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A B S T R A C T

Introduction: Preoperative chemotherapy (CT) and preoperative chemoradiation therapy

(CRT) for resectable oesophageal cancer have been shown to improve overall survival in

meta-analyses. There are limited data comparing these preoperative therapies. We report

the outcomes of a randomised phase II trial comparing preoperative CT and CRT for resect-

able adenocarcinoma of the oesophagus and gastro-oesophageal junction.

Methods: Patients were randomised to receive preoperative CT with cisplatin (80 mg/m2)

and infusional 5 fluorouracil (1000 mg/m2/d) on days 1 and 21, or preoperative CRT with

the same drugs accompanied by concurrent radiation therapy commencing on day 21 of

chemotherapy and the 5 fluorouracil reduced to 800 mg/m2/d. The radiation dose was

35 Gy in 15 fractions over 3 weeks. The endpoints were toxicity, response rates, resection

(R) status, progression-free survival (PFS), overall survival (OS) and quality of life.

Results: Seventy-five patients were enroled on the study: 36 received preoperative CT and 39

preoperative CRT. Toxicity was similar for CT and CRT. Eight patients (11%) did not proceed

to resection. The histopathological response rate (CRT 31% versus CT 8%, p = 0.01) and R1

resection rate (CRT 0% versus CT 11%, p = 0.04) favoured those receiving CRT. The median

PFS was 14 and 26 months for CT and CRT respectively (p = 0.37). The median OS was 29

months for CT compared with 32 months for CRT (p = 0.83).

Conclusions: Despite no difference in survival, the improvement from preoperative CRTwith

respect to margin involvement makes this treatment a reasonable option for bulky, locally

advanced resectable adenocarcinoma of the oesophagus.
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1. Introduction

Randomised trials evaluating the role of preoperative adju-

vant therapy in the management of resectable oesophageal

cancer have provided conflicting results1–17 with two report-

ing a benefit for either preoperative chemoradiation (CRT) or

preoperative chemotherapy (CT).13,14 Most trials did not have

contemporary staging methods, resulting in lower than ex-

pected survivals in the control arms. Of the meta-analyses

performed,18–23 the most comprehensive reported a benefit

for both forms of therapy, but higher with CRT.21 The subset

of patients with adenocarcinoma had a magnitude of the ben-

efit similar for preoperative CT or CRT. The quality of the

meta-analyses relating to CRT has been questioned conclud-

ing that further assessment in trials is warranted.24

Following the report of a survival benefit in the MRC trial,

OEO2, using two cycles of cisplatin and 5 fluorouracil13 preop-

eratively, our oesophago-gastric multidisciplinary unit used

this regimen as standard therapy for invasive adenocarci-

noma of the oesophagus. An earlier study had reported a ben-

efit for preoperative CRT for adenocarcinoma of the

oesophagus.14 However, the Australasian trial IG 9401 did

not show a survival benefit for preoperative CRT but this

study used only a single cycle of cisplatin with 5 fluoroura-

cil.16 Accepting that preoperative therapy was the standard

of care, it seemed reasonable to assess the role of radiation

therapy with two cycles of chemotherapy using the OEO2 pro-

tocol. Given the predominance of adenocarcinoma in our

practice it was decided to confine this trial to this histology.

We report the results of a randomised phase II clinical trial

comparing preoperative chemotherapy with preoperative

chemotherapy and concurrent radiation therapy.

2. Methods

2.1. Eligibility

Patients of all ages were required: to have histologically con-

firmed invasive adenocarcinoma of the thoracic oesophagus

or gastro-oesophageal junction; to be candidates for the che-

motherapy regimen; have disease limited to the oesophagus

and oesophago-gastric junction (less than 2 cm involvement

of the gastric cardia) and regional lymph nodes (cT2–3, cN0–

1) and fit for resection. No prior treatment with radiation ther-

apy or chemotherapy was allowed. A prior malignancy was al-

lowed if there had been no recurrence for at least 5 years prior

to randomisation. The ECOG (Eastern Cooperative Oncology

Group) performance status had to be 0 or 1. The full blood

counts and serum biochemistry results had to be within nor-

mal limits. A creatinine clearance over 1.0 ml/s calculated by

the Gault and Cockcroft formula was required.

2.2. Staging

All patients underwent endoscopy, biopsy and spiral com-

puted tomography (CT) of the neck, chest and abdomen.

Lymph nodes measuring more than 1 cm were considered

to be clinically involved. Endoscopic ultrasound (EUS) was

not available at the time of this study. Almost half of the pa-

tients had a positron emission tomography (FDG-PET) scan as
part of their staging when it became available 2 years after

the trial commenced. Selected patients with disease extend-

ing into the upper stomach had a laparoscopy. Other imaging

was performed if clinically indicated.

2.3. Randomisation

The trial was approved by the ethics committees in the two

hospitals in which the surgery was conducted. Following

written consent patients were randomly assigned to treat-

ment groups using computer-generated permutated blocks

of random sizes.

2.4. Chemotherapy

The preoperative regimen consisted of two cycles of chemo-

therapy in both arms, based on the OEO2 study. Cisplatin

80 mg/m2 was given on day 1 followed by a 96 h infusion of

5 fluorouracil 1000 mg/m2/d. The second cycle of both drugs

commenced on day 21. In the CRT arm the second cycle began

concurrently with the commencement of the radiation ther-

apy with the dose of 5 fluorouracil reduced to 800 mg/m2/d.

2.5. Radiation therapy

Radiation therapy was given using anterior and posterior

fields using 6–10 MV photons. Planning was performed using

a CT scanner which determined the extent of the tumour and

involved lymph nodes. Where possible, confirmation of the

gross tumour volume (GTV) was achieved by fusing the diag-

nostic PET scan with the planning CT. The recommended

margins around the GTV to form the planning target volume

(PTV) were 2 cm laterally and 5 cm superiorly and inferiorly.

The radiation dose prescribed to the ICRU reference point

was 35 Gy given in 15 fractions over 3 weeks, commencing

on day 22. Lung inhomogeneity correction was used in all

cases and planning was performed using three dimensional

techniques.

2.6. Presurgical assessment

Patients were restaged with endoscopy, CT scan and subse-

quently an FDG-PET scan within 3–6 weeks after the comple-

tion of the neoadjuvant therapy to confirm there was no

evidence of systemic disease. Resection was planned

4–6 weeks from completion of therapy.

2.7. Surgery

The surgical approach was standardised, requiring gross

resection of the primary cancer with at least 5 cm of proximal

and distal margins including the mediastinal tissue around

the lower oesophagus and the subcarinal lymph nodes enbloc

with the oesophagus. The thoracic duct was not routinely re-

moved and the procedure included resection of the nodal tis-

sue at the origin of the left gastric pedicle, and the splenic

artery to the hilum of the spleen. If the cardia was not signif-

icantly involved a thoracoscopically assisted three-phase dis-

section with a gastric tube anastomosed to the oesophageal

stump in the left neck was performed. With gastric cardia
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Fig. 1 – Flow diagram of patients.
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involvement an Ivor-Lewis two-phase approach was used

with the gastric tube anastomosed in the chest.

2.8. Monitoring of toxicity and response

During the preoperative therapy, all patients had weekly

assessments of toxicity using the CTC (version 2.0) criteria.

After completing therapy patients were assessed for response.

Histology of the resected specimen included an assess-

ment of the response to preoperative therapy. Complete path-

ological response (pCR) was defined as no viable tumour seen

on any of the sections of the primary lesion and within the

lymph nodes. Partial response was defined as more than 90%

reduction in viable tumour with fibrosis replacing the tumour.

The other histological findings were assessed as poor (<50%

viable tumour) or no response (>50% viable tumour). Patients

considered to have a complete or partial response had their

pathology reviewed to confirm the response grade. The radial

margin was considered involved if there was viable tumour

seen within 1 mm from the lateral aspect of the resected spec-

imen. Patients were classified according to whether they had a

complete resection (R0), complete resection with microscopic

positive margins (R1) or a palliative resection (R2), where obvi-

ous disease was left in-situ at the time of the operation. Oper-

ative mortality was defined as any death within 30 days of

surgery or during the episode of inpatient care following resec-

tion. Following discharge patients were assessed at 1 month

and then 3 monthly intervals for 2 years and 6 monthly inter-

vals to 4 years and then annually thereafter. Investigations

were directed towards symptoms with no routine use of blood

tests or scans. The site of first defined recurrence was re-

corded. Once recurrence was confirmed patients were as-

sessed with a CT scan if not already performed. Further

therapy was at the discretion of the treating physician.

2.9. Endpoints and statistical analysis

Because we had not previously used two cycles of chemother-

apy with concurrent radiation therapy our primary end points

were toxicity including surgical morbidity, pathological re-

sponse rates and R0 resection rate. Patterns of failure (includ-

ing sites of recurrence), overall survival, progression-free

survival (calculated from the date of randomisation) and

quality of life were considered secondary endpoints. Quality

of life outcomes are not reported in this manuscript and will

be the subject of a future publication. Loco-regional failure

was defined as recurrence within a resected field or nodal dis-

ease within the typical drainage pattern of the primary lesion.

For patients responding completely after neoadjuvant ther-

apy or rendered disease-free after surgery, progression was

defined as the first clinical evidence of relapse, or death. For

patients not rendered macroscopically disease-free by sur-

gery, progression was defined as occurring at the time of sur-

gery or at the time the decision was made not to proceed to

surgery. Patients who had positive margins (R1 resection)

were regarded as having progressed only when there was

clinical evidence of disease progression.

We chose a sample of 100 patients. This number was based

on a likely accrual rate of 20 patients per year for 5 years from

the participating centres. It was also deemed likely to detect
any large difference (>25%) in the primary endpoints of toxic-

ity, histopathological response and R0 resection rate. All pa-

tients were included in the analyses on an intention-to-treat

basis. Differences in the major endpoints were calculated

using the chi-squared method. Progression-free and overall

survivals were estimated by the Kaplan–Meier method and

groups were compared by using the log-rank test on an inten-

tion-to-treat basis. Determination of differences in survival

between the two trial arms and the subgroup analyses also

used the Cox proportional-hazards model.

3. Results

The final number of patients available for analysis was 75.

This was due to ongoing problems with radiation therapy

waiting lists in the last few years of the study. As a result of

this, fewer patients agreed to be randomised preferring to

commence neoadjuvant chemotherapy immediately. As a re-

sult of slow accrual in the last 2 years the study was ceased

with 75 patients recruited from November 2000 until Decem-

ber 2006. We felt that this would still provide a useful

outcome.

3.1. Patient characteristics

Fig. 1 outlines a summary of management of patients in each

group. The 36 patients randomised to receive CT and 39 CRT

had a median age of 61 years (range 36–75), with a predomi-

nance of males. The performance status, clinical stage and

the number staged preoperatively with FDG-PET scanning

was similar in both groups. The median follow-up in both

arms was 94 months (range of 43–112 months). Details are

shown in Table 1.

3.2. Treatment

Acute toxicity related to neoadjuvant therapy in the two arms

was similar with no significant differences in Grade 3 or



Table 3 – Histopathology and post therapy staging.

CT (36) CRT (39) p-Value

Margin status
R0 29 (80.5%) 33 (84.6%) 0.61
R1 4 (11%) 0 0.04

AJCC stage
0 0 5 (13%) 0.05
I 5 (14%) 1 (3%) 0.10
IIA 5 (14%) 8 (20%) 0.40
IIB 3 (8%) 7 (18%) 0.05
III 20 (56%) 12 (31%) 0.03
Not resected 3 (8%) 6 (15%) 0.27

Histological response
pCR 0 5 (13%) 0.02
<10% viable cells 3 (8%) 7 (18%) 0.21
Macroscopic 30 (83%) 21 (54%) 0.41
Residual disease 3 (8%) 6 (15%) 0.11
Major response
(pCR + <10%
viable cells)

3 (8%) 12 (31%) 0.01

Table 1 – Patient characteristics.

CT CRT p-Value

Age years (median) 63 (36–75) 60 (41–73) 0.47
Male gender 29 (80%) 37 (95%) 0.26

ECOG
0 33 (92%) 36 (92%) 1.00
1 3 (8%) 3 (8%) 1.00

Clinical stage
IIA 27 (75%) 32 (82%) 0.68
IIB 4 (11%) 4 (10%) 0.89
III 5 (14%) 3 (8%) 0.91
Nodal involvement 9 (25%) 7 (18%) 0.41
PET assessment 15 (42%) 21 (54%) 0.81

Surgical approach
Ivor-Lewis 5 (14%) 8 (20%) 0.41
Thoracoscopic 3 stage 28 (74%) 25 (64%) 0.68
Hospital stay median (days) 12 (8–86) 11 (9–43) 0.81
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greater toxicity. Grade 3 oesophagitis was lower than ex-

pected in the CRT arm (Table 2). Deviations from the preoper-

ative protocols were chiefly due to toxicity concerns. The

most common variation in the radiation therapy regimen

was extension of therapy beyond 3 weeks. In the CT arm three

patients (6%) did not have resection, one had stage IV disease

at laparotomy, one disease progression on restaging preoper-

atively and one became unfit for an operation and received

definitive radiation therapy as an alternative treatment. In

the CRT arm six patients (16%) did not have resection, five pa-

tients had deterioration in their physical status and were not

fit for an operation. One refused surgery after completion of

the CRT.

The approach to resection was similar in both arms. There

was no difference in the rates of surgical toxicity or length of
Table 2 – Grade 3 toxicity of neoadjuvant therapya and all
surgical complications.

Toxicity CT CRT p-Value

Oesophagitis 3 (8%) 1 (3%) 0.11
Pneumonitis 0 1 (3%) 0.28
Neutropenia 5 (12%) 3 (7%) 0.37
Skin 0 0 1.00
Mucositis 1 (3%) 0 0.28
Fever 0 1 (3%) 0.28
Infection 1 (3%) 3 (8%) 0.11
Nausea/vomiting 2 (6%) 1 (3%) 0.51
Thromboembolism 1 (3%) 2 (6%) 0.51
Renal impairment 2 (6%) 1 (3%) 0.51
Cardiac 1 (3%) 0 0.28
Surgical complications 14 (39%) 9 (23%) 0.15

Chest problems 6 (17%) 7 (18%) 0.52
Cardiac problems 6 (17%) 7 (18%) 0.52
Anastomotic leak 2 (5.5%) 2 (5%) 0.69
Wound infection 1 (3%) 5 (13%) 0.08
Chyle leak 1 (3%) 1 (2.5%) 0.75

Other 4 (11%) 2 (5%) 0.21
30 d Surgical mortality 0 0 1.00
a No grade 4 toxicities.
stay in hospital between the two arms. There were no treat-

ment related deaths in either arm of the trial. Late morbidity

was not available.

3.3. Tumour response

Following CRT, five patients (13%) had a pathological complete

response but none were seen after CT. The major histological

response rate (<10% viable cells) was 31% in the CRT group and

8% in the CT group (p = 0.01). With respect to completeness of

resection (R0), there was no difference between the groups, on

an intention-to-treat basis (CRT = 84.6%, CT = 80.5%). However

more patients had a margin involved (R1) in the CT group

(CT = 4, CRT = 0, p = 0.04). When the subset of patients who

did not proceed to resection were excluded, analysing the re-

sected patients revealed an R0 rate of 100% for CRT and 86%

for CT. There were no patients who had an R2 resection in
Table 4 – Survival and patterns of relapse.

CT (36) CRT (39) p-Value

Time to
progression

14 26 0.37

Median (months) 95%
CI 2.24–25.76

95%
CI 6.805–45.848

Overall survival 29 32 0.83
Median (months) 95%

CI 13.58–44.4
95%
CI 20.1–43.58

3-year Survival 49% 52% 0.97
5-year Survival 36% 45% 0.60

Recurrence
Nil 12 (33%) 15 (39%) 0.28
Loco-regional 4 (11%) 3 (8%) 0.52
Loco-regional
and distant

6 (17%) 4 (10%) 0.39

Distant 11 (31%) 11 (28%) 0.94
No surgery 3 (8%) 6 (15%) 0.27



Fig. 2 – Progression free survival.

Fig. 3 – Overall survival.
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either group. There was significant stage migration to lower

stages in the CRT group (Table 3).

3.4. Patterns of recurrence

There was no difference in the site of the first recorded symp-

tomatic recurrence between the treatment arms (Table 4). The

overall loco-regional recurrence rate was 28% in the CT group

compared with 18% in the CRT group (p = 0.41).

3.5. Survival

There was no difference in progression-free survival (Fig. 2) or

overall survival (Fig. 3). In the CT arm the median PFS and OS

were 14 and 29 months and for CRT the median PFS and OS

were 26 and 32 months. The overall 5 year survival was 36%

in the CT group and 45% for those having CRT (Table 4).
4. Discussion

We have compared the outcomes of patients with invasive

adenocarcinoma of the oesophagus and oesophago-gastric

junction that have had preoperative CT or CRT. Due to the re-

stricted number of patients recruited definitive conclusions

related to survival outcomes can only be secondary end

points. However we have shown that the addition of concur-

rent radiation therapy at a dose of 35 Gy to preoperative CT

did not add to CT toxicity or surgical morbidity. CRT provided

a higher histologic tumour response with fewer patients hav-

ing involved margins at the time of resection, as well as evi-

dence of significant pathologic down-staging. Accepting the

restricted size of the cohort we found that a change in disease

stage in the CRT group had no influence on progression-free

or overall survival.

The Australasian study, IG 9401, using the same dose of

radiation therapy and a single cycle of chemotherapy as neo-

adjuvant therapy reported significant pathologic down-stag-

ing and complete tumour resection rates for both squamous

cell and adenocarcinoma with no effect on survival when

compared with surgery alone.16 The pCR for adenocarcinoma

was 8%, similar to what we have reported in this study.

Although there is a low pCR rate, the addition of this dose

of radiation therapy to chemotherapy still produced a high

major histological response rate and less surgical margin

involvement with no increase in morbidity. Studies using

higher doses of preoperative radiation therapy, report pCR

rates of 25%14 and 24%.15 In those studies the median surviv-

als were 16 and 17.6 months, respectively, which compares

with 32 months in the present study. The most recent study,

using 50.4 Gy with chemotherapy, in the 30 patients, reported

a pCR in 10 patients (40%) and a 5 year survival of 39%.17 De-

spite a low pCR rate after CRT and nil after CT, we report com-

parable 5 year survivals in both arms with 45% and 36%,

respectively.

pCR has been shown to be a good prognostic indicator in

patients who have had CRT.25,26 Barbour et al.27 and oth-

ers25,26 have also shown that the addition of those patients

who have <10% viable tumour cells have a similar positive

outcome. Despite the improvement in both pCR and major

histopathologic response in those patients having preopera-

tive CRT compared with CT the survival outcomes were sim-

ilar for both groups. One hypothesis may be that the addition

of a local treatment such as radiation therapy, to appropriate

surgery, in patients who have had preoperative CT may not

influence the potential for the survival in a disease that has

a high rate of occult systemic metastasis.

With the use of modern staging, surgical techniques,

anaesthesia and intensive care support, one questions

whether the local effect from radiation therapy at any dose

will have a major impact on overall survival from this disease

when systemic metastasis is the main cause of death. If radi-

ation therapy is to be used with appropriate resection, what is

the value of increasing radiation doses when excellent com-

plete excision rates can be achieved at lower doses?

One recently published trial assessed patients with locally

advanced adenocarcinoma of the oesophagus who received

15 weeks of preoperative chemotherapy, then resection or a
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similar chemotherapy regimen with concurrent radiation

therapy at a dose of 30 Gy, followed by resection.28 There were

126 patients accrued and randomised but the analysis was

performed on 116. All patients were assessed with EUS and

CT scan and confirmed to have T3/4, NX disease. Three pa-

tients (2.3%) died from the neoadjuvant therapy and seven

(5.5%) from the surgery. Using the information from the man-

uscript, and on an intention-to-treat analysis, the CT arm had

a resection rate of 76% (49 of 64 patients) compared with 73%

(45 of 62 patients) for CRT. Assessing the completeness of

resection, the R0 and R1/2 rates for the CT and CRT groups

were 64%/12.5% and 67%/3.2%, respectively. Excluding a num-

ber of randomised patients from the analysis, the median

overall survival was 21 months for the CT arm and 33 months

for the CRT arm. These results are comparable for the CRT

arm in our study. We do however report slightly improved

outcomes for the CT arm.

In this study one wonders whether the difference in the

survivals between the arms of the trial was related to the

number of cycles of chemotherapy adding extra weeks of

therapy. Not only did this cause treatment mortality but it is

possible that reduced cancer survival may relate to the

lengthy chemotherapy given without the local effects of radi-

ation therapy. There will be a group of patients receiving a

treatment that has no effect on the disease thus delaying

an effective treatment such as surgery. This has been postu-

lated as one of the reasons for the null effect of the preoper-

ative chemotherapy in a large US trial12 which used the same

drugs as the MRC trial but with three cycles and a significant

percentage of the treatment group having a delay to definitive

resection.

When examining survival, the MRC trial showed an advan-

tage for CT (median survival 17 months) over surgery alone

(13 months).13 Both arms of our study report better outcomes

likely related to modern staging techniques along with stand-

ardised surgery in two centres. It follows that these are likely

the reasons that the outcomes in both arms of our study are

better than the treatment arms in the studies analysed for

the meta-analysis by Gebski et al.21 With a meta-analysis

reporting a superior outcome for survival from CRT over

CT,21 along with the French meta-analysis of CRT studies22

and the CALGB 9781 trial,17 CRT has become the standard of

care in many units for invasive oesophageal cancer. A recent

review of the meta-analyses of the CRT randomised trials

highlighted their discordance and was critical of the method-

ology used in many of the trials analysed.24 They highlight the

heterogeneity of the histology, radiation doses, chemotherapy

regimens, surgical techniques, small sample sizes and finally

the staging and treatment delivery differences over a 40 year

period when the trials were performed. Now that modern CT

scanning along with FDG-PET scanning have become routine

to exclude metastatic disease and EUS has become an essen-

tial tool to stratify the primary lesion, these imaging tech-

niques must be used in the modern assessment of patients

and trials.

There is a need for trials that will further define the role

and dosage for modern radiation therapy for resectable

oesophageal adenocarcinoma in the context of adequately

performed surgery. From the results of our trial it is calculated

that to establish equivalence or an overall survival benefit by
the addition of radiation therapy to the chemotherapy regi-

men we used, at least 500 patients would be required to show

a 6% difference at 2 years. It is unfortunate that the only two

randomised trials comparing CRT and CT preoperatively are

underpowered to explore overall survival as a primary end-

point. Because of the entrenched practices in most major

units dealing with this cancer, it seems unlikely that an ade-

quately powered study will be done. However, for those clini-

cians who believe that there is still equipoise between

preoperative CT and CRT, we offer support both from the per-

spective of response and morbidity for the addition of radia-

tion therapy to preoperative chemotherapy when the

primary lesion is locally advanced, tailoring the neoadjuvant

treatment to patient and tumour factors.
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