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Abstract: Oesophageal cancer is the ninth most common cancer diagnosed, and seventh most common
cause of cancer-related deaths worldwide. Despite significant advances in imaging, surgery, radiotherapy and
systemic therapy over the past few decades, treatment outcomes in patients with localised oesophageal cancer
remain suboptimal with a 5-year overall survival of less than 50%. Current treatment guidelines recommend
surgery with/without pre-operative chemotherapy or chemoradiotherapy for patients with localised
resectable disease. Hence, definitive radiotherapy (with or without chemotherapy) has predominantly been
reserved for those who are deemed unsuitable for surgery. The role of radiotherapy in definitive management
of oesophageal cancer has been recognised since the 1960s. The addition of concurrent chemotherapy
has shown to improve treatment outcomes and has remained standard of care since the RTOG 85-01 and
Intergroup 0123 trials. This review discusses the current literature on definitive radiotherapy with/without
chemotherapy for localised oesophageal cancer, and evaluates current radiation modalities and technological
developments in radiotherapy planning and delivery. We will provide an overview on the literature
for definitive chemoradiotherapy in oesophageal cancer, the epidemiological and treatment response
differences between squamous cell carcinoma and adenocarcinoma of the oesophagus, followed by a review
of the current literature on different radiation treatment modalities (intensity modulated radiotherapy,
brachytherapy and proton therapy) and the use of different imaging modalities for radiation treatment

planning.
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Introduction in patients with localised oesophageal cancer remain

suboptimal with a 5-year overall survival of less than 50%

Oesophageal cancer is the ninth most common cancer (1-3). With no standard screening program for oesophageal

diagnosed, accounting for 3.2% of cancer incidences, cancer worldwide, the majority of patients are diagnosed

and seventh most common cause of cancer-related deaths with advanced disease (locally advanced disease with/

worldwide (1). Over the past few decades, although
there have been significant advances in imaging, surgery,

radiotherapy and systemic therapy, treatment outcomes
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without distant metastatic disease). In this group of patients,
those with distant disease have a 5-year survival rate of 5%
whilst those with locally advanced, non-metastatic disease
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have a 5-year survival rate of 13% (1-3). Current treatment
guidelines recommend surgery with/ without pre-operative
chemotherapy or chemoradiotherapy for patients with
localised resectable disease. Hence, definitive radiotherapy
(with or without chemotherapy) has predominantly been
reserved for those who are deemed unsuitable for surgery
due to performance status, comorbidities and/or extent
of disease. Here we aim to discuss the current literature
on definitive radiotherapy (with/without chemotherapy)
for localised oesophageal cancer, and evaluate current
technological developments in radiotherapy planning and
delivery.

Definitive radiotherapy alone

The role of radiotherapy in definitive management of
oesophageal cancer has been recognised since the 1960s.
As radiotherapy was effective for treatment of squamous
cell carcinoma of the skin, Pearson (4) investigated the
use of radiotherapy for squamous cell carcinoma of the
oesophagus in patients who were deemed unsuitable for
surgery. In a cohort of 228 patients, Pearson reported a
S-year overall survival of 17% with radiotherapy treatment
alone. However, other investigators found it difficult to
replicate these results. The average 5-year survival reported
in the literature up to 1979 was 6% for patients who had
radiotherapy alone (5).

Definitive chemoradiotherapy

RTOG 85-01, a randomised trial comparing radiotherapy
alone (64 Gy in 32 fractions) to radiotherapy (50 Gy in
25 fractions) with concurrent cisplatin and 5-FU, was
the landmark trial demonstrating the survival benefit
of concurrent chemotherapy with radiation therapy (6).
Longer term follow up showed that patients who received
concurrent chemoradiotherapy had significantly better
S-year overall survival than those who had radiotherapy
alone (27% vs. 0%) (7). Although this trial showed
promising results and established the role of definitive
chemoradiotherapy in oesophageal cancer, it also
highlighted the high rates of local recurrence and persistent
disease after treatment. Similar patterns of recurrence
were reported in other studies (8,9). Therefore, following
RTOG 85-01, there was a heightened interest and effort in
investigating dose escalation to improve local control.

The Intergroup 0123 trial was designed to compare
standard dose radiation therapy of 50.4 Gy to escalated
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dose of 64.8 Gy (10). Both arms received concurrent
chemotherapy with cisplatin and 5-FU. The trial was
stopped after an interim analysis demonstrating no
significant differences in survival and locoregional control
between the two arms, but there were 11 treatment-
related deaths in the escalated dose arm compared to 2 in
the standard dose arm. The investigators noted that 7 out
of the 11 treatment-related deaths in the escalated dose
arm occurred in patients who received 50.4 Gy or less. A
secondary analysis evaluating the longitudinal quality of
life in this trial showed no clear improvement in quality of
life in those who received 64.8 Gy compared to patients
who had 50.4 Gy (11). Similar findings were demonstrated
in the ARTDECO study, which randomised 260 patients
with inoperable oesophageal cancer to either standard dose
radiation therapy of 50.4 Gy or escalated dose of 61.6 Gy
(11.2 Gy delivered as an integrated boost to the primary
tumour), and demonstrated no significant difference in local
control and overall survival between the two groups (12).
The ongoing randomised SCOPE2 trial (ClinicalTrials.
gov Identifier: NCT02741856) is investigating the role
of dose escalation to 60 Gy, compared to standard dose
of 50 Gy, using simultaneous integrated boost, with
chemotherapy adaptation based on initial PET response to
1 cycle of chemotherapy (2x2 design). Therefore, without
any demonstrable benefit of a higher dose, 50.4 Gy has
remained the standard of care for definitive radiation
therapy in patients with oesophageal cancer.

In both RTOG 85-01 and Intergroup 0123 studies,
cisplatin and 5-FU chemotherapy was used as concurrent
agents with radiotherapy (6,10). More recently the
CROSS trial (neoadjuvant chemoradiotherapy to 41.4 Gy
followed by surgery) used carboplatin and paclitaxel as
concurrent chemotherapy agents with good effect (92%
RO resection and overall survival of 49 months) (13).
The various chemotherapy regimens and targeted agents
that were studied in oesophageal cancer will be covered
comprehensively in the other accompanying reviews in this
series.

In the last decade, there has been a surge in the
development of targeted systemic therapy. One targeted
drug that was promising for oesophageal cancer was
cetuximab, which is a monoclonal antibody against the
epidermal growth factor receptor (EGFR). Wang et al. (14)
studied 103 tumour specimens and showed that up to
55% of oesophageal cancers overexpress EGFR and
this was associated with poor outcomes. The use of
cetuximab in cancers with EGFR overexpression has been
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associated with improved outcomes in patients with head
and neck squamous cell carcinomas (15), and colorectal
adenocarcinomas (16). Therefore, the Cancer Research
UK designed SCOPE-1, a randomised phase II/III study
compared definitive chemoradiotherapy with conventional
cisplatin and capecitabine with or without the addition of
cetuximab (17). The trial met its criteria for futility and was
terminated at phase II. In a cohort of 258 patients with a
median follow up of 17 months, no survival benefit with the
addition of cetuximab was demonstrated (18). Furthermore,
the group that received cetuximab had more grade 3 or
4 non-haematological toxicity (79% vs. 63%, P=0.004)
and worse median overall survival (22 vs. 25 months, HR
1.53, P=0.035) (18). A subsequent report on the long-term
outcome in this cohort showed no significant difference in
overall and progression-free survival in the two groups (19).
Better overall survival was associated with earlier disease
stage, the delivery of full radiation dose and higher
cisplatin dose intensity (19). Only 78% of the patients in
the cetuximab arm received the full radiation dose, whilst
90% of the conventional arm completed full course of

radiotherapy (18).

Squamous cell carcinoma (SCC) vs. adenocarcinoma

The above studies included patients with both squamous
cell carcinoma (SCC) and adenocarcinoma, the two
most common histopathological subtypes of oesophageal
cancer. Although these two subtypes arise from the same
anatomical area, they have quite distinct differences in terms
of epidemiology and tumour biology. In general, patients
with oesophageal SCC tend to have more proximal tumours
and have lifestyle risk factors such as smoking and alcohol
consumption (20). As there may be a field effect due to
smoking and alcohol consumption, these patients may have
a previous history/be at risk of developing a second primary
malignancy, typically SCC of the head and neck mucosa
or lung (20). On the contrary, patients with oesophageal
adenocarcinomas tend to have more distal tumours, close
to the gastro-oesophageal junction and have a history
of long-standing gastro-oesophageal reflux disease (20).
On the whole, the incidence of SCC is declining in
the Western world secondary to increasing community
awareness of the risks of smoking and alcohol consumption,
while the number of adenocarcinoma cases is on the rise
due to increasing incidence of gastro-oesophageal reflux
disease associated with obesity (21). In the 8" edition of
the American Joint Committee on Cancer (AJCC), the
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committee recognised the differences in tumour biology
and patient outcomes between SCCs and adenocarcinomas
with tumour location (upper, middle or lower oesophagus,
as defined by the epicentre of the tumour) incorporated into
the staging of oesophageal SCCs.

Although the above studies included patients with
SCCs and adenocarcinomas, the pathologic complete
response after chemoradiotherapy is notably higher in
those with SCCs (13,22). However, regardless of this,
the survival rates remain suboptimal at approximately
30-40% at 2 years (6,10). The Fédération Francophone
de Cancérologie Digestive (FFCD) 9102 trial randomised
444 patients with thoracic oesophageal cancer (89% with
SCCs and 11% with adenocarcinomas) who responded
to induction chemoradiotherapy, to either continuation of
chemoradiotherapy or surgery. This trial showed that the
addition of surgery provided no additional overall survival
benefit compared to continuation of chemoradiotherapy,
although the surgical arm had better locoregional control (23).
In a separate study, Stahl ez /. (24) randomised 172
patients with SCC to induction chemotherapy followed by
chemoradiotherapy to 40 Gy and surgery, or to induction
chemotherapy followed by chemoradiotherapy to at least
65 Gy. Although the 2-year progression free survival was
better in those who had surgery, there was no significant
overall survival benefit and treatment-related mortality was
higher in those who had surgery (24). The post-operative
morbidity was high at 70%. Therefore, it may be argued
that patients with oesophageal SCC who achieve a complete
response after chemoradiotherapy may be observed with
surgery reserved as a salvage option. This question will be
evaluated in the upcoming NEEDS trial (NEoadjuvant
chemoradiotherapy for Esophageal squamous cell carcinoma
versus Definitive chemoradiotherapy with salvage Surgery
as needed; EudraCT: 2020-000149-15).

In contrast to SCC, the evidence for definitive
chemoradiotherapy in adenocarcinoma of the oesophagus is
less robust with a smaller number of this patient subgroup
represented in clinical trials (6,7,10,19). For this reason,
together with the reduced radiosensitivity compared to
SCC, definitive chemoradiotherapy for adenocarcinoma
is usually reserved for patients who are not suitable for
surgical resection.

Cervical oesophageal tumours

Upper oesophageal cancer, particularly those within the
cervical oesophagus, is usually considered a separate entity in
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management of oesophageal cancer, with improved prognosis
compared to thoracic and abdominal oesophageal cancers (25).
Cervical oesophageal tumours tend to be SCCs. The
management of cervical oesophageal cancer is similar to
that of mucosal head and neck cancers. Whilst surgery is the
preferred standard of care for patients with resectable thoracic
oesophageal cancer, surgery for cervical oesophageal cancer
can be morbid as it involves laryngectomy, tracheostomy
and upper oesophagectomy (26). Therefore, radiotherapy
with/without chemotherapy is generally recommended for
definitive treatment of cervical oesophageal cancer. The
outcomes of chemoradiotherapy are comparable to upfront
surgery, but with the significant advantage of preservation of
laryngeal organ function, such as speech and swallowing (26).
Distant metastasis, rather than local recurrence, is the most
common pattern of failure in cervical oesophageal cancer (27).

Radiation treatment modalities
Intensity Modulated Radiation Therapy (IMRT)

There have been significant developments and advances
in radiation treatment planning and delivery over the
past two decades. Traditionally, radiation treatment for
oesophageal cancer was planned and delivered using 3-D
conformal techniques, utilising 3 to 4 radiation beams.
The introduction and utilisation of intensity modulated
radiotherapy (IMRT) has revolutionised and refined the
way patients receive high-dose radiotherapy. IMRT is a
sophisticated technique, which produces a highly conformal
radiation dose to the delineated target. This is achieved
by utilising multiple beams, typically 9 to 12, at different
angles and incorporating the use of multi-leaf collimators to
vary the shape and intensity of dose to deliver high dose to
the tumour whilst reducing dose to the surrounding normal
tissues (28).

Some studies have suggested that the dosimetric advantage
of IMRT may translate to potential improvements in patients’
outcomes (29-31). The largest study was a retrospective
study of 587 patients who received a total of 50.4 Gy using
an IMRT technique. Shi ez a/. (31) reported 5-year overall
survival and locoregional recurrence-free survival rates of
41% and 66%, respectively. Grade 3 or higher toxicities
included oesophagitis in 74 (13%), pneumonitis in 8
(1%) and dysphagia in 46 (12%) of patients. These long-
term results are promising and indicative that IMRT may
reduce radiation-related toxicities in patients. In patients
with cervical oesophageal cancers, IMRT is now routinely
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used, not only to improve target coverage, but also better
sparing of dose to critical normal tissues such as spinal cord,
swallowing apparatus, parotids and brainstem (32).

Proton therapy

Proton therapy, a form of particle therapy, has a dose
distribution with low entry dose, a sharp dose peak known
as the Bragg peak, and a steep dose falloff after Bragg peak
resulting in almost no exit dose in the beam path. Hence, it
has the potential benefit of minimising dose to surrounding
normal tissues, thereby reducing treatment-related toxicity. A
dosimetry study by Welsh er 4/. (33) has shown that intensity
modulated proton therapy (IMPT) plans have lower dose
to the surrounding organs at risk compared to IMRT. More
recently, a randomised phase IIb study showed that whilst
patients who received proton therapy had similar overall
and progression-free survival as those who had IMRT, the
proton therapy group had 2.3 times lower total toxicity
burden compared to the IMRT group (34). Of a cohort of
145 patients, 51 had subsequent surgery and the proton
therapy group had a 7.6 times lower post-operative
complication score than the IMRT group (34). This is a
promising radiation modality for patients with oesophageal
cancer, but further studies are required to confirm these
findings and demonstrate the cost-benefit of proton therapy,
given the high treatment cost and limited availability/access.

Brachytherapy

Brachytherapy has been explored as a modality to deliver
escalated radiation dose to the primary tumour, in the
effort to further improve local control. Oesophageal
brachytherapy refers to the placement of a radioactive
source via an applicator into the lumen of the oesophagus.
The feasibility and safety of adding brachytherapy to
concurrent chemoradiotherapy (50 Gy in 25 fractions with
concurrent cisplatin and 5-FU) was evaluated in the RTOG
92-07 phase I/II trial (35). In a cohort of 49 patients,
predominantly with squamous cell carcinoma histology
(92%), 69% completed the treatment course. Treatment-
related oesophageal fistulas occurred in 6 cases (12%), all
within 7 months after first brachytherapy, and contributed
directly to deaths of 3 patients. The overall survival for the
cohort was 49%, which was comparable to the literature
where patients only had chemoradiotherapy alone. Hence,
the use of brachytherapy, in addition to chemoradiotherapy,
was not recommended due to the additional severe
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toxicity without meaningful benefit. On further analysis,
the investigators noted that higher brachytherapy boost
dose of 15 Gy, the use of concurrent chemotherapy with
brachytherapy, and a smaller applicator diameter of 0.6 cm
contributed to the development of oesophageal fistulas.

More recently, the use of intraluminal brachytherapy
has been revisited in patients who are unfit for surgery,
and who have early stage oesophageal cancer, or recurrent
or persistent disease after initial radiotherapy. In a cohort
of 33 patients (19 had recurrent disease), Taggar ez al. (36)
reported relatively good outcomes with a median survival of
21 months and complete response observed in 59% of the
cohort. Only one patient developed a tracheoesophageal
fistula, in the setting of multiple previous interventions with
two prior radiotherapy courses and stent insertion. These
promising results support further evaluation of brachytherapy
as a treatment modality in patients with early/recurrent/
persistent local disease who are not candidates for surgery or
further external beam radiotherapy.

Radiation treatment planning
Positron emission tomography (PET)

PET, a form of functional imaging, is commonly used for
initial staging of patients with newly diagnosed oesophageal
cancer (37-39). The radionuclide that is routinely used
is fluorodeoxyglucose ("*F-FDG). As the cranial and
caudal extent of the oesophageal tumour can be difficult
to accurately define on CT imaging, PET imaging has
been evaluated in several radiation planning studies as an
additional imaging modality to improve target delineation
(40-42). These studies showed that PET resulted in a
change, both decrease and increase, in gross tumour volume
size in more than 50% of patients particularly in the cranial
and caudal extent of disease. More importantly, these
studies noted that PET imaging, although obtained for
radiation treatment planning purposes, detected metastatic
disease in up to 24% of patients which resulted in a major
change in patients’ management plan (40,42). Although the
utilisation of PET imaging in radiation treatment planning
could potentially lead to a change in treatment volumes,
there is no strong evidence to suggest that this improves
treatment outcomes (42). However, by allowing the use of
smaller radiation treatment volumes with the confidence
of not missing the target, the use of PET imaging may
result in lesser treatment-related toxicities in a subgroup of
patients.
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Magnetic resonance imaging (MRI)

More recently, there has been rapid development, exploration
and integration of MRI in radiation treatment planning. The
accuracy of MRI in staging the primary tumour (T staging)
has improved with the application of new MR sequences and
ECG-gated techniques. With these techniques, the accuracy
of differentiating T4 versus T1-T3 tumours has improved
from 60% (43) to 75-87% (44,45). The addition of T2-
weighted test support equipment (I'SE) sequence further
improves the visualisation of the layers of the oesophageal
wall, thereby improving T staging accuracy to 50% for T1,
83% for T2, 82% for T3 and 100% for T4 (46). In addition
to anatomical evaluation, concurrent functional MR imaging
can be performed. Diffusion weighted imaging (DWI) is
one of the most studied functional MR sequences, due to
its availability and ease of acquisition. The combined use of
anatomical imaging with T2-weighted TSE and DWI in
oesophageal cancer staging studies has been shown to have
an accuracy of 85% for primary tumour and 83% for nodal
metastasis (47).

The utility of MRI in improving target delineation
during radiation treatment planning has been explored in
contouring studies (48,49). Vollenbrock et al. (48) assessed
and compared the gross tumour volume delineation of
10 observers in 6 cases on PET, T2-weighted MR, and 12-
weighted plus DWI MR images. Overall, they demonstrated
that the volumes on MR images were significantly smaller
than those on PET, and the addition of DWI images to
T2-weighted image reduce the caudal extent variability in
contours. However, the interobserver variability between
the 3 sets of images were similar, with conformity indices
of 0.66 to 0.68. The improved target delineation with the
addition of DWI was also demonstrated in an imaging-
pathology correlative study by Hou ez /. (49) which showed
that DWI images depicted the true pathological length
of oesophageal cancer more accurately than CT or T2-
weighted MR alone.

Apart from the superior soft tissue contrast on imaging,
one of the main advantages of MRI is that it is a non-ionising
imaging and hence can be performed on a frequent basis
without additional potential radiation-related harm to the
patient. Therefore, MRI is a useful tool for intra-treatment
assessment of treatment response during radiation therapy.
Defize et al. (50) evaluated weekly MR images of 29 patients
who had neoadjuvant chemoradiotherapy for oesophageal
cancer and characterised the rate and pattern of primary
tumour volumetric regression during radiotherapy. There
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was an approximate 30% reduction in tumour volume over
time, suggesting the potential of adaptive radiotherapy. Apart
from tumour volume assessment, studies evaluated the use of
apparent diffusion coefficient (ADC) value that is calculated
from DWI as a response marker to predict prognosis (51-54).
In a cohort of 17 patients, Aoyagi et al. (51) assessed the
ADC values before and after radiotherapy and reported
that ADC value is an independent predictor of survival
with those with high ADC values had improved survival
compared to those with low ADC values. Similar findings
were observed in separate study of 27 patients by Imanishi
et al. (54) where they observed higher absolute ADC value
and rate of ADC increase at 20 Gy in treatment responders
than non-responders. An increase of 15% in ADC values at
20 Gy of treatment had a positive predictive value of 100%
and accuracy of 85% of identifying patients who will respond
to treatment.

In radiation oncology, the integration of MR in radiation
treatment planning and delivery is undergoing rapid
development. The MR-linear accelerator, which is an
integrated MR imaging system within a linear accelerator,
allows real-time tumour tracking during radiation treatment
delivery. The image quality and possibility of tumour
tracking on the MR-linear accelerator has been shown to
be adequate for tracked radiation delivery (55). There are
clinical studies underway to evaluate the feasibility and best
use of this new technology in patients (ClinicalTrials.gov

Identifier: NCT04172753, NCT04075305).

Conclusions

In patients with localised oesophageal cancer who are not
suitable surgical candidates, definitive chemoradiotherapy
remains a standard of care. There are continuing efforts to
improve ‘personalisation’ of radiation treatment delivery for
patients with locally advanced oesophageal cancer using new
imaging and radiation treatment modalities and techniques.
Further clinical studies are required to evaluate the role of
these new and emerging radiation treatments, potentially in
combination with novel targeted drugs/ immunotherapies
to optimise the therapeutic ratio and ultimately improve
survival outcomes and reduce treatment-related toxicities.
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