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Methods: Patients with stage I1I or IVA (American Joint Committee on Cancer (AJCC)
guidelines, 7th edition, 2010) HNSCC of the oral cavity or oropharynx, aged >70 or >65 years
and ineligible to receive cisplatin, amenable to radiotherapy (RT) with curative intent, received
NBTXR3 as a single intratumoural (IT) injection followed by activation by intensity-modu-
lated radiation therapy (IMRT; 70 Gy). The NBTXR3 dose corresponded to a percentage
of the baseline tumour volume, measured by magnetic resonance imaging. The primary objec-
tives were to determine the recommended phase II dose (RP2D), dose-limiting toxicities
(DLTs) and maximum tolerated dose (MTD). Safety and tolerability were assessed using Na-
tional Cancer Institute CTCAE version 4.0. Antitumour activity was assessed by Response
Evaluation Criteria in Solid Tumours 1.1.

Results: Nineteen patients were enrolled: 3 at the dose level of 5%, 3 at the dose level of 10%,
5 at the dose level of 15% and 8 at the dose level of 22% of the tumour volume. The MTD was
not reached, and no DLTs or serious adverse event (SAEs) related to NBTXR3 were
observed. Four adverse events related to NBTXR3 and/or the IT injection were reported
(grade I—-II). NBTXR3 remained in the injected tumour throughout RT, with no leakage
in the surrounding healthy tissues. Specific RT-related toxicity was as expected with IMRT.
The RP2D was determined as 22% baseline tumour volume. Preliminary signs of antitumour
activity were observed.

Conclusion: Intratumoural injection of NBTXR3 followed by IMRT is feasible and demon-
strated a good safety profile, supporting further evaluation at the RP2D in this patient popula-

tion.

Trial registration: ClinicalTrials.gov NCT01946867.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Head and neck cancer accounts for 890,000 cases and
450,000 deaths annually worldwide [1]. More than 90%
of the cases are head and neck squamous cell carcinoma
(HNSCC) [2], and most of the tumours originate in the
oral cavity or oropharynx. Approximately 60% of pa-
tients have locally advanced (LA)-HNSCC, with 25%
being >70 years old [3—5]. Surgery and/or concurrent
cisplatin-radiotherapy (RT) are the current standard of
care and primary treatment options for most patients
with LA-HNSCC. However, these treatments are asso-
ciated with significant morbidity and may negatively
impact a patient’s quality of life. In addition, variations
in outcomes were observed with concurrent cisplatin-RT
in patients with LA-HNSCC of the oral cavity and
oropharynx, depending on age and/or comorbidities [6].
Regardless of known contraindication to cisplatin-based
treatment (decreased renal function, hearing loss and so
on) [7], patients have also been considered ineligible
secondary to poor short- and long-term outcomes
observed in trials, inclusive of elderly patients and pa-
tients with poor performance status (frail patients).

Treatment for patients who are not candidates for
cisplatin-RT is commonly cetuximab-RT [8]. However,
benefit is limited in patients aged >65 years [8]. Thus,
elderly and frail patients with LA-HNSCC of the oral
cavity and oropharynx, ineligible for cisplatin-RT, have
high unmet medical needs and require new treatment
options.

NBTXR3, a novel radioenhancer composed of func-
tionalized hafnium oxide nanoparticles, injected once
intratumourally and activated by RT, such as intensity-
modulated radiation therapy (IMRT), may be an option
for this patient population. NBTXR3 is designed to in-
crease the RT energy deposit inside tumour cells through
the nanoparticles’ high atomic number core packaged in
the space for interaction with ionising radiation and to
subsequently increase tumour cell death when compared
with RT alone without adding toxicity to the adjacent
healthy tissues [9—12]. Studies in murine models of
human HNSCC demonstrated the antitumour effect of
NBTXR3 activated by RT over RT alone [13]. In the
clinical setting, NBTXR3 activated by RT demonstrated
superior efficacy compared with RT alone in a phase 11/
III trial (NCT02379845) which led to European market
approval (CE marking) for the treatment of LA soft-tis-
sue sarcoma of the extremity or trunk wall [14].

We report here the results of the dose-escalation part
of the phase I study of NBTXR3 activated by RT in
elderly or frail patients with LA-HSNCC ineligible for
concurrent cisplatin and who are intolerant to or would
not benefit from cetuximab.

2. Patients and methods
2.1. Study design

This is a phase 1 open-label non-randomised, dose-
escalation/dose-expansion study of the safety and
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tolerability of NBTXR3, administered as a single
intratumoural injection, activated by IMRT. The pro-
tocol was registered under the ClinicalTrials.gov
number NCT01946867.

2.2. Study objectives

The primary objective of dose escalation was to deter-
mine the recommended phase II dose (RP2D) and dose-
limiting toxicities (DLTs) of intratumoural NBTXR3
activated by IMRT.

The secondary objectives included the evaluation of
the safety and tolerability of NBTXR3, the feasibility of
its intratumoural injection, the characterisation of the
body kinetics on days 1 and 2, through hafnium quan-
tification in blood and urine, and the evaluation of
preliminary antitumour efficacy (primary tumour
response and overall response assessed by magnetic
resonance imaging [MRI] using Response Evaluation
Criteria in Solid Tumours [RECIST] version 1.1).

2.3. Patient population

This study was conducted at five sites in France and
Spain. Eligible patients were >65 years old, ineligible for
cisplatin either because of age or contraindications as
per the investigator’s opinion. The 65-year-old age limit
was selected because it is unclear whether cetuximab
improves outcomes in this population. Patients had to
have histologically or cytologically confirmed LA-
HNSCC of the oral cavity or oropharynx (independent
of human papillomavirus (HPV) status), stage III or
IVA disease as per AJCC guidelines (7th Edition, 2010),
with no evidence of metastasis, as determined by posi-
tron-emission tomography. Patients had to have acces-
sible tumour for injection, a Karnofsky performance
status >70 and adequate bone marrow, kidney, and liver
functions.

The key exclusion criteria included prior RT to any
area within the planned RT field, tumour-related dysp-
noea, tumour ulceration which implies vascular risk or
non-measurable disease as defined by RECIST 1.1
criteria. Approval was obtained from the ethics com-
mittees of the participating institutions and the regula-
tory authorities. All patients provided informed consent.
The study was performed in accordance with the
Declaration of Helsinki, good clinical practice
guidelines and local regulations.

2.4. NBTXR3 product

NBTXR3 was supplied by Nanobiotix S.A. as a sterile
aqueous suspension of nanoparticles composed of
functionalized hafnium oxide crystallites, to be admin-
istered at a fixed concentration of 53.3 g/L.

2.5. Tumour volume measurement

Baseline tumour volume was determined within 14 days
before treatment study as the product of the 3 longest
dimensions length x width x depth (L x W x D) using
MRI.

2.6. NBTXR3 dose escalation

A traditional 3 4+ 3 dose escalation design was followed
with four dose levels of NBTXR3, starting with three
patients at a conservative low dose. Dose levels 1—4
were volumes equivalent to 5%, 10%, 15% and 22% of
baseline volume of the primary tumour. Dose levels
were determined using the modified Fibonacci sequence
in which the dose increments become smaller as the dose
increases [15]. At the highest tested dose level and in the
absence of early DLT occurrence, up to 6 additional
patients could be included. The RP2D was defined as
the highest tested dose level, at which no more than one
of six patients experienced a DLT. DLTs included any
grade >3 adverse event (AE) scored by National Cancer
Institute CTCAE version 4.0, which was related to
NBTXR3 and/or RT except for grade >III xerostomia,
oral mucositis, dysphagia and skin disorders occurring
after delivery of the total RT dose of at least 40 Gy as
they are part of the well-known safety profile of IMRT.
Therefore, only unusual severity and precocity were to
be considered early DLT. Local AEs of unusual dura-
tion, whatever the severity may be, also have been
considered DLT after evaluation of their clinical course
and unusual outcome. Any other toxicity that the
investigator or the sponsor medical expert deemed to be
dose limiting, regardless of the grade, was considered a
DLT.

2.7. Procedures

The study schedule is depicted in Fig. 1.

NBTXR3 was injected on day 1, via the intra-
tumoural route, under general anaesthesia as used in
current medical practice for endoscopic examination.
Treatment with corticosteroids (oral
prednisone = 30 mg, 12—2 h before NBTXR3 admin-
istration or dexamethasone = 20 mg IV, 30—60 min
before NBTXR3 administration) was given before
NBTXR3 injection to reduce severity of potential acute
immune reactions observed up to date only in patients
with soft-tissue sarcoma [16]. NBTXR3 injection was
performed slowly by a physician skilled at local in-
terventions in head and neck cancers. Depending on the
size, shape and topography of the tumour, two or more
punctures in several areas were used, with the aim to
distribute NBTXR3 evenly into the primary tumour.
Injection within intratumoural vessels or the necrotic
area was avoided.
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Fig. 1. Study schedule. D, day; RT; radiotherapy; W, week; MRI, magnetic resonance imaging.

IMRT was initiated on day 2 (i.e. one day after
NBTXR3 administration). A total dose of 70 Gy was
delivered as 35 fractions (2 Gy/fraction, five fractions/
week for seven weeks). The treatment plan was
calculated before NBTXR3 injection and rechecked
on day 3 of computed tomography (CT) (day 2 of
RT). Performing a CT scan at day 3 allowed for
visualisation once elimination of the injected water
was finalised. The organ at risk (OAR) dose distri-
bution and the clinical target volume (CTV) coverage
were practically unchanged at day 3 compared with
those calculated before NBTXR3 injection, validating
the use of initial RT planning. Therefore, RT treat-

2.8. Local nanoparticle dispersion and evaluation of
NBTXR3 potential leakage

Systemic passage of NBTXR3 was assessed by quanti-
fication of hafnium in blood and urine samples. Blood
samples were collected before injection, immediately
after the onset, at the end of the injection, 5, 10, 15, 60,
120 and 240 min after completion of the injection. Urine
samples were collected after NBTXR3 injection (first
two voids). Hafnium was quantified by inductively
coupled plasma mass spectrometry (Quality Assistance,
SA, Belgium). To visualise and confirm intratumoural
dispersion and bioavailability of NBTXR3, CT scans of

ment was continued as per the plan initially  the tumour mass were performed after intratumoural
calculated. injection, before the onset of RT and at the end of ra-
diation treatment. Good dispersion was defined by the
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I
v v v v
Level 1 -5% Level 2 - 10% Level 3 - 15% Level 4 —22%
N=3 N=3 N=5 N=8
Level 4
* * ‘ i Treatment discontinuation n=1

Completed NBTXR3 Completed NBTXR3

Completed NBTXR3

(2mL of NBTXR3 not injected

Completed NBTXR3 due to blood reflux)

treatment treatment treatment treatment
N=3 N=3 N=5 N=7
‘ ¥ V %. Level 2
Treatment discontinuation due
Completed RT Completed RT Completed RT Completed RT to AE n=1
treatment treatment treatment treatment (G4 Rectal haemorrhage)
N=3 N=2 N=4 N=7 Level 3
v v v ¢ Patient withdrawal n=1
Evaluable for safety N=19
Evaluable for DLT N=18*
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* One patient at Level 4 — 22% received half of the intended dose of NBTXR3 due to a calculation error and was not evaluable for DLT.

Fig. 2. Patient disposition. AE, adverse event; DLT, dose-limiting toxicity; G, grade; RT, radiotherapy; TEAE, treatment-emergent

adverse event (during the treatment period).
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presence of white spots corresponding to the nano-
particles in 3 tumoural dimensions, without associated
escapement or diffusion to the surrounding healthy
tissues.

2.9. Safety

Clinical and laboratory safety parameters, as well as
prior and concomitant medications, were assessed at
baseline, on day 1 after NBTXR3 administration, once a
week during RT and at week 14. Long-term safety was
assessed every two months during the first year after the
end of treatment visit and then at every 6-month follow-
up visit.

All AEs including SAEs were collected from the
informed consent date up to the end of the study.

2.10. Efficacy

Tumour response was evaluated as per RECIST 1.1 and
tumour volume estimation (L x W x D) on MRI from
baseline to local progressive disease, consent withdrawal
or the study cut-off date.

2.11. Statistical analysis

Because the study was designed to primarily determine
the RP2D and DLTs of intratumoural NBTXR3 acti-
vated by IMRT, no formal statistical hypotheses were
tested. Only descriptive analyses were performed. Cat-
egorical data are presented using counts and percent-
ages, using the number of subjects per category as the
denominator for calculation of percentages. Continuous
data are summarised using the number of non-missing
observations (n), mean, standard deviation, median,
minimum and maximum. Analyses were mainly based
on the ‘All treated’ population that included all screened
patients who received NBTXR3 as an intratumoural
injection (at least one puncture, even if incomplete). The
DLTs were determined in the evaluable population for
DLT, which included a subset of patients from the ‘All
treated’ population with at least one RT fraction, and
evaluated for safety. All analyses were performed using
SAS version 9.2.

3. Results
3.1. Patient characteristics

Between 3rd January 2014 and 17th August 2018,
nineteen patients were enrolled and received NBTXR3
injection followed by IMRT: three at the dose level of
5% and 10%, five at the dose level of 15% and eight at
the dose level of 22% (Fig. 2). At the dose level of 15%,
five patients were included because two patients signed
the informed consent form (ICF) on the same day, and a
fifth patient was included to increase the number of

patients, with tumour localised in the oral cavity as per
the investigator’s and sponsor’s decision. At the last
dose level (22%), eight patients were included as the
protocol allowed a small expansion, with up to 6 addi-
tional patients at this level. Baseline characteristics are
presented in Table 1.

3.2. Treatment

All 19 patients were treated and received a single injec-
tion of NBTXR3. Table 2 shows the NBTXR3 intra-
tumoural injection characteristics. Three patients
received less than 95% of the intended dose: one patient
owing to a calculation error received half of the intended
dose and was not evaluable for DLT, one owing to
fibrotic surgical scar on the injection site and one owing
to blood reflux in the syringe (dose level, 22%).

The total NBTXR3 volume injected ranged from
0.2 mL to 23.6 mL, with a median volume of 3.1 mL.
The median time in the study from NBTXR3 adminis-
tration was 7.6 months (2.3—41 months).

RT started at the planned date. The mean number of
fractions delivered was 34.2 + 2.6 fractions (range:
24—35). Three patients did not receive the scheduled
dose: one patient at level 2 had a dose reduction with
permanent discontinuation and received only 65 Gy
owing to an AE (grade IV rectal bleeding and grade 111
hypercalcaemia), one patient at level 2 refused further
treatment and received 66 Gy (33 fractions of 2 Gy) and
one patient at level 4 received 48 Gy (24 fractions of
2 Gy) owing to consent withdrawal. Three patients had
at least one dose delay owing to AE (grade II oral
mucositis, grade IIT malnutrition and grade I malaise in
one patient, grade III radioepithelitis and grade III in-
crease in exudative lesions on the left clavicle in the
second patient and grade II angina pectoris and grade 11
asthenia in the third patient).

3.3. Local nanoparticle dispersion and evaluation of
NBTXR3 leakage

CT assessment of NBTXR3 visualisation before RT and
then after RT showed appropriate dispersion of
NBTXR3 within the tumour without leakage into the
surrounding tissues, as well as persistence of NBTXR3
throughout RT treatment (Fig. 3).

Blood and urine quantification of hafnium was per-
formed before and after injection. No hafnium was
detected in the urine after injection in any patient.
Hafnium was detected in blood samples of most patients
(13/19, 68.4%) at the end of and 5 min after NBTXR3
injection (range from 57.2 ng/mL to 4335 ng/mL which
corresponds to <0.0001% and 0.003% of the total
NBTXR3 [hafnium] quantity injected, respectively), but
the level was less than the lower quantification limit
within 30 min after injection for all except for one pa-
tient (within 60 min) (Fig. 4).
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Table 1
Patient characteristics.
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Level 1, 5% (N = 3)

Level 2, 10% (N = 3)

Level 3, 15% (N = 95)

Level 4, 22% (N = 8)

Total (N = 19)

Gender, n (%)

Female 0 (0.0)

Male 3 (100.0)
Age (years)

Median 78.0

Minimum—maximum  [73—83]
Tumour volume (mL)

Median 52.1

Minimum—maximum  [42.6—63.5]
Tumour location, n (%)

Oral cavity 1(33.3)
Oropharynx 2 (66.7)
pl6 status for the oropharynx, n (%)

Total, N 2
plé+ 0 (0.0)
plé— 0 (0.0)
Unknown 2 (15.4)
Regional lymph nodes (N), n (%)
NO 0 (0.0)
NI 1(33.3)
N2 2 (66.7)
NX 0 (0.0)
Primary tumour (T), n (%)
Tl 0 (0.0)
T2 0 (0.0)
T3 1(33.3)
T4 2 (66.7)
Stage,” n (%)
111 0 (0.0)
v 3 (100.0)
Karnofsky score, n (%)
70% 1(33.3)
80% 2 (66.7)
90% 0 (0.0)
100% 0 (0.0)

0 (0.0)
3 (100.0)

79.0
[75—91]

69.3
[44.7—123.8]

0 (0.0)
3 (100.0)

3
1(33.3)
0 (0.0)
2 (66.7)

0 (0.0)
0 (0.0)
3 (100.0)
0 (0.0)

0 (0.0)
0 (0.0)
1(33.3)
2 (66.7)

0 (0.0)
3 (100.0)

0 (0.0)
2 (66.7)
1(33.3)
0 (0.0)

3 (60.0)
2 (40.0)

71.0
[65—85]

20.7
[12.0-35.2]

2 (40.0)
3 (60.0)

3

2 (66.7)
0 (0.0)
1(33.3)

1 (20.0)
2 (40.0)
2 (40.0)
0 (0.0)

0 (0.0)

1 (20.0)
2 (40.0)
2 (40.0)

3 (60.0)
2 (40.0)

0 (0.0)
2 (40.0)
2 (40.0)
1 (20.0)

2(25.0)
6 (75.0)

78.0
[65—88]

15.2
[1.1-116.4]

3 (37.5)
5 (62.5)

5
3 (60.0)
1 (20.0)
1 (20.0)

2 (25.0)
1 (12.5)
4 (50.0)
1(12.5)

1(12.5)
1 (12.5)
3 (37.5)
3 (37.5)

2 (25.0)
6 (75.0)

2 (25.0)
3 (37.5)
1 (12.5)
2 (25.0)

5(26.3)
14 (73.7)

78.0
[65—91]

352
[1.1-123.8]

6 (31.6)
13 (68.4)

13
6 (46.2)
1(7.7)

6 (46.2)

3(15.8)
4 (21.1)
11 (57.9)
1(5.3)

1(5.3)

2 (10.5)
7 (36.8)
9 (47.4)

5(26.3)
14 (73.7)

3 (15.8)
9 (47.4)
4 (21.1)
3 (15.8)

TNM, tumour-node-metastasis.
% As per the 7th edition of the American Joint Committee on Cancer/Union for international cancer control (AJCC/UICC) TNM staging

system AJCC.
Table 2

NBTXR3 administration characteristics.

Dose level Patient Tumour localisation MRI tumour volume Theoretical volume to be No. of punctures Total volume
injected (mL) injected (mL)
Level 1, 5% 0001 Oral cavity 42.6 2.1 6 2.1
0002 Oropharynx 63.5 32 3 3.1
0003 Oropharynx 52.1 2.6 3 2.7
Level 2, 10% 0004 Oropharynx 44.7 4.5 4 4.5
0005 Oropharynx 123.8 12.4 6 12.4
0006 Oropharynx 69.3 6.9 4 6.9
Level 3, 15% 0007 Oropharynx 29.6 44 5 4.4
0008 Oral cavity 20.7 3.1 4 3.1
0009 Oropharynx 35.2 53 2 53
0010 Oropharynx 19.2 2.9 6 3
0011 Oral cavity 12.0 1.8 2 1.8
Level 4, 22% 0012 Oropharynx 10.9 2.4 4 2.4
0013 Oropharynx 5.0 1.1 1 1.1
0014 Oral cavity 116.0 25.5 2 21.5
0016 Oral cavity 5.7 1.3 1 1.3
0017 Oral cavity 52.5 11.5 2 11.6
0018 Oropharynx 1.1 0.2 1 0.2
0020 Oropharynx 19.6 43 6 2.2
0021 Oropharynx 116.4 25.6 6 23.6

MRI, magnetic resonance imaging.
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A

*NBTXR3

24h post IT injection

post radiotherapy

B

7 months post RT

Fig. 3. NBTXR3 visualisation. CT scan showing intratumoural (IT) localisation of NBTXR3 (dose level, 15%) (A) 24 h after injection and
(B) after radiotherapy (RT). White circle with asterisk: radiopaque NBTXR3. (C) 3D reconstruction of the CT scan performed 24 h after
IT injection, at the end of RT and at 7 months after the end of RT. Top panels show tumour in yellow, and bottom panels show tumour in

yellow and NBTXR3 in pink. CT, computed tomography.

3.4. Safety and intratumoural injection feasibility

Eighteen of the 19 treated patients were evaluated for
DLT. No DLTs were observed at any of the levels
tested, and the maximum tolerated dose was not
reached. Hence, the RP2D of NBTXR3 for further
development, determined based on the recommenda-
tions from the Data and Safety Monitoring Board and
the safety profile evaluation, was established, for pa-
tients with HNSCC, at 22% of the theoretical primary
tumour volume calculated by the product of the three
longest dimensions (L x W x D) measured by MRI at
baseline.

Feasibility of intratumoural injection in the region of
the oral cavity and oropharynx was demonstrated at all
the tested dose levels in tumour of a size ranging from
1.1 mL to 123.8 mL.

One AE related to both NBTXR3 product and
intratumoural injection (grade I asthenia, at level 4,
22%) and three intratumoural injection-related AEs

(grade I tumour haemorrhage, at level 3, 15%, grade 1
injection site haemorrhage and grade II oral pain,
both at level 4, 22%) were reported. The most
frequent AEs related to RT (all grades) were radiation
skin injury (18/19, 95% of patients) and stomatitis (18/
19, 97% of patients) (Table 3). A total of six SAEs
related to RT were observed in four patients: one
stomatitis and two acute kidney failure due to dehy-
dration (all grade III) at level 1 (5%), one grade II
performance status decreased and one grade III
malnutrition at level 3 (15%) and one grade I oral
pain at level 4 (22%).

No SAE related to NBTXR3 or to the injection
procedure was observed.

One patient at level 3 (15%) died of general health
alteration (frontotemporal dementia) during the
study, 26 months after the end of treatment. Two
other deaths were due to progressive disease, both 4
months after the end of treatment, at level 1 and level
4, respectively.
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Fig. 4. Whole blood hafnium concentrations after NBTXR3 injection. Time points: 1, before injection; 2, beginning of injection; 3, end of
injection; 4, 5 min after injection; 5, 10 min after injection; 6, 15 min after injection; 7, 30 min after injection; 8, 60 min after injection; 9,
120 min after injection; 10, 240 min after injection; 11, 24 h after injection.

3.5. Preliminary efficacy

Among 19 patients, three were considered not evaluable
for antitumour efficacy: two patients who did not have
the required locoregional evaluation after the end of
treatment and one patient who received half of the
intended dose of NBTXR3. Thus, 16 patients were
evaluable for efficacy, as per RECIST version 1.1.
Regarding the primary tumour (i.e. lesion injected with
NBTXR3), 9 of 16 (56.3%) patients achieved a complete
response: three at level 2, four at level 3 and two at level
4, with a duration of response ranging from 2.1 to 36.8
months. Two of 16 (12.5%) patients experienced a par-
tial response, both at level 2, and 5 (31.3%) patients had
a stable disease.

Regarding the best overall response as per RECIST
1.1, 5 of the 16 (31.3%) evaluable patients achieved a
complete response: one at level 2, three at level 3 and
one at level 4. Of these five patients with complete
response, four have not progressed, with a duration of
response ranging from 25.7 to 36.8 months. Six of 16
(37.5%) patients achieved a partial response (two at
level 1 and level 4 each and one at level 2 and level 3
each), with a duration of response ranging from 3.5 to
13.2 months. Four of 16 (25.0%) patients had a stable
disease (one at each of the first three levels and two at
level 4). Five of 6 patients at the lower dose levels (5%
and 10%) eventually progressed, 2 of them with new
lesions (at level 2).

4. Discussion

This study demonstrated that intratumoural NBTXR3
activated by IMRT is well tolerated at all the evaluated
dose levels in a population of fragile, elderly patients or
patients with multiple comorbidities who have a LA-
HNSCC of the oral cavity or oropharynx. The
NBTXR3 intratumoural injection was demonstrated
safe and reproducible across different cancer centres and
physicians, without increasing inflammation or delaying
the planned onset of RT. The potential risk of lym-
phovascular dissemination of cancer cells or engraft-
ment in the needle pathway associated with
intratumoural injection has been taken into consider-
ation. Until now, in a randomised trial evaluating
NBTXR3 activated by RT compared with RT alone in
the preoperative setting of patients with LA soft-tissue
sarcoma, there were no signs indicating an increase of
this risk (in-house data).

After injection, the radio-opacity of NBTXR3 al-
lows for a good clinical control of the injection quality
and confirmation of its intratumoural availability,
before the onset of RT. NBTXR3 showed adequate
dispersion and was persistent within the tumour dur-
ing RT treatment, with no leakage into the sur-
rounding tissues. Accordingly, RT-related toxicity was
as expected, with an incidence of RT-related AEs
comparable with what has been reported for IMRT in
patients with LA-HNSCC [17—19]. Hafnium
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Table 3
RT-related treatment-emergent adverse events.
Preferred term All Grade Grade Grade Grade
grades 1 I I v
Radiation skin injury 22 15 4 2 1
Stomatitis 19 5 12 2 0
Dry mouth 15 13 2 0 0
Dysphagia 12 5 4 3 0
Dysgeusia 10 8 2 0 0
Asthenia 9 7 2 0 0
Nausea 9 7 2 0 0
Weight loss 8 6 2 0 0
Aptyalism 6 3 3 0 0
Decreased appetite 5 1 4 0 0
Oral pain 4 1 1 2 0
Oral fungal infection 4 2 2 0 0
Salivary 3 2 1 0 0
hypersecretion
Vomiting 3 2 1 0 0
Oropharyngeal pain 3 2 1 0 0
Acute kidney injury 3 1 0 2 0
Fungal infection 2 1 1 0 0
Dry skin 2 2 0 0 0
Lymphopenia 2 0 0 2 0
Neck pain 2 0 2 0 0
Hyponatraemia 2 1 0 1 0

AEs that occurred in at least ten percent of the patients. Number of
adverse events in a given system organ class.
RT, radiotherapy; AE, adverse event.

quantification (nanoparticles) showed a marginal
proportion of the injected dose in blood without any
detection in urine, confirming absence of renal
excretion.

The population of patients included in our study
was not fit to receive concomitant chemotherapy with
cisplatin owing to formal contraindication or relative
contraindication (including cardiovascular and
neurologic comorbidities). Patients with LA-HNSCC
ineligible to cisplatin-based chemoradiation and
treated with RT alone have a median overall survival
of 12—13 months [3—5]. Cetuximab is a valid alter-
native in patients unfit for cisplatin; however, patients
older than 65 years did not seem to derive any benefit
from cetuximab plus RT compared with RT alone [§&].
The patients included in this study had comparable
clinical features and a similarly predicted poor prog-
nosis [4,20,21]. The use of a radioenhancer such as
NBTXR3 may provide a better locoregional control
and improve outcomes in this population. Although
this study was not designed to draw any conclusion on
efficacy, NBTXR3 activated by RT showed promising
efficacy results, with interesting response rates and
duration of response at the dose of >10%. The results
of this study support further evaluation at the RP2D
(22% of baseline tumour volume determined by MRI).
The dose expansion part of this study has started to
evaluate the objective response rate of the primary
tumour, as well as of local progression-free survival
(PFS) and PFS, using RECIST 1.1. These results and

those of the expansion part of the study will provide
further information on the value of this approach in
the treatment of patients with LA-HNSCC ineligible
to chemoradiation who have limited therapeutic op-
tions. Further development in a randomised phase III
trial is planned to evaluate NBTXR3 activated by RT
in other subpopulations of patients with LA-HNSCC.

These nanoparticles have a unique universal mode of
action with an ‘on’/‘off” activity. They can be activated
by a variety of sources of ionising radiation, fitting the
modern standards of RT technology, without requiring
changes in treatment protocol or equipment. NBTXR3,
enhancing the effect of RT without adding toxicity, can
thus potentially be developed in a wide variety of solid
tumours and could be combined with other treatments
such as chemotherapy or immunotherapy.
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