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Abstract

Purpose—Investigate a novel chemoradiation regimen designed to maximize locoregional
control (LRC) and minimize toxicity for patients with advanced head and neck squamous cell
carcinoma (HNSCC).

Patients and Methods—~Patients received hyperfractionated intensity modulated radiation
therapy (HIMRT) in 1.25 Gy fractions bid to 70 Gy to high-risk planning target volume (PTV).
Intermediate and low-risk PTVs received 60 Gy and 50 Gy, at 1.07 and 0.89 Gy per fraction,
respectively. Concurrent cisplatin 33 mg/m?/week was started week 1. Patients completed the
Quality of Life Radiation Therapy Instrument prior to (PRE), at end of treatment (EOT), and at 1,
3, 6,9, and 12 months. Overall survival (OS), progression-free (PFS), LRC, and toxicities were
assessed.

Results—Thirty of 39 patients (77%) were alive without disease at median follow-up of 37.5
months. Actuarial 3-year OS, PFS, and LRC were 80%, 82%, and 87%, respectively. No failures
occurred in the electively irradiated neck and there were no isolated neck failures. Head and neck
QOL was significantly worse in 18 of 35 patients (51%): mean 7.8 PRE versus 3.9 EOT. By
month 1, H&N QOL returned near baseline: mean 6.2 (sd=1.7). Most common acute grade 3+
toxicities were mucositis (38%), fatigue (28%), dysphagia (28%) and leukopenia (26%).
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Conclusions—Hyperfractionated IMRT with low-dose weekly cisplatin resulted in good LRC
with acceptable toxicity and QOL. Lack of elective nodal failures despite very low dose per
fraction has led to an attempt to further minimize toxicity by reducing elective nodal doses in our
subsequent protocol.
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INTRODUCTION

Chemoradiation (CRT) has become the standard of care for most patients with locally
advanced head and neck squamous cell cancer (HNSCC). Multiple phase 111 trials and two
meta-analyses have shown significantly improved locoregional control (LRC) with CRT
over radiotherapy alone, with at least two showing an overall survival (OS) benefit as well.
176 Altered fractionation schemes including accelerated and hyperfractionated radiation
therapy (AFRT) have also shown benefits over standard fractionation.7”9 Unfortunately, the
improved efficacy that results from either CRT or AFRT comes at the price of higher rates
of treatment-related toxicity. Both CRT and AFRT increase the risk of acute severe
mucositis and skin toxicity compared to RT alone. Long-term toxicities of xerostomia and
swallowing dysfunction are also major problems with these regimens.

While AFRT or CRT result in higher efficacy and toxicity compared to conventionally
fractionated RT alone, it remains to be proven whether incorporating AFRT into CRT
regimens has any additive or synergistic effect. Does CRT that incorporates AFRT improve
survival over conventionally fractionated CRT? Are these regimens associated with
acceptable toxicity? These topics were addressed in the Radiation Therapy Oncology Group
(RTOG) 0129 phase 111 trial which has closed to accrual but not been reported. In the
meantime, the current standard CRT arm for the ongoing RTOG 0522 trial utilizes AFRT
via concomitant boost technique, one of the “winning” arms of RTOG 90-03, delivered with
concurrent cisplatin at 100 mg/m2 on days 1 and 21.

Our institutional CRT standard for patients with locally advanced HNSCC at New Hanover
Regional Medical Center differs from that of the RTOG. In 1998, the group at Duke
University published their phase 111 trial testing hyperfractionated RT alone versus AFRT at
1.25 Gy twice daily to 70 Gy with concurrent cisplatin and fluorouracil.10 Chemotherapy
was delivered in the hospital during weeks 1 and 5. In this study, CRT resulted in
significantly improved LRC and progression-free survival (PFS) with a trend toward
improved OS. Previously, we reported our results in the community setting utilizing this
CRT regimen in 50 patients with stage 111 and IVa HNCCC.11 While 2-year actuarial OS
was 80%, significant toxicities were recorded including 100% grade 3 acute mucositis and
14% chronic pharyngeal stricture at a median follow-up of 23 months. Xerostomia was also
a common long-term complaint for these patients who were treated without the potential
benefit of intensity modulated radiation therapy (IMRT). In sum, this intensive regimen was
highly efficacious but toxic.

In designing the new CRT protocol reported herein, the authors hoped to maintain high rates
of LRC and survival while minimizing toxicity and any negative impact on QOL in three
ways. First, intensity modulation was incorporated into the accelerated, hyperfractionated
RT (HIMRT) in an attempt to decrease to the volume of non-target tissues within the RT
field. Second, a nonstandard, very low dose per fraction was selected to be delivered to both
intermediate and low-risk PTVs. Third, the chemotherapy regimen was altered by
eliminating 5-fluorouracil and changing concurrent cisplatin dose to 33 mg/m2 delivered
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weekly. The current report is the only study in the medical literature to our knowledge that
has combined these components of weekly cisplatin without 5FU, IMRT, and low radiation
dose per fraction given twice daily for treatment of patients with HNSCC. The purpose of
this study was to evaluate QOL, efficacy, and toxicity of this novel CRT regimen.

PATIENTS AND METHODS
Patient Eligibility

Adults with newly diagnosed, biopsy-proven stage I11 and IVa squamous cell carcinoma of
the oral cavity, oropharynx, hypopharynx, and larynx were eligible. In order to minimize the
risk of underdosing target tissues with parotid-sparing IMRT planning, patients with stage
N2c and N3 neck disease were ineligible. Patients with nasopharynx and unknown primary
carcinomas were excluded. Patients were also ineligible if they had prior head and neck
radiation therapy, prior chemotherapy, other invasive malignancies (excluding
nonmelanoma skin cancer) within the last 5 years, or symptomatic heart disease within the
past 6 months. Other eligibility criteria included Eastern Cooperative Oncology Group
performance status of 0 or 1, absolute neutrophil count greater than 1.5 x 109/L, platelet
count greater than 100 x 109/L, bilirubin less than 1.5 mg/dL, and serum creatinine less than
1.5 mg/dL. The study was opened at New Hanover Regional Medical Center (NHRMC) in
Wilmington, NC in August, 2004. In January 2007, the study was opened for enrollment to
patients at the University of North Carolina Hospital in Chapel Hill, NC. The study was
approved by institutional review boards at both institutions. In addition, a Data and Safety
Monitoring Board at NHRMC provided independent oversight for the trial. Each patient
gave written informed consent prior to enrollment.

Pre-Treatment Evaluation

All patients were evaluated by otolaryngology, radiation oncology, medical oncology, oral
surgery and nutrition services. Laboratory evaluation consisted of complete blood count,
electrolytes, magnesium, creatinine, total protein, pre-albumin, alkaline phosphatase, total
bilirubin, AST, and ALT. Staging included neck CT, barium swallow, and chest X-ray prior
to treatment. Positron emission tomography (PET)/CT was optional.

Radiation Therapy

Immobilization for RT planning was via an Accufix device to ensure minimal in-field
motion during simulation and treatment. CT planning was performed with 3-mm axial
images obtained from the top of the head through the top of the aortic arch. PET/CT data
sets were imported for image fusion planning at the discretion of the treating physician.

General definitions of gross tumor volume, clinical target volume, and planning target
volume were according to ICRU report #50. Hyperfractionated radiation therapy was
administered utilizing intensity modulation (HIMRT) in fractions of 1.25 Gy delivered twice
daily, 5 days per week, to a total dose of 70 Gy to the high-risk planning target volume
(PTV70). Intermediate and low-risk target volumes in the neck received 60 Gy (PTV60) and
50 Gy (PTV50) at 1.07 and 0.89 Gy per fraction, respectively. A single treatment plan was
utilized. A separate anterior supraclavicular field with central blocking over the larynx was
utilized to treat the low neck whenever possible (generally for all primary disease sites other
than hypopharynx or larynx). The conformal supraclavicular field was treated to 44 Gy at 2
Gy per fraction, matched to the primary IMRT fields utilizing a common isocenter
technique.
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Chemotherapy

Patients received cisplatin 33 mg/m? 1V infusion, at a rate of 1mg per minute once weekly
during the course of HIMRT, started during week 1. Six total weekly cycles were planned.
Delivery of a seventh cycle was optional during the final half week of HIMRT, at the
discretion of the treating medical oncologist. Standard hydration measures and
premedications were utilized to prevent significant nausea, vomiting and/or renal
insufficiency.

Quality of Life Assessment

The Quality of Life Radiation Therapy Instrument (QOL-RTI), a validated QOL
questionnaire, consisted of 39 questions, including the head and neck module.12:13 Of
these, 24 questions were general QOL, one overall, and 14 head and neck specific, of which
two specifically addressed swallowing function. Potential responses to all questions were
presented on an 11 point Likert-type scale, ranging from 0 (“not at all”’) to 10 (*“very much
s0”). Most questions were scored with 10 as positive, where a higher score equates to a
better QOL. However, several negatively worded questions were scored by subtracting the
response from 10. Patients completed the questionnaire prior to treatment (PRE), at end of
treatment (EOT), and at one month (M01), 3 months (MO3), 6 months (M06), 9 months
(MO9) and 12 months (M012) following completion of CRT.

Statistical Considerations

The primary design was a single group, single intervention study using a convenience
sample of up to 40 consecutive patients over a 36-month period. The primary hypothesis
was that reduction in QOL caused by treatment intervention would be minimized by
utilization of HIMRT, very low elective nodal dose per fraction and low dose weekly
cisplatin alone, with simultaneous achievement of acceptable measures of LRC, PFS, and
Os.

The primary endpoint was QOL, both general and head and neck specific. An a priori
definition of significant reduction of QOL was established based on results from the
principal investigator's prior experience and review of the literature, such that an individual
patient's change from PRE to EOT or subsequent follow-up of at least 50% would constitute
a significant reduction in QOL.

Secondary endpoints of LRC, PFS, and OS were determined by Kaplan Meier method, with
survival time calculated from date of registration to date of relapse or death. NCI common
terminology criteria for adverse events (CTCAE) version 3.0 were utilized to score all
chemotherapy and radiation toxicities, both acute and late, associated with the protocol.

RESULTS

Study Population/ Treatment Compliance

Between 2006 and 2008, thirty-nine patients enrolled and completed therapy according to
protocol. Patient characteristics are listed in Table 1. Thirty-seven of 39 patients (95%)
completed HIMRT as prescribed. One patient declined hyperfractionation in favor of daily
IMRT during the first week of treatment and received 69.5 Gy total. The other patient
discontinued treatment after 66 Gy, following a 3-week treatment interruption due to
intractable nausea and vomiting requiring hospitalization (grade 4).

Thirty patients (77%) completed 6-7 weekly cycles of cisplatin as prescribed per protocol.
Seven patients (18%) received 5 cycles and two patients (5%) received 4 cycles, with further
cisplatin held due to neutropenia.
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Ten patients underwent selective lymph node neck dissection (SLND) following completion
of CRT. One of these 10 patients had positive PET/CT post-CRT and was found to have
synchronous thyroid carcinoma without residual HNSCC. Seven of the remaining 9 patients
(78%) had residual disease at SLND; five of whom had isolated tumor cells in a single
lymph node. All patients with residual disease at SLND were initial stage N2 and all had
residual disease on clinical exam prior to surgery.

Thirty-five patients (90%) were deemed evaluable for QOL outcomes, having completed
QOL questionnaires PRE and EOT at minimum. Compilation of patients’ mean scores for
all QOL categories and time points are shown in Table 2. Compliance with questionnaire
completion waned between M03 and MO12. Mean general QOL (based on 24 questions)
PRE was 7.7 versus 6.2 EOT. Overall QOL (1 question) was also minimally affected. Mean
H&N QOL (14 questions) PRE of 7.8 decreased to 3.9 EOT, significantly worse in 18 of 35
patients (51%). Swallowing QOL was also significantly worsened in 53% of patients: mean
PRE of 7.6 versus 3.4 EOT. By month 1 post-treatment, both mean H&N and swallowing
scores returned near baseline: mean 6.2 and 6.1, respectively.

After a median follow-up of 37.5 months (range 24-59 months), we observed 9 deaths, 8 of
which were due to cancer. Figure 1 details the patterns of failure. No patient failed in the
electively treated neck as any component of failure and there were no isolated neck failures.
No patient with a complete clinical response failed in the neck. Actuarial 3-year OS was
80%, PFS was 82%, and LRC was 87% (Figure 2).

Acute grade 3 and 4 toxicities are listed in Table 3. In addition, one patient with TANO
carcinoma of the larynx died immediately following treatment. Since examination one week
prior to completion of CRT revealed no evidence of disease, this patient's death was
categorized as grade 5 toxicity, a treatment-related death. A request for postmortem
examination was declined by the patient's family.

Severe late toxicity was uncommon, consisting of one case of radionecrosis that occurred 6
months after completion of CRT, and one case of cellulitis requiring hospital admission 12
months after CRT. There were no clinical pharyngeal strictures. No patient required dilation
for swallowing dysfunction. Median duration of feeding tube maintenance was 5 months
(range 2-13 months).

DISCUSSION

QOL

Following survival and toxicity endpoints, health-related quality of life (QOL) is a critical
outcome for patients with advanced HNSCC. Both patient-related symptoms at baseline and
treatment-related factors significantly impact QOL.14-17 Multiple authors have reported
significant QOL improvements with IMRT over conventional RT in terms of xerostomia
and head and neck-related QOL.18°23 The impact of IMRT on swallowing dysfunction and
related QOL in particular has been studied elegantly by the groups at University of
Michigan and Daniel den Hoed Cancer Center.24 As expected, the regimen reported herein
which incorporates both AFRT and concurrent cisplatin chemotherapy resulted in acute
decrements in mean H&N QOL. Specifically, swallowing QOL was also significantly
worsened (>50% decrease compared to baseline). Surprisingly though, mean scores for both
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H&N and swallowing QOL returned near baseline by the end of the first month after
completion of CRT.

A drawback of the current study was the lack of a prospective control group in this regard.
The authors’ definition of significant worsening of QOL as at least 50% decrement from
baseline likely also down-played the negative impact of the CRT regimen on QOL relative
to other reported series.

Efficacy & Toxicity

In the treatment of locally advanced HNSCC, both altered fractionation and combination
CRT have improved efficacy over conventional radiotherapy. The standard treatment arm of
the ongoing RTOG 0522 protocol is conventionally fractionated radiotherapy with
concurrent cisplatin at 100 mg/m2 delivered once every 3 weeks. This chemotherapy choice
dates back to the dramatic improvement in OS observed with this regimen (over
conventionally fractionated RT alone) for patients with nasopharyngeal carcinoma in
Intergroup 00-99.2° It remains to be seen whether incorporating AFRT with concurrent
boost is superior to the current standard of care for patients with locally advanced HNSCC.
We await final report of the RTOG 0129 trial in that regard.

In the meantime, however, the accumulating evidence suggests relative efficacy but
significant toxicity from regimens incorporating both AFRT and concurrent chemotherapy.
The authors have selected several important studies which utilized AFRT with cisplatin-
based chemotherapy, shown in Table 4. The Duke University trial resulted in respectable 3
year OS of 55% and PFS of 61% in the CRT arm.10 However, only 57% of patients
completed the 4 cycles of chemotherapy prescribed and late toxicity was not reported in
detail. Our community experience with this regimen resulted in excellent survival but
universal grade 3 acute mucosal toxicity as well as more disturbing 14% late pharyngeal
stricture rate.11

Most recent clinical trials have deleted 5-fluorouracil from their concurrent regimens due to
its significant mucosal toxicity. However, even with single agent cisplatin delivered at 100
mg/m2 once every 3 weeks (the current RTOG standard), significant toxicity remains. The
RTOG 99-14 trial, reported initially by Ang and updated by Garden, resulted in 14% late
grade 3 salivary and 18% late grade 3 esophageal/swallowing toxicity, as well as 3 (4%)
treatment-related deaths.26:27 Of particular note, 41% of evaluable patients had feeding
tubes still in place at 1 year post-treatment. The group from the University of Leuven in
Belgium reported a strikingly similar toxicity profile albeit without grade 5 toxicities.28
Acute grade 3 toxicities included 75% mucositis and 82% dysphagia, with late grade 3
xerostomia 22% and dysphagia 15%.

Several groups have moved to weekly cisplatin dosing in their CRT regimens for patients
with locally advanced HNSCC. Theoretical benefits include improved radiosensitization and
decreased toxicity compared to the RTOG standard. Precedent exists for weekly dosing of
concurrent cisplatin with RT in squamous cell carcinoma of the cervix.2%30 The group from
the University of Wurzburg reported a trial of 37 patients with HNSCC treated with
concurrent boost AFRT and cisplatin at 40 mg/m2/week.31 While the regimen was
efficacious, it still resulted in 86% acute grade 3 mucosal toxicity. Most of the patients in
this trial required hospitalization during the boost phase of treatment. The authors’
experience with low-dose weekly cisplatin in the current trial has been favorable, with good
QOL outcomes during the first year post-treatment as detailed above. It is unlikely that a
phase 3 trial testing cisplatin low-dose weekly versus high-dose once every 3 weeks
concurrent with RT will be done. In fact, the proposed successor trial to RTOG 0522
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reportedly will incorporate weekly rather than once every 3 week concurrent cisplatin
dosing.

The two major late toxicities of CRT for HNSCC are xerostomia and swallowing
dysfunction. Although the authors did not objectively evaluate salivary flow in the current
study, patients’ QOL questionnaires indicate that the rate of significant xerostomia was low.
IMRT has been shown to decrease late xerostomia by minimizing dose to the contralateral
parotid gland. In the current trial, we were able to maintain a contralateral mean parotid dose
<26 Gy, an accepted standard based on work by Eisbruch et al.32

IMRT has not specifically been shown to significantly decrease the risk of long-term
swallowing dysfunction. However, the group at University of Michigan, among others, has
shown a correlation between chronic swallowing dysfunction and the RT dose to both
pharyngeal constrictor muscles and larynx.33-36 In the present series, no attempt was made
to avoid pharyngeal constrictor muscles within the PTV for fear of under-dosing tumor.
None of these patients required pharyngeal/esophageal dilation due to chronic swallowing
dysfunction, a significant improvement over our previous regimen as noted above. Median
time to feeding tube removal was 5 months, a time that we consider to be quite acceptable.

Minimizing Elective Nodal IMRT Dose

One of the most interesting aspects of the treatment regimen reported herein is the low dose
per fraction delivered to sites of microscopic disease. Within a single IMRT plan,
intermediate and low-risk PTVs received 60 Gy at 1.07 Gy per fraction and 50 Gy at 0.89
Gy per fraction, respectively, in a concerted effort to minimize toxicity. Initially, there was
some concern that these low doses per fraction might not eradicate microscopic disease.
However, it appears our concerns were unfounded in this small series. No patient failed in
any electively irradiated portion of the neck. There are no comparable series in the medical
literature in this regard.

In conclusion, HIMRT with concurrent weekly cisplatin resulted in acute decrements in both
H&N and swallowing QOL that returned near baseline by one month post-treatment. The
combination of hyperfractionated IMRT at low doses per fraction (particularly to
intermediate and low-risk volumes) and weekly cisplatin was quite efficacious with
acceptable toxicity. In an effort to further minimize toxicity while maintaining good LRC
for our future patients with HNSCC, our next clinical trial will further lower both fraction
size and total dose delivered to elective nodal sites.
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Figure 1.
Patterns of failure for patients with advanced head and neck cancer treated with
hyperfractionated IMRT and concurrent weekly cisplatin
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Figure 2.

Locoregional control (LRC), disease-free survival (DFS), and Overall survival (OS) for
patients with advanced head and neck cancer treated with hyperfractionated IMRT and
concurrent weekly cisplatin
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Distribution of Patient Demographic and Clinical Tumor Characteristics

N 39
Age (median, range) 57, 28-72
Gender (male, female) 32,7
Race (W, AA, NA) 32,6,1
T stage

1 7

2 14

3 11

4 7
N stage

0 5

1 12

2a 8

2b 14
AJCC Stage

11 15

1Va 24
Primary Site

Oropharynx 23

Larynx 8

Hypopharynx 5

Oral Cavity 3
Treatment planning PET/CT? | 14
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Page 14

Acute Grade 3 & 4 Adverse Effects of Hyperfractionated IMRT with Concurrent Cisplatin Observed in 39

Patients

Adverse Effect

Grade 3 (%)

Grade 4 (%)

Mucositis 15 (38) 0
Fatigue 11 (28) 0
Dysphagia/ Dehydration 11 (28) 0
Leukopenia 10 (23) 1(3)
Nausea & Vomiting 7(18) 0
Infection 3(8) 0
Constipation 3(8) 0
Thrombosis 1(3) 1(3)
Dermatitis 2 (5) 0
Xerostomia 2 (5) 0
Mental Status Changes 0 1(3)
Upper GI Hemorrhage 1(3) 0
Elevated Creatinine 1(3)

Elevated Protime/INR 1(3) 0
Hypokalemia 1(3) 0
Voice Alteration/Dysarthria | 1 (3) 0

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2012 March 15.
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