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Summary
Background The utility of early metabolic response assessment to guide selection of the systemic component of
definitive chemoradiotherapy (dCRT) for oesophageal cancer is uncertain.

Methods In this multi-centre, randomised, open-label, phase II substudy of the radiotherapy dose-escalation SCOPE2
trial we evaluated the role of 18F-Fluorodeoxyglucose positron emission tomography (PET) at day 14 of cycle 1 of
three-weekly induction cis/cap (cisplatin (60 mg/m2)/capecitabine (625 mg/m2 days 1–21)) in patients with
oesophageal squamous cell carcinoma (OSCC) or adenocarcinoma (OAC). Non-responders, who had a less than
35% reduction in maximum standardised uptake value (SUVmax) from pre-treatment baseline, were randomly
assigned to continue cis/cap or switch to car/pac (carboplatin AUC 5/paclitaxel 175 mg/m2) for a further
induction cycle, then concurrently with radiotherapy over 25 fractions. Responders continued cis/cap for the
duration of treatment. All patients (including responders) were randomised to standard (50Gy) or high (60Gy)
dose radiation as part of the main study. Primary endpoint for the substudy was treatment failure-free survival
(TFFS) at week 24. The trial was registered with International Standard Randomized Controlled Trial Number
97125464 and ClinicalTrials.gov NCT02741856.

Findings This substudy was closed on 1st August 2021 by the Independent Data Monitoring Committee on the
grounds of futility and possible harm. To this point from 22nd November 2016, 103 patients from 16 UK centres had
participated in the PET-CT substudy; 63 (61.2%; 52/83 OSCC, 11/20 OAC) of whom were non-responders. Of these,
31 were randomised to car/pac and 32 to remain on cis/cap. All patients were followed up until at least 24 weeks, at
which point in OSCC both TFFS (25/27 (92.6%) vs 17/25 (68%); p = 0.028) and overall survival (42.5 vs. 20.4 months,
adjusted HR 0.36; p = 0.018) favoured cis/cap over car/pac. There was a trend towards worse survival in OSCC + OAC
cis/cap responders (33.6 months; 95%CI 23.1-nr) vs. non-responders (42.5 (95%CI 27.0-nr) months; HR = 1.43; 95%
CI 0.67–3.08; p = 0.35).
*Corresponding author. Centre for Trials Research, Cardiff University, Cardiff, CF10 3AT, UK.
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Interpretation In OSCC, early metabolic response assessment is not prognostic for TFFS or overall survival and
should not be used to personalise systemic therapy in patients receiving dCRT.

Funding Cancer Research UK.
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Research in context

Evidence before this study
Definitive chemoradiotherapy (dCRT) is an alternative to
surgery in patients with oesophageal squamous cell
carcinoma (OSCC) and an option for patients with
oesophageal adenocarcinoma (OAC) who are unfit or
unwilling for surgery. The systemic component of dCRT
contributes to overall outcomes. These remain poor with
systemic failure rates equalling 30–50%. Metabolic response
assessment following the induction component of CRT has
been shown to be predictive of overall outcomes and, in a
single randomised controlled trial, it was used to enable
effective individualisation of therapy. Early (day 14)
assessment of metabolic response by 18F-Fluorodeoxyglucose
positron emission tomography (PET) – computed
tomography (CT) is also suggested to predict outcomes and
allow for treatment personalisation in patients receiving
neoadjuvant chemotherapy, albeit based on prospective but
non-randomised trials. The potential value of an early PET-
CT-directed switch in therapy in patients receiving the
induction component of CRT is not known.

Added value of this study
This study demonstrates that early metabolic response, based
on a reduction in maximum standardised uptake value
(SUVmax) of 35% or greater as determined by PET-CT, is not
prognostic in OSCC, and is unlikely to be in OAC, in patients
treated with dCRT. It also showed that a switch in induction
chemotherapy from cisplatin and capecitabine to carboplatin
and paclitaxel for metabolic non-responders results in inferior
outcomes in OSCC and OAC.

Implications of all the available evidence
The use of early PET-CT to individualise systemic therapy
based on metabolic response in patients receiving dCRT
cannot be recommended in OAC or OSCC. Further studies are
required to optimise the systemic component of dCRT, and to
identify biomarkers to enable the personalisation and
optimisation of induction therapy. It also remains unclear to
what extent PET-CT directed treatment selection in dCRT is
efficacious for patients with OSCC.
Introduction
Oesophageal cancer is a leading global cause of mor-
bidity and mortality, responsible for the loss of 9.8
million disability-adjusted life years and around 436,000
deaths each year.1 Two histopathological subtypes pre-
dominate; oesophageal adenocarcinoma (OAC) and
oesophageal squamous cell carcinoma (OSCC); the
latter of which represents ∼90% of all cases of oeso-
phageal cancer worldwide despite higher rates of OAC
in some Western countries e.g. United Kingdom (UK).2

For patients with locally advanced OSCC, definitive
chemoradiotherapy (dCRT) forms a standard of care
considered equivalent to surgical resection following
neoadjuvant CRT (naCRT) or chemotherapy. In con-
trast, in cases of locally advanced OAC, dCRT is re-
served for those unable/unwilling to undergo surgical
resection.3

There is considerable evidence for the importance of
a systemic component of dCRT. This was first estab-
lished by the pivotal RTOG 85-01 study, in which the
addition of concurrent chemotherapy significantly
reduced rates of persistent local disease and improved
overall survival.4 Several studies have subsequently
confirmed the same but most patients still succumb to
their disease and systemic failure rates of 30–50%
persist.5–9 The SCOPE1 trial identified higher cisplatin
dose intensity as an independent predictor of overall
survival in patients treated with dCRT.5,6 Notably, how-
ever, concurrent chemotherapy was the major contrib-
utor to CRT-related toxicities in SCOPE1 as well as other
dCRT trials.6,10–12

Given this, disease outcomes may be improved by
optimising the systemic component of dCRT. Histori-
cally this comprised of a fluoropyrimidine and platinum
doublet, though recent evidence suggests that equivalent
outcomes may be achieved with lower toxicity through
the use of carboplatin and paclitaxel.4,11–14 There are no
available biomarkers to guide selection of either
chemotherapy doublet in the context of dCRT. In
contrast, in the neoadjuvant setting, there has been
considerable interest in the use of 18F-Fluorodeox-
yglucose emission tomography (PET) – computed
www.thelancet.com Vol 61 July, 2023
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tomography (CT) for predicting response to
chemotherapy.15–19 In the UK, two cycles of induction
chemotherapy are routinely used prior to concurrent
dCRT. We hypothesised that early PET-CT assessment
of response to this induction treatment would guide
selection of an optimal concurrent chemotherapy arm of
dCRT in locally advanced OAC and OSCC.

This was assessed within the UK multi-centre phase
II/III, open-label Study of Chemoradiotherapy in
Oesophageal cancer including PET response and dose
Escalation (SCOPE2) trial. This seeks to evaluate the
impact of radiotherapy dose escalation but incorporates
a second randomised phase II component focussed on
early response assessment using PET-CT. In August
2021, the Independent Data Monitoring Committee
(IDMC) recommended the PET-directed randomisation
study component should stop on the grounds of futility
and possible harm and allowed dissemination of the
data. Herein we present the outcomes from this sub-
study of the ongoing SCOPE2 trial.
Methods
Study design and patients
The SCOPE2 randomised phase II/III, multicentre,
open label, parallel, 2 × 2 factorial study was established
to address two research questions. Firstly, whether high
dose dCRT (60Gy in 25 fractions) improves over-
all survival compared to standard dose dCRT (50Gy in
25 fractions). Secondly, whether in non-responders to
induction cis/cap (based on PET-CT imaging on day 14
of cycle 1), an early switch to car/pac reduces treatment
failure at 24 weeks following the start of treatment (a
predictor of overall survival).5

We recruited patients from radiotherapy centres in
the UK with key eligibility criteria (full inclusion/
exclusion criteria in Supplementary Table S1): histo-
logically confirmed carcinoma of the oesophagus (OAC,
OSCC or undifferentiated carcinoma) or gastro-
oesophageal junction (Siewert Type 1 or 2 with less
than 2 cm extension into the stomach), not including
tumours with a proximal extent of less than
15 cm ab oral; selected for dCRT by a designated multi-
disciplinary team; age 17 years or over; WHO perfor-
mance status 0 or 1; T1-4 and node positive or negative
(assessed by TNM 7); with a total disease length of
10 cm or less (amended to 13 cm or less from February
2019). M1 nodes encompassed within the radical
radiotherapy volume were eligible.

Patients were required to have staging investigations
including contrast-enhanced spiral CT scan of thorax,
abdomen, pelvis and a PET-CT. Endoscopic ultrasound
(EUS) was strongly recommended but not mandated.
Eligible patients required adequate renal (EDTA
glomerular filtration rate (GFR) greater than 40 ml/min,
or estimated by Cockcroft-Gault formula >60 ml/min),
liver (serum bilirubin≤1.5x upper limit of normal
www.thelancet.com Vol 61 July, 2023
(ULN), ALT/AST ≤ 2.5x ULN, ALP ≤ 3x ULN),
haematological (absolute neutrophil count (ANC)
> 1.5 × 109/l, platelet >100 × 109/l), lung (FEV1>1.0) and
cardiac function (echocardiogram/MUGA scan left
ventricular ejection fraction (LVEF) > 40%) if of clinical
concern. Patients had to provide written informed con-
sent prior to registration.

Participation in the PET response substudy described
in this paper was optional for patients and treating cen-
tres and required additional eligibility assessments:
commenced first induction cycle with cis/cap, baseline
PET scan <5 weeks prior to start of induction chemo-
therapy with SUVmax of 5 or more, PET-CT repeated on
day 14 (−2/+3 days) of their first induction cycle. In
keeping with neoadjuvant studies, undertaken in the
context of neoadjuvant chemotherapy, non-responders
were defined as those who showed <35% reduction
in SUVmax and ≥35% defined responders.13,14,17 See
SCOPE2 PET Imaging Manual in Supplementary
Materials.

The protocol for SCOPE2 has been published else-
where.20 The study was approved by the UK Medicines
and Healthcare products Regulatory Agency and the
Wales Research Ethics Committee (15/WA/0395).
Velindre University NHS Trust is sponsor and the study
is coordinated by the Centre for Trials Research (CTR) at
Cardiff University. A Trial Management Group and in-
dependent Trial Steering Committee oversaw the study,
with an IDMC reviewing recruitment, toxicity, compli-
ance and survival data at six-monthly intervals.

Randomisation and masking
Randomisation was conducted once 14 day PET
response was known, prior to starting cycle 2 of induc-
tion treatment. All patients were randomised 1:1 to
standard or high dose radiotherapy (Supplementary
Figure S1). Non-responders were additionally rando-
mised (1:1) to continue cis/cap or switch to car/pac
chemotherapy which forms the basis of this paper. The
randomisation was stratified by recruiting hospital, pri-
mary reason for not having surgery, and stage using the
method of stratified minimisation with a random
element (80:20) and was conducted separately in the
OAC and OSCC cohorts. Concealed allocation was
achieved by nurses (who recruited the patients) tele-
phoning the CTR, where randomisation was performed
by a Trial/Data Manager interacting with a bespoke
computerised system.

Procedures
Treatments
All patients included in this analysis had the same first
cycle of induction cis/cap chemotherapy, comprising of
intravenous cisplatin (60 mg/m2) on day one and oral
capecitabine (625 mg/m2) twice daily for three weeks.
Patients categorised as responders on PET-CT
continued this treatment for three further cycles, with
3
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cycles 3 and 4 given concomitantly with external beam
radiotherapy (EBRT) at standard dose (50Gy in 25 frac-
tions) or at a high dose (60Gy in 25 fractions).

For non-responders, patients randomised to the
car/pac arm received a three week cycle of intra-
venous carboplatin (AUC 5) and intravenous paclitaxel
(175 mg/m2), both delivered on day 1; followed by
weekly intravenous carboplatin (AUC 2) and intrave-
nous paclitaxel (50 mg/m2) given concomitantly with
standard-dose (50Gy in 25 fractions) or high dose
(60Gy in 25 fractions) EBRT. Patients allocated to the
cis/cap treatment received 3 further cycles of three
weekly intravenous cisplatin (60 mg/m2) on day one
and oral capecitabine (625 mg/m2 twice daily) on days
1–21 with last two cycles given concomitantly with
standard-dose (50Gy in 25 fractions) or high dose
(60Gy in 25 fractions) EBRT.

If patients were unable to swallow capecitabine, in-
vestigators were permitted to instead use intravenous 5-
fluorouracil (5-FU; 225 mg/m2/day) infusion extending
from day 1 through 21 of each cycle. Where intravenous
cisplatin was considered contraindicated, intravenous
carboplatin (AUC 5) was permitted. Contraindications
to cisplatin included, but were not restricted to,
advanced age, poor renal function, concerns regarding
neurotoxicity or clinically significant hearing impair-
ment. Chemotherapy dose modifications are summar-
ised in the Supplementary Materials.

An intravenous contrast-enhanced 3D-CT or 4D-CT
in treatment position with slice thickness of no greater
than 3 mm was acquired and a single-phase inverse-
planned intensity modulated radiation therapy (IMRT)
plan was produced. The gross tumour volume (GTV) is
defined using all available imaging modalities. The
target volumes were created as detailed in a compre-
hensive SCOPE2 radiotherapy planning guidance
document, with protocols for middle third, upper third
and 4D-CT cases included. External beam radiotherapy,
prescribed in accordance with ICRU 50/62, was then
delivered using multiple fields, Rapid Arc or volumetric
modulated arc therapy (VMAT) techniques to a dose of
50Gy (standard dose) or 60Gy (high dose) in 25 fractions
given five days per week. Details of the radiotherapy
quality assurance process are contained within the
Supplementary Materials.

Assessments
Patients were reviewed within three days prior to the
first day of each cycle of induction chemotherapy and
weekly whilst receiving concurrent CRT. Assessment at
each review consisted of a medical examination and
recording of toxicity evaluation as per Common Ter-
minology Criteria of Adverse Events (NCI CTCAE
version 4.03). An additional assessment was conducted
at the end of treatment in week 12. Blood tests including
full blood count and biochemical profile were done at
each assessment.
Subsequent follow-up visits (including toxicity
assessment) were conducted in weeks 15 and 24, and
then 9, 12, 16, 20, 24, 36, 48, 60 months after enrol-
ment. All patients underwent CT surveillance (and,
where possible, endoscopic assessment) at week 24 ± 4
weeks (in response to the coronavirus pandemic in
2020, endoscopies performed as late as week 36 were
accepted). No further imaging was mandated and sub-
sequent investigations were based on patient symp-
tomatology. The choice of second line treatment,
including salvage surgery in the case of locoregional
recurrence, was left to the discretion of the treating
clinician.

Endpoints
The primary endpoint of the substudy was treatment
failure-free survival (TFFS) at week 24 in PET non-
responders. This was defined as patients being alive
with no evidence of disease progression assessed by CT
imaging and, wherever possible, with endoscopy and bi-
opsy. Secondary endpoints were: acute toxicity (defined as
that occurring within 12 weeks of the end of treatment21),
overall survival, and progression-free survival (PFS).

Statistical analysis
This trial was powered separately for OSCC and OAC
(including undifferentiated) cohorts. At the time of
designing the study, the 24 week TFFS in PET non-
responders was unknown but was conservatively esti-
mated to be 55% for OSCC. To detect an improvement
to 75% with car/pac (chi square, 87% power, 0.2 one
sided alpha), allowing for 7% loss to follow-up, would
require 86 OSCC patients. We predicted that only 27
OAC patients would be recruited, which would be suf-
ficient to detect an improvement in 24 week TFFS from
55% with cis/cap to 85% following a switch to car/pac
(chi square,80% power, 0.20 one sided alpha), allowing
for 5% loss to follow up.

Statistical analyses were performed using Stata
version 17 according to intention to treat unless other-
wise specified. All analyses were conducted according to
a pre-specified analysis plan except where indicated as
post hoc. In the OSCC cohort, the primary endpoint was
analysed using chi square and mixed effects logistic
regression that included the randomisation stratification
criteria (with treating centre as a random effect). Post
hoc sensitivity analyses also included some potentially
prognostic baseline and treatment variables that looked
imbalanced. In the OAC cohort, the failure-free rate was
compared between arms using chi square and was not
adjusted for multiple testing as these analyses relied on
small numbers and were exploratory. The distribution of
baseline SUVmax and percentage change in SUVmax

between baseline and day 14 was compared between
treatment failure and failure-free patients at 24 weeks in
each trial arm separately using Wilcoxon rank sum tests.
The proportions of patients with any grade 3 or 4 acute
www.thelancet.com Vol 61 July, 2023
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toxicity were compared between trial arms using a chi
square test in all tumour types together in patients
receiving at least one dose of randomised trial treat-
ment. For survival analyses, we calculated survival time
from date of randomisation to when an event occurred;
whether this be progression or any death for PFS, and
any death for overall survival. Patients who were event
free were censored at the time they were last known to
be event free. We estimated event time distributions
with the Kaplan–Meier method. Cox regression was
used to generate hazard ratios in:
i. a univariable model including trial arm in the
OSCC cohort.
ii. univariable and multivariable models including trial
arm, age, sex, WHO performance status, disease
stage, tumour histology, and disease length in the
combined OSCC + OAC cohort

In order to assess the prognostic value of 35%
reduction in SUVmax, we compared TFFS (using chi-
square in each tumour type separately) and overall
survival (using univariable cox-regression in the com-
bined tumour types) between responders (who all
received cis/cap) and non-responders randomised to
cis/cap.

This trial is registered with International Standard
Randomized Controlled Trial Number 97125464 and
ClinicalTrials.gov NCT02741856.
Assessed for eligibility (n=

Allocated to switch to carboplatin+paclitaxel (n=31)
OSCC (n=25)
OAC (n=6)

Recruited (n=260)

Randomised (n=63)

Fig. 1: Flow diagram o
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Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, the writing
of the study report or the decision to submit for publi-
cation. CH, SS, and PM had full access to the study data.
All authors had final responsibility for the decision to
submit for publication.

Results
Overview
The first patient was recruited on 22nd November 2016
and the IDMC recommended that the PET-CT-based
substudy should be closed on 1st August 2021. At this
point, 103 patients had been recruited from 16 centres
(Supplementary Table S2) in the PET-CT substudy
(Fig. 1) of whom 40 were responders and 63 non-
responders (52 OSCC, 11 OAC) of whom 31 were allo-
cated to switch to car/pac, whilst 32 were allocated to
remain on treatment with cis/cap.

Decision to stop randomisation in the substudy
When the PET-CT substudy closed, 14 of 20 (70.0%)
OSCC patients randomised to car/pac were treatment
failure-free at 24 weeks compared with 22 of 24 (91.7%)
OSCC patients who continued with cis/cap
(Supplementary Table S3). This data gave a 4% chance
(conditional power) of seeing a significant result at the
end of the study, with a similar pattern seen for OAC
(Supplementary Table S3). The IDMC recommended:
998)

Excluded (n=738)
Ineligible (n=520)
Eligible but declined (n=147)
Eligible but unknown reason (n=48)
Unknown eligibility (n=23)

Allocated to stay on cisplatin+capecitabine (n=32)
OSCC (n=27)
OAC (n=5)

Excluded (n=197)
Withdrew prior to randomisation (n=6)
Ineligible (tumour too long) (n=1)
PET responder (n=40)
PET not done (n=150)

f trial participants.
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(i) stopping the chemotherapy switch randomisation on
the basis of futility and potential harm and, (ii)
continuing follow up of those patients to 24 weeks
before conducting the analysis presented below.

Continued cis/cap versus a switch to car/pac in non-
responders
The baseline characteristics of the non-responders
randomised to either continue with cis/cap or to
switch to car/pac are shown in Table 1 (OSCC) and
Table 2 (OAC). WHO performance status and gender do
not appear well balanced between trial arms in the
carboplatin + p

Number randomised

Median age (years), IQR 67

Sex

Male 9

Female 16

WHO performance status

0 8

1 17

Reason for non-surgical therapy

Clinician’s choice 16

Co-morbidity/Poor performance status 3

Local extent of disease 3

Patient choice 3

T - Stage

T2 1

T3 19

T4a 1

T4b 4

N - Stage

N0 10

N1 13

N2 2

Histologic grade

G1 1

G2 19

G3 5

Screening TNM v7 Stage

IIa 2

IIb 7

III 16

Site of predominant tumour

Upper 1/3 (14 to <24 cm) 6

Mid-point (24 to <32 cm) 12

Lower 1/3 (32–40 cm) 7

Median overall length of primary tumour (cm), IQR 5

Total disease length (cm), IQR 6

Baseline SUVmax – median IQR 13.

% change in SUVmax to day 14 - median IQRa 18.9

NB. n (%) unless otherwise specified. a100 x (SUVmax at 14 days/SUVmax at baseline).

Table 1: Baseline patient characteristics–squamous cell carcinoma cohort.
OSCC cohort. Median follow up in those still alive was
17.7 months (range: 5.4–46.7) in car/pac arm and 23.7
(range: 8.6–48.3) in cis/cap.

A higher proportion of patients were randomised to
receive higher-dose radiotherapy in the cis/cap arm
(n = 18; 56.3%) than in the car/pac arm (n = 14; 45.2%).
Overall, more than 80% of patients received radio-
therapy as per protocol in both trial arms (Table 3).
Compliance with chemotherapy protocol treatment is
shown in Table 4 and Fig. 2. More than 90% of patients
received cycle 1 at full protocol dose in both trial arms.
Dose intensity remained high in both treatment arms
aclitaxel cisplatin + capecitabine

25 27

.7, 59.2–70.8 69.6, 61.9–72.2

(36.0) 15 (55.6)

(64.0) 12 (44.4)

(32.0) 16 (59.3)

(68.0) 11 (40.7)

(64.0) 16 (59.3)

(12.0) 1 (3.7)

(12.0) 4 (14.8)

(12.0) 6 (22.2)

(4.0) 3 (11.1)

(76.0) 18 (66.7)

(4.0) 4 (14.8)

(16.0) 2 (7.4)

(40.0) 12 (44.4)

(52.0) 13 (48.2)

(8.0) 2 (7.4)

(4.0) 0 (0.0)

(76.0) 17 (63.0)

(20.0) 10 (37.0)

(8.0) 3 (11.1)

(28.0) 8 (29.6)

(64.0) 16 (59.3)

(24.0) 4 (14.8)

(48.0) 16 (59.3)

(28.0) 7 (25.9)

.1, 3.9–5.9 4.2, 3.0–5.4

.0, 4.6–8.0 5.0, 3.0–7.0

6 (12.3–15.5) 13.4 (11.0–15.8)

(−1.7 to 25.3) 16.4 (9.0–23.7)

www.thelancet.com Vol 61 July, 2023
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carboplatin + paclitaxel cisplatin + capecitabine

Number randomised 6 5

Median age (years), IQR 73.8, 70.1–76.3 71.4, 60.3–72.0

Gender

Male 5 (83.3) 4 (80.0)

Female 1 (16.7) 1 (20.0)

WHO performance status

0 4 (66.7) 3 (60.0)

1 2 (33.3) 2 (40.0)

Reason for non-surgical therapy

Clinician’s choice 1 (16.7) 1 (20.0)

Co-morbidity/Poor performance status 2 (33.3) 1 (20.0)

Local extent of disease 2 (33.3) 1 (20.0)

Patient choice 1 (16.7) 2 (40.0)

T - Stage

T1 0 (0.0) 1 (20.0)

T2 1 (16.7) 0 (0.0)

T3 4 (66.7) 3 (60.0)

T4a 1 (16.7) 1 (20.0)

N - stage

N0 1 (16.7) 3 (60.0)

N1 4 (66.7) 0 (0.0)

N2 1 (16.7) 2 (40.0)

Histologic grade

G1 1 (16.7) 0 (0.0)

G2 4 (66.7) 3 (60.0)

G3 1 (16.7) 1 (20.0)

Screening TNM v7 Stage

I 0 (0.0) 1 (20.0)

IIb 2 (33.3) 2 (40.0)

III 4 (66.7) 2 (40.0)

Site of predominant tumour

Mid-point (24 to <32 cm) 2 (33.3) 1 (20.0)

Lower 1/3 (32–40 cm) 4 (66.7) 4 (80.0)

Median overall length of primary tumour (cm), IQR 4.9, 3.0–6.0 4, 3.7–7.0

Total disease length (cm), IQR 5.7, 4.0–7.4 4.5, 4.0–5.0

Baseline SUVmax – median IQR 8.9 (7.5–10.6) 8.5 (7.6–8.7)

% change in SUVmax to day 14 - median IQRa 7.9 (−8.0-25.5) 7.1 (−5.3-20.3)

NB. n (%) unless otherwise specified. a100 × (SUVmax at 14 days/SUVmax at baseline).

Table 2: Baseline patient characteristics–adenocarcinoma/undifferentiated histology cohort.

Articles
during cycles 2 to 4, with 92.9% (IQR 83.5–99.5) and
97.1% (IQR 78.2–100.2) respectively receiving per pro-
tocol dose platinum and paclitaxel, and 99.7%
(83.4–101.8) and 98.2% (88.1–99.6) respectively
receiving per protocol dose platinum and fluoropyr-
imidine. One patient with OAC in the cis/cap arm
received no treatment after cycle 1 because they were
found to have progressed soon after randomisation.

All patients were assessable for TFFS (Table 5). In
the OSCC cohort, the failure-free rate was 17/25 (68.0%)
in the car/pac arm, compared with 25/27 (92.6%) in the
cis/cap arm (λ2 = 5.054, p = 0.025; adjusted logistic
regression p = 0.028; also adjusted for planned RT dose
post-hoc p = 0.032; and sex and WHO PS post-hoc
www.thelancet.com Vol 61 July, 2023
p = 0.039). The direction of failure rate trend favour-
ing cis/cap was consistent across subgroups. The results
in the OAC cohort are also given but the sample size
was small (n = 11). Neither baseline SUVmax nor per-
centage change in SUVmax between baseline and day
14 were found to be associated with failure-free rate at
24 weeks in either treatment arm (Supplementary
Figure S2).

A summary of toxicities of all grades from the start of
treatment in cycle 2 to week 24 is provided in
Supplementary Table S4. Grade 3/4 toxicities are sum-
marised in Table 6. Overall rates are very similar be-
tween the arms, with 22/31 (71.0%) treated with car/pac
experiencing a grade 3/4 toxicity compared with 21/31
7
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Patients randomised carboplatin + paclitaxel cisplatin + capecitabine

31 32
n % n %

Planned dose

50Gy 17 54.8 14 43.8

60Gy 14 45.2 18 56.3

Planned 50Gy*

Given 50Gy in 25# 15 88.2 12 85.7

Other dose given 2a 11.8 1b 7.1

No RT given 0 0.0 1 7.1**

Planned 60Gy*

Given 60Gy in 25# 10 71.4 16 88.9

Other dose given 4c 28.6 2d 11.1

No RT given 0 0.0 0 0.0

Days from randomisation to start of RT – median (IQR) 26 (25–32) 26 (24–27)

Delays during RT

Yes 3 9.7 5 15.6

No 28 90.3 26 81.3

N/A – no RT given 0 0.0 1 3.1

Median delay in days (IQR) 8 (1–33) 4 (1–7)

Reasons for delay

Toxicity 0 0.0 3 9.4

Patient choice 1 3.2 0 0.0

Stent/replan/other treatment 2 6.5 1 3.1

Bank holiday 0 0.0 1 3.1

Denominator for % is randomized patients except for * where denominator is number of patients with this planned dose **withdrew from treatment after cycle 1 due to
disease progression. a48Gy in 24# due to toxicity; 50Gy in 5# and 40gy in 20#. b36Gy in 18#. c50Gy in 25#; 51Gy in 27#; 50Gy in 25#; 60Gy in 5# and 48Gy in 20#. d24Gy in
12#; 60Gy in 1# and 57.6Gy in 3# and 42Gy in 21#.

Table 3: Radiotherapy treatment.
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(67.7%) treated with cis/cap (λ2 = 0.0759, p = 0.783). The
most common toxicity at grade 3/4 was dysphagia,
experienced by 14/31 (45.2%) of those treated with car/
pac, and 11/31 (35.5%) of those treated with cis/cap.

For patients with OSCC, overall survival was signif-
icantly better in the cis/cap arm (Fig. 3a, unadjusted
HR = 0.32 [95%CI: 0.13–0.79], p = 0.013, n = 52). In
OSCC + OAC cohorts combined (Supplementary
Table S5), overall survival was significantly better in
the cis/cap arm (median 20.4 [95%CI 10.8–43.4] versus
42.5 [95%CI 27.0-not reached (nr)] months; unadjusted
HR = 0.44 [95%CI: 0.20–0.97, p = 0.041; adjusted
HR = 0.36 [95%CI: 0.16–0.84], p = 0.018, n = 63). A
better WHO performance status, but nothing else, was
also significantly associated with improved overall sur-
vival (unadjusted HR = 2.41 [95%CI: 1.06–5.48,
p = 0.036; adjusted HR = 2.96 [95%CI: 1.19–7.38],
p = 0.036, n = 63). Causes of death are shown in
Supplementary Table S6.

For patients with OSCC, PFS was significantly better
in the cis/cap arm (Fig. 3b, unadjusted HR = 0.30 [95%
CI: 0.13–0.69], p = 0.005, n = 52). In OSCC + OAC co-
horts combined (Supplementary Table S7), PFS was
higher in the cis/cap arm although this was not statis-
tically significant (median 19.4 [95%CI: 10.8–24.1]
versus 34.6 [95%CI: 18.3-nr] months; unadjusted
HR = 0.54 [95%CI: 0.27–1.08, p = 0.079; adjusted
HR = 0.58 [95%CI: 0.28–1.21], p = 0.147, n = 63).
Further, if the patient who progressed prior to cycle 2 is
removed from the analysis of all patients, then the evi-
dence for cis/cap having better PFS strengthens
(adjusted HR = 0.42 [95%CI: 0.20–0.91], post hoc
p = 0.027, n = 62). No other variables were significantly
associated with PFS.

Patterns of first progression by trial arm and histo-
pathological subtype are summarised in Supplementary
Table S8. In the OSCC cohort, 8/17 (47.1%) of first
progression events were deaths in the car/pac arm
compared to 3/9 (33.3%) in the cis/cap arm. In the OAC
cohort, 3/3 (100%) first progression events were deaths
in the car/pac arm compared to 0/5 (0%) in the cis/
cap arm. Overall, 10/34 (29.4%) involved distant
progressions.

Responder vs non-responder outcomes
Forty (38.8%) of the 103 patients recruited to the PET-
CT substudy were responders. In comparing outcomes
between responders (who all received cis/cap, n = 40)
and non-responders (n = 63), we have considered only
non-responding patients who received cis/cap (n = 32)
www.thelancet.com Vol 61 July, 2023
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carboplatina + paclitaxelb cisplatina + capecitabineb

Randomised 31 32

Cycle 1

Cisplatin

Replaced with carboplatin 5 16.1 Replaced with carboplatin 1 3.1

Full dose 28 90.3 Full dose 29 90.6

Reduced dose 3 9.7 Reduced dose 3 9.4

No drug given 0 0.0 No drug given 0 0.0

Capecitabine Replaced with 5FU 2 6.5 Replaced with 5FU 2 6.3

Full dose 28 90.3 Full dose 30 93.8

Reduced dose 3 9.7 Reduced dose 2 6.3

No drug given 0 0.0 No drug given 0 0.0

Cycle 2–4

Drug 1 Replaced with carboplatin for any cycle 2 6.3

No drug given 1 3.2 No drug given 1 3.1

Dose intensity % (IQR, R) 92.9 (83.7–99.5,
0–109.9)

Dose intensity % (IQR, R) 99.7 (83.4–101.8,
0–106.1)

Drug 2 Replaced with 5FU for any week 2 6.3

No drug given 1 3.2 No drug given 1 3.1

Dose intensity % (IQR, R) 97.1 (78.2–100.2,
0–104.2)

Dose intensity % (IQR, R) 98.2 (88.1–99.6,
0–106.8)

Time from start of cycle 2 to start of
cycle 4 (days – median (IQR), n)c

42 (41–42), 27 Time from start of cycle 2 to start of
cycle 4 (days – median (IQR), n)c

42 (41–47), 31

aDrug 1. bDrug 2. cOnly those that received cycle 4 (week 10) of treatment.

Table 4: Chemotherapy treatment.

Articles
to assess the prognostic value of 35% reduction in
SUVmax. Baseline characteristics (Supplementary
Table S9) are similar in each group, though baseline
SUVmax was higher in the responders (post hoc t
test = −3.5614, p < 0.001). In the OSCC cohort, the
failure-free rate was 25/27 (92.6%) for non-responders
and 22/28 (78.6%) for responders (λ2 = 2.1740,
p = 0.140) and, similarly, in the OAC cohort the failure-
free rate was 4/5 (80.0%) in non-responders and 7/9
(77.8%) in responders (λ2 = 0.0094, p = 0.923)
Fig. 2: Chemotherapy dose intensity (as % of full protocol dose) for eac
cisplatin and “drug 2” is paclitaxel or capecitabine.

www.thelancet.com Vol 61 July, 2023
(Supplementary Table S10). There was a similar direc-
tion of trend in median overall survival (Supplementary
Figure S3), which measured 42.5 (95% CI: 27.0-nr)
months in non-responders receiving cis/cap and 33.6
(23.1-nr) months in responders (univariable HR = 1.43,
95CI: 0.67–3.08, p = 0.350, n = 72) for patients with
OAC and OSCC combined. In this same group, there
was no significant difference in the distribution of
baseline SUVmax between those who failed at 24 weeks
and those who did not (post hoc z = −1.166, p = 0.2489).
h drug during cycles 2–4 by trial arm. NB “drug 1” is carboplatin or
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carboplatin + paclitaxel cisplatin + capecitabine Odds Ratio (95% CI) p value

Squamous cell

Patients randomised 25 27

Died/progressed prior to week 24 scana 3 12.0 0 0.0

Valid CT scan doneb 22 88.0 27 100.0

Progression outside RT volume 4 16.0 2 7.4

Valid endoscopy donec 21 84.0 23 85.2

Residual/persistent disease 3 12.0 0 0.0

Response assessable 25 100.0 27 100.0

Failure-free 17 68.0 25 92.6 0.14 (0.02–0.81) 0.028d

Failure 8 32.0 2 7.4

Adenocarcinoma and undifferentiated

Patients randomised 6 5

Died/progressed prior to week 24 scana 1 16.7 1 20.0

Valid CT scan doneb 5 83.3 4 80.0

Progression outside RT volume 0 0.0 0 0.0

Valid endoscopy donec 5 83.3 3 60.0

Residual/persistent disease 1 16.7 0 0.0

Response assessable 6 100.0 5 100.0

Failure-free 4 66.7 4 80.0 0.50 (0.03–9.46) 0.621e

Failure 2 33.3 1 20.0

Subgroup analyses of failure-free rate

Age

<70 10 62.5 15 93.8

≥70 11 73.3 14 87.5

Sex

Male 9 64.3 18 94.7

Female 12 70.6 11 84.6

WHO status

0 8 66.7 17 89.5

1 13 68.4 12 92.3

Stage

I or II 8 72.7 14 100.0

III 13 65.0 15 83.3

Total disease length

<5 cm 8 80.0 13 92.9

≥5 cm 13 61.9 16 88.9

aTherefore no CT scan due at 24 weeks. bDone at 24 weeks ( ± 4 weeks) after start of treatment. cDone at 24 weeks (+12/-4 weeks) after start of treatment. dMixed effects logistic regression. eChi square.

Table 5: 24 Week treatment failure-free survival (TFFS) – n (%).
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Discussion
The phase II PET-CT substudy of the SCOPE2 trial was
stopped by the IDMC on the grounds of futility and
possible harm. In OSCC, switching from cis/cap to
car/pac chemotherapy based on <35% reduction in
SUVmax on PET-CT at day 14 of cycle 1 of induction
treatment significantly worsens 24 week TFFS and
overall survival. The sample size was too small in the
OAC cohort to draw meaningful conclusions. Treat-
ment compliance was high in both trial arms with
similar rates of grade 3/4 toxicity. Although not sig-
nificant, there were trends towards better 24 week
TFFS and overall survival in non-responders rando-
mised to cis/cap when compared to responders (who
all got cis/cap). This suggests that a 35% reduction in
SUVmax during induction chemotherapy is not prog-
nostic of better outcome in patients managed with
dCRT.

This study was undertaken in the context of a ma-
lignancy for which outcomes following CRT remain
poor, with a median overall survival of 2–3 years in
contemporary trials.5,6,22,23 Previous attempts to improve
outcomes using radiotherapy dose escalation and the
inclusion of targeted therapies have failed and there are
a paucity of available biomarkers to guide either the
systemic or radiotherapy components of dCRT.5,6,22–25

The importance of intensified systemic treatment is,
however, increasingly clear and, as such, there has been
growing interest in means to optimise and personalise
this aspect of dCRT.
www.thelancet.com Vol 61 July, 2023
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carboplatin + paclitaxel cisplatin + capecitabine

n % n %

Randomised 31 32

Received at least one dose of assigned chemotherapya 31 31

Any Grade 3 or 4 22 71.0 21 67.7

Blood and lymphatic system disorders

Febrile neutropenia 3 9.7 1 3.2

Anaemia 2 6.5 1 3.2

Cardiac disorders

Cardiac arrest 1 3.2 0 0.0

Conduction disorder/atrial fibrillation 1 3.2 1 3.2

Heart failure 0 0.0 1 3.2

Ear and labyrinth disorders

Hearing impaired 1 3.2 0 0.0

Gastrointestinal disorders

Abdominal pain 0 0.0 1 3.2

Colon perforation 0 0.0 1 3.2

Diarrhoea 1 3.2 1 3.2

Dysphagia 14 45.2 11 35.5

Nausea/vomiting 1 3.2 3 9.7

Oesophageal pain 0 0.0 1 3.2

Oesophageal stenosis 0 0.0 1 3.2

Oesophagitis 3 9.7 7 22.6

General disorders and administration site conditions

Fatigue 2 6.5 1 3.2

Fever 0 0.0 1 3.2

Infections and infestations

Lung infection 1 3.2 1 3.2

Sepsis 0 0.0 1 3.2

Skin infection 2 6.5 0 0.0

Other infections 1 3.2 2 6.5

Investigations

Lymphocyte decrease 1 3.2 1 3.2

Neutrophil decrease 5 16.1 5 16.1

Platelet decrease 1 3.2 2 6.5

Weight loss 0 0.0 1 3.2

Metabolism and nutrition disorders

Anorexia 1 3.2 3 9.7

Dehydration 2 6.5 2 6.5

Hypokalaemia 1 3.2 2 6.5

Hypomagnesemia 0 0.0 1 3.2

Nervous system disorders

Stroke 0 0.0 2 6.5

Syncope 1 3.2 0 0.0

Psychiatric disorders

Acute confusion 1 3.2 0 0.0

Respiratory, thoracic and mediastinal disorders

Aspiration 0 0.0 2 6.5

Dyspnoea 1 3.2 1 3.2

Pneumonitis 1 3.2 0 0.0

Skin and subcutaneous tissue disorders

Alopecia 1 3.2 0 0.0

Vascular disorders

Hypotension 1 3.2 1 3.2

Thromboembolic event 0 0.0 2 6.5

aThis forms the denominator in this table.

Table 6: CTCAE Grade 3/4 toxicity up to week 24.
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Fig. 3: Kaplan Meier curves of overall (OS) and progression free (PFS) survival.
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Although not advocated for within European guid-
ance, induction chemotherapy is a standard feature of
dCRT within the UK.3,6 There is a lack of randomised
evidence to guide the use of induction chemotherapy in
OAC or OSCC, and there is considerable discord within
the literature with respect to induction chemotherapy
use for CRT in the context of SCCs of the head, neck
and anus.26–28 Whilst there are no randomised,
controlled data evaluating its use in this context, the
theoretical advantages include an early improvement in
dysphagia and elimination of micrometastases to reduce
systemic recurrence. Practically, this approach addi-
tionally ensures that treatment commences early whilst
radiotherapy is planned. We hypothesised that it also
provides a window of opportunity in which to assess
treatment response in real time, such as via assessment
of metabolic response, and switch to an alternative
systemic agent where required.

There is existing prospective evidence that supports
consideration of this approach in OAC.15,16,19,29–31 This
includes the non-randomised, single-centre MUNICON
I & II studies, which hypothesised that proceeding
directly to surgery or to naCRT based on PET-CT
assessed poor metabolic response to a first cycle of
neoadjuvant chemotherapy might improve outcomes,
albeit in the context of a number of now well-
documented limitations.32 The more recent AGITG
DOCTOR trial expanded on MUNICON I, demon-
strating that a greater than 35% SUVmax decrease at day
15 of cycle 1 of neoadjuvant cisplatin/5-FU was associ-
ated with favourable overall and PFS in patients with
OAC.16,31 The addition of docetaxel alone to metabolic
non-responders in that trial improved pathological
response rates but not survival, whereas addition of
docetaxel with chemoradiation improved pathological
response, PFS and locoregional recurrence, matching
the metabolic-responder group. The recent MEMORI
trial has in turn expanded on MUNICON II, demon-
strating that PET-CT assessment after cycle 1 of neo-
adjuvant chemotherapy is prognostic for outcome in
OAC, though here a switch to CROSS-regimen CRT in
those not responding to neoadjuvant chemotherapy did
not improve the primary outcome R0 resection rate
measure.15,29

Similar to our approach, the CALGB80803 study
proposed that a PET-CT directed change in systemic
therapy based on response to induction treatment could
improve outcomes in OAC patients receiving neo-
adjuvant CRT followed by surgery.19 To achieve this,
the investigators randomised patients to receive induc-
tion oxaliplatin, leucovorin and fluorouracil (FOLFOX)
or carboplatin/paclitaxel. Non-responders, defined as a
<35% decrease in SUVmax on PET-CT, were switched to
the alternative chemotherapy option for naCRT. This
study demonstrated that PET response was prognostic
for survival outcomes (48.8 months vs 27.4 months). For
patients who started on car/pac chemotherapy, non-
responders who switched to FOLFOX during naCRT
(pCR 20%) had comparable response rate to responders
who continued car/pac (pCR 14%), however for patients
who started on FOLFOX, responders who continued the
same chemotherapy had much better pCR (40%) than
non-responders who switched to car/pac (18%).

There is controversy regarding the extent to which
pCR translates to survival outcomes in OAC.33 The study
reported here used 24-week TFFS, which is known to
correlate with survival, as on outcome measure.5 It is,
therefore, disappointing that the premature close of this
study arm means that we are unable to provide further
evidence relating to the utility of PET-CT in directing the
systemic arm of CRT in patients with OAC. We are
nevertheless able to provide evidence that indicates that
there is no improvement in outcomes with the use of
early metabolic response assessment in patients with
www.thelancet.com Vol 61 July, 2023
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OSCC. This has not previously been subject to pro-
spective assessment, though a previous retrospective
analysis focussed solely on OSCC predicted the results
we have outlined here.34 PET-CT nevertheless remains
prognostic for outcome in CRT-treated OSCC patients,
as was previously proposed for both OAC and OSCC in
a retrospective analysis by Ilson and colleagues.35

It is unclear why PET-CT directed systemic switch
appears to hold some promise in OAC but not in OSCC.
It may, though, reflect the lower intrinsic radiosensi-
tivity and higher propensity for systemic relapse of
OAC; both of which necessitate optimal use of systemic
agents. It may also relate to the choice of alternative
chemotherapy for non-responders used in this study. It
is, for instance, noteworthy that a switch to car/pac
achieved significantly worse TFFS and overall survival in
patients with OSCC, and inferior TFFS in those with
OAC. At 78.6 and 92.6% for OSCC and 77.8 and 80.0%
for OAC in responders and non-responders respectively,
TFFS with cis/cap exceeded that seen in comparable
previous studies of dCRT such as SCOPE1 (76.9%).6 In
contrast, the TFFS of 68.0% and 66.7% for OSCC and
OAC seen with car/pac is comparable, if not inferior, to
current outcomes seen in the literature. Whilst this is
somewhat supported by the improved outcomes seen
with a similar FOLFOX regimen for patients receiving
dCRT for OAC in the CALGB80803 trial, long-term data
from the NeoSCOPE trial suggest superior overall sur-
vival with car/pac compared with oxaliplatin and cape-
citabine in patients receiving neoadjuvant CRT for
OAC.19,36 However, it should be noted that in ART-
DECO (OSCC 61%, 39% OAC), a dCRT trial which
used car/pac as systemic, survival was lower than
SCOPE1 which used cis/cap regimen therapy (3 year OS
∼40% vs ∼50%).22 These data do suggest that the use of
cis/cap may be superior, at least when compared with a
switch to car/pac, particularly in OSCC.

Given that this trial was stopped early and did not
reach its target size, it is also possible that these dif-
ferences arise through random variation. The achieved
sample size in OAC was particularly small and no reli-
able conclusions can be drawn. Equally, these results
may reflect an as yet unclear interaction between cis/cap
and higher-dose EBRT, particularly considering that a
larger proportion of patients received higher-dose CRT
in the cis/cap group. However, subgroup analysis in
each RT dose group showed the same direction of effect
(data not shown) and the regression model that included
RT dose showed the same significant effect.

Endoscopic biopsy at 24 weeks was a protocol
assessment but where it was not done, CT scan result
only was used to judge the primary endpoint. This was
allowed to enable a feasible recruitment target following
our experience in SCOPE1 when endoscopy was missed
for a variety of pragmatic clinical reasons e.g. patient too
ill/declined and during the COVID19 pandemic. How-
ever, as can be seen in Table 5, endoscopic biopsy was
www.thelancet.com Vol 61 July, 2023
done in 21 + 23/22 + 27 = 90% of cases and showed the
same trend of worse outcome in the patients who
switched chemotherapy.

Only 16 of 29 participating centres enrolled patients
into the PET-CT substudy due to concerns relating to
funding for the additional day 14 response assessment
imaging, which may have resulted in selection bias.
There has also been no central review of the PET-CT
data and randomisation was based on local assessment
of SUVmax. However, PET-CT response assessment was
undertaken using an unchanged scanner for each pa-
tient, a trial manual standardised image acquisition and
reporting, and a previous study has shown high
concordance between local and central FDG-SUV
quantification.30 The optimum timing of PET-CT and
parameter (e.g. SUVmax or Total Glycolytic Index) for a
metabolic response assessment has yet to be defined
and will vary depending on tumour type and chemo-
therapy regime. Furthermore, PET technology is rapidly
evolving. Although all the scans performed in this study
were on state of the art, time of flight PET-CT scanners,
PET is now rapidly transitioning to digital scanners with
markedly improved sensitivity and resolution, which,
combined with improved PET image reconstruction,
motion correction and AI (Artificial Intelligence) image
enhancement will significantly increase the clinical
utility of PET, particularly regarding small abnormal-
ities, and therefore potentially improve the predictive
value of response assessment PET-CT.37

These data suggest that metabolic response based on
a reduction in PET-CT assessed SUVmax of at least 35%
from baseline to day 14 of cycle 1 of induction chemo-
therapy is not associated with improved outcomes in
patients with OSCC receiving dCRT. A switch from cis/
cap to car/pac in metabolic non-responders at this
timepoint results in inferior outcomes and cannot be
recommended. Sample size was too small to draw
conclusions in the OAC cohort. Whereas the early
detection of ineffective treatments is critical in person-
alising management, further studies are required to
determine whether PET-CT has any role in this setting.
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