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Background: Concurrent chemoradiotherapy (CRT) is the standard of care (SoC) in locally advanced (LA)
head and neck squamous cell carcinomas (HNSCC). This trial was designed to test whether dose-escalated
IMRT and cisplatin could improve locoregional control without increasing complications over
3D-radiotherapy.
Methods: Patients were randomized between 70 Gy/35F in 7 weeks with 3D-RT (Arm A) versus 75 Gy/35F
with IMRT (Arm B). Both arms received 50 Gy in 25 fractions followed by a sequential boost of 20 Gy/10F
in Arm A and 25 Gy/10F to gross tumor volume in Arm B, as well as 3 cycles of cisplatin at 100 mg/m2
during RT. The primary endpoint was locoregional progression (LRP).
Results: 188 patients were randomized: 85% oropharynx and 73% stage IVa. P16 status was documented
for 137 oropharyngeal tumors with P16+ in 53 (39%) patients; and 90% were smokers. Median follow-up
was 60.5 months. Xerostomia was markedly decreased in arm B (p < 0.0001). The 1-year grade �2 xeros-
tomia (RTOG criteria) was 63% vs 23% and 3-year 45% vs 11% in arms A and B, respectively. Xerostomia
LENT-SOMA scale was also reduced in arm B. Dose-escalated IMRT did not reduce LRP with an adjusted
HR of 1.13 [95%CI = 0.64–1.98] (p = 0.68). Survival was not different (adjusted HR: 1.19 [95%CI = 0.78–1.
81], p = 0.42). No interaction between p16 and treatment effect was found.
Conclusion: Dose-escalated IMRT did not improve LRC in LA-HNSCC patients treated with concomitant
CRT over standard 3D-RT. This trial reinforces the evidence showing IMRT reduces xerostomia in
LA-HNSCC treated with radiotherapy.
Clinicaltrial.gov: NCT00158678.

� 2020 The Authors. Published by Elsevier B.V. Radiotherapy and Oncology 150 (2020) 18–25 This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Concurrent chemoradiotherapy (CRT) is a well-established
standard-of-care (SoC) in locally advanced (LA) head and neck
squamous cell carcinomas (HNSCC) as shown in the update of
MACH-NC database (8% survival benefit at 5 years) [1–3]. The most
commonly adopted standard CRT regimen is combination of con-
ventional fractionated radiotherapy (70 Gy/7 weeks) with high-
dose cisplatin (100 mg/m2 every 3 weeks).

Intensity-modulated radiotherapy (IMRT) can spare major sali-
vary glands [4] and other organs at risk (OAR), while conforming
high doses to the shape of target volumes [5]. The phase III PAR-
SPORT trial in HNSCC showed that IMRT significantly reduced the
incidence of xerostomia and led to improvements in quality of life
[6].
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IMRT could in theory improve locoregional control (LRC) com-
pared with 2D radiotherapy (RT) or conformal 3D-RT by better
conformation of irradiation to target volume [7]. While there is a
well-established dose effect relationship for RT alone in these can-
cers, as suggested in randomized trials by the improvement in local
control with hyperfractionation schedules [8], it is not known
whether this also applies to concurrent CRT. If so, IMRT could be
useful for dose-escalation [5]. Indeed, studies and meta-analyses
have shown that 80 Gy in 7 weeks could improve the probability
of tumor control by 15 to 20% compared with conventional RT of
70 Gy [9]. The absolute survival benefit associated with hyperfrac-
tionation was 8.1% at 5 years, similar to the benefit of concomitant
chemotherapy [3]. Moreover, the vast majority of relapses occur in
gross tumor volume (GTV), hence justifying the dose increase
within GTV.

In this context, we designed a randomized phase III trial in
LA-HNSCC treated by RT and concurrent high dose cisplatin to
compare dose-escalated IMRT to standard-dose 3D-RT. The
hypothesis was that IMRT could reduce OAR dose allowing tumor
dose increase to obtain better tumor control, while decreasing side
effects, in particular salivary sequelae.
Methods

Study design

GORTEC 2004-01 study was a randomized multi-center phase
III trial performed in 11 centres/hospitals within French head and
neck oncology and radiotherapy group (GORTEC). The study was
performed in accordance with good clinical practice guidelines,
the Declaration of Helsinki, and was approved by an ethics com-
mittee (Kremlin Bicêtre Hospital, France).
Patients

All patients provided written informed consent.
The main inclusion criteria were >18 years, Karnofsky Perfor-

mance Status (KPS) 80–100, non-previously treated stage III-IV
(T1-T4, N0-N2, M0 according to UICC TNM 2002) histologically
proven squamous cell carcinoma (SCC) of oral cavity and oro/hy-
popharynx, regardless of HPV status, with indication to receive
�50 Gy to bilateral neck. Patients had adequate liver, renal, cardiac
functions and adequate hematological blood counts allowing
administration of high-dose cisplatin.

HPV status was evaluated by p16 immunohistochemistry for
oropharyngeal cancer (OPC) with a centralized evaluation [10].
Procedures

Patients were randomized between 70 Gy in 7 weeks with con-
ventional 3D-RT with parallel opposed fields based on CT-
simulation (arm A) and 75 Gy with IMRT (arm B). Randomization
was done by minimization on centers, T (T0-2 vs T3-4), N (N0 vs
N1-2), subsite (hypopharynx vs oropharynx vs oral cavity) and uni-
lateral or bilateral character of GTV, with a probability of 0.80 to
assign the treatment which minimizes the imbalance.

Randomization was done centrally at the biostatistics service of
Gustave Roussy Cancer Campus (Villejuif, France) using TENAlea
software (NKI Amsterdam). Neither the physicians nor the patients
were blinded to treatment-group assignment Fig. 1a.

Radiotherapy was prescribed in two sequential phases (Figs. 1b
and 1c): 50 Gy/25 fractions (F) and 5 weeks to prophylactic PTV1,
followed by a sequential boost of 20 Gy to PTV2 including initial
GTV in arm A (2 Gy/F) or 25 Gy in arm B (IMRT: 25 Gy/10F) during
2 weeks. In both arms, 3 cycles of cisplatin at 100 mg/m2 were
administrated every 3 weeks during RT.
Work-up before enrollment included physical examination,
blood tests, head and neck CT or MRI, chest CT, and an endoscopy
examination. Patients were assessed 3 months after treatment
completion with physical examination and imaging studies
(CT-scanning +/� MRI) and then with physical examination every
3 months for two years, and every 6 months thereafter.

Radiotherapy quality assurance was carried out by GORTEC’s
QA team. The criteria checked were: (1) that PTV2 included GTV;
(2) that the dose to PTV1, PTV2, brainstem, spinal cord, and for
arm B the dose to the parotids complied with accepted constraints.
Statistical analysis

The primary endpoint was loco-regional progression (LRP),
defined as the time from randomization to locoregional failure as
first event (even if associated with distant progression). Secondary
endpoints were progression-free survival (PFS), overall survival
(OS), distant progression (DP). The second cancer was not consid-
ered as progression.

Acute and late toxicities such as xerostomia were scored
according to RTOG radiation morbidity scoring criteria. Late xeros-
tomia was also evaluated using patient-reported symptoms scored
with LENT-SOMA scale (subjective part).

The LRP rate with standard CRT was expected to be 40% at
2 years, i.e. LRC rate of 60%. In order to detect a hazard ratio (HR)
of 0.56 (for illustration of this HR value, it corresponds to decrease
in 2-year LRP from 40% to 25%), observing 109 LRP was needed
with 85% power, assuming a two-sided type I error of 0.05. A total
of 109 LRP was expected out of 310 patients (155 per arm). No
interim analysis of efficacy was planned.

Cumulative incidences of LRP and DP were estimated within the
framework of competing risk analysis [11]. PFS and OS were esti-
mated using Kaplan-Meier method and 95% confidence intervals
(95% CI) of yearly rates were estimated according to the Rothman
method.

Crude HR and adjusted HR for T stage (2 categories: T0-2 vs T3-
4), N stage (3 categories: N0 vs N1-2b vs N2c), p16 status (OPC p16
positive vs OPC p16 negative vs others), unilateral or bilateral char-
acter of GTV and centers (4 categories: one for each site that
included �20 patients, one category for all sites that included
10–20 patients and one for sites that included �10 patients) were
estimated using Cox model for PFS and OS and using Fine and Gray
model for LRP.

Median follow-up was estimated with the reverse Kaplan–
Meier method.

We compared between the two treatment groups the late toxi-
cities (xerostomia according to RTOG criteria and to LENT-
subjective scoring, mucosal toxicity, subcutaneous tissue toxicity,
laryngeal toxicity, dysphagia and bone toxicity) in two categories
of grade (none or grade 1 versus grade 2, 3 or 4, assessed according
to RTOG criteria and to LENT-subjective scoring) from 1 year to
5 years after end of treatment, with a generalised linear model
for binomial variables with a logit link.

Analyses were done with SAS version 9.4 and with R version
3.6.1 for competing risk analyses.
Results

Between September 2005 and January 2015, 188 patients were
randomized, 94 in each arm (Fig. 1a). The accrual rate was much
slower than expected; due to the fact that IMRT became standard
of care in a growing number of centers and was only allowed in
Arm B in the trial. As a consequence, the trial was discontinued
after inclusion of 188 patients.



Fig. 1a. Trial profile.

Fig. 1b. Dose wash of 3D-RT.

Fig. 1c. Dose wash of IMRT.
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Initial characteristics of patients and tumor are presented in
Table 1. 82% were males. Mean age was 59 years in arm A and
57 years in arm B. Tumor site was oropharynx in 85% of patients.
The majority of patients had stage IVa (72% in arm A and 73% in
arm B). Overall, p16 was evaluable in 137 of 160 OPC (86%)
patients (67/80 pts in arm A and 70/80 in arm B). P16 positive
immunostaining (p16+) was found in 53 tumors (39%): 22/67
(33%) in arm A and 31/70 (44%) in arm B. Smoking status (pack-
year: PY) was known for 148 of the 180 patients (82%). There were
54/61 (88%) smokers of >10 pack-year in arm A and 65/71 (76%) in
arm B.



Table 2
Chemoradiotherapy compliance and acute clinical toxicity$.

Arm A
3D-RT

Arm B IMRT P-value

Number of received fractions$
$

0.07

�33 9 3
�34 84 (89%) 91 (97%)

Definitive stop of RT 3* (3%) 2** (2%)
Temporary RT interruption 73 (78%) 80 (85%)
Duration of interruption
1–6 days 63 74
�7 days 10 6

Radiotherapy duration (days) 50.6 (8.5) 50.4 (7.3) 0.87
(mean (std), median, [range]) 50 [3–98] 50 [4–63]
Parotid gland irradiation Data for 80

patients
Data for 90
patients

Mean dose (Gy)
Homolateral 63.1 (8.4)

[32.9–
72.2]

43.2 (12.8)
[20.7–67.5]

<0.0001

Controlateral 56.5 (8.9)
[29.1–
73.2]

31.8 (8.1)
[16.4–59.4]

<0.0001

Healthy oral cavity
irradiation

Data for 70
patients

Data for 79
patients

Mean dose (Gy) 47.1 (18.7)
[0–72.5]

44.8 (10.5)
[17.4–72.1]

0.35

% volume > 45 Gy 60.9 (30.8)
[0–100]

45.5 (30.1)
[0–100]

0.003

Number of cisplatin courses
received £

0.19

0 0 1 (1%)
1 11 (12%) 7 (7%)
2 30 (32%) 22 (23%)
3 52 (55%) 64 (68%)

Mucositis (grade 3–4 vs
other) p = 0.71

No 1 (1%) 3 (3%)
Grade 1 5 (5%) 8 (9%)
Grade 2 42 (45%) 39 (42%)
Grade 3 38 (41%) 36 (39%)
Grade 4 7 (8%) 6 (6%)

Salivary gland toxicity (grade 3–4 vs
other) p = 0.015

No 16 (18%) 21 (23%)
Grade 1 19 (21%) 26 (29%)
Grade 2 36 (40%) 37 (41%)
Grade 3 18 (20%) 7 (8%)
Grade 4 1 (1%) 0 (0%)

Skin toxicity (grade 3–4 vs
other) p = 0.38

No 4 (4%) 5 (5%)
Grade 1 24 (26%) 32 (34%)
Grade 2 51 (55%) 46 (49%)
Grade 3 12 (13%) 8 (7%)
Grade 4 2 (2%) 2 (2%)

Feeding tube 64 (69%) 59 (63%) p = 0.38
Maximal % of weight loss

during treatment (mean
(std))

11.7% (6.0) 12.1% (6.7) p = 0.68

Hospitalization due to
toxicity

44 (47%) 28 (30%) p = 0.014

$Grading according to RTOG scoring criteria.
$$Missing for one patient of the Non-IMRT arm.
*2 deaths (one after 4 fractions due to a non-specified intercurrent disease and one
after 28 fractions due to a septic shock) and 1 patient refusal after 28 fractions and
41 days..
**2 deaths: one after 5 fractions due to a mesenteric infarction, one after 8 fractions
due to unknown cause.
£One patient of the Non-IMRT arm received weekly carboplatin instead of cisplatin.

Table 1
Patient and tumor initial characteristics.

Arm A 3D-RT
(n = 94)

Arm B IMRT (n = 94)

Male 77 (82%) 78 (83%)
Female 17 (18%) 16 (17%)
Age (years) (mean, std, range) 59.1 (7.4) [42–73] 57.1 (7.3) [38–74]
<50 years 9 (10%) 14 (15%)
50–60 years 40 (43%) 54 (57%)
�60 years 45 (48%) 26 (27%)

Karnofsky
90–100 71 (86%) 72 (87%)
�80 11 (13%) 10 (12%)
Unknown 12 12

Tobacco consumption
Never 14 (15%) 8 (9%)
Yes, former 28 (30%) 33 (35%)
Yes, current 33 (35%) 38 (40%)
Unknown 19 (20%) 15 (16%)

Among smokers, number of PY N = 61 N = 71
<10 PY 4 (7%) 3 (4%)
10–<20 PY 5 (8%) 7 (10%)
>=20 PY 49 (80%) 58 (82%)
Unknown 3 (5%) 3 (4%)

Tumor subsite
Oropharynx 80 (85%) 80 (85%)
Oral cavity 3 (3%) 4 (4%)
Hypopharynx 11 (12%) 10 (11%)

Among oropharyngeal tumors
p16 negative 45 (67%) 39 (56%)
p16 positive 22 (33%) 31 (44%)
p16 not available 13 10

Differentiation
Well 45 (52%) 44 (48%)
Moderately 26 (30%) 29 (32%)
Poor 15 (17%) 19 (21%)

N stage
N0 13 (14%) 14 (15%)
N1-2a 27 (29%) 27 (29%)
�N2b 54 (57%) 53 (56%)

T stage
T1-2 27 (28%) 26 (27%)
T3 40 (43%) 39 (41%)
T4 27 (29%) 29 (31%)

Stage UICC
III 22 (23%) 22 (23%)
IVa 68 (72%) 69 (73%)
IVb 4 (4%) 3 (3%)

GTV
Unilateral 45 (48%) 40 (43%)
Bilateral 49 (52%) 54 (57%)
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The median follow-up was 60.5 months (range: 14.4 months–
83.8 months), Inter Quartile Range = 51.4 months–63.5 months;
similar in both arms: 59.8 months in arm A and 61.2 months in
arm B.

The compliance to RT was not significantly different between
the 2 arms: 84 (90%) of patients in arm A and 91 (97%) in arm B
received at least 34 fractions (p = 0.07), with a mean overall treat-
ment time of 50.6 days and 50.4 days, respectively (p = 0.87). The
proportion of temporary RT interruption �7 days was 11% and 6%
in Arm A and Arm B, respectively (Table 2). The number of cisplatin
cycles received was not different between two arms (p = 0.19): 82
patients (88%) vs 86 (91%) received �2 cycles of cisplatin in arm A
vs arm B, respectively; 52 patients (55%) vs 64 (68%) completed 3
cycles, respectively.

Acute toxicities are shown in Table 2. Similar incidence of
mucositis and radiodermatitis was observed in the two arms.
Acute salivary gland toxicity was decreased with IMRT: the rate
of grade 3–4 was 8% in arm B versus 21% in arm A (p = 0.015).
No difference of feeding tube use or loss of weight was found
between the two arms. Hospitalization due to toxicity were signif-
icantly less frequent in arm B than in arm A (47% vs 30%, p = 0.014).
Five early deaths occurred during the treatment or within 3months
after end of treatment: 3 in arm A and 2 in arm B.

Late xerostomia was markedly decreased with IMRT at least
until 4 years after the end of treatment (Table 3 and Fig. 2). Accord-
ing to RTOG scoring criteria, the grade �2 xerostomia rates were



Table 3
Late toxicity between one and five years after the end of treatment.

1 year 2 year 3 years 4 year 5 years

3D-RT IMRT 3D-RT IMRT 3D-RT IMRT 3D-RT IMRT 3D-RT IMRT p-value*

Xerostomia RTOG <0.0001
No 4 (6%) 17 (26%) 6 (11%) 16 (30%) 5 (11%) 20 (43%) 5 (16%) 19 (46%) 7 (26%) 8 (33%)
Grade 1 19 (30%) 34 (52%) 13 (24%) 28 (53%) 19 (43%) 22 (47%) 16 (50%) 17 (41%) 12 (44%) 12 (50%)
Grade 2 34 (54%) 13 (20%) 28 (51%) 8 (15%) 16 (36%) 5 (11%) 9 (28%) 4 (10%) 8 (30%) 4 (17%)
Grade 3 6 (10%) 2 (3%) 8 (15%) 1 (2%) 4 (9%) 0 (0%) 2 (6%) 1 (2%) 0 (0%) 0 (0%)
Grade 4 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Xerostomia LENT subjective <0.0001
No 3 (5%) 13 (22%) 6 (11%) 12 (25%) 3 (8%) 16 (36%) 4 (14%) 16 (40%) 4 (17%) 7 (28%)
Grade 1 14 (23%) 20 (34%) 11 (20%) 21 (44%) 11 (29%) 16 (36%) 7 (24%) 13 (32%) 7 (29%) 11 (44%)
Grade 2 23 (37%) 16 (27%) 15 (27%) 9 (19%) 13 (34%) 9 (20%) 15 (52%) 9 (22%) 11 (46%) 4 (16%)
Grade 3 22 (35%) 9 (15%) 23 (41%) 6 (12%) 9 (24%) 4 (9%) 3 (10%) 2 (5%) 2 (8%) 3 (12%)
Grade 4 0 (0%) 1 (2%) 1 (2%) 0 (%) 2 (5%) 0 (0%) 0 (0%) 0 (%) 0 (0%) 0 (0%)

Mucosal 0.55
No 66 (92%) 64 (86%) 55 (82%) 58 (92%) 47 (94%) 45 (90%) 33 (82%) 40 (89%) 27 (90%) 25 (93%)
Grade 1 6 (8%) 9 (12%) 8 (12%) 4 (6%) 1 (2%) 4 (8%) 5 (12%) 3 (7%) 2 (7%) 1 (4%)
Grade 2 0 (0%) 1 (1%) 2 (3%) 0 (0%) 1 (2%) 1 (2%) 2 (5%) 1 (2%) 0 (0%) 1 (4%)
Grade 3 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Grade 4 0 (0%) 0 (0%) 1 (2%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Grade NE 0 (0%) 1 (2%) 1 (2%) 0 (0%) 1 (2%) 1 (3%)

Subcutaneous tissue 0.47
No 59 (92%) 58 (78%) 42 (64%) 49 (78%) 40 (80%) 38 (76%) 26 (65%) 34 (76%) 22 (73%) 20 (74%)
Grade 1 6 (8%) 11 (15%) 13 (20%) 11 (17%) 5 (10%) 8 (16%) 8 (20%) 6 (13%) 7 (23%) 5 (19%)
Grade 2 5 (7%) 4 (5%) 10 (15%) 2 (3%) 5 (10%) 4 (8%) 6 (15%) 3 (7%) 1 (3%) 2 (7%)
Grade 3 1 (1%) 0 (0%) 1 (2%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (2%) 0 (0%) 0 (0%)
Grade NE 1 (1%) 1 (1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

0 (0%) 1 (2%) 0 (0%) 1 (2%)
Laryngeal 0.88
No 63 (88%) 67 (91%) 58 (88%) 58 (92%) 47 (94%) 46 (92%) 35 (88%) 44 (98%) 30 (100%) 26 (96%)
Grade 1 5 (7%) 3 (4%) 4 (6%) 3 (5%) 1 (2%) 2 (4%) 1 (2%) 1 (2%) 0 (0%) 0 (0%)
Grade 2 2 (3%) 4 (5%) 2 (3%) 2 (3%) 1 (2%) 2 (4%) 1 (2%) 0 (0%) 0 (0%) 1 (4%)
Grade 3 1 (1%) 0 (0%) 1 (2%) 0 (0%) 1 (2%) 0 (0%) 1 (2%) 0 (0%) 0 (0%) 0 (0%)
Grade 4 1 (1%) 0 (0%) 1 (2%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Grade NE 2 (5%) 0 (0%)

Dysphagia 0.17
No 66 (92%) 72 (97%) 61 (92%) 61 (97%) 48 (96%) 48 (96%) 40 (100%) 45 (100%) 29 (97%) 24 (89%)
Grade 1 4 (6%) 1 (1%) 2 (3%) 0 (0%) 1 (2%) 2 (4%) 0 (0%) 0 (0%) 1 (3%) 3 (11%)
Grade 2 2 (3%) 0 (0%) 2 (3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Grade 3 0 (0%) 1 (1%) 0 (0%) 0 (0%) 1 (2%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Grade NE 1 (2%) 2 (3%)

Bone 0.34
No 68 (94%) 71 (96%) 59 (89%) 56 (89%) 44 (88%) 47 (94%) 35 (88%) 42 (93%) 29 (97%) 27 (100%)
Grade 1 1 (1%) 2 (3%) 4 (6%) 2 (3%) 1 (2%) 1 (2%) 1 (2%) 1 (2%) 1 (3%) 0 (0%)
Grade 2 0 (0%) 0 (0%) 1 (2%) 1 (2%) 2 (4%) 2 (4%) 2 (5%) 2 (4%) 0 (0%) 0 (0%)
Grade 3 0 (0%) 0 (0%) 0 (0%) 1 (2%) 0 (0%) 0 (0%) 1 (2%) 0 (0%) 0 (0%) 0 (0%)
Grade NE 3 (4%) 1 (1%) 2 (3%) 3 (5%) 3 (6%) 0 (0%) 1 (2%) 0 (0%)

*Comparison between the two treatment groups of none or grade 1 versus grade �2 from 1 year to 5 years after end of treatment by generalised linear model.
NE: not evaluate.
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63% in arm A and 23% in arm B at one year and 45% and 11% respec-
tively at three years. According to subjective LENT-SOMA scoring,
the grade �2 salivary toxicity rates were 73% in arm A and 44%
in arm B at one year and 63% and 29% respectively at three years.
The other late toxicities were not different between the two arms
(Table 3).

The use of dose-escalated IMRT did not transfer into a lower LRP
incidence with a crude HR of 0.97 [95%CI = 0.56; 1.65] and an
adjusted HR (on centers, T, N, GTV laterality, p16) of 1.13
[0.64–1.98] (p = 0.68). LRP occurred as first event in 26 patients
in each arm, corresponding to 48% of the expected number of
LRP. The cumulative incidence rates of LRP were 27.7% in arm A
vs 23.5% in arm B at 3 years, and 27.7% vs 25.8% at 5 years, respec-
tively (Fig. 3a).

PFS and OS were not significantly different between the 2 arms
(Fig. 3b, c). The 3 and 5-year PFS rates were respectively 56.4% and
49.8% in arm A and 54.1% and 48.2% in arm B (Fig. 3b) with an
adjusted HR of 1.26 [95%CI = 0.84; 1.90, p = 0.27]. The 3 and
5-year OS rates were respectively 60.6% and 51.6% in arm A and
61.4% and 51.2% in arm B (Fig. 3c) with an adjusted HR of 1.19
[95%CI = 0.78; 1.81, p = 0.42].

Metastasis alone as first event was observed in 7 and 10 of arm
A and B, respectively. Cumulative incidence of metastasis was not
significantly different between the two arms (adjusted HR of 1.47
[95%CI = 0.55; 3.92], p = 0.44).

A significant improvement in LRP, PFS and OS was found in p16
+ compared to p16- OPC (all p-values <0.0004). Only 3 LRP were
observed in p16 + OPC, one in arm A and 2 in arm B. The dose-
escalation with IMRT did not improve outcomes in patients with
OPC regardless of p16 status [non-significant interaction tests
between p16 and treatment modality for LRP (p = 0.96), PFS
(p = 0.65) and OS (p = 0.45)].
Discussion

This phase III trial confirmed a significant reduction of acute
and late xerostomia for patients treated with IMRT and cisplatin



Fig. 2a. Late xerostomia grade according to RTOG scoring criteria: percentages of grade 1, 2 and 3 at years 1, 2, 3, 4 and 5 after the end of treatment. Comparison between the
two treatment groups of none or grade 1 versus grade 2, 3 or 4 from 1 year to 5 years after end of treatment, p < 0.0001.

Fig. 2b. Late xerostomia grade according to LENT-subjective scoring: percentages of grade 1, 2, 3 and 4 at years 1, 2, 3, 4 and 5 after the end of treatment. Comparison
between the two treatment groups of none or grade 1 versus grade 2, 3 or 4 from 1 year to 5 years after end of treatment, p < 0.0001.
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compared with 3D-RT, which is consistent with other trials of IMRT
in early stage of head and neck cancers [12] and with one system-
atic review [13]. We failed to show any benefit with dose escala-
tion from 70 Gy to 75 Gy in terms of tumor control (in fact the
equivalent dose is higher than 75 Gy since the last 25 Gy were
given on an accelerated mode with 2.5 Gy/F and 12.5 Gy/week).
To our knowledge, this is the first randomized phase III trial in
LA-HNSCC, comparing IMRT vs 3D-RT in terms of LRP and also
the first randomized trial showing the benefit of parotid-sparing
with IMRT vs 3D-RT in concurrent CRT setting with cisplatin for
LA-HNSCC. The widespread use of IMRT after the trial was
launched for LA-HNSCC patients was the main reason for slow
enrollment and early closure of trial.

Although widely used in the treatment of LA-HNSCC, there is
relatively limited Evidend Based Medicine level 1 regarding the
benefit of IMRT. IMRT is a tool markedly improving RT dose distri-
bution to reduce normal tissues damages and/or to escalate radia-
tion dose to GTV. Our study addressed these 2 issues and showed a



Fig. 3a. Cumulative incidence of loco-regional progression by treatment arm.

Fig. 3b. Overall survival by treatment arm.

Fig. 3c. Progression free survival by treatment arm.
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significant reduction of xerostomia as compared to 3D-RT in
patients treated with CRT. This is consistent with the benefit
demonstrated with IMRT for patients treated by RT alone. Our
results show not only that xerostomia has been improved by IMRT,
but also that the need of hospitalization due to toxicity has been
decreased and the compliance to cisplatin was improved.

The second potential benefit of IMRT is related to the possibility
to increase the radiation dose to GTV, which is of particular
importance in LA-HNSCC since most of relapses occur inside or
close to GTV. Despite a relatively important dose increase (75 Gy
versus 70 Gy) along with moderate acceleration for the boost
(25 Gy/10F), no benefit was seen in terms of LRC or survival. The
HR of 0.56 for loco-regional control in favour of dose-escalated
IMRT was probably too ambitious. In the PARSPORT trial, there
were slightly more locoregional recurrences in IMRT group than
in conventional RT group (12 vs 7), although this difference was
not significant. However, the population of patients included in
this trial was quite heterogeneous (many patients with stage I/II),
and treatment was quite different (>40% with neoadjuvant
chemotherapy and >20% with surgery) [6]. Thus, it is impossible
to draw any firm conclusion regarding tumor control with PAR-
SPORT trial. In contrast, our trial included a homogenous popula-
tion and patients were all treated with high-dose cisplatin-based
CRT. One Indian randomized trial also showed that IMRT signifi-
cantly reduced the incidence and severity of xerostomia compared
to 3D-CRT and no difference in tumor control [14].

Interestingly, this is a relatively unique study showing that
there is no dose effect relationship beyond 70 Gy if concurrent high
dose cisplatine is used. It is in contrast to improved survival and
tumor control by dose increasing when RT alone is used for exam-
ple through hyperfractionated RT as shown in MARCH meta-
analysis [11]. Why could dose increase in IMRT arm not be trans-
lated into improved tumor control? The first reason is use of cis-
platin in both arms. This absence of radiation dose/time effect
relationship when RT is associated with concurrent chemotherapy
is similar to the GORTEC 99-02 in which we failed to show superi-
ority of concurrent accelerated CRT versus conventional fraction-
ated CRT [15,16]. The second reason could be that many patients
with HPV/p16 + OPC probably do not need dose escalation as
opposed to HPV/p16� patients [17], although this could not be
explored in our study given the very small number of events in
p16+ patients (3 LRP and 5 DP). Other biomarkers could also be
important for the selection of patients who could potentially ben-
efit from dose escalation. The third reason is that dose escalation
may be only necessary in specific areas such as hypoxic regions
in GTV and not in the whole GTV. We need also note that since
many centers in the trial have switched IMRT technique during this
trial, it could be an impact of learning curve with such outcome.
Thus, these points could suggest that future dose escalation proto-
col could be more selective not only for different patients but also
for different biologically-targeted zones in the tumor. Last, as the
study was closed early due to slow accrual, its power to evaluate
LRP as primary endpoint was low.

A potential concern of this dose escalation 75 Gy/7 weeks by
IMRT was toxicity. In fact, in our trial, we did not find any differ-
ence of acute toxicities such as radiomucositis, radiodermatitis or
use of feeding tube. Importantly, the patients in the dose-
escalated IMRT arm were less likely hospitalized due to toxicities
during RT. Furthermore, the patients in IMRT arm probably better
tolerated concurrent cisplatin, with 68% vs 55% in 3D-RT arm com-
pleting 3 cycles cisplatin. The better tolerance in IMRT arm could
partially be related to a higher rate of patients �60 years of age
in 3D-RT arm (48% vs 27%); indeed, these older patients had
slightly more adverse events grade �3 than younger patients
(90% versus 80%) and more hospitalization (51% vs 31%).

The proportion of p16 positivity in oropharynx cancers in this
trial was 39%, and this is consistent with recent randomized trials
GORTEC 2007-01 [10] and 2007-02 [18] which showed about
20–30% OPC with p16+ and even less p16+ non-smokers. The large
majority of patients are p16�/smokers. This is in contrast with
population in North America where the proportion of p16+ cancers
is generally higher [17 19]. In fact, recently, for low risk or interme-
diate risk HPV + OPC, clinical trials were designed to de-intensify
the treatment such as reducing radiation dose or use of less toxic
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chemotherapy; while treatment intensification is reserved for
HPV� or high-risk HPV+ patients.

In conclusion, radiotherapy dose escalation to the GTV with
IMRT did not improve loco-regional control in patients with locally
advanced HNSCC treated with concurrent high-dose cisplatin and
RT, while xerostomia and tolerance were improved by IMRT. This
trial adds new evidence level 1 in favor of IMRT in LA HNSCC but
does not support dose escalation to the entire GTV in patients trea-
ted by CRT.
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