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Summary

Background Thoracic radiation intensification is debated in patients with stage III non-small-cell lung cancer (NSCLC).
We aimed to assess the activity and safety of a boost radiotherapy dose up to 74 Gy in a functional sub-volume given
according to on-treatment [18F]fluorodeoxyglucose ([18F]FDG)-PET results.

Methods In this multicentre, randomised, controlled non-comparative phase 2 trial, we recruited patients aged
18 years or older with inoperable stage III NSCLC without EGFR mutation or ALK rearrangement with an Eastern
Cooperative Oncology Group performance status of 0-1, and who were affiliated with or a beneficiary of a social
benefit system, with evaluable tumour or node lesions, preserved lung function, and who were amenable to curative-
intent radiochemotherapy. Patients were randomly allocated using a central interactive web-response system in a
non-masked method (1:1; minimisation method used [random factor of 0-8]; stratified by radiotherapy technique
[intensity-modulated radiotherapy vs three-dimensional conformal radiotherapy] and by centre at which patients were
treated) either to the experimental adaptive radiotherapy group A, in which only patients with positive residual
metabolism on [18F|FDG-PET at 42 Gy received a boost radiotherapy (up to 74 Gy in 33 fractions), with all other
patients receiving standard radiotherapy dosing (66 Gy in 33 fractions over 6-5 weeks), or to the standard radiotherapy
group B (66 Gy in 33 fractions) over 6-5 weeks. All patients received two cycles of induction platinum-based
chemotherapy cycles (paclitaxel 175 mg/m?2 intravenously once every 3 weeks and carboplatin area under the curve
[AUC]=6 once every 3 weeks, or cisplatin 80 mg/m? intravenously once every 3 weeks and vinorelbine 30 mg/m?2
intravenously on day 1 and 60 mg/m?2 orally [or 30 mg/m? intravenously] on day 8 once every 3 weeks). Then they
concomitantly received radiochemotherapy with platinum-based chemotherapy (three cycles for 8 weeks, with once
per week paclitaxel 40 mg/m?2 intravenously and carboplatin AUC=2 or cisplatin 80 mg/m?2 intravenously and
vinorelbine 20 mg/m? intravenously on day 1 and 40 mg/m2 orally (or 20 mg/m? intravenously) on day 8 in 21-day
cycles). The primary endpoint was the 15-month local control rate in the eligible patients who received at least one
dose of concomitant radiochemotherapy. This RTEP7-IFCT-1402 trial is registered with ClinicalTrials.gov
(NCT02473133), and is ongoing.

Findings From Nov 12, 2015, to July 7, 2021, we randomly assigned 158 patients (47 [30%] women and 111 [70%] men)
to either the boosted radiotherapy group A (81 [51%)) or to the standard radiotherapy group B (77 [49%)]. In group A,
80 (99%) patients received induction chemotherapy and 68 (84%) received radiochemotherapy, of whom 48 (71%) with
residual uptake on [18F]FDG-PET after 42 Gy received a radiotherapy boost. In group B, all 77 patients received
induction chemotherapy and 73 (95%) received radiochemotherapy. At the final analysis, the median follow-up for
eligible patients who received radiochemotherapy (n=140) was 45 -1 months (95% CI 39-3-48-3). The 15-month local
control rate was 77-6% (95% CI 67 -6-87 -6%) in group A and 71-2% (95% CI 60-8-81-6%) in group B. Acute (within
90 days from radiochemotherapy initiation) grade 3—4 adverse events were observed in 20 (29%) of 68 patients in
group A and 33 (45%) of 73 patients in group B, including serious adverse events in five (7%) patients in group A and
ten (14%) patients in group B. The most common grade 3—4 adverse events were febrile neutropenia (seven [10%)] of
68 in group A vs 16 [22%)] of 73 in group B), and anaemia (five [7%)] vs nine [12%)). In the acute phase, two deaths (3%)
occurred in group B (one due to a septic shock related to chemotherapy, and the other due to haemotypsia not related
to study treatment), and no deaths occurred in group A. After 90 days, one additional treatment-unrelated death
occurred in group A and two deaths events occurred in group B (one radiation pneumonitis and one pneumonia
unrelated to treatment).
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Interpretation A thoracic radiotherapy boost, based on interim [18F]FDG-PET, led to a meaningful local control rate
with no difference in adverse events between the two groups in organs at risk, in contrast with previous attempts at
thoracic radiation intensification, warranting a randomised phase 3 evaluation of such [18F]FDG-PET-guided
radiotherapy dose adaptation in patients with stage III NSCLC.

Funding Programme Hospitalier de Recherche Clinique National 2014.

Copyright © 2024 Elsevier Ltd. All rights reserved, including those for text and data mining, Al training, and similar

technologies.

Introduction

The standard treatment for inoperable, locally advanced
non-small-cell lung cancer (NSCLC) is concurrent
radiochemotherapy, which has shown improved survival
over sequential radiotherapy and chemotherapy or
radiotherapy alone,! followed Dby consolidation
immunotherapy with durvalumab over the course of
1year.?

Several studies have shown the value of [18F]
fluorodeoxyglucose  ([18F]JFDG)-PET in managing
patients with locally advanced inoperable stage ITA-III
NSCLC, performed before, during, and after radio-
chemotherapy*® Additionally, although the 1-year
locoregional control rate of NSCLC with radiotherapy

Research in context

Evidence before this study

We searched MEDLINE for articles published from Jan 1, 2010, to
Dec 31, 2017, either in English or French, reporting the results of
phase 2 and 3 studies relevant to our study. We used the terms
(“stage Il non-small-cell lung cancer” AND “adaptive
radiotherapy”) and (“PET-guided radiotherapy dose escalation”
OR “image-guided radiotherapy dose escalation” AND “chemo-
radiotherapy” AND “stage Ill non-small-cell lung cancer”). We
found that the standard of care for the medical treatment of
patients with stage Il non-small-cell lung cancer (NSCLC),
without an EGFR mutation or ALK rearrangement, currently
consists of platinum-based concurrent radiotherapy and
chemotherapy, using the standard radiotherapy dose of up to
66 Gy over 6-5 weeks, followed by 1 year of maintenance with
anti-PD-L1 immunotherapy with durvalumab. Such standard of
care is based on a 2017 phase 3 study reporting a median
progression-free survival of 16-9 months with durvalumab
versus 5-6 months with placebo, and an overall survival of

47-5 months with durvalumab versus 29-1 months with
placebo. Previous attempts to improve locoregional tumour
control by radiotherapy dose escalation to 74 Gy did not result in
increased survival rates, yet it did result in higher radiation-
induced toxicity and higher death rates. Several studies have
supported the value of [**Flfluorodeoxyglucose ([**F]FDG)-PET
with CT before or during treatment with concurrent
radiochemotherapy to better define the tumour volume to treat.

Added value of this study
The findings from our study of adaptive thoracic radiation
intensification in adult patients with inoperable stage 1l
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alone was as low as 17% in 1991,° the locoregional control
rate when adding chemotherapy was disappointing at
15%, and has subsequently been illustrated by a 28%
locoregional progression at 3 years in the 2010 meta-
analysis by Aupérin and colleagues,! as well as a
median locoregional progression-free survival of only
14 months (95% CI 10-24) in a 2005 seminal phase 1
dose-escalation study.” In a secondary analysis of seven
Radiation Therapy Oncology Group (RTOG) trials, a total
of 1356 patients underwent radiochemotherapy between
1988 and 2002. The 2-year locoregional failure rate was
46%, but a 1-Gy dose-increase in radiotherapy dose
intensity was significantly associated with a 3%
improvement in the locoregional control rate.®

NSCLC compared with standard 66 Gy radiation, showed a
high 1-year local regional control rate in both groups, without
a significant difference in the adverse event rate in the group
receiving a radiotherapy boost. High-dose thoracic
radiotherapy has previously been reported to induce a high
number of adverse events in organs at risk such as the lung,
heart, and oesophagus, and an increase in cardiac toxicity-
related deaths. The rate of adverse events was lower in our
boost dose group than previously reported, even in trials
using [**F]FDG-PET tumour uptake at diagnosis. Therefore,
these data show an alternative to the currently available
options that have not been improved on since the large study
of thoracic radiation intensification by Bradley and colleagues
a decade ago that did not report any survival benefit but
instead reported high rates of radiation-induced severe
adverse events.

Implications of all the available evidence

Performing an interim [**F]JFDG-PET in patients with inoperable
stage Il NSCLC for guiding radiotherapy dose escalation on the
basis of residual FDG uptake could result in a meaningful local
regional control translating into an appreciable progression-
free survival while avoiding an increase in radiation-induced
toxicity. Such a strategy has the potential to allow for better
delineation of patient subsets with a radiotherapy-resistant
tumour (who would actually benefit from radiotherapy dose
escalation), while preventing the overtreatment of patients
sensitive to radiotherapy, thereby avoiding radiotherapy-
induced severe toxicity. This strategy warrants further
confirmation in larger, comparative phase 3 trials.
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See Online for appendix

Increasing the radiotherapy dose has thus been
explored to improve locoregional control. In a 2015 large
phase 3 randomised trial, high-dose conformational
radiotherapy up to 74 Gy, given in two fractions with
concurrent chemotherapy, was reported to be
detrimental, as reflected by decreased overall survival
rates, higher treatment-related death rates, and increased
toxicity rates.’ The additional radiotherapy dose was
delivered to a target volume delineated on the
pretreatment CT scan, which might have resulted in a
target volume yielding the excessive irradiation of healthy
organs at risk, therefore resulting in increased
cardiac toxicity.

Our previous studies show the ability to perform [18F]
FDG-PET during radiochemotherapy without any PET
image artifacts,*” and identified the optimal time to
perform [18F]FDG-PET during radiochemotherapy being
at 42 Gy (at the 5th week).” A phase 2 study of dose-
escalation radiotherapy with concurrent chemotherapy,
involving 107 patients with stage III NSCLC, delivered an
escalated dose up to 77- 5 Gy to the whole primary tumour
volume (to 54 patients) or up to 74-2 Gy to a PET-defined
subvolume (generally smaller; to 53 patients), in
24 fractions, based on [18F]FDG-PET images acquired
before starting radiotherapy.®” Both groups had
improved 1-year local control rates, but had high acute
and late grade 3 toxicity (43% and 38% for acute and late
toxicity, respectively, in patients treated on the primary
tumour volume; and 22% and 32%, respectively, for
patients boosted in the PET-defined subvolume), along
with a grade 5 treatment-related event rate of 14% over
both groups.

We thus hypothesised that on-treatment [18F]FDG-PET,
rather than pre-treatment [18F]JFDG-PET, would be better
at refining the dose and volume of thoracic radiotherapy

in patients with stage III NSCLC. To this end, we
designed a prospective multicentre, randomised,
controlled phase 2-3 study, comparing a control
treatment group in which all patients received standard
66 Gy radiotherapy, irrespective of the residual FDG
uptake after having received 42 Gy radiotherapy, versus
an experimental group, in which a radiation boost of up
to 74 Gy was only given to those with residual FDG
uptake at 42 Gy radiotherapy. The current report presents
the results of the phase 2 part of the study.

Methods

Study design and participants

RTEP7-IFCT-1402 was designed as a multicentre
randomised phase 2-3 trial, conducted at 19 hospitals in
France (appendix p 18). The study design is depicted in
figure 1. The French National Cancer Institute grant
funding the study (PHRC 2014) was only obtained for
phase 2 of the study, precluding any continuation into
phase 3. Therefore, the current Article provides the final
results of the randomised, but yet not comparative,
phase 2. The trial protocol and all amendments were
approved by the French Health Authorities (Agence
Nationale de Sécurité des Médicaments et des produits
de Santé) and Ethics Committee (of CPP Nord Ouest I;
Feb 9, 2014) and are available in the appendix (p 117). The
CONSORT 2010 checKklist is also provided in the appendix
(pp 10-17).

We recruited patients aged at least 18 years, with an
Eastern Cooperative Oncology Group performance
status of 0-1, who provided a signed informed consent
before enrolment, and were affiliated with or a
beneficiary of a social benefit system. Sex information
was obtained via electronic medical records. As per the
French law, race and ethnicity data could not be collected.

Time from randomisation

9 months 15 months 27 months 39 months

E Residual Boost 74 Gy
NSsCLC : uptake on | >
: v [FIFDG-PET
—p| GroupA | w | Induction Radiochemotherapy
chemotherapy
H No residual Standard
uptake on ] radiochemotherapy >
Random : [*®F]FDG-PET 66 Gy
assignment11 [ |
: A 4
Group B ¢ | Induction Radiochemotherapy No treatment Standard
. | chemotherapy decision made radiochemotherapy
— Y | based on —P» 66Gy : >
[*F]FDG-PET :
results T

Primary endpoint:
local control rate

Figure 1: Study design

[**F]FDG=[**F]fluorodeoxyglucose. NSCLC=non-small-cell lung cancer.
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Eligible patients had inoperable histologically proven
stage III NSCLC, determined using the 7th TNM
classification, and without an EGFR mutation or ALK
rearrangement. Patients had to have measurable tumour
or node lesions according to Response Evaluation
Criteria In Solid Tumours (RECIST) version 1.1 and were
eligible candidates for curative-intentradiochemotherapy,
with the absence of pleural involvement or a comorbidity
contraindicating radiochemotherapy. In the case of an
[18F]FDG-PET result suggestive of N2 or N3 involvement,
a mediastinoscopy or an endobronchial ultrasonography
was done to confirm the histological stage N2 or N3; in
the case of bulky N2 on [18F]FDG-PET or T4 disease, for
each patient, a thorax multidisciplinary board validated
the treatment. The patients had to have preserved lung
function with a forced expiratory volume in the first
second of 40% or more of the theoretical value, and
partial pressure of oxygen of 60 mm Hg or more. The
patients had to have adequate haematological, hepatic,
and renal function, measured within 14 days of
enrolment. A provisional radiotherapy plan had to
confirm that the dose objectives (a minimal dose of
62-7 Gy [95% of the prescribed dose] in 98% of target
volumes, and 70-3 Gy [95% of the prescribed dose] for
the boosted volume at 74 Gy) and dose constraints (ie, for
lungs and spinal cord) were met, according to the
International Commission on Radiation Units.” Finally,
one cycle of induction chemotherapy could be
administered before inclusion, to avoid recruitment bias
by selecting patients with slow-progressing tumours,
provided patients had undergone [!8F]FDG-PET at
diagnosis. Exclusion criteria are listed in the study
protocol (appendix).

Randomisation and masking

A central interactive web-response computer system was
used to generate random, non-masked treatment
allocation. Patients enrolled by investigators were
randomly assigned 1:1 to each group, according to
dynamic minimisation randomisation algorithm, to
receive either standard 66 Gy radiotherapy regardless of
on-treatment [18F]FDG-PET results (group B) or
radiotherapy plus a boosted dose up to 74 Gy in the case of
residual [18F]FDG-PET tumour uptake at 42 Gy (hereafter
referred to as the radiotherapy plus boost group; group A).
The minimisation method for random assignment was
designed to minimise the imbalance between treatments
by taking stratification factors into account (radiotherapy
technique: intensity-modulated radiotherapy vs three-
dimensional [3D] conformal radiotherapy and the
investigating site [hospital] that enrolled the patient). A
random factor of 0-8 was applied for concealment.

Procedures

All patients received two induction chemotherapy cycles
(paclitaxel 175 mg/m?2 intravenously once every 3 weeks
and carboplatin area under the curve [AUC]=6 once every

www.thelancet.com/oncology Vol 25 September 2024

3 weeks, or cisplatin 80 mg/m? intravenously once every
3 weeks and vinorelbine 30 mg/m?2 intravenously on day
1 and 60 mg/m? orally [or 30 mg/m? intravenously] on
day 8 once every 3 weeks). Patients were administered
radiotherapy  concomitantly ~with  platinum-based
chemotherapy (for three cycles) for 8 weeks with once per
week paclitaxel 40 mg/m?2 intravenously and carboplatin
AUC=2, or cisplatin 80 mg/m?2 intravenously once every
3 weeks and vinorelbine 20 mg/m?2 intravenously on
day 1 and 40 mg/m?2 orally (or 20 mg/m? intravenously)
on day 8 once every 3 weeks. Complete blood and platelet
counts and serum biochemistry with bilirubin, hepatic
enzymes, creatinine, and creatinine clearance were
measured at baseline and weeks 1, 2, 4, and 5 of the
induction chemotherapy, and subsequently once per
week during the radiochemotherapy period. Chemo-
therapy dose adjustments were based on the lowest blood
counts since the last chemotherapy administration,
following the study protocol recommendations
(appendix). Radiotherapy techniques, consisting of either
intensity-modulated radiotherapy or 3D conformal
radiotherapy, depended on local centre equipment.

Patients in the experimental group (group A;
radiotherapy plus boost) received an individualised
radiotherapy prescription of up to 74 Gy in 33 fractions
(in the case of intensity-modulated radiotherapy) or
41 fractions (in the case of 3D radiotherapy) over
6-6 weeks in the case of a positive [18F]FDG-PET result at
42 Gy. Patient who had a negative result received standard
radiotherapy (66 Gy) in 33 fractions. A 66 Gy dose was
delivered onto the whole tumour volume as defined by a
CT scan and pretreatment [18F]FDG-PET, followed by an
additional boost dose of up to 74 Gy on the uptake volume
persisting on [18F]JFDG-PET during radiotherapy.® A
second simulation CT scan using the same method used
in the initial simulation CT scan was to be performed, in
which the [18F]FDG-PET at 42 Gy had to be realigned and
coregistered with the simulation CT scan. To keep the
total treatment time constant, for hospitals using 3D
radiotherapy, a twice per day fractionated radiotherapy
dose of 2-0 Gy to the initial planning target volume plus
1-0 Gy fraction at least 6 h later to the biological target
volume, as measured by [18F]FDG-PET at 42 Gy, was
applied. For patients treated with intensity-modulated
radiotherapy, a simultaneous integrated boost was used,
with the subvolume being established by a radiation
oncologist according to 50-60% of the maximum
standardised uptake value (SUVmax).” Patients in the
standard group (group B) received a single prescription
of 66 Gy in 33 fractions over 6-6 weeks, with 2 Gy
fractions given once per day, 5 days a week, without
target volume reduction or adaptation, irrespective of
[18F]FDG-PET results at 42 Gy. In both groups, the total
dose prescribed for the total mean lung dose was 20 Gy
or less, and the volume of lung receiving 20 Gy was less
than 30%, with doses to other organs at risk (oesophagus,
heart, and spine) meeting dose constraints.
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Local investigators scored adverse events using the
National Cancer Institute Common Terminology Criteria
for Adverse Events (version 4.0), categorised as acute
(occurring at 90 days or less after the start of
radiochemotherapy) or late (occurring later than 90 days
after the start of radiochemotherapy). Adverse events
were assessed once per week during treatment and at
1, 3, 6, 12, 24, and 6 months thereafter, and then once per
year until death. In the case of a grade 3 radiation
pneumonitis or pulmonary infiltrate secondary to
radiotherapy, all treatment was stopped and
corticosteroids started. Radiotherapy was interrupted for
grade 4 oesophagitis toxicity until it was grade 2 or less.
For grade 3 oesophagitis, radiotherapy was not
interrupted but the chemotherapy dose was reduced or
stopped. Nutritional support via oral supplements or a
gastric tube were initiated upon the development of
grade 3 oesophagitis, according to local procedures and
the mutual preference of the treating physician and
patient. For dermatitis at grade 4 toxicity in-field,
radiotherapy was discontinued until it was grade 2 or
less. In the case of an interruption of treatment lasting
more than 7 consecutive days, the patient was withdrawn
from the study and did not receive a boost dose.

Because durvalumab became a part of the standard
care for stage III inoperable NSCLC after the trial was
initiated,’ an amendment was proposed on May 24, 2018,
stating that consolidation therapy could be given to all
eligible patients with no disease progression after
radiochemotherapy completion at 10 mg/kg bodyweight
intravenously once every 2 weeks for up to 12 months.
The quality controls for [18F|JFDG-PET and radiotherapy
(delineation and dosimetry) were that centres only
qualified after they successfully completed a series of
dummy runs, and are detailed in the appendix (pp 3—4).

We did a baseline disease assessment with a CT body
scan (thorax, abdomen, and pelvis) and brain MRI or a
CT scan (if an MRI was not possible), and then again at
9, 15, 27, and 39 months for response assessment (local
control rate) with Response Evaluation Criteria in Solid
Tumours (RECIST) version 1.1, as evaluated by local
thoracic radiologists. A central response review using
thoracic CT scans was performed by a radiation
oncologist panel, all of whom were masked to treatment
group allocation, to assess the precise location of a
progression site, as compared with the radiation dose
volume histograms. Clinical status was assessed once
per week during treatment and 1, 3, 6, 12, 24, and
6 months thereafter, then yearly until death. All included
patients were to be followed up until progression
or death.

Outcomes

The primary endpoint was to establish the local control
rate at 15 months from randomisation (the proportion of
patients without progression in the primary tumour or
any mediastinal lymph node) when the tumour dose was

escalated up to 74 Gy in 6-6 weeks, given only to eligible
patients with residual active disease assessed by [18F]
FDG-PET, via adapting the radiotherapy target volume
(to both the primary tumour and node) to the metabolic
persisting active volume after 42 Gy of concomitant
radiochemotherapy.

The secondary endpoints were: the local control rate at
9, 27, and 39 months; overall survival (the time from
random assignment to death from any cause) at 9, 15, 27,
and 39 months; and progression-free survival (the time
from the date of random assignment to the date of first
documented progression or death due to any cause) rates
at 9,15, 27, and 39 months; a toxicity assessment with the
percentage of severe adverse events (grade 3 or worse
events as per the Common Terminology Criteria for
Adverse Events version 4.0), and radiation-induced
toxicity affecting the lung and oesophagus at 3 months
after radiochemotherapy (acute adverse events) as well as
after 3 months (late toxicity); the percentage of group A
patients for whom the radiotherapy dose intensification
(boost) was possible; the prognostic value of [18F]FDG-
PET at baseline on locoregional progression rates at the
aforementioned timepoints (9, 15, 29, and 39 months
from randomisation); the prognostic value of SUVmax
and metabolic tumour volume (MTV) of [18F]FDG-PET at
42 Gy; the effect of the relative change in [18F]JFDG-PET
uptake (SUVmax) and MTV on the local control
prognosis between baseline and [18F]FDG-PET at 42 Gy;
and the time to locoregional progression. Exploratory
analyses were performed to explore the prognostic value
of clinical, radiotherapeutic, and [18F]FDG-PET variables
(appendix p 5). The results of the ongoing ancillary,
exploratory biomarker study will be reported elsewhere.

Statistical analysis

The primary study endpoint and secondary endpoints were
evaluated in all eligible patients who received at least one
dose of concomitant radiochemotherapy. For the
locoregional progression endpoint, the events considered
were patients with locoregional progression or who died
(from any cause). Other patients were censored at the date
of last follow-up or distant progression. The safety
population comprised all patients who received at least one
dose of concomitant radiochemotherapy. On the basis of
the results observed in hypoxic radio-resistant tumors®"
we assumed that 51% local control rate or less at 1 year
(null hypothesis) would be a level at which the [18F]FDG-
PET CT-guided radiotherapy boost would not be
therapeutically useful in the experimental group A (ie, if
the local control rate was 51% or less, treatment would be
deemed inactive), whereas a targeted local control rate of
more than 66% (alternative hypothesis), based on the
results of the RTOG 0617 trial,’ would indicate clinical
activity. Using this hypothesis, with a one-sided o error of
0-10 and 90% power, the calculation led to the accrual of
71eligible patients in each group (with a total of 142 patients)
to allow for the detection of a primary outcome effect.

www.thelancet.com/oncology Vol 25 September 2024



Articles

Assuming that 5% of patients would be ineligible, we had Allvatient Groun A Croun B
. . . . patients roup roup
to recruit 75 patients into each group. On the basis of these (N=158) T e e et e
assumptions, at least 42 patients had to be without plusboost; n=81) alone; n=77)
locoregional progression at 15 months, established using a Sex
one-step binomigl proportion test, to enable. conclusiorlls' to Male 111 (70%) 60 (74%) 51(66%)
be made regarding the experimental regimen’s activity. Fermnale 47 (30%) 21 (26%) 26 (34%)
Taking account of such a phase 2 design, no direct Age, years
comparison between the two groups was perfo‘rrned, since Median (IQR) 629(57:2-688) 619 (577-68) 629 (567-68.6)
they were underpowered. A post-hoc analysis evaluated ST
the 15-month local control rate and progression-free Ves 150 (95%) 76.(94%) 74.(96%)
survival in patients with or without adjuvant durvalumab.
. . No 8 (5%) 5(6%) 3(4%)
Post-hoc analyses evaluated the median radiotherapy dose I -
. . errormance status
to the heart and to the lung in patients (from both groups) o P o5 (60%) 49.(60%) 46 (60%)
who did not receive a boost, the median dose to the heart in L . 40; ) 40; L 40;
boosted patients, the median total radiotherapy duration, 3 (40%) 32 (40%) 31(40%)
. . . . Histology
median number of radiotherapy interruption days, . - o o
oesophagus volume receiving 35% of the prescribed Adenocarcinoma ) 3(53%) 39 (48%) 44(57%)
radiotherapy dose, and the volume of lung receiving 20 Gy Squamous cell carcinoma 60 (38%) 32 (40%) 2836%)
in both treatment groups measured using non-parametric Others 15(9%) 10 (12%) 5(6%)
tests, including a Mann—Whitney test. CancerTNMstage
An independent safety committee decided whether to fla 84(53%) 48 (59%) 36 (47%)
continue the study when safety interim analyses had fitb 72 (46%) 32 (40%) 40(52%)
been conducted on every 14 patients (with no more than Other 2 (1%) 1(1%) (%)
three patients presenting grade 3-5 adverse reactions Method of confirmation of [**F]JFDG-PET N2 or N3 involvement
related to treatments excluding haematological events, Not applicable 771156 (49%)  44/80 (55%) 33/76 (43%)
nausea, and Vomiting). By endobronchial ultrasonography 52/156 (33%) 25/80 (31%) 27/76 (36%)
For patients without progression events, the cutoff By mediastinoscopy 27156 (17%)  11/80 (14%) 16/76 (21%)
point was their last tumour assessment. We plotted Missing 2 1 1
progression-free survival and overall survival using Induction chemotherapy type
Kaplan-Meier curves, with follow-up censored on Paclitaxel-carboplatin 82/157 (52%)  46/80 (57%) 36 (47%)
Nov 1, 2022 (database lock). The median follow-up time Vinorelbine—cisplatin 71/157 (45%) 32/80 (40%) 39 (51%)
was calculated via the reverse Kaplan—-Meier method. Other* 4/157 (3%) 2/80 (3%) 2(3%)
The prognostic value of clinical, radiotherapeutic, and Not received 1 1 0
[18F]FDG-PET variables on progression-free survival Radiochemotherapy type
was assessed using a univariate Cox regression model. Paclitaxel—carboplatin 73/141 (52%) 37/68 (54%) 36/73 (49%)
A multivariable model was tested with all the variables Vinorelbine—cisplatin 56/141(40%)  26/68 (38%) 30/73 (41%)
of the univariable model, and a stepwise-type step-by- Othert 12/141 (9%) 5/68 (7%) 7173 (10%)
step selection was used with variable durvalumab Not received 17 13 4
consolidation as a time-dependent variable. For Number of radiochemotherapy cycles
statistical analyses, SAS software version 9.4 was used, 0 17 (11%) 13 (16%) 4(5%)
providing two-sided p 'Vavlues ;_md 95% Cls. This trial 1 5(3%) 3(4%) 2(3%)
was reglsFered on Chn.lcalTFlals.gov (NCT02473133) 2 54 (34%) 24 (30%) 30 39%)
and.a specific Fr,ench registration number from Agen.ce 3 82 (52%) 41(51%) 41(53%)
Natlonale, de Securllt.e du .Med}cament et des produits Radiotherapy method
de santé for clinico-biological research (IDRCB Three-dimensional conformal 24/141 (17%) 13/68 (19%) 11/73 (15%)
2014-A01628-39). radiotherapy
Intensity-modulated radiotherapy 117/141 (83%) 55/68 (81%) 62/73 (85%)
Role of the funding source Radiotherapy dose
The funder of the study had no role in study design, data Median (range) 66.0(14-0741)  74-0 (14-074-1) 66.0 (60-0-66-0)
collection, data analysis, data interpretation, or writing of Durvalumab consolidation therapy
the report. Yes 76 (48%) 39 (48%) 37 (48%)
No 82 (52%) 42 (52%) 40 (52%)
Results
From Nov 12, 2015, to ]U-IY 7, 2021, 158 patients with Dat}a are n (%), unless otherwise ?peciﬁéd.Therewas r?o‘signiﬁcantfiifference k{etwegn groupannd B,}except for
1 11 d d st Il NSCLC tivel radiotherapy dose (p<0-001). *Vinorelbine-carboplatin in three patients, and cisplatin alone in one patient.
ocally advanced stage Wwere prospectively tVinorelbine-carboplatin in 11 patients, and carboplatin alone in one patient.
enrolled at the 19 participating centres in France, of
whom 81 patients were randomly assigned to group A Table 1: Baseline and study treatment characteristics
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| 158 patients

included and randomly assigned |

v

v

81 assigned to group A:
radiochemotherapy + boost

77 assigned to group B:
radiochemotherapy

.

1did not receive chemotherapy
(patient lost to follow-up)

v

v

80 received induction
chemotherapy

77 received induction
chemotherapy

12 did not receive radiochemotherapy

3 progression

1did not meet dosimetry criteria

1 deviation from dosimetry criteria

1 patient underwent surgery

2 toxicity (pneumonitis and
neuropathy)

1 radiotherapy not compliant with
protocol

1 bone progression after induction
chemotherapy

1 patient refusal

1 cessation of chemotherapy after
one cycle and continuation with
radiotherapy alone outside the

4 did not receive radiochemotherapy
2 progression
1death
Lineligible (contralateral lesion)

protocol

v

12 with data on subsequent treatment
2 without subsequent treatment
4 normofractionated radiotherapy
+ chemotherapy

1 stereotactic radiotherapy +
durvalumab

1 lobectomy

1 pembrolizumab

1 palliative radiotherapy +
chemotherapy

1 chemotherapy

1 radiotherapy normofractionated

4 with data on subsequent treatment
1 without subsequent treatment
2 chemotherapy (nivolumab)
1 chemotherapy (carboplatin +
paclitaxel)

y

68 received radiochemotherapy
(including 48 [71%] who
received radiotherapy boost)

y

73 received radiochemotherapy

Safety population

1 excluded from analyses (patient
H with stage IV NSCLC)
v v
67 analysed for primary and 73 analysed for primary and

secondary endpoints

secondary endpoints

Figure 2: Study flowchart
NSCLC=non-small-cell lung cancer.
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and 77 patients to group B. Demographic data were
similar between the two groups and are presented in
table 1. Briefly, the study population consisted of 47 (30%)
women and 111 (70%) men; the median age was
62-9 years (IQR 57-2-68-8); 150 (95%) of patients were
current or former smokers; 95 (60%) had an ECOG
performance status of 0; 60 (38%) had squamous cell

carcinoma; and 84 (53%) had cancer stage IIla and
72 (46%) had cancer stage IIIb. Figure 2 provides the
study flowchart.

The number of concurrent chemotherapy cycles was
similar in both groups (table 1). The chemotherapy dose
intensity, evaluated as the percentage of theoretical doses
actually administered, was similar in both groups for
each drug, including carboplatin, cisplatine, paclitaxel, or
vinorelbine (data not shown). All except two patients in
group A received more than 90% of the planned
radiotherapy dose. Of these two patients, one refused to
continue any further treatment and died 11 months after
inclusion, and the second was progressing at [18F]FDG-
PET at 5 weeks on mediastinal nodes and received
second-line nivolumab and was alive at the date of
follow-up censoring.

The mean total radiotherapy duration for both groups
was 47 days (SD 5-4). The median planning target volume
was 368-8 mL (IQR 238-65-533-21) in group A and
372-36 mL (225-22-545-56) in group B. The median
dose to planning target volume was 73-77 Gy
(66-52-73-97) for group A and 65-94 Gy (65-79-66-02)
for group B (p<0-0001; Mann—-Whitney post-hoc analysis).

The median follow-up for patients who met the
eligibility criteria and received radiochemotherapy
(n=140; 67 in group A and 73 in group B) was 45-1months
(95% CI 39-3-48-3). The primary endpoint was reached
in both groups: at 15 months, the local control rate was
77-6% (95% CI 67-6-87-6) in group A and 71-2%
(95% CI 60-8-81-6) in group B, both higher than the
66% rate assumption for clinical activity. The local
control rate at 9 months was 88-1% (95% CI 80-3-95-8)
in group A versus 79-5% (70-2-88.7) in group B; at
27 months, 68-7% (57-5-79-8) in group A versus 65-8%
(54-9-76-6) in group B; and at 39 months, 61-2%
(49-5-72-9) in group A versus 57-5% (46-2-68-9) in
group B. In patients who did not receive durvalumab, the
15-month local control rate was still 71-4% (95% CI
54.7-88-2) in group A and 61-1% (45-2-77-0) in group B
(post-hoc analysis). In patients who received durvalumab,
the 15-month local control rate was 82-1% (95% CI
70-0-94-1) in group A and 81-1% (68-5-93-7) in group B.

During induction chemotherapy, grade 3 adverse
events occurred in nine (13%) of 68 patients in group A
and 17 (23%) of 73 patients in group B; and grade 4
adverse events occurred in six (9%) patients in group A
and six (8%) patients in group B (table 2). During
radiochemotherapy, the incidence of grade 4 or worse
adverse events (both acute and late) was three (4%) of
68 in group A (with one grade 5 pneumonitis not linked
to radiotherapy that occurred after 90 days) and eight
(1196) of 73 patients in group B (with four grade 5 events:
one haemoptysis [in the acute phase], one cardiac failure
not linked to radiotherapy, one septic shock [in the acute
phase], and one radiation pneumonitis linked to
radiotherapy or chemotherapy). The most common
grade 3—4 adverse events were febrile neutropenia (seven
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Group A: radiochemotherapy + boost (N=68)

Group B: radiochemotherapy (N=73)

Any grade Grade 1-2 Grade 3 Grade 4 Grade 5 Any grade Grade 1-2 Grade 3 Grade 4 Grade 5
Induction
Any adverse event 63 (93%) 48 (71%) 9 (13%) 6 (9%) 0 71(97%) 48 (66%) 17 (23%) 6 (8%) 0
Serious adverse event 4 (6%) 1(1%) 2 (3%) 1(1%) 0 2 (3%) 0 2 (3%) 0 0
Chemotherapy-related adverse 48 (71%) 36 (53%) 6 (9%) 6 (9%) 0 60 (82%) 42 (58%) 12 (16%) 6 (8%) 0
event*
Oesophageal eventt 3 (4%) 3 (4%) 0 2 (3%) 2 (3%) 0 0 0
Atrial fibrillation 0 0 0 1(1%) 1(1%) 0 0 0
Acute (=90 days after the beginning of radiochemotherapy)
Any adverse event 67 (99%) 47 (69%) 18 (26%) 2 (3%) 0 73 (100%) 38 (52%) 29 (40%) 4 (5%) 2 (3%)t
Serious adverse event 7 (10%) 2 (3%) 3 (4%) 2 (3%) 0 15 (21%) 3 (4%) 9 (12%) 1(1%) 2 (3%)
Chemotherapy-related adverse 52 (76%) 37 (54%) 15 (22%) 0 0 67 (92%) 42 (58%) 21(29%) 4 (5%) 0
event§
Oesophageal eventq 51 (75%) 49 (72%) 2 (3%) 0 0 57 (78%) 53 (73%) 3(4%) 1(1%) 0
Radiation skin injury 9 (13%) 9 (13%) 0 0 0 17 (23%) 16 (22%) 1(1%) 0 0
Cardiac event]| 1(1%) 1(1%) 0 0 0 2 (3%) 0 2 (3%) 0 0
Radiation pneumonitis 3 (4%) 2 (3%) 0 1(1%) 0 0 0 0 0 0
Haemoptysis 2 (3%) 2 (3%) 0 0 0 1(1%) 0 0 0 1(1%)%
Septic shock 0 0 0 0 0 1(1%) 0 0 0 1(1%)
Late (>90 days after the beginning of radiochemotherapy)
Any adverse event 32 (47%) 26 (38%) 5(7%) 0 1(1%) 30 (41%) 24 (33%) 4 (5%) 0 2 (3%)
Serious adverse event 0 (0%) 0 0 2 (3%) 0 2 (3%) 0 0
Chemotherapy-related adverse 2 (3%) 0 2 (3%) 0 0 1(1%) 1(1%) 0 0 0
event**
Oesophageal eventtt 9 (13%) 9 (13%) 0 0 0 4 (5%) 4 (5%) 0 0 0
Radiation skin injury 1(1%) 1(1%) 0 0 0 0 0 0 0 0
Atrial fibrillation 0 0 0 0 1(1%) 1(1%) 0 0 0
Radiation pneumonitis 6 (9%) 4(6%) 1(1%) 0 1(1%) 11 (15%) 8 (11%) 2 (3%) 0 1(1%)
Bronchitis 1(1%) 1(1%) 0 0 0 1(1%) 1(1%) 0 0 0
Cardiac failure 0 0 0 0 0 1(1%) 0 0 0 1(1%)

*Decreased neutrophil count, nausea, diarrhoea, constipation, increased blood creatinine, vomiting, anaemia, increased alanine aminotransferase, increased aspartate aminotransferase, increased blood alkaline

phosphatase, febrile neutropenia, leukopenia, lymphopenia, or thrombocytopenia. tGastro-oesophageal reflux disease, dyspepsia, or oesophagitis. £Not treatment related. SNausea, constipation, diarrhoea,

vomiting, decreased neutrophil count, decreased platelet count, increased blood creatinine, increased y-glutamyltransferase, increased alanine aminotransferase, increased blood alkaline phosphatase, increased
aspartate aminotransferase, decreased lymphocyte count, decreased white blood cell count, anaemia, lymphopenia, leukopenia, febrile neutropenia, thrombocytopenia, or neutropenia. §Radiation oesophagitis,

oesophagitis, dysphagia, gastro-oesophageal reflux disease, or dyspepsia. ||Angina pectoris, atrial fibrillation, or myocardial ischaemia. **Increased blood creatinine, anaemia, or lymphopenia. +tOesophagitis,

dysphagia, and odynophagia.

Table 2: All causality adverse events

[10%] of 68 in group A vs 16 [22%] of 73 in group B), and
anaemia (five [7%] vs nine [12%]; appendix pp 120-122).
Acute (within 90 days from radiochemotherapy initiation)
grade 3—4 adverse events were observed in 20 (29%) of 68
patients in group A and 33 (45%) of 73 patients in group
B, including serious adverse events in five (7%) patients
in group A and ten (14%) patients in group B. Table 3
shows all treatment-related serious adverse events
observed during the study.

One (1%) patient of 68 in group A and five (7%) patients
of 73 in group B had a transitory interruption of
treatment, which lasted for 4 days in the group A patient,
and lasted for a median of 6-0 days (range 3-9) in
group B. The cause for the transitory interruption was
adverse events in only two patients, both in group B.

The median progression-free survival was 22-3 months
(95% CI14-8-33-7) in group A and 12- 3 months (9-4-23 - 3)
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in group B (figure 3A). The progression-free survival at
9,15, 27 and 39 months are shown in the appendix (p 123).
39-month local or regional progression rates were 58%
(41-1-71-6) in group A and 52-2 (36-8-65-6) in group B
(appendix p 1). Time to locoregional progression is
shown in the appendix (p 1). Post-hoc analysis of
progression-free survival according to durvalumab
maintenance treatment is shown in the appendix (p 2).
Overall, 56 (40%) of 140 eligible patients died at
database lock (Nov 1, 2022). The median overall survival
was not reached (NR; 95% CI 40-9-NR) in group A, and
was 43 -3 months (33-4-NR) in group B, with a 39-month
overall survival of 67-8% (95% CI 53-9-78-3) in group A
and 55-8% (43-0-66-8) in group B (figure 3B). The
overall survival at 9, 15, and 27 months are shown in the
appendix (p 123). Causes of all deaths until the follow-up
censoring date are provided in the appendix (p 7).
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Group A: radiotherapy + boost (N=68)

Group B: radiotherapy (N=73)

Figure 3: Progression-free survival (A) and overall survival (B) from

randomisation

1184

Anygrade  Grade1-2  Grade3 Grade 4 Grade 5 Anygrade  Grade1l-2  Grade3 Grade 4 Grade 5
Induction
Serious treatment-related adverse event* 2 (3%) 0 1(1%) 1(1%) 0 0 0 0 0 0
Febrile neutropenia 1(1%) 0 1(1%) 0 0 0 0 0 0
Anaphylactic shock 1(1%) 0 1(1%) 0 0 0 0 0 0
Hypokalaemia 1(1%) 0 0 1(1%) 0 0 0 0 0 0
Acute (<90 days after the beginning of radiochemotherapy)
Serious treatment-related adverse event*® 4(6%) 1(1%) 2 (3%) 1(1%) 0 6 (8%) 1(1%) 3 (4%) 1(1%) 1(1%)
Radiation oesophagitis 1(1%) 0 1(1%) 0 0 3 (4%) 0 2 (3%) 1(1%) 0
Anaemia 1(1%) 0 1(1%) 0 0 1(1%) 0 1(1%) 0 0
Febrile neutropenia 0 0 0 0 0 1(1%) 0 1(1%) 0 0
Catheter site infection 0 0 0 0 0 1(1%) 0 1(1%) 0 0
Septic shock 0 0 0 0 0 1(1%) 0 0 0 1(1%)
Acute kidney injury 0 0 0 0 0 1(1%) 1(1%) 0 0 0
Radiation pneumonitis 1(1%) 0 0 1(1%) 0 0 0 0 0 0
Erythema 1(1%) 1(1%) 0 0 0 0 0 0 0 0
Late (>90 days after the beginning of radiochemotherapy)
Serious treatment-related adverse event* 0 0 0 0 0 1(1%) 0 1(1%) 0 0
Radiation pneumonitis 0 0 0 0 1(1%) 1(1%) 0
Pulmonary embolism 0 0 0 0 1(1%) 1(1%) 0
*Number of patients, one patient having had two adverse events.
Table 3: Patients with treatment-related serious adverse events
Subsequent treatments at disease progression are listed
A in the appendix (pp 8-9), and were similar between the
- 108: : gaiiotl}:erapy +boost two groups.
:E 30_ e In the prespecified analyses, SUVmax, MTV, change in
E Zg: SUVmax, and change in MTV did not differ significantly
& 5o between groups A and B in terms of [18F]FDG-PET at
£ 40 baseline, at 42 Gy, and at 6 months (appendix p 6). The
g 28: correlation between SUVmax and MTV for FDG-PET at
£ 10 baseline was 0-31 (p<0-001). The time to locoregional
0 o o o - progression is also shown in the appendix (p 1).
Number at risk A prespecified exploratory univariable regression
Rgz;joThZer; ;TE;?Q o oo Bw ") . ana.1y51s assessed  whether  clinical . variables,
Radiotherapy 73 (0) 41(0) 282) 17 (6) 318) | radiotherapy boost, or [18F]FDG-PET variables could
predict patient progression-free survival after radio-
B chemotherapy completion (table 4). Prespecified Cox
100 regression multivariable analysis revealed that a median
9 SUVmax ([18F]FDG-PET at 42 Gy) of 5-4 or less
£ 701 (p=0-0079) was the only [I8F]FDG-PET variable that
E gg: significantly predicted progression-free survival along
Z o with 3D conformal radiotherapy and durvalumab, with
g 28: similar hazard ratios for these three variables.
el For patients (from both groups) who did not receive a
0 : : : T boost, the median dose to the lung was 15-34 Gy
o w0 30 49| (IQR12-56-19-26), versus 14-83 Gy (12-46-19-08) in the
Nil;mbefatri;k Time since radiochemotherapy (months) 48 patients who did receive a boost. Volume of lung
Rgg?oTh:r;;;'f;;Si 67(0) 64(1) 52.(4) 3903 26(22) receiving 20 Gy was 27-36% (2.2-01—33-05) in group A
Radiotherapy 73 (0) 65 (0) 57(2) 43(7) 25(18) | versus 26-28% (20-38-32-13) in group B. The median

dose to the heart was 9-60 Gy (4-91-15-84) in group A
and 10-78 Gy (6-27-17-30) in group B. The median dose
to the heart in patients (from both groups) who did not
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receive a boost was 10-92 Gy (6-68-17-42), whereas the
median dose to the heart in boosted patients was 9-09 Gy
(4-67-13-61; p=0-04; Mann-Whitney post-hoc analysis).
Finally, the oesophagus volume receiving 35% of the
prescribed radiotherapy dose was higher for group A
patients, at 19-30% (11-89-32-95), versus 12-68%
(9-20-16-59) for group B patients (p<0-0001;
Mann-Whitney post-hoc analysis). The median total
radiotherapy duration did not differ significantly between
group A and B patients (47-0 and 46-0 days, respectively),
nor did the median number of radiotherapy interruption
days (six and four days, respectively).

Discussion

This prospective, multicentre, randomised non-
comparative phase 2 study involving 158 patients with
inoperable stage III NSCLC showed that increasing the
radiotherapy dose depending on an [18F]FDG-PET sub-
volume result at 42 Gy was safe, and led to encouraging
local control of the tumour at 15 months. The study
findings show that increasing the radiotherapy dose in
patients with inoperable stage III NSCLC is not always
deleterious, provided it is restricted to patients with
persisting active disease after the initial 42 Gy of
radiotherapy, is based on metabolic imaging during
treatment, and the radiotherapy boost volume is adapted
to the residual metabolic tumour sub-volume. This
customised strategy could result in an improved local
control rate without increased toxicity, and local control
rate has previously been shown to be significantly
associated with overall survival.**

Our trial used intensity-modulated radiotherapy
technique for the majority of patients, including an
extensive quality control of technical radiotherapy (ie, a
dummy run before centre inclusion and controlling
treatment plans) and [18F]JFDG-PET procedures (ie, a
dummy run, [8F]FDG-PET qualification, specific image
reconstruction for multicentre analysis, to ensure that all
radiotherapy centres used the same specification for the
PET definition of the radiation volumes, and centralised
[18F]FDG-PET analysis). Therefore, we cannot exclude
the notion that the favourable disease control and survival
data observed in both groups, compared with historical
study data, could have benefited from progress in
radiotherapy techniques."”

During the course of this trial, the PACIFIC phase 3
trial? results were published, and led to the marketing
authorisation of adjuvant durvalumab after radio-
chemotherapy for patients with stage III NSCLC with
tumour control after the completion of radiotherapy, and
no radiation pneumonitis.? We subsequently amended
our trial protocol to allow durvalumab use. However, the
15-month local control rate was still 71-4% in the group
of patients who did not receive durvalumab, suggesting
that the effect of the customised radiotherapy boost was
also observed in patients who did not receive adjuvant
immunotherapy.
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Number of Univariable analysis (all; Multivariable analysis
patients N=140) (all; N=136)
HR (95% Cl) pvalue  HR(95% Cl) p value
Radiotherapy method
Intensity-modulated radiotherapy 116 1 1
Three-dimensional conformal 24 0-62(0-34-112) 011 0-46 (0-25-0-87) 0-0197
radiotherapy
Age inyears, continuous variable 140 1.01(0-99-1-04) 0-28 * -
Sex
Female 40 1 * *
Male 100 1.41(0-88-2:28) 015 * *
Eastern Cooperative Oncology Group performance status
0 88 1 * *
1 52 0-98 (0-65-1-50) 0-94 S *
Histology
Squamous cell carcinoma 54 1 - *
Non-squamous cell carcinoma, 86 1.03(0-68-1-57) 0-87 e *
including adenocarcinoma, large
cell, and undifferentiated
carcinoma
TNM stage
llla 75 1 S *
b 65 1-43(0-96-2:15) 0-0795 - *
Durvalumab consolidation
No 64 1 1
Yes 76 0-59 (0-39-0-88) 0-0099  0-51(0-33-0:79) 0-0032
SUVmax ([**F]FDG-PET at baseline) <14-20, median
No 70 1 ¥ -
Yes 69 1.08 (0-72-1-62) 070 * *
MTV ([**F]FDG-PET at baseline) <33-9 cm?, median
No 70 1 * N
Yes 69 0-84 (0-56-125) 038 * 4*
SUVmax ([**F]FDG-PET at 42 Gy) <5-4, median
No 67 1 1
Yes 69 0-59(0:39-0-89) 0-0130  0-57(0-37-0-86) 0-0079
MTV ([**F]FDG-PET at 42 Gy) <3-55 cm?, median
No 68 1 * *
Yes 68 077 (0-51-116) 022 * *
Change in SUVmax <-59-21%, median
No 68 1 W >
Yes 68 073 (0-48-110) 0-13 * *
Change in MTV <-88-10%, median
No 68 1 * *
Yes 68 070 (0-46-1-06) 0-0912  -* *
Radiotherapy boost
No 93 1 * *
Yes 47 0-70 (0-45-1-08) 011 * *
All subset analyses were prespecified. HR=hazard ratio. MTV=metabolic tumour volume. SUVmax=maximum
standardised uptake value. TNM=tumour node metastasis. *Variable not selected by the stepwise model.
Table 4: Univariable and multivariable analyses of progression-free survival
The absence of a significant difference in adverse
events between the two groups that we observed in this
study, based on the interim [!8F]FDG-PET and
radiotherapy sub-volume adaptation to metabolic tumour
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volume at 42 Gy, actually contrasts with the results of the
RTOG 0617 study by Bradley and colleagues.’ The RTOG
0617 trial reported that increasing the planned radiation
dose to 74 Gy before radiotherapy to the whole initial
tumour volume, without [18F]FDG-PET targeting, did not
improve overall survival, potentially because of cardiac
toxicity. Our data also contrasts with the results of the
PET-boost trial,*"*" where [18F]FDG-PET was done at
diagnosis rather than on-treatment to escalate the
radiotherapy dose up to 74-77 Gy, while targeting the
initial metabolically active volume.”

Notably, our data show that [18F]FDG-PET imaging can
be used during radiotherapy to better target the residual
tumour volume, thus reducing the volume of healthy
tissue irradiated. Before our prospective study, Guberina
and colleagues® and Péttgen and colleagues” conducted
a [8F]FDG-PET retrospective analysis before, during,
and after treatment, confirming the value of [18F]FDG-
PET when applied before radiotherapy.””

Over the last 10 years, the PET-boost trial**"and the
RTOG 1106 trial” based on a phase 2 clinical trial®
prospectively tested the possibility of using [18F]FDG-
PET to increase radiotherapy dosing in patients with
lung cancer, but reported higher rates of radiotherapy-
related adverse events. Subsequently, in the PET-Plan
study,” the authors did not report any major toxicity
when the radiotherapy boost was administered,
depending on the residual tumour uptake on [18F]FDG-
PET. Taken together, these data favour precise PET
targeting in the attempt to increase the radiotherapy
dose. However, these studies reported higher acute and
late toxicity than conventional radiochemotherapy. In
contrast to these latest published studies, our findings
indicate, as previously suggested,*” that a radiation
boost of 8 Gy, regardless of the radiotherapy technique
applied (3D or intensity-modulated radiotherapy), on a
controlled sub-volume in patients with NSCLC does
not increase grade 3 and 4 acute and late
radiotherapy-related toxicity.

In this RTEP7-IFCT-1402 trial, the median radiation
dose to the heart did not differ significantly between the
two groups. Notably, the dose to the heart was slightly
higher in patients (from either group) who did not receive
any boost compared with patients who did receive a boost
from the experimental group, potentially because of the
results of the on-treatment PET-based strategy, leading to
a radiation volume reduction to the heart. The median
dose to the lung and the volume of lung receiving 20 Gy
did not differ substantially either between the two
groups, or in patients in group A who received the
radiation boost and those who did not.

Regarding [18F]FDG-PET variables, in a prespecified
multivariable analysis, the SUVmax of [18F]FDG-PET at
42 Gy predicted a longer progression-free survival, as did
durvalumab treatment. The SUV cutoff would have to be
explored in future [18F]FDG-PET studies or radiotherapy
studies, or both, using [18F]FDG-PET for tumour volume

delineation, with an adequate sample size for predictive
analyses and interaction tests.

One of the issues raised by our study is whether such a
strategy could be generalisable to routine practice, taking
into account all technical and organisational constraints.
However, after qualification of the centres for the study
(including a dummy run test) to ensure a maximum
homogenisation of techniques across these centres, they
did not face further difficulty in accruing patients,
suggesting that using [18F]FDG-PET at 42 Gy for adapting
radiotherapy dosing could be implemented in most
radiotherapy and nuclear medicine departments. In this
randomised phase 2 study, the small sample size was the
main limitation of this study.

Large-scale randomised trials are now needed, with
long-term survival and safety results, before this
metabolic-response-based customised strategy could
actually modify the current radiotherapy treatment
framework, Dby selectively increasing radiotherapy
dosing in patients with stage III NSCLC with
radiotherapy-resistant tumours on interim [18F]FDG-PET.
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