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Abstract

Background

—h

To report our initial clinical experience of helical tomothergpy) in the treatment g
locally advanced oropharynx and inoperable oral cavity cancer.

Methods

Between February 2008 and January 2011, 24 consecutive patients, 15 with omggddary
cancer and 9 with oral cavity cancer were treated with eixeluadiotherapy or concomitant



chemoradiotherapy. Simultaneous integrated boost (SIB) in 30 fracticomsme wal
prescribed to all patients, using Helical Tomotherapy. Doseséadened to primary tumo
oropharynx/oral cavity and positive lymph-nodes and negative lymph-nodes66e67.5
Gy, 60-63 Gy and 54 Gy, respectively.

-

Results

Complete response rate for the oropharynx and the oral cavity grou®owas and 77.8%,
respectively. The 1 and 2-year Overall Survival (OS) and DesEese Survival (DFS) rate
for the oropharynx group was 92.9%, 85.1%, 92.9% and 77.4% respectively. Faalthe o
cavity group, 1 and 2-year OS and DFS rates were 55.6%, 55.6%, 75% and 75%,
respectively. No patient developed grad® mucositis, dysphagia or dermatitis. The
maximum late-toxicity grade observed was 2, for all the variablesiegdm

Conclusions

HT appears to achieve encouraging clinical outcomes in ternnespbnse, survival and
toxicity rates.

Keywords

Helical tomotherapy, Oropharyngeal cancer, Oral cavity cancensityenodulated
radiotherapy, Concurrent chemoradiation

Introduction

Carcinomas of the oropharynx and oral cavity are two of the most oortypes of head and
neck squamous cell carcinoma (HNSCC), which is the sixth leachnger by incidence
worldwide [1]. HNSCCs are strongly associated with certagstyie risk factors such as
tobacco smoking and alcohol consumption [2,3]. Oropharyngeal infection byesmcagpe-
16 human papillomavirus (HPV) has been also associated with orophdrgggamous cell
carcinoma [4].

Although survival rates for HNSCC are improving, locoregional coméwiains suboptimal,
especially in patients with advanced-stage disease; in thisgseteatment should involve a
multidisciplinary team approach (head and neck surgeon, medicalogist, radiation
oncologist). Regarding oral cavity carcinoma, surgery has beestidmdmains the mainstay
of treatment for resectable tumors, reserving radiation thdmpthe advanced stages. On
the other hand, chemoradiotherapy or radiotherapy can be used as/exchament, either
for initial or advanced-stage oropharyngeal cancer, in order to preserve funatiatzany.

During the last decade, radiation oncology has withessed an explasianovation of
treatment modalities: intensity modulated radiotherapy (IMRMQws to deliver a high
radiation dose to the tumor, with improved target conformality and surroundingyhiésdue
sparing, in comparison with three-dimensional (3D) plans [5-7].

Helical tomotherapy (HT) is an innovative radiotherapy techniqueghwimtegrates linear
accelerator and computerized tomography (CT) technology to déMRT in an helical



pattern, thanks to a continuously rotating gantry. The integrated iguagence system
provides daily 3D imaging of the tumor, achieving precise irramhatiand therefore
decreased toxicity to healthy tissue, with possible treatnagiaption (Image Guided
Radiotherapy or IGRT) [8,9].

A tomotherapy Hi-Art® system was introduced into clinical noatat the Department of
Radiation Oncology, San Camillo-Forlanini Hospital, Rome, ItalyJanuary 2008. This
article reports our initial clinical experience of HT, in theatment of patients with locally
advanced oropharynx and inoperable oral cavity carcinoma, in termspohses acute and
late toxicity rates.

Materials and methods

Patient and tumor characteristics

Between February 2008 and September 2011, a total of 105 head and neclpatecty
(60 men and 55 women, median age 62 years old, range 33—-86) were trdatdd,vaither
definitively or postoperatively, at San Camillo-Forlanini HospitaRofme. The present study
group consists of 24 consecutive patients, 15 with oropharyngeal cancer ftergjlbase of
tongue,n = 4, soft palaten = 2) and 9 with oral cavity cancer (retromolar trigame, 4, floor

of mouth,n = 3, oral tonguen = 2), treated with exclusive radiotherapy or concomitant
chemoradiotherapy, from February 2008 to January 2011 (Table 1). Theré5vamdes and

9 females with a median age of 58 years old (range 45-85) ahghstann Cooperative
Oncology Group Performance Satus (ECOG PS) as follows: ECOG 4= 4 patients; ECOG

2, n = 18 patients; ECOG 3, n = 2 patients. The staging evaluation included: clinical
examination, fiberoptic endoscopic evaluation, Positron Emission TontogrépET)/
Magnetic Resonance Imaging (MRI) scans of the head and megp&n, chest X-ray,
complete blood counts, liver and renal function tests and dental evaluation.



Table 1 Patient characteristics

Total patients 24(100%)
Gender n%

Male 15(62.5%)
Female 9(37.5%)
Age years
Median age 58

Range 45-85

ECOG PS n%

0 0(0%)

1 4(16.7%)
2 18(75%)
>3 2(8.3%)
Subsite n%
Tonsil 9(37.5%)
Base of tongue 4(16.7%)
Soft palate 2(8.3%)
Retromolar trigone 4(16.7%)
Floor of mouth 3(12.5%)
Oral tongue 2(8.3%)
Pathology n%
Squamous cell carcinoma 24(100%)

Abbreviations: ECOG PSEastern Cooperative Oncology Group Performance Satus.

Concerning clinical stage, 20 patients (83.3%) had a IVA stagsmsisand 4 patients
(16.7%) a lll stage, according to the 7th Edition of the Americam £Lommittee on Cancer
(AJCC). Twenty one patients had an advanced primary tumor stage €T481.6%, T4an =

45.8%) and were node positive (Table 2). All patients provided written informed consent.

Table 2 Tumor stage

Disease stage n%
Stage I 4(16.7%)
Stage IVA 20(83.3%)
Primary tumor stage n%

T1 1(4.2%)
T2 2(8.3%)
T3 10(41.7%)
T4a 11(45.8%)
T4b 0(0%)
Regional lymph node stage n%

NO 3(12.5%)
N1 3(12.5%)
N2a 2(8.3%)
N2b 2(8.3%)
N2c 14(58.3%)
N3 0(0%)




Radiotherapy treatment planning

Patients were immobilized in the supine position, with the neck hepiended, using a head
rest and custom thermoplastic mold, achieving head, neck and shouldesbilization.
During the simulation process, CT images indexed every 5-mra algained with a CT
scanner for treatment planning. Target volumes and normal struetarescontoured on a
Pinnacle® treatment planning system and MRI/PET images weegl fwith the CT images,
in order to delineate the gross tumor volume (GTV). This latter dedined as the volume
containing the visible on imaging and/or clinically detectable tunvbile the GTV-node, as
any lymph nodes over 10 mm in short axis dimension or smaller notteseurotic centres
or rounded contours. Planning target volume (PTV) was obtained adding i®argms to
clinical target volume (CTV). Brainstem was contoured as an orgaska(OAR) with a
maximum dose of 54 Gy. Spinal cord was outlined with a 3 mm isocantargin, also
(maximum dose 45 Gy). Other critical organs included: optic chiasd optic nerve
(maximum dose 45 Gy), mandible (maximum dose 70 Gy), inner ean(a@se <50 Gy)
and both parotid glands. These latter are responsible for 60% to 65%sailitleeproduced
and xerostomia is a major acute and late side effect thahaa a significant negative
impact on a patient’s quality of life; in order to limit thisi&iof toxicity, particular attention
was paid during treatment planning, achieving a mean dose <26 Gy.

Radiotherapy was delivered once daily, five days a week, wsitamotherapy Hi-Art®
machine. Megavoltage CT acquisitions were performed before graim all patients for
setup verification. Simultaneous integrated boost (SIB) in 30 fracticmsme was prescribed
to all patients.

Patients treated with exclusive radiotherapy received a do6&.5fGy in 2.25 Gy daily
fractions for tumor and 63 Gy in 2.1 Gy daily fractions for oropharynk/casity and
positive lymph nodes. Lower doses were used for patients treated camtomitant
chemotherapy: 66 Gy in 2.2 Gy daily fractions for tumor and 60 Gy @y daily fractions
for oropharynx/oral cavity and positive lymph nodes. Negative lymphsnaeee irradiated
with equal dose for both groups: 54 Gy in 1.8 Gy daily fractions.

Chemotherapy

Of the 24 patients, 15 (oropharyngeal carcinoma 10, oral cavity carcinoma) = 5)
received concomitant platinum-based chemotherapy. Patients oyeaB9of age or those
with a poor ECOG performance status and/or affected by comarbditions, received only
radiotherapy. Subsite of tumor distribution of chemotherapy-treateshfsawas as follows:
tonsil, n = 7, base of tonguey = 3, retromolar trigonen = 2, floor of mouthn = 2, oral
tongue,n = 1. Chemotherapy (either carboplatin 100mg/m [2] or cisplatin 8tnhr{ig]) was
given intravenously every 3 weeks in an outpatient setting. Takingactmunt the fact that
we used an hypofractionated regime, a lower dosage of chemothersipgtin 80 mg/mq
instead of 100 mg/q) was administrated in order to contain toxicity.

Clinical assessment

Patients were assessed at least weekly during radiothbsapyradiation oncologist and
every 2 weeks by an otolaryngologist for adverse effects. ifpxi@s scored according to
the Common Terminology Criteria for Adverse Effects, versiof. 4Acute-toxicity

assessment, performed during the radiotherapy treatment, inctud=asitis, dysphagia and



dermatitis. Late-toxicity assessment, performed during the fallpwvisits, included
xerostomia, pain, trismus, fibrosis and neck edema.

Response at treatment was evaluated 3 months after the completadiodherapy, on the
basis of a clinical examination and CT or MRI scans. Complemonse was defined as the
disappearance of tumor and lymph node involvement, while partial responise decrease
in the multiplication product of the two largest diameters of tuamat/or positive lymph
nodes by at least 50%.

After completion of treatment, follow-up visit, performed once a imahe first 6 months,
every 3 months the first 2 years and every 6 months thereaftéudedc physical
examination, MRI/PET scans and fiberoptic endoscopic examinatiormé&ten follow-up
period was 24 months (range 3-53).

Statistical methods

The statistical method used was the Kaplan- Meier survival siealyor the calculation of
Disease Free Survival, the event was defined as a) rencerof disease or b) cancer-related
death. Death not related to cancer was not considered as event.

Results

Twenty-three out of 24 patients (95.8%) received the complete coursplanhed

radiotherapy. Only one patient did not complete the radiation therapyse because of
clinical deterioration, requiring recovery. No patient required theriios of nasogastric or
percutaneous endoscopic gastrostomy (PEG) tube for nutritional support during ragdiothe

Treatment outcome

From the analysis of oropharynx cancer patients, a complete respaasobserved in 13 out
of 15 patients (86.7%). The 1 and 2-year overall survival (OS) radeQ@8% and 85.1%,

respectively, while the 1 and 2-year disease-free survival P& was 92.9% and 77.4%,
respectively (Figure 1). One patient died of disease progressiof,c@ncurrent disease
(myocardial infarction, pulmonary embolism), while a fourth patiertpvihad a partial

response, died 17 months after the completion of radiotherapy duettdaiiaee. There was

no evidence of distant metastases. Relapse of disease has legrdbsly in one patient
(subsite: base of tongue, stage IVA), 40 months after the end of radiotherapy.

Figure 1 Overall survival and disease-free survival of the oropharynx group.

From the analysis of oral cancer patients, a complete respasebserved in 7 out of 9
patients (77.8%). The 1 and 2-year OS rate was 55.6%, while the lyaad RFS rate was
75% (Figure 2). Only one patient presented distant metastgsgsh(node and pulmonary),
34 months after the completion of radiotherapy. Two patients died afseiggogression and
2 of concurrent disease (liver disease, intestinal perforation).

Figure 2 Overall survival and disease-free survival of the oral cavity group.




Acute and late toxicity

Concerning acute-toxicity, grade 1 and grade 2 mucositis wasveldser12.5% and 87.5 %
of patients, respectively. As for dysphagia, 70.8% of patients devkelgqaele 2 toxicity,
while the rest of them (29.2%) grade 1. Regarding dermatiislegl toxicity was observed
in 54.2% of patients and grade 2 in the rest of them (45.8%). No patieribjpled grade3
mucositis, dysphagia or dermatitis (Table 3). Late-toxiei&g evaluated in 18 patients, as in
2 patients were clinical assessment was not feasible and 4 died shithily Gamonths) after
the completion of treatment. The maximum grade late-toxicitgrvesl was grade 2 for all
the adverse effects examined; many patients, did not developtyoaicall, for certain
variables (Table 4). Median time of evaluation of xerostomia wasma#ths. Mild
xerostomia (grade 1) was the most frequent late-toxicitgceffll patients, 61.1%). Six
patients did not experience xerostomia at all, while 1 pat@mptained grade 2 xerostomia.
Regarding pain symptom, 61.1% of patients did not experience pain,Aniildhem (22.2%)
experienced grade 1 and, 3 patients (16.7%) grade 2 pain. Trismubseas ia 77.8% of
patients; only 4 patients (22.2%) developed trismus, grade 1. Lateidiljgrade 1) was
present in 10 patients (56.5%) and absent in the rest of them. OnlyertpdB8.9%)
developed neck edema (grade 1).

Table 3 Acute toxicity rates

Mucositis n %
Grade 1 3 (12.5%)
Grade 2 21 (87.5%)
Grade 3 0 (0%)
Grade 4 0 (0%)
Grade 5 0 (0%)
Dysphagia n %
Grade 1 7 (29.2%)
Grade 2 17 (70.8%)
Grade 3 0 (0%)
Grade 4 0 (0%)
Grade 5 0 (0%)
Dermatitis n %
Grade 1 13 (54.2%)
Grade 2 11 (45.8%)
Grade 3 0 (0%)
Grade 4 0 (0%)
Grade 5 0 (0%)




Table 4 Late toxicity rates

Xerostomia n %
Absent 6 (33.3%)
Grade 1 11 (61.1%)
Grade 2 1 (5.6%)
Grade 3 0 (0%)
Grade 4 0 (0%)
Grade 5 0 (0%)
Fibrosis n %
Absent 10 (55.5%)
Grade 1 8 (44.5%)
Grade 2 0 (0%)
Grade 3 0 (0%)
Grade 4 0 (0%)
Grade 5 0 (0%)
Trismus n %
Absent 14 (77.8%)
Grade 1 4 (22.2%)
Grade 2 0 (0%)
Grade 3 0 (0%)
Pain n %
Absent 11 (61.1%)
Grade 1 4 (22.2%)
Grade 2 3 (16.7%)
Grade 3 0 (0%)
Neck edema n %
Absent 11 (61.1%)
Grade 1 7 (38.9%)
Grade 2 0 (0%)
Grade 3 0 (0%)
Discussion

In the treatment of oropharyngeal/ oral cavity carcinoma, locamagicontrol is one of the
most important goals to achieve, as local recurrences amnaorand represent a frequent
cause of death. Considering the natural history of disease andatineshg low incidence of
distant metastases, an effective local control could be ttadsiia a higher possibility of
cure. However, obtainment of a satisfactory local control regbigksradiation doses to the
target volume and, consequently, appropriate sparing of surrounding nmsnal in order
to minimize acute and late toxicity.

HT is an advanced IGRT technique that permits accurate deliverhigih, conformal dose
to the target volume from a rotational gantry. Its additional opitomverse planning

optimization, results in a more uniform dose to the tumor and a laetiglance of organs at
risk, thus, in a higher locoregional control probability with decreased toxateg.r



The present study, regarding our initial experience of HT inrdéenhent of patients with
locally advanced oropharynx and inoperable oral cavity carcinoma, progit=aliraging
results in terms of response, survival and toxicity rates.

The evidence of literature concerning IMRT for orophanyngealircar@, reports 2-year
locoregional tumor control rates of 90 to 98% for patient populationsistong mainly of
stage llI-1V disease [10]. However, these series contain béthtoely and postoperatively
treated patients, and variable ratios of patients treated witlucent chemoradiotherapy or
radiotherapy alone. Chao et al. [11] compared IMRT to conventiordibtiha@rapy
techniques, in the treatment of oropharyngeal carcinoma with dedinidiotherapy; they
reported a 2-year locoregional control and DFS rate of 68% and 58&hefa@onventional
radiotherapy treated group, and 88% and 80% rate for the IMRT treated grougjvelspec

The M D Anderson Cancer Center (MDACC) experience in thentexdt of oropharyngeal
carcinoma with definitive IMRT, reported a 4-year estimate BE[Docoregional control and
distant metastasis-free survival of 66%, 78% and 84%, respectively [12].

Shueng et al [13] published the preliminary results of their expmrieof concurrent
chemoradiotherapy for oropharyngeal cancer using HT. Ten mateete treated with
concomitant chemoradiotherapy to doses of 70 Gy, 63 Gy and 56 Gy @Ithehigh-risk
subclinical area and low-risk subclinical area, respectively. @bwiarial OS, DFS,
locoregional control and distant metastasis-free survival eat&8 months were 67%, 70%,
80% and 100%, respectively. No grade 3 toxicity for dermatitis ang tveight loss and
only one instance of grade 3 mucositis were noted.

Despite the clear efficacy of a combined-modality approach loicelly advanced
oral/oropharyngeal squamous cell carcinoma, toxicity can be cordel¢ia]. Long-term
xerostomia is one of the most inconvenient side effects. Shehd Eslaand Van Vulpen et
al. [16] analysed the advantages of sparing parotid glands, conclttthhgHT could
simultaneously reduce parotid normal tissue complication probahiity maintain similar
target dose homogeneity. The results obtained in the present stofityned this benefit
regarding patient salivary function.

The Memorial Soan-Kettering Cancer Center experience [17], in the treatment of
oropharyngeal cancer patients with IMRT, reported grade 3 déisraatd mucositis rates of
6% and 38%, respectively. Bhide et al [18] compared the responsal ainak pharyngeal

mucosa in patients receiving concomitant chemoradiotherapy witi [fdéhnique for head

and neck cancer, using hypofractionated accelerated sche@éd3 @y, 2.25 Gy and 2.4 Gy
per fraction. Grade 3 dysphagia was correlated with the lengtbhafyngeal mucosa

receiving doses close to the prescription dose; its incidencowas and patients recovered
earlier in case of greater overall treatment time.

In our current study complete response, 2-year OS and 2-yearal#sSmr patients affected
by locally advanced oropharyngeal carcinoma were 86.7%, 85.1% and 77sp&gtineely.

In terms of clinical characteristics, it's necessary to Umdethat many patients presented
several negative features. In particular, there were 2 pateatsage 80 years, 20 (83.3%)
with an ECOG P$2 and many suffering from important comorbid conditions. This relates
with the relative low number of patients not candidable to chemgiherathis report, HPV
status was not analyzed as it is not yet used to guidengegtexcept in the context of a
clinical trial. When available is valuable prognostically, beirfgvorable factor if positive. It



could be hypothesized that part of the favorable outcome in the oroplgngupx can be
attributed to HPV positivity. Concerning clinical stage, 20 patieB8s300) were classified as
stage IVA and 21 (87.5%) had positive lymph nodes (with bilateral invaaenm 14,
58.3%). Compliance to the treatment was excellent: all patextspt one, completed
planned radiotherapy, while no patient presented the necessitgdobfe tube or PEG.
Regarding acute effects, no grael& toxicity was registered; grade 2 mucositis, dysphagia
and dermatitis rates were 87.5%, 70.8% and 45.8%, respectively. The absetice of
higher grade acute mucositis could be due to daily MVCT ofcedleTomotherapy for set up
verification, pharmacological therapy administered for symptoresention and frequent
clinical checks. As for late toxicity, only one patient experienced grade2tamia.

The optimal management of oral cavity squamous cell carcingonzally requires surgical
resection followed by adjuvant radiotherapy or chemoradiotherapleisdtting of adverse
pathologic features. Published IMRT outcomes specific to this stiseabsite are poor,
although post-operative IMRT is frequently used to treat oral cavity Gancer

Hsieh CH et al. [19], who treated high-risk oral cavity carciagmatients with HT in a
postoperative setting, reported 2-year overall survival, diseasesturvival, locoregional
control and distant metastasis-free rates of 94%, 84%, 92% and &8éctively; grade 3
mucositis, dermatitis and leucopenia rates were 42%, 5% and 5%, respectively.

In contrast, outcomes of locally advanced oral cavity carcinomanpgtitreated with
definitive radiotherapy, seem to be less successful, comparedtjuvant radiotherapy
treatment. Sher et al [20], reported a 2-year actuarial ¢ eeraival and local control rate of
85% and 91%, for adjuvant IMRT and 63% and 64%, for definitive IMRT, respectively.

On the basis of this evidence, we adopted an hypofractionated regmtlena higher

radiobiological equivalent total dose to the primary tumor, in ordenpoove local control

and survival rates in patients treated with exclusive radiothiedapour study, complete
response, 2-year OS and 2-year DFS rates in inoperable orgl candginoma, were 77.8%,
55.6% and 75%, respectively.

Conclusions

Concomitant radiochemotherapy or exclusive radiotherapy represamtsimportant
therapeutic option and a valid alternative to surgery, in patiergstedf by locally advanced
oropharynx and inoperable oral cavity carcinoma. Helical tomothesadipyvs a high
radiation dose delivery to the target volume and therefore, an iadrgasbability of local
control and improved survival rates. Moreover, it's capability to erkathly conformal dose
distributions permits significant sparing of surrounding organs & dgcreasing the
probability of acute and late toxicity effects. The present stoishvided encouraging results
in terms of response, survival and toxicity rates, however, a longftdlow-up and a larger
number of patients are necessary, in order to confirm these preliminary §nding
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