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Background: Definitive chemo-radiotherapy (ACRT) has been advocated as an alternative to surgical
resection for the treatment of locally advanced oesophageal cancer (OC). We have retrospectively reviewed
4 years’ experience of patients (pts) who underwent contemporary staging and were treated with concurrent
chemo-radiotherapy (dCRT) or single modality radical radiotherapy (RT) with curative intent.

Methods: Retrospective analysis permitted identification of consecutive patients who underwent
contemporary staging prior to non-surgical treatment for locally advanced oesophageal carcinoma. The
primary outcomes were overall survival (OS) and disease-free survival (DFS), adjusted for baseline differences
in age, tumour staging and histological cell type. All patients were treated with either dCRT or single
modality RT within a single centre between 2009 and 2012.

Results: We identified 235 patients in total [median age 69.8 years, male =130 pts, female =105 pts,
adenocarcinoma (ACA) =85 pts, squamous =150 pts]. A total of 190 pts received dCRT and 45 patients were
treated with RT. All patients were staged with CT of chest, abdomen and pelvis, 226 patients underwent
endoscopic ultrasound (EUS), and 183 patients had PET-CT. Patients treated with dCRT demonstrated
longer OS (27 vs. 25 months respectively, P=0.02) and DFS (31 vs. 16 months respectively, P=0.01)
compared to those treated with RT. More advanced tumour stage (stage 3 vs. stage 1/2) at presentation
conferred poorer OS (32 vs. 38.2 months, P=0.02) and DFS (11 vs. 28 months, P=0.013). We demonstrated
an acceptable toxicity profile with only 77 patients (32.8%) suffering grade 3 toxicity and 9 patients (4.2%)
experiencing grade 4 toxicity by CTC criteria. The NG/PEG feeding rates were 4% across all treated
patients.

Conclusions: This retrospective analysis is in keeping with current treatment paradigms emphasising the
importance and safety of concurrent CRT in maximising curative potential for patients undergoing non-
surgical treatment of OC. Although retrospective, in comparison to similar retrospective series from both
our centre and historical literature, this data suggest improvements in OS and DFS, possibly due to improved

patient selection through the use of more effective tumour staging.
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Introduction

Oesophageal cancer (OC) is the 13" most common cancer in
the UK, accounting for 3% of new cases of cancer diagnosed
in 2011 (1). The management of loco-regional OC has
undergone significant evolution over the past 20 years.

Low cure rates after local treatment alone prompted the
inclusion of systemic chemotherapy into multi-modality
regimens. For patients with adenocarcinoma (ACA) optimal
treatment in the UK is still considered to be neo-adjuvant
chemotherapy followed by surgery as demonstrated in the
MAGIC and OEO-2 trials (2). Several UK cases series have
demonstrated than only 30-40% of OCs are resectable at
presentation. Operative mortality rates remain in the region
of 4.5-10.1% with 2-year survival rates of 34-43% and
overall 5-year survival of 17-23% in addition surgery has
been demonstrated to have a detrimental effect on health-
related quality of life (3,4).

Single modality radical radiotherapy has been shown
in historical case series to have 5-year survival rates
of between 5-20% (5). Later single-institution studies
have demonstrated 3- and 5-year survival rates of 27%
and 21% respectively using modern disease staging and
radiotherapy protocols (6-8). Disappointing outcomes from
single modality radiotherapy led to the introduction of
concurrent cytotoxic chemotherapy first described in 1968.
This approach led to superior outcomes for patients when
compared to radiotherapy alone (9,10).

Definitive chemo-radiotherapy (dCRT) has been
demonstrated to result in long-term survival in patients with
oesophageal carcinoma. Three randomised control trials
have compared dCRT with either surgery alone or neo-
adjuvant chemo-radiotherapy (CRT) followed by surgery for
squamous cell carcinoma (SCC). None of these trials have
demonstrated a significant difference in overall survival (OS)
but were underpowered to detect non-inferiority of dCRT
in comparison to surgery (11-13). There has not yet been a
randomised trial conducted to compare dCRT with surgical
treatment for oesophageal ACA and the role of dCRT
in treating such tumours remains less well defined. The
seminal RTOG 85-01 trial demonstrated a survival benefit
in patients with the addition of cisplatin-based chemotherapy
to radiation therapy (14). More recently the SCOPE 1 trial
looked at the introduction of cetuximab to combination
chemotherapy. This showed increased toxicity in the patients
treated with the addition of cetuximab, with OS 22 months
in patients treated with cetuximab and 25 months for those
treated with concurrent chemo-radiotherapy alone (15).
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The aim of this retrospective study was to determine
factors affecting disease-free survival (DFS) and OS in
patients undergoing dCRT and single modality radical
radiotherapy for the treatment of OC with curative intent.

Materials and methods
Study design

This retrospective study included 235 consecutive patients
diagnosed with potentially curable oesophageal carcinoma
of any cell type who underwent definitive CRT or single
modality radical radiotherapy between 1% January 2009
and 31" December 2012 inclusive. No patients underwent
neo-adjuvant CRT. All patients were assessed by a regional
multi-disciplinary team serving a population of 3.4 million
and received treatment within Beatson West of Scotland
Cancer Centre. All patients were treated by a clinical
oncologist with special interest in upper GI malignancy.

Pre-operative staging involved computed tomography
(CT), endoscopic ultrasound (EUS), positron emission
tomography (PET) and laparoscopy where appropriate.
All staging was in accordance with UICC tumour nodes
metastases (TNM) 6™ edition.

Data collected included patient age, gender, histological
diagnosis, site of tumour, length of tumour on EUS,
radiological stage, EUS stage, chemotherapy and
radiotherapy toxicity, recurrence rates and OS. Primary

endpoints were OS and DFS.

Definitive chemo-radiotherapy (dCRT)

A total of 190 patients were treated with dCRT and
included those deemed unsuitable for surgical resection
on the grounds of co-morbidity and/or performance
status, locoregional disease considered inoperable or
individual patient choice to have dCRT. Patients received
up to four cycles of either cisplatin (75-80 mg/m®) and
a fluoropyrimidine or mitomycin (12 mg/m°) and a
fluoropyrimidine at the discretion of the treating clinician,
with 1-2 cycles of induction chemotherapy followed by a
further two cycles given concurrently with external beam
radiotherapy. Concurrent radiotherapy regimes involved
conformal or intensity modulated radiotherapy delivered
in a single phase with three different dose-fractionations;
50 Gy in 25 fractions (n=137), 50.4 Gy in 28 fractions
(n=46) and 54 Gy in 27 fractions (n=7). All patients without
distant disease and adequate performance status (as assessed
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by MDT) were considered for dCRT. The radiotherapy
planning target volume was defined using information for
EUS, CT and PET imaging. This included all gross tumour
volume plus a minimum of 1.5 cm circumferentially and
3 c¢m craniocaudally at the discretion of the treating clinical
oncologist. Toxicity to oncological therapy was collated
using the National Cancer Institute common criteria
for adverse events (CTCAE v4.0). All patients receiving
radiotherapy underwent CT planning and treated by either
3D conformal or intensity-modulated radiotherapy.

Single modality radical vadiotherapy

Patients who were deemed either unsuitable for systemic
chemotherapy on the grounds of medical co-morbidity,
performance status or patient selection were considered for
radical-dose single modality radiotherapy (n=45). Patients
were staged in the same way as for dCRT and two different
dose-fractionations were utilised; 55 Gy in 20 (n=38)
fractions or 50 Gy in 25 fractions (n=7).

Follow-up and disease assessment

After completion of dCRT and single modality radical
radiotherapy, planned follow-up included repeat endoscopy
between 2-4 months. A total of 182 patients received
endoscopy within this time frame, three patients underwent
endoscopy at 6 months and 56 patients did not have further
endoscopy either due to other evidence of metastatic
disease before then or patient preference. Patients then had
repeat endoscopy every 6 months for the first 3 years and
then annually until 5 years. Patients underwent repeat CT
3 months following completion of treatment. A total of
217 patients underwent repeat CT imaging, 24 patients
did not have further CT after treatment either due to co-
morbidity of patient preference.

A total of 232 patients underwent clinical assessment
between 6-12 weeks after dCRT and single modality
radiotherapy, followed by every 3 months for the first
2 years then every 6 months thereafter until 5 years or
death. The three patients who did not receive clinical
assessment had died within 30 days of competing treatment.

Disease recurrence patterns were determined as loco-
regional, distant metastatic or both. The time to recurrence
was taken from the time of the confirmatory investigation.
The patient cohort was analysed in May 2014, at which
time median follow-up was 35.1 months (interquartile
range, 29.5-40.6 months). Death certification was obtained
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from the Office for National Statistics.

Statistical analysis

Analysis was based on intention to treat. The primary end-
point data were DFS and OS. Estimates of survival rates
were expressed as percentages using the life-table Kaplan-
Meier method with differences between groups analysed
using Log Rank testing. Grouped data were expressed as
a median and non-parametric testing was used. Disease-
free and OS was measured from the date of completion
of treatment to the date of recurrence. Final multivariate
analysis included age, performance status, gender, tumour
staging and histological subtype to correct for baseline
differences between the groups.

All statistical analysis was done using IBM SPSS version 22.0.

Results
Patient characteristics

A total of 235 patients were included in the study (130
males and 105 females) and their details related to treatment
modality are shown in Table 1. Of these patients, 91%
were ECOG performance status 0-1 and 9% were ECOG
performance status 2. A total of 190 patients were treated
with dCRT and the remaining 45 patients were treated with
single modality radiotherapy.

Compliance

The planned number of chemotherapy cycles for the
dCRT group (n=190) was 4. A total of 138 patients
(73%) completed four cycles with no chemotherapy dose
alterations, 32 patients (17%) required dose reductions but
completed four cycles of chemotherapy and 20 patients
(10%) received three or less cycles of chemotherapy. A total
of 233 patients completed planned radiotherapy treatment.
One treatment was stopped early due to discovery of
metastatic disease during treatment and one death
during radiotherapy treatment. Both patients were in the
radiotherapy only group.

Treatment-related morbidity

The overall rate of grade III or IV toxicity in the dCRT
group (n=190) was 34% (64 patients) and 3.6% (7 patients)
respectively. The rates of grade III or IV toxicity in the
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Table 1 Patient details for all groups (n=235); number [%]

Number of patients [%]
130 [55]:105 [45]

Males:females

Median age 69.8 years
ECOG performance status

0 104 [44]

1 110 [47]

2 211[9]
Adenocarcinoma 85 [36]
SCC 150 [64]
EUS done for staging

Yes 225 [96]

No 10 [4]
CT done for staging

Yes 234 [99]

No 1]
PET-CT done for staging

Yes 183 [78]

No 52 [22]
Received chemotherapy

Yes 190 [81]

No 45 [19]
Site of tumour

Upper third 52 [22]

Middle third 120 [51]

Lower third 63 [27]
Radiological stage

I 61 [26]

Il 68 [29]

11l 106 [45]
Tumour length

Less than 6 cm 204 [87]

More than 6 cm 31[13]

EUS, endoscopic ultrasound; SCC, squamous cell carcinoma;
CT, computed tomography; PET, positron emission tomography.

single modality radiotherapy group (n=45) were 29%
(13 patients) and 7% (3 patients). The rates of nasogastric of
PEG feeding in the whole population were 4% (9 patients);
of which seven patients received dCRT and two patients
received single modality radiotherapy.

There was one death during single modality radiotherapy

group during therapy due to aspiration pneumonia. There
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were two deaths within 30 days of treatment, one in either
group and both secondary to cerebro-vascular event.

DFS and OS

Patients who underwent dCRT had a significant
improvement in median and DFS (31 vs. 16 months, P=0.02)
and OS (37 vs. 25 months, P=0.01) compared to those
undergoing single modality radiotherapy, demonstrated in
Kaplan-Meier curve in Figure 1. The median stage for stage
DEFS for dCRT versus single modality radiotherapy were:
stage I (40 vs. 30 months, P=0.09), stage II (36 vs. 22 months,
P=0.06) and stage III (32 vs. 11 months, P=0.11),
demonstrated in Kaplan-Meier curve in Figure 2. Patients
with stage I/1I disease had a significantly improved DFS
(28 vs. 11 months) and OS (38.2 vs. 32 months) compared
to those with stage III disease (P=0.013).

Subgroup analysis for bistological subtype

All patients were further analysed for histological subtype
irrespective of treatment received. A total of 150 patients
(64%) had SCC and 85 patients (36%) had ACA as
histological diagnosis. Stage for stage comparison of median
OS for SCC was 37.9 and 32.8 months for ACA, P value
0.061. DFS was similar between both groups (28.6 months
for SCC and 26.2 months for ACA, P value 0.057). There
was a greater proportion of local recurrence in patients
with SCC compared to ACA (54% wvs. 49%, P=0.045), but
a greater proportion of distant relapse in patients with ACA
when compared to SCC (68% wvs. 51%, P=0.039).

Subgroup analysis for completion of chemotberapy

Of the 190 patients treated with concurrent chemotherapy,
there were 138 (73%) patients who completed all planned
chemotherapy treatments, 32 (17%) patients who
completed chemotherapy but required dose reductions and
20 (10%) patients who received three or less chemotherapy
treatments. Stage for stage median OS was significantly
improved for patients who completed chemotherapy versus
those that did not (38 vs. 25 months, P=0.008).

Univariate and multivariate analysis

Univariate and multivariate statistical analysis revealed
the factors adversely affecting DFS and OS were higher
radiological staging in patients with stage III disease versus
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those with stage I/II disease (P=0.013) and patients who
did not receive or complete chemotherapy (P=0.024 and
P=0.008 respectively). Age, gender and tumour location
were not significant factors. Histological subtype and EUS
tumour length did not reach statistical significance.

Discussion

dCRT has emerged as an alternative treatment modality
to surgery for locally advanced OC. Historical studies have
demonstrated that advanced disease stage is an adverse
prognostic factor. Recent advances in both local and distant
staging with the increasing use of EUS and PET-CT have
improved sensitivity for detection of occult nodal and distant
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metastatic disease as well as more precise definition of local
tumour staging. This has enabled improved patient selection
for curative treatment. In this study 78% of patients underwent
CT-PET and 96% of patients had EUS performed.

This study demonstrates that dCRT was associated with
improved rates of DFS (31 vs. 16 months respectively)
and OS (27 vs. 25 months respectively) when compared to
single modality radical radiotherapy, which concurs with
historical clinical trial data (16-22). DFS (11 vs. 28 months
respectively) and OS (32 vs. 38.2 months respectively) were
also demonstrably improved in patients with stage I and II
when compared to those with stage III disease. This again
concurs with historical literature (Zizble 2), that patients with
advanced stage disease have a poorer prognosis.

This study again reinforces the role of concurrent
chemotherapy in addition to radical radiotherapy with
demonstrable improvement in DFS and OS in patients
who both had and completed concurrent chemotherapy
with dCRT. The study showed a median OS for dCRT of
27 months which is similar to recently published studies
although higher than historical case series. This may well
reflect that there is an improvement in patient selection
with the advent of modern staging modalities including
CT-PET as well as technological advances in radiotherapy
planning and delivery.

The rate of grade III and IV acute treatment-related
toxicities were 34% and 3.6% respectively for dCRT compared
to 29% and 7% respectively for single modality radiotherapy.
The rates of NG/PEG feeding were low at 4% across the
whole patient cohort. There were three deaths between
starting and within 30 days of completion of treatment but
none of these were attributed to be treatment-related toxicity

This study has several potential limitations. It was
conducted as a non-randomised retrospective comparative
analysis and is therefore potentially vulnerable to selection
bias. There are, however many strengths to this study in
that it represents a large series of consecutive patients over
an abbreviated time frame assessed by an experienced multi-
disciplinary team with the benefits of accurate modern
radiological and clinical staging, particularly the increasing
use of PET-CT and EUS. Patients were also treated using
modern radiotherapy techniques, with CT planning and use
of both conformal and intensity modulated radiotherapy
planning techniques. There was good follow-up for patients
within a well-defined geographical distribution and there
were high rates of clinical, endoscopic and radiological
follow-up to assess response.
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Table 2 Comparison of current series with previous publication on dCRT for OC

Radiotherapy dose (Gy) 5-year survival (%)

Median OS (months)

Study No. of patients Chemo regime

Current series RT, 45 Cisplatin/56FU/MMC
dCRT, 190

Aradjo et al. (16) RT, 28 MMC/5FU/BLEO
dCRT, 31

Slabber et al. (17) RT, 34 5FU
dCRT, 36

Smith et al. (18) RT, 62 5FU/MMC
dCRT, 65

Wobbes et al. (19) RT, 111 Cisplatin
dCRT, 110

Herskovic et al. (20) RT, 62 Cisplatin/5FU
dCRT, 61

Reid et al. (21) dCRT, 311 Cisplatin/5FU

Correa et al. (22) RT, 34
dCRT, 61 Cisplatin/5FU

50-54 25
27
50
50 16
40
40
40-60
40-60
40 7.9
40 9.6
64 0
50 26
50 22
50-55 6
50-55 11

dCRT, definitive chemo-radiotherapy; OC, oesophageal cancer; OS, overall survival.

Conclusions

This retrospective study again reinforces that dCRT is
an effective and well-tolerated radical treatment for OC.
Both DFS and OS rates were significantly improved
when compared to previous data from this centre as well
as historical case series. This may well reflect improved
patient selection with modern clinical and radiological
staging modalities. The rates of EUS were comparable with
previous historical series, although the rates of CT-PET
were higher than previous series which were conducted
before CT-PET became standard of care for staging of
oesophageal caner within the United Kingdom.

The study does highlight the importance of combined
modality treatment in the form of concurrent chemo-
radiotherapy. Patients treated with concurrent chemotherapy
and who completed the planned treatment had a significantly
improved overall and DFS when compared to those treated
with single modality radiotherapy or in whom concurrent
chemotherapy had to be stopped prematurely. This benefit
clearly has to be balanced against clinical toxicity, but data
from this study reflects a currently acceptable acute toxicity
profile for patients undergoing dCRT. It is limited, however,
by lack of long-term toxicity data.

This retrospective study adds further weight to current
treatment paradigms emphasising the importance and safety
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of concurrent CRT in maximising curative potential for
patients undergoing non-surgical treatment of OC. This
study does demonstrate an acceptable acute toxicity profile
throughout treatment but would benefit from further long-
term follow-up data on late toxicities from dCRT.
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