once the gastroscope is removed from the patient, the injector is cut at the
port end so that it can be pulled through from the distal tip.

Step 7: The gastroscope accessory channel is subsequently flushed with water.
Images and a video of these steps can be found in a previous publication[20].

Fiducial IGRT
Following insertion of liquid fiducial markers, the patient underwent CT simulation a
minimum of 24 h after insertion. The gross target volume (GTV) was defined using the
fiducial markers, endoscopic report and correlative imaging (e.g., diagnostic FDG-
PET/CT and CT).

For patients who received definitive treatment, a high dose clinical target volume
(CTV) included the GTV plus a 1 cm margin, clipped at anatomic boundaries. A low
dose CTV included the GTV plus a 3 cm margin in the cranio-caudal (C-C) axis and 1
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cm in other planes (clipped to anatomic boundaries), plus regional lymph nodes at the
discretion of the radiation oncologist. A 1 cm planning target volume (PTV) margin
was used. The high dose PTV was treated to 54Gy in 30 fractions, and the low dose
PTV was assigned 46Gy in 30 fractions. Treatments were planned using the Monaco
treatment planning system (Elekta, Stockholm).

For patients who had palliative treatments, the CTV was defined using a 1 cm
margin, clipped at anatomical boundaries, with a 1 em PTV margin. A range of
prescription doses were used depending on patient disposition, ranging from 30Gy in
10 fractions to 45Gy in 15 fractions.

Liquid fiducial-based IGRT (LF-IGRT) was performed when the implanted liquid
fiducials could be adequately visualized at the time of radiotherapy treatment on cone-
beam CT (CBCT). LF-IGRT was performed each fraction using the Elekta XVI software
(Elekta Synergy, XVI version 5, Elekta AB, Stockholm, Sweden) online image
verification software and an Elekta linear accelerator. A grey value match was
performed on an area including the fiducial markers. If liquid fiducials could not be
located on the CBCT scan, then patients were treated with S-IGRT. S-IGRT utilized a
grey value match on the vertebrae only.

PFS and complications post radiotherapy

Postprocedural follow-up was assessed through outpatient radiation oncology
appointments. Data on patients seen at our center were retrieved from electronic
medical records. Patients who had the fiducials implanted at our center but had their
follow-up elsewhere had their treating radiation oncologist contacted for information.
Data on PFS, late complications from fiducial placement and radiotherapy complic-
ations (as per the National Cancer Institute Common Terminology Criteria for
Adverse Events v4.0.[23]) were assessed.

Outcome Measures

Primary Outcome: The primary outcome was the overall survival (OS) and PFS of
patients who received IGRT after liquid fiducial placement for the treatment of a
gastroesophageal tumor. The OS and PFS were referenced to the time of radiotherapy
completion. Progression was defined as radiographic or histologic progression (e.g.,
from recurrence detected on gastroscopy), coded as either local or distant in location.

Secondary outcomes: Secondary outcomes included the technical success of liquid
fiducial guiding radiotherapy, adverse events rate and subgroup analyses based on
radiotherapy treatment (LF-IGRT and S-IGRT), treatment intent (curative and
palliative), tumor type (oesophageal and gastric) and oesophageal histology.

Key definitions: Technical success was defined as the successful delivery of LF-IGRT
after the placement of liquid fiducial(s) through standard gastroscopy technique.
Gastroesophageal junction cancers classified as Siewert types I and II were analyzed
as oesophageal cancers in accordance with the 8" edition of the AJCC staging
guidelines[22]. Gastroesophageal junction cancers classified as Siewert type III were
analyzed as gastric cancers.
Functional performance status was defined by the ECOG performance status[21].

Statistical analysis

Data are summarized as median and ranges for continuous data, and as frequency and
percentages for categorical data. For continuous data, comparisons were done using
the Mann-Whitney U test or Independent Samples Kruskal-Wallis test based on the
normality assumption. For categorical data, Fisher’s Exact test and Likelihood Ratio
Chi-Squared test were used as per high prevalence of expected cells with a count less
than 5. P value of < 0.05 was considered significant. Survival rates were estimated
using the Kaplan-Meier method. Statistical analyzes were performed with SPSS
statistical software (IBM Corp. 2020. IBM SPSS Statistics, Version 26.0. Armonk, NY)
and JMP v16.0 (SAS Institute Inc).

RESULTS

Population
A total of 52 patients were referred to the endoscopy unit for liquid fiducial placement
for IGRT over eight years between January 2013 and January 2021.
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52 referred for liquid
fiducial placement

1 did not receive liquid fiducial placement
due to technical difficulties

51 received liquid
fiducial placement

20 excluded in total

5 had incomplete primary and secondary outcome data
5 had surgery before radiotherapy

10 did not have radiotherapy as planned

31 underwent
radiotherapy +/-
chemotherapy

Figure 1 Study flowchart.
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1 patient did not have liquid fiducial placement after endoscopic assessment as the
tumor was obstructive and extended up to the level of the oropharynx and deemed
unsafe to proceed. The majority of patients (98.0%) were able to have at least one edge
marked with liquid fiducials, with a large proportion (77.4%) having both at distal and
proximal edges marked.

51 patients had liquid fiducials inserted during the study period. Of these, 20 were
excluded from our analysis. Five underwent radiotherapy at other centers and their
clinical data were not available for analysis. Five had surgery prior to radiotherapy
and ten did not have radiotherapy as anticipated. For instance, some patients were
treated on the TOPGEAR trial and were randomized to no adjuvant therapy[8].
Therefore, data on the use of endoscopically-placed liquid fiducials during
radiotherapy was available for 31 patients (Figure 1).

Our cohort of 31 patients had a median age of 77 years (range 57.5 to 88.8). The
majority (71.0%) had oesophageal cancers, with a significant subset (72.7%) of these
with squamous cell carcinoma (SCC). Only three patients in our cohort had gastroeso-
phageal junction cancer of which two were classified as Siewert type III. Most patients
(67.7%) had locally advanced disease without lymph node involvement or metastatic
disease. Most of the cohort had an ECOG score of 0 or 1.

Three (9.6%) of patients received neoadjuvant chemoradiotherapy prior to
oesophagectomy for oesophageal SCC. A large proportion (38.7%) of our cohort
received definitive chemoradiotherapy, whilst a further 25.8% received definitive
radiotherapy only. Detailed demographics and treatments are summarized in Table 1.

Technical success

Twenty-seven out of the 31 patients (87.1%) received LF-IGRT. Patients commenced
radiotherapy after a median period of 18 d (range 9 to 44) of fiducial placement. The
cohort median duration of radiotherapy was 30 d (range 14 to 47). Details on F-IGRT
and S-IGRT subgroups are shown in Table 2.

OS and PFS

On the close-out date of 24/06/2021, 54.8% of patients were alive. The cohort OS post-
radiotherapy was 19 mo (range 0 to 87 mo). Whilst the PFS post-radiotherapy was 13
mo (range 0 to 74 mo). For those treated with curative intent, the median OS was 22.0
mo (range 0 to 87 mo) with a PFS median of 14.0 mo (range 0 to 74). Nineteen patients
were alive at 5 years. The 5-year survival rate for oesophageal cancer was 42.5% and
for gastric cancer was 55.6% for this cohort. Kaplan-Meier curves for the overall cohort
OS and PFS, treatment intent and type of cancer and histology are described in Figures
2, 3 and 4 respectively. Details on OS, PFS and 5-year survival for each subgroup
analysis for the type of radiotherapy treatment (LF-IGRT and S-IGRT), treatment
intent (curative and palliative), tumor type (oesophageal and gastric) and oesophageal
histology are described in Table 3.
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Table 1 Patient demographics and treatment

Variables Median/n Range/%
Age 774 57.5-88.0
Male 20 64.5
Site of cancer Oesophageal 21 67.7
GOJ (Siewert 1/1I) 1 812
GOJ (Siewert III) 2 6.5
Gastric 7 22.6
Type of cancer Oesophageal SCC 16 51.6
Oesophageal adenocarcinoma 6 19.4
Gastric adenocarcinoma 9 29.0
Endoscopy data Patients with both proximal and distal fiducial placed 24 774
Patients with solely proximal or distal fiducials placed 7 22.6
ECOG 0 13 419
1 11 BE15)
2 7 226
Stages' LN negative without distant metastasis 21 67.7
LN positive without distant metastasis 6 19.4
Distant metastasis present 3 9.6
Radiotherapy Fiducial seen on CBCT 29 93.5
Fiducial-based IGRT 27 87.1
Treatment intent Neoadjuvant chemotherapy with oesophagectomy 3 9.7
Definitive chemoradiotherapy 12 38.7
Palliative chemoradiotherapy 3 9.7
Definitive radiotherapy 8 25.8
Palliative radiotherapy 5 16.1

IStaging as per AJCC 8 edition. T-stage was not available for all patients as endoscopic ultrasound is not routinely performed at our center.

SCC: Squamous cell carcinoma; ECOG: Eastern Cooperative Oncology Group; GOJ: Gastro-oesophageal junction; LN: Lymph Node; CBCT: Cone-beam

computerized tomography; IGRT: Image-guided radiotherapy.
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Of note, 12 patients had disease progression during the study period. Seven of these

WJG | https://www.wjgnet.com 7393

patients had local progression whilst five had distal disease progression.

Adverse events

No early or late adverse events occurred following the insertion of the fiducials as
assessed prior to discharge on the day of the procedure and on subsequent radiation
oncology follow-ups, respectively. Nine patients experienced grade three adverse
events which were odynographia, dysphagia, nausea, dehydration, febrile neutropenia
and lung infection during their treatment. No patient experienced grade four or five
adverse events. Adverse events from their treatment are summarized in Table 4.

DISCUSSION

In this study, we describe the OS and PFS of patients with gastroesophageal tumors
that underwent LF-IGRT with liquid fiducials inserted through standard gastroscopy
injection technique. This report is a follow-up to our initial study which first described
this technique[20]. We believe this to be the largest observational cohort study of its
kind, adding to the limited body of knowledge on the long-term outcomes of F-IGRT
for gastrooesophageal tumors using liquid fiducials.
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Table 2 Patient demographics and treatment details based on fiducial-based image-guided radiotherapy and standard image-guided

radiotherapy

F-IGRT S-IGRT
Variables
Median/n, range/% Median/n, range/%
Age 77.4, 57.5-88.0 77.3, 64.8-85.4
Male 19,704 1,25.0
Site of cancer Oesophageal 18, 62.1 3,75.0
GQOJ (Siewert I/1I) 0,0.0 1,25.0
GQOJ (Siewert III) 2,74 0,0.0
Gastric 7,259 0,0.0
Type of cancer Oesophageal SCC 13,48.1 3,75.0
Oesophageal adenocarcinoma 5,18.5 1,25.0
Gastric adenocarcinoma 9,333 0,0.0
Endoscopy data Patients with both proximal and distal fiducial placed 22, 81.5 2,50.0
Patients with solely proximal or distal fiducials 5,18.5 2,50.0
placed
ECOG 0 11,40.7 2,50.0
1 9,33.3 2,50.0
2 7,239 0,0.0
Stages1 LN negative without distant metastasis 18, 66.7 4,100.0
LN positive without distant metastasis 6,22.2 0,0.0
Distant metastasis present 3,11.1 0,0.0
Treatment details Time to treatment (d) 19.0, 9.0-44 14 .0,9.0-17.0
Curative intent 20,74.1 4,100.0
Palliative intent 7,25.9 0,0.0
Dose (Grays) 50, 25.2-55 47.7,41.4-54
Fraction 25,10-30 26.5,23-30
Duration (d) 30, 14-47 37,30-39
Chemotherapy 14,51.9 4,100.0

IStaging as per American Joint Committee on Cancer 8 edition. T-stage was not available for all patients as endoscopic ultrasound is not routinely
performed at our center.

F-IGRT: Fiducial-based image-guided radiotherapy; S-IGRT: Standard image-guided radiotherapy; SCC: Squamous cell carcinoma; ECOG: Eastern
Cooperative Oncology Group; GOJ: Gastro-oesophageal junction; LN: Lymph Node.

Our cohort consisted mainly of patients with locally advanced oesophageal cancer
with SCC. The majority (90.3%) of our cohort received chemoradiotherapy or
radiotherapy alone as palliative and definitive treatment. The median OS was 19.0 mo,
with the longest OS of 87 mo. Our results, albeit a small cohort, compare favorably to
what is available in the literature, the 5-year survival rates for oesophageal and gastric
cancers were 42.8% and 55.6%, respectively[24]. In the context of gastric cancer in an
inoperable population undergoing chemoradiotherapy, the reported median survival
was 25.0 mo[25]. We recognize that this is possibly due to judicious patient selection,
or the relatively small numbers of patients included compared with larger randomized
trials.

Also, we acknowledge that in Australia access to EUS for endoscopic staging is
variable, and at our center is not routinely performed. Thus, limiting our accurate
reporting of tumor staging as per AJCC 8" Edition. This further adds to our argument
that the use of EUS-guided solid fiducials for marking tumors has limitations of which
most can be mitigated with the use of liquid fiducials[19,20]. Additionally, the
technical aspects of the injection technique required for placement of liquid fiducials

Guiewidenge WIG | https://www.wignet.com 7394 November 14,2021 | Volume?27 | Issue42 |



Be KH et al. Lipiodol marking for gastroesophageal cancer

Table 3 Subgroup analysis of overall survival, progression-free survival and 5-year survival

0S (mo) PFS (mo)
Subgroups 5-yr survival (%)
Median/n, range/% Median/n, range/%
Treatment F-IGRT (1 = 27) 21.0, 0-87 12.0, 0-74 47.2
SIIGRT (1 = 4) 17.0, 3-49 18.0,2-32 0.0
Intent Curative (n = 23) 22.0, 0-87 14.0, 0-74 51.5
Palliative (1 = 8) 8.0,0-79 4,0-13 30.0
Location Oesophageal (1 = 22) 18, 0-87 13, 0-74 42.8
SCC (1 =16) 20, 1-87 14, 1-74 62.0
AC (n=6) 10, 0-54 7,0-19 0.0
Gastric (1=9) 25, 0-79 13, 0-53 55.6

F-IGRT: Fiducial-based image-guided radiotherapy; S-IGRT: Standard image-guided radiotherapy; SCC: Squamous cell carcinoma; AC: Adenocarcinoma;
OS: Overall survival; PFS: Progression-free survival.

Table 4 Complications

LF-IGRT only LF-IGRT with chemotherapy S-IGRT with chemotherapy Overall

Hospitalization 3 4 2 9
Fatigue (G1/G2/G3) 1/2/0 3/1/0 2/0/0 6/3/0
Odynophagia G1/G2/G3 3/1/1 2/4/1 0/4/0 5/9/2
Dysphagia (G1/G2/G3) 2/0/0 0/1/0 0/1/1 2/2/1
Oesophageal stricture (G1/G2/G3) 1/0/0 0/0/1 0/0/1 1/0/2
Nausea (G1/G2/G3) 0/2/1 - - 0/2/1
Diarrhoea (G1/G2/G3) - 1/0/0 - 1/0/0
Lung infection (G2, G3) - 0/1 - 0/1
Dermatitis (G1/G2/G3) - 1/0/0 - 1/0/0
Febrile neutropenia (G3) - 1 - 1
Dehydration (G1/G2/G3) 0/0/1 - - 0/0/1

G1: Grade 1 complication; G2: Grade 2 complication; G3: Grade 3 complication; LF-IGRT: Liquid fiducial-based image-guided radiotherapy; S-IGRT:
Standard image-guided radiotherapy.

is, in essence, an adaptation of a skillset that most gastroenterologists would already
have in the management of gastrooesophageal variceal bleeding[26]. As such, this
technique of liquid fiducials can be more easily adopted. Furthermore, our group has
previous described the potential cost-saving of liquid fiducials amounting to approx-
imately AU$1150 to AU$1750 per procedure when compared to EUS-guided guided
solid fiducials insertion[20]. Since the description of lipiodol as a fiducial for gastroeso-
phageal tumors, similar techniques have been described with similar technical success
and safety profiles[27].

The use of F-IGRT has many potential benefits over S-IGRT, including facilitating a
higher dose focused on the tumor with a lower dose delivered to cover the submucosal
spread, and more accurate treatment delivery (matching to the tumor rather than
surrounding bony structures)[17,28]. There are conflicting data regarding the efficacy
of increased radiation dose in treating oesophageal cancer[29,30]. While some
retrospective studies demonstrated a dose-response, recent randomized control trials
failed to find a difference in outcomes[31-33]. The effect of dose escalation in
optimizing cure rate may be more evident in those with early-stage SCC where the
tumor is radiosensitive and the rate of distant metastasis is low[34]. Higher doses can
be associated with increased normal tissue toxicity and hence focusing radiotherapy as
much as possible to the tumor area is essential. F-IGRT allows a higher dose to be
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assigned to the tumor while simultaneously allowing for more confident identification
of submucosal spread, and therefore facilitating lower doses to the adjacent
esophagus.

The improvement in the delivery of radiotherapy for patients having endoscopically
inserted liquid fiducials is illustrated in Figure 5.

In our cohort, 87.1% successfully underwent LF-IGRT after liquid fiducial
placement. In two of our patients, the liquid fiducials were not visible at the time of
radiation treatment planning. We hypothesis that this could be due to extravasation or
diffusion of the submucosal bleb after the procedure. For two patients, the liquid
fiducials were visible but were not sufficient for F-IGRT due to the fiducials not being
reliably seen. This highlights a difference compared to metallic fiducials, in that liquid
fiducials can have variable shapes and distribution. In addition, we consider our
definition of technical success to be more clinically relevant relative to previous
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definitions reported in the literature. This would account for our slightly lower success
rates. However, applying the same technical definition, our rates of successful
placement of liquid fiducials would be 98.1%, compared to 96.3%[18] and 98.0%[35].

Toxicity rates reported in the literature include grade 3 seen in 42% and grade 4 in
7%; mainly hematology, gastrointestinal and mouth ulceration[24]. Our lower
complication rate from F-IGRT may be related to advances in treatment or the use of
fiducials per se. Prospective randomized studies are needed to ascertain the utility of
LF-IGRT in reducing complications.

Despite these potential benefits, prospective randomized trials are required as
observational studies have failed to show differences in long-term outcomes such as
OS for oesophageal cancers using IGRT[36]. Nevertheless, F-IGRT has been deemed by
specialists as a promising IGRT modality for the future[37].

The limitations of our study are mainly the small numbers, the heterogeneity of the
cohort, the retrospective design and the lack of a direct comparison with S-IGRT.
Regarding the certainty of the delivered dose, one other study demonstrated that soft
tissue (diaphragm) or bone matching on CBCT resulted in a larger margin to cover the
tumor 95% of the time[38]. Direct soft tissue matching of locally advanced tumors
would be possible if visible on CBCT but would be not feasible if the tumor is too
small to be seen. Secondarily, although we present data on few patients, this is to date
the largest cohort of F-IGRT for gastroesophageal tumors utilizing the liquid fiducial
technique. The retrospective design and lack of a robust comparison between F- and S-
IGRT could not be addressed in the present study but is a promising subject for future
research. Furthermore, due to the small number of patients, a multivariate analysis
was not performed to address potential bias in this study.

CONCLUSION

F-IGRT was considered feasible in 87.1% of patients undergoing liquid fiducial
placement through standard gastroscopy injection technique. Our cohort had an OS of
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Figure 5 Endoscopically inserted liquid fiducials and liquid fiducial-based image-guided radiotherapy. A: An Fluorodeoxyglucose positron
emission tomography of a patient with oesophageal cancer which demonstrates no uptake within the lesion; B: Planning computerized tomography (CTs) showing the
fiducials without and with the high dose clinical target volume (CTV) (pink); C: Planning CTs showing the fiducials without and with the low dose CTV (yellow); D:
Cone-beam CT (CBCT) images that are not labelled; E: CBCT images that are labelled.
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19 mo and PFS of 13 mo. Further studies are warranted to determine the long-term
outcomes of liquid-fiducial based IGRT.

ARTICLE HIGHLIGHTS

Research background

Further studies are warranted to determine the long-term outcomes of liquid fiducial-
based image-guided radiotherapy (IGRT) in the treatment of oesophagogastric
cancers.

Research motivation

Based on a cohort of 31 patients who had undergone lipiodol fiducial implantation
through standard gastroscopy and received radiotherapy, fiducial-based IGRT was
possible in 87.1%. Our cohort had an overall survival (OS) of 19 mo and progression-
free survival (PFS) of 13 mo.

Research objectives

52 patients were referred for liquid fiducial placement within the study period. A total
of 51 patients underwent liquid fiducial implantation. Of these a total of 31 patients
received radiotherapy. Twenty-seven out of the 31 patients were able to have liquid
fiducial-based IGRT (LF-IGRT) while four had standard-IGRT (S-IGRT). There were no
complications after endoscopic implantation of liquid fiducials in our cohort. The
cohort OS post-radiotherapy was 19 mo (range 0 to 87 mo). Whilst the PFS post-
adiotherapy was 13 mo (range 0 to 74 mo).

Research methods

A retrospective cohort study of consecutive adults with oesophagogastric cancers
referred for liquid fiducial placement before definitive/neo-adjuvant or palliative
IGRT between 2013 and 2021 at a tertiary hospital in Melbourne, Australia was
conducted. Up to four liquid fiducials were inserted per patient, each injection
consisting of 0.2-0.5mL of a 1:1 mixture of iodized oil (Lipiodol; Aspen Pharmacare)
and n-butyl 2-cyanoacrylate (Histoacryl®; B. Braun). A 23-gauge injector (Cook
Medical) was used for the injection. All procedures were performed by or under the
supervision of a gastroenterologist. LF-IGRT consisted of computer-assisted direct
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matching of the fiducial region on cone-beam computerized tomography (CBCT) at
the time of radiotherapy. Patients received S-IGRT if fiducial visibility was insufficient,
consisting of bone match as a surrogate for tumor position. Radiotherapy was
delivered to 54Gy in 30 fractions for curative patients and up to 45Gy in 15 fractions
for palliative treatments.

Research results
To assess the long-term outcomes of liquid fiducial-guided IGRT in a cohort of
oesophageal and gastric cancer patients.

Research conclusions

We believe this to be the largest observational cohort study of its kind, adding to the
limited body of knowledge on the long-term outcomes of F-IGRT for gastrooeso-
phageal tumors using liquid fiducials.

Research perspectives

IGRT has significantly improved the precision in which radiotherapy is delivered in
cancer treatment. Typically, IGRT uses bony landmarks and key anatomical structures
to locate the tumor. Recent studies have demonstrated the feasibility of peri-tumor
fiducials in enabling even more accurate delineation of target and normal tissue. The
use of gold coils as fiducials in gastrointestinal tumors has been extensively studied.
However, placement requires expertise and specialized endoscopic ultrasound
equipment. This article reports the long-term outcomes of using a standard
gastroscopy to inject liquid fiducials for the treatment of oesophageal and gastric
tumors with IGRT.
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