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ABSTRACT

Background. Intensity-modulated radiation therapy
(IMRT) and alternative chemotherapy regimens strive to
maintain efficacy while minimizing toxicity in locally ad-
vanced head and neck cancer (LAHNC) treatment. Our ex-
perience with concurrent IMRT and taxane-based
chemotherapy is presented.

Methods. A retrospective review of 150 consecutive pa-
tients with LAHNC treated with IMRT and concurrent
taxane-based chemotherapy with curative intent was per-
formed. The IMRT fractionation regimen consisted of 69.3
Gy to gross disease (2.1 Gy/fraction) and 56.1 Gy to pro-
phylactic nodal sites (1.7 Gy/fraction). Weekly paclitaxel
(30 mg/m2) and carboplatin (area under the concentra-
tion–time curve [AUC], 1) were given concurrently to all
patients, and 69% received weekly induction with pacli-
taxel (60 mg/m2) and carboplatin (AUC, 2).

Results. Over 90% of patients received the prescribed
radiation dose. Ninety-six percent completed five or

more cycles of concurrent chemotherapy, with similar
tolerability for induction chemotherapy. A percutane-
ous endoscopic gastrostomy (PEG) tube was required in
80 patients, with 10 maintaining PEG use >18 months.
Acute grade 4 mucositis and dermatitis developed in
2.0% and 4.0% of patients, respectively. No patient ex-
perienced nadir sepsis, grade >3 late xerostomia, or sig-
nificant nephropathy or gastrointestinal toxicity.
Median follow-up was 30 months. The 3-year locore-
gional control rate was 83.2% with disease-free survival
and overall survival rates of 78.8% and 76.5%, respec-
tively.

Conclusion. Rates of acute and late toxicities were low,
with excellent radiation dose delivery and impressive tu-
mor control at 3 years, suggesting that concurrent carbo-
platin and paclitaxel with IMRT is a reasonable
therapeutic option for the curative treatment of LAHNC.
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INTRODUCTION
Head and neck cancer, which is primarily of squamous cell or-
igin, was most recently estimated to account for 3% of newly
diagnosed cancers in adults in the U.S. and �4% worldwide [1,
2]. The majority of patients present with locally advanced dis-
ease, creating a therapeutic challenge because the overall sur-
vival (OS) outcome for stage III–IV patients is poor, with
treatment failures predominantly resulting from locoregional
recurrences. A recent meta-analysis demonstrated that concur-
rent chemotherapy and locoregional therapy (primarily radia-
tion) led to better 5-year OS and local failure rates, by 6.5%
and 9.3%, respectively, than with locoregional therapy alone
[3]. However, this comes at the expense of greater toxicity.
Standard concurrent chemotherapy consists of higher-dose
cisplatin every 3 weeks, and this regimen is associated with
ototoxicity and grade 3–4 hematologic, mucosal, and gastro-
intestinal (GI) toxicities [4–6]. Various induction chemother-
apy regimens have also been studied to further improve
outcomes for patients with locally advanced head and neck
cancer (LAHNC), though their impact on locoregional control
and OS rates is controversial and they provide only modestly
lower rates of distant metastasis [3, 5, 7].

Alternatives to higher-dose cisplatin have been explored in
an attempt to reduce toxicity while maintaining efficacy. Car-
boplatin, an agent with structural and functional similarity to
cisplatin, is associated with lower rates of nephro-, neuro-, and
ototoxicity [8]. For LAHNC, carboplatin has been combined
with paclitaxel to enhance overall radiosensitization without
significant overlapping toxicities [9]. Though no study to date
has prospectively compared higher-dose cisplatin alone with a
taxane-based regimen, concurrent and neoadjuvant chemo-
therapy with combined platinum and taxane agents is well tol-
erated and feasible, with many studies demonstrating
comparable rates of locoregional control and OS [10]. In one
study, combined weekly carboplatin (100 mg/m2) and pacli-
taxel (45 mg/m2) given concurrently with radiation resulted in
low rates of grade 4 toxicity and a 75% complete response rate,
with a 3-year OS rate of 61% among this group of patients [9].
When combined taxane- and platinum-based induction che-
motherapy was added to a similar concurrent regimen, a large
majority of patients were able to complete both prescribed
treatments. After induction chemotherapy, 89% of patients ex-
perienced a complete or partial response and the 3-year OS rate
was 67% [11]. Similar results with taxane-based agents were
seen in other studies [10, 12].

Intensity-modulated radiotherapy (IMRT) is also increas-
ingly being employed as a means to further minimize toxicity
through better normal-tissue sparing. With this technique, a
highly conformal dose can be delivered to the tumor, allowing
for dose escalation and differential doses per fraction to gross
and subclinical disease [13, 14]. Despite the potential for inad-
equate tumor coverage with conformality, retrospective stud-
ies show that marginal recurrences are uncommon [15–17].
Furthermore, no difference in the 2-year locoregional progres-
sion-free survival rate or OS rate was found in a recent pro-
spective, randomized study comparing rates of toxicity

between three-dimensional (3-D) conformal radiotherapy and
IMRT [18].

For LAHNC, the primary benefit of IMRT is the poten-
tial for parotid gland sparing, and numerous studies have dem-
onstrated lower rates of xerostomia with IMRT [18 –21]. A
randomized, prospective study comparing IMRT with conven-
tional radiation for early-stage nasopharyngeal carcinoma fur-
ther confirmed that IMRT led to significantly better stimulated
parotid salivary flow [22]. IMRT may also have a benefit in
reducing the rate of long-term dysphagia by minimizing high-
dose radiation to the larynx and pharyngeal constrictor mus-
cles [23]. Prospective studies have shown that reducing the
volume of these structures receiving high-dose radiation with
IMRT leads to lower objective and subjective measures of late
dysphagia [23–25]. Furthermore, chemotherapy with concur-
rent IMRT prospectively planned to minimize the dose to the
swallowing structures resulted in acceptable 3-year rates of
disease-free survival (DFS) and locoregional control, with no
reported failures within or near the spared swallowing struc-
tures [25].

Though concurrent IMRT and carboplatin plus paclitaxel
is increasingly being used for the treatment of LAHNC, com-
prehensive data on the tolerability and efficacy of this combi-
nation are limited. In this retrospective study, we examined our
experience with this combination in 150 consecutive patients
with LAHNC. The objectives of this study were to assess the
feasibility and toxicity of this regimen as well as the outcomes
of treatment. We specifically sought to determine (a) the abil-
ity of individuals to complete the prescribed treatment, (b) the
incidence and relative rate of toxicities, (c) the effect of this
regimen on locoregional control, and (d) the DFS and OS rates
associated with this treatment.

METHODS

Design and Patients
We performed a retrospective chart review of consecutive pa-
tients who received definitive concurrent chemoradiotherapy
for LAHNC between December 2002 and October 2007 at
Vanderbilt University Medical Center or the Vanderbilt-In-
gram Cancer Center at Franklin. Patients with chemotherapy
administered at the Veterans Administration Hospital in Nash-
ville or Williamson County Medical Center were also included
provided that their radiotherapy was performed at a Vander-
bilt-affiliated facility. Eligibility included biopsy-proven
American Joint Commission on Cancer stage III–IVB squa-
mous cell carcinoma of the head and neck for which curative
surgical resection was not indicated or recommended by a
comprehensive multidisciplinary head and neck tumor board.
Acceptable subsites included the nasopharynx, oropharynx,
paranasal sinuses, oral cavity, hypopharynx, and larynx. Pa-
tients with unknown primary were also eligible if their disease
was localized. Patients were at least 18 years old with an East-
ern Cooperative Oncology Group (ECOG) performance status
score of 0–2. Exclusion criteria included prior surgical resec-
tion (other than biopsy), chemotherapy, or radiotherapy for
head and neck cancer, distant metastatic disease at diagnosis,
and concurrent active malignancy. Prior to starting radiother-
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apy, all patients underwent dental evaluation with appropriate
preventative treatments as needed. This study was approved by
the institutional review board of Vanderbilt University Medi-
cal Center.

Radiation Treatment Planning
Radiation was delivered using IMRT. Patients underwent
computed tomography (CT)-based simulation with immobili-
zation of the head and neck in the supine position with a cus-
tom Aquaplast mask (Aquaplast, Wycoff, NJ). The primary
tumor and grossly involved lymph nodes were contoured
based on physical examination findings and imaging studies.
Prior neck CT with contrast, magnetic resonance imaging,
and/or positron emission tomography (PET) scans (when
available) were fused to the simulation CT to assist in tumor
delineation. A margin of 1.0–1.5 cm was added to the gross
tumor volume (GTV) to account for areas of potential subclin-
ical disease and daily setup error. Involved and prophylactic
lymph node levels were contoured based on the Radiation
Therapy Oncology Group consensus guidelines and routinely
included bilateral level II–IV lymph nodes [26]. If involved at
presentation, level I and V lymph nodes were also included in
the nodal volume, and these nodal groups were covered pro-
phylactically for subsites at higher risk for subclinical disease
in these locations. For patients with unknown primary, com-
prehensive nodal (bilateral levels II–IV) and pharyngeal (naso-
and oropharynx) irradiation was performed. Surrounding crit-
ical structures, particularly the spinal cord, brainstem, larynx
(for nonlaryngeal tumors), and parotid glands, were also out-
lined along with at-risk and avoidance structures to assist in
treatment planning. Treatment planning was performed using
Eclipse planning software (Varian Medical Systems, Palo
Alto, CA).

Radiation Dose and Delivery
A single differential fractionation regimen was employed. The
prescribed dose to the GTV plus margin (as described above)
and involved lymph node levels was 2.1 Gy/fraction to 69.3
Gy. The dose prescribed to the prophylactic nodal levels was
1.7 Gy/fraction to 56.1 Gy. All patients were treated using 6
MV photons with seven to nine radiation fields using a stop-
and-shoot method with sliding window technique. Treatment
was given once a day for five consecutive days each week.

Dose–Volume Analysis of Treatment Plans
Dose–volume histograms for each treatment plan were evalu-
ated prior to starting radiotherapy and were required to meet
specific constraints. Dose to �95% of the target volume was
required to be within �5% of the prescribed dose. Dose to
�95% of the prophylactically treated nodal volume was re-
quired to be within �8% to �5% of the prescribed dose. The
maximum dose to the spinal cord and brain was required to be
�4,500 cGy and the dose to 50% of each parotid gland was
required to be �2,000 cGy. For nonlaryngeal tumors, treat-
ment plans attempted to achieve a dose �2,000 cGy to 50% of
the laryngeal volume and a maximal dose to the pharyngeal
constrictors �5,000 cGy to minimize toxicity.

Chemotherapy
Induction chemotherapy was used at the discretion of the treat-
ing medical oncologist and was recommended for patients
with a bulky tumor, nodal (N) stage N2 or N3 disease, or prom-
inent level IV or V lymph nodes. It consisted of weekly pacli-
taxel (60 mg/m2) and carboplatin to an area under the
concentration–time curve (AUC) of 2 for a total of 9 weeks,
based on a conversion of our prior induction regimen [11] to
weekly dosing. Concurrent chemotherapy consisted of weekly
paclitaxel (30 mg/m2) and carboplatin (AUC, 1) given with �7
weeks of external-beam radiation. Chemotherapy was held for
an absolute neutrophil count �1,000, platelet count �100,000,
grade 4 mucositis, and grade 3 dermatitis.

Percutaneous Endoscopic Gastrostomy
Tube Placement
Percutaneous endoscopic gastrostomy (PEG) tubes were not
routinely placed prior to starting therapy, except when a patient
demonstrated considerable weight loss (generally �10% body
weight) from tumor-induced dysphagia. Patients underwent
PEG tube placement after starting treatment when they dem-
onstrated the inability to maintain adequate oral intake second-
ary to mucositis-associated pain or dysphagia.

Assessment of Complications
Acute and late toxicities were graded according the ECOG
Common Toxicity Criteria. Acute radiation toxicities were
graded weekly by the treating radiation oncologist during
treatment and late toxicities were graded at scheduled radiation
oncology follow-up visits. Acute chemotherapy toxicities
were assessed retrospectively.

Follow-Up
Patients had follow-up examinations with fiberoptic endos-
copy every 6–8 weeks for the first year, every 3 months for the
second year, and every 4–6 months thereafter until 5 years.
Post-treatment CT was required at 6–12 weeks and at 1 year,
though generally CT was also performed at regular intervals up
to 2 years post-treatment or if clinically indicated. Thyroid-
stimulating hormone levels were obtained every 6 months after
treatment. PET or panendoscopy was not performed except for
suspicion of disease by clinical assessment or CT. Any suspi-
cious clinical or radiographic lesion(s) required biopsy confir-
mation before establishing treatment failure. Neck dissections
were performed for clinical or radiographic evidence of persis-
tent or recurrent nodal disease.

Statistical Methods
The OS duration was defined as the time from treatment com-
pletion to death from any cause. The DFS interval was defined
as the time from treatment to any type of recurrence. Local re-
currence was defined as recurrence at the site of primary dis-
ease and locoregional recurrence was defined as recurrence at
the primary or a nodal site. OS, DFS, local recurrence-free sur-
vival, locoregional recurrence-free survival, and distant dis-
ease-free survival times were estimated using the Kaplan–
Meier statistical method. Univariate analysis with log-rank
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tests was used to identify significant prognostic variables for
DFS time. Multivariate analysis was performed using the Cox
proportional hazards model. p-values �.05 were considered
statistically significant.

RESULTS

Patient Characteristics
One hundred fifty consecutive patients who received concur-
rent chemoradiation with IMRT and weekly carboplatin plus
paclitaxel between December 2002 and October 2007 were an-
alyzed for this study. Patient characteristics are shown in Table
1 and supplemental online Table S1. The median age was 58.2
years (range, 37.6 – 88.5 years), with mean and median fol-
low-up durations of 32 months and 30 months, respectively
(range, 6–69 months for surviving patients). The majority of
patients were male (86.6%) with stage IVA disease (61%) and
primary oropharyngeal tumors (60%). Sixty-six percent had

N2 or N3 disease, and 69% of patients also underwent induc-
tion chemotherapy.

Feasibility
Of the 103 patients receiving induction chemotherapy, only
two patients (1.3% of total) received fewer than six of nine cy-
cles. All 150 patients underwent concurrent chemoradiation
with weekly paclitaxel plus carboplatin and IMRT. The vast
majority of patients (96%) were able to complete at least five
cycles of concurrent chemotherapy without any significant
delays. Six patients (4%) completed four cycles or fewer of
concurrent chemotherapy, and only eight patients (5%) re-
quired delays in radiation treatment �5 days. Approxi-
mately 93% of patients were able to receive the full
prescribed dose of 6,930 cGy.

PEG tubes were placed prior to initiating therapy in 10
patients (7%). During treatment, PEG tubes were placed in
80 patients (53%). A slight majority of this group (44 pa-
tients) experienced a �10% weight loss. Only two patients
(1%) underwent PEG placement after completing therapy.
Fifty-eight patients (39%) were able to maintain their
weight during and after treatment and never required PEG
placement. The mean and median percentages of weight
loss for all 150 patients were �7%.

Toxicity
One patient died 3 days after concurrent chemoradiotherapy as
a result of an unknown cause and another discontinued treat-
ment early because of grade 2 mucositis and dysphagia. A third
patient was unable to complete treatment because of grade 4
mucositis and dermatitis. There were no reported cases of nadir
sepsis or significant nephropathy or GI toxicity. Rates of com-
mon acute and late toxicities are listed in Table 2. A majority of
patients experienced grade 3 mucositis, dermatitis, and/or dys-
phagia. However, rates of acute grade 4 toxicity were minimal
and developed in �5% of patients. The most common late tox-
icity was radiation-induced hypothyroidism, which occurred
in �40% of patients, with a median time of onset of 14 months
after completion of treatment (range, 4–47 months). Most pa-
tients had minimal or no late xerostomia, with only 6.7% de-
veloping grade 2 xerostomia. There were no instances of grade
3 or 4 xerostomia. Hematologic toxicity for concurrent chemo-
therapy was minimal. Fourteen patients (9.3%) required a PEG
tube for �12 months as a result of persistent dysphagia and/or
odynophagia. These patients were divided evenly among lar-
ynx (n � 5), base of tongue (n � 4), and tonsil (n � 5) with
regard to the site of their primary lesion. Only 10 patients
(6.7%) required a PEG tube for �18 months.

Induction chemotherapy with carboplatin and paclitaxel
was also well tolerated. Toxicity related to induction chemo-
therapy was not as consistently scored as toxicity during con-
current chemoradiation; however, hematologic toxicity was
reasonable, with only 1.5% of patients developing grade 4 leu-
kopenia and no case of grade 4 anemia or thrombocytopenia.
The most common toxicities requiring treatment breaks in-
volved neutropenia and thrombocytopenia.

Table 1. Patient characteristics

Characteristic n (%)

Sex

Male 130 (86.6)

Female 20 (13.3)

Age (range), yrs 57.8 (37.6–88.5)

Chemotherapy

Induction 103 (68.7)

No induction 47 (31.3)

Initial primary tumor site

Hypopharynx 5 (3.0)

Larynx 33 (22.0)

Nasopharynx 10 (7.0)

Oral cavity 6 (4.0)

Oropharynx 90 (60.0)

Sinus/nasal cavity 2 (1.0)

Unknown primary 4 (3.0)

American Joint Committee on
Cancer stage

III 41 (27.0)

IVA 91 (61.0)

IVB 18 (12.0)

Eastern Cooperative Oncology Group
performance status score

0 40 (26.7)

1 105 (70.0)

2 5 (3.3)

Smoking status

Current 66 (44.0)

Former 50 (33.3)

Never 34 (22.7)
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Treatment Outcome and Patterns of Failure
The overall outcomes of treatment are shown in Table 3. The
median OS duration has not been reached. At 3 years, the DFS
rate was 78.8% (95% confidence interval [CI], 71.8–86.5) and
the OS rate was 76.5% (95% CI, 69.0–84.8) (Figs. 1 and 2).
The local, locoregional, and distant metastasis-free survival
rates at 3 years were similar, at 83.2%, 82.7%, and 82.3%, re-
spectively (Fig. 3 and supplemental online Figs. S1 and S2). At
the time of last analysis, 16 patients (10.7%) experienced local
recurrence and 10 patients (6.7%) experienced nodal recur-
rence. The median time to failure was 11.5 months (range,
2.5–39 months), with nine patients developing failure within 6
months as a result of persistent disease. Twenty-four patients
underwent a neck dissection, and this was performed for clin-
ical and/or radiographic evidence of persistent disease (67% of
patients), with the remainder performed for recurrent disease.
Residual tumor was present in 46% of patients (n � 11). Four-
teen patients (9.3%) developed biopsy-confirmed distant met-

astatic disease. The median time to distant failure was 5.5
months (range, 2–37 months), with two patients having con-
comitant residual locoregional disease. Of the patients who
developed distant failure, 71.4% (n � 10) had undergone in-
duction, and those 10 patients accounted for 9.7% of the en-
tire group receiving induction chemotherapy. These
outcomes and patterns of failure with IMRT are comparable
with our previous experience with similar taxane-based in-
duction and concurrent chemotherapy with 3-D conformal
radiation [11, 12].

Univariate analysis showed a correlation between the DFS
time and whether or not a patient required a PEG tube for �1
year, with long-term PEG requirement correlating with a sig-
nificantly shorter survival time (p � .013) (Fig. 4). Among pa-
tients with long-term PEG use, the average percentage weight
loss during treatment was comparable with that of the remain-
ing cohort (�7% in both groups), and persistent local disease
was only present in one patient, demonstrating adequate main-

Table 2. Analysis of acute and late toxicity

Toxicity Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

Acute toxicity—induction chemotherapy
Leukopenia 26.5% 24.2% 32.4% 15.4% 1.5%

Anemia 3.7% 68.1% 23.0% 5.2% 0%

Thrombocytopenia 61.0% 25.0% 8.1% 5.9% 0%

Acute toxicity—concurrent chemoradiation
Mucositis 7.3% 8.6% 11.2% 70.9% 2.0%

Dermatitis 1.3% 9.3% 21.8% 63.6% 4.0%

Dysphagia 0.7% 12.6% 23.2% 57.6% 5.9%

Leukopenia 33.7% 29.3% 28.3% 8.7% 0%

Anemia 1.1% 83.7% 14.1% 1.1% 0%

Thrombocytopenia 56.6% 21.7% 17.4% 4.3% 0%

Late toxicity Present Absent
Hypothyroidism 40.6% 59.3%

Osteoradionecrosis 10.5% 89.5%

Percutaneous endoscopic gastrostomy �1.5 yrs 6.5% 93.5%

Table 3. Overall outcomes of locally advanced head and neck patients treated with concurrent paclitaxel plus carboplatin
and intensity-modulated radiotherapy

Outcome 2-yr (95% CI) 3-yr (95% CI)

Overall survival 82.5% (76.4–89) 76.5% (69–84.8)

Disease-free survival 83.2% (77.1–89.8) 78.8% (71.8–86.5)

Local recurrence-free survival 87.7% (82.2–93.6) 83.2% (76.5–90.4)

Locoregional recurrence-free survival 88.6% (83.3–94.2) 82.7% (75.8–90.2)

Distant disease-free survival 86.8% (81.2–92.7) 82.3% (75.6–89.5)

Abbreviation: CI, confidence interval.
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tenance of nutrition with its use. The DFS interval was not de-
pendent on stage, site of primary tumor, age, amount of weight
loss during treatment, or whether or not a patient underwent
induction chemotherapy. Multivariate analysis, however,
demonstrated a marginally significant correlation between in-
duction chemotherapy treatment and age (p � .057), with a
trend toward a shorter DFS time for patients undergoing induc-
tion chemotherapy with increasing age.

DISCUSSION
Attempts to maintain better outcomes with concurrent chemo-
radiation while minimizing toxicity in the treatment of
LAHNC have involved modifications of both concurrent che-
motherapy and delivery of radiation. Here, we report our ex-

perience with IMRT concurrent with carboplatin and
paclitaxel. This regimen was found to be well tolerated and
feasible, with 93% of patients receiving the full prescribed ra-
diation dose and 95% able to complete combined therapy with-
out requiring significant breaks. Though most patients (57%–
70%) developed grade 3 radiation-induced acute toxicity, the
rate of grade 4 radiation-induced acute toxicity was minimal
with this regimen (2%–5.9%). These rates of acute toxicity
were similar to those from previously reported concurrent che-
moradiotherapy studies using conventional fractionation [6,

Figure 1. Kaplan–Meier estimates of overall survival time with
95% confidence interval.

Figure 2. Kaplan–Meier estimates of disease-free survival time
with 95% confidence interval.

Figure 3. Kaplan–Meier estimates of locoregional recurrence-
free survival time with 95% confidence interval.

Figure 4. Kaplan-Meier estimates of disease-free survival time
by percutaneous endoscopic gastrostomy (PEG) status. Correla-
tion between the disease-free survival time and PEG status was
evaluated by univariate analysis. Patients were characterized as ei-
ther requiring PEG tube placement for �1 year (red dashed line)
or requiring PEG tube placement for �1 year or not at all (solid
black line).
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27–29]. Treatment outcomes with regard OS, DFS, and failure
rates were also promising and comparable with those from
other institutions using IMRT [17, 30], and particularly those
institutions reporting outcomes with concurrent chemotherapy
and IMRT [31, 32].

As anticipated with IMRT, the rates of late toxicity were
relatively modest in our cohort and were in agreement with
other studies [31–33]. The vast majority of patients experi-
enced grade 0–1 late xerostomia (93%), with the remainder
experiencing grade 2 toxicity. No patient experienced grade
�3 xerostomia with a median follow-up of 30 months. The rel-
atively lower rates of grade 2 xerostomia than in other pub-
lished reports with concurrent chemotherapy plus IMRT are
likely a result of our greater heterogeneity with regard to pri-
mary disease site [31, 32]. Grade 3–4 late dysphagia was rel-
atively uncommon in our cohort, with 9.3% of patients
requiring prolonged PEG placement for �1 year. However,
those patients were found to have a significantly shorter DFS
interval than individuals who did not require extended or any
PEG use. This did not appear to be associated with a higher
percentage weight loss, more instances of persistent disease, or
overrepresentation of contributory comorbidities. Because the
ability of IMRT to spare the swallowing structures can be lim-
ited by the need to adequately cover clinical and subclinical
disease, we examined primary tumor location in patients who
required prolonged PEG use. Thirty-six percent (n � 5) had
laryngeal primary tumors, which tend to include critical swal-
lowing structures, such as pharyngeal constrictors, in the high-
dose treatment volume, thus increasing the chance for
developing late dysphagia. The remaining 64% of patients re-
quiring long-term PEG use had oropharyngeal primary tumors,
and generalizations on the inclusion of swallowing structures
in these treatment volumes are more difficult. We are actively
reviewing the IMRT dose to the upper, middle, and lower pha-
ryngeal constrictors, how this impacted PEG tube requirement,
and if dose negatively impacted survival outcomes.

In our study, all patients received weekly carboplatin and
paclitaxel concurrent with radiation. Though higher-dose cis-
platin has historically been used in most intergroup studies, nu-
merous institutions have alternatively used concurrent
carboplatin and paclitaxel because of its radiosensitizing prop-
erties and more favorable toxicity profile. Single-institution
phase II trials using conventional radiotherapy had shown that
concurrent carboplatin plus paclitaxel resulted in a �75% clin-
ical complete response rate, with a 3-year OS rate of �60%
among these responders [9, 34]. Toxicity associated with this
regimen appeared to correlate primarily with the dose of pac-
litaxel. Weekly paclitaxel at 60 mg/m2 with concurrent carbo-
platin (AUC, 1) and radiation resulted in grade 4 mucositis in
30% of patients, with only 47% completing chemotherapy at
full doses and 18% unable to complete radiation as prescribed
[34]. On the other hand, 40–45 mg/m2 of weekly paclitaxel
with carboplatin (100 mg/m2) and radiation was associated
with no grade 4 mucositis, and 98% of patients were able to
complete the prescribed therapy [9]. In our population, we
treated with paclitaxel (30 mg/m2) and carboplatin (AUC, 1)
weekly and experienced only a 2% rate of grade 4 mucositis

and a 5.9% rate of grade 4 dysphagia, and 96% of patients were
able to complete five to seven cycles of chemotherapy. These
results are comparable with our prior experience with concur-
rent carboplatin plus paclitaxel (30 mg/m2) and 3-D conformal
radiotherapy [11]. In addition to modest rates of grade 4 tox-
icity and high compliance, treatment outcomes were actually
better than in these earlier carboplatin–paclitaxel studies, with
our 3-year survival rate at 76.5% (compared with 50%–60%)
[9, 34]. Considering our similar patient characteristics, the rea-
son for this better survival outcome is not entirely clear, though
the lower rate of treatment completion in the higher-dose pac-
litaxel group and subsequent greater rate of locoregional fail-
ure are likely contributors [34]. Regardless, our treatment
outcomes are comparable with those of more recent studies us-
ing IMRT with concurrent chemotherapy [31, 32].

Induction chemotherapy is increasingly being used as an
adjunct to concurrent chemoradiation to further improve OS
outcomes and decrease the rate of distant failure. To this end,
induction chemotherapy has shown variable success in
LAHNC patients, with some improvement in distant failure
but no consistent differences in OS or locoregional control out-
comes [3, 5, 7]. Recent studies suggest that the addition of a
taxane improves outcomes. Specifically, in randomized, pro-
spective studies, the addition of docetaxel to cisplatin plus flu-
orouracil (TPF) resulted in greater OS, response, and
locoregional control rates than with cisplatin plus fluorouracil
alone, with less treatment-limiting toxicity [35, 36]. The use of
paclitaxel with carboplatin has been explored as a less-toxic
alternative to TPF, and phase II trials have shown that this in-
duction regimen leads to a complete or partial response in
�79% of patients, with a rate of distant metastasis of �8%–
12% and a 2-year OS rate of �75% when followed by concur-
rent chemoradiation [11, 37]. At our institution, high induction
response rates with carboplatin and paclitaxel have previously
been reported [38], and we observed a comparable distant fail-
ure rate (9.7%) and 2-year OS rate (82.5% for all patients) in
the current cohort. Although a large majority of patients in our
study developed distant failure despite induction chemother-
apy (71.4% rate of distant failure), patients who underwent in-
duction had more advanced disease or the presence of adverse
features portending a higher risk for developing distant metas-
tases, thus complicating the interpretation of these results. Ul-
timately, the absolute benefit of induction chemotherapy
(carboplatin plus paclitaxel or other regimens) over aggressive
concurrent chemoradiation alone will need to be determined in
a prospective, randomized fashion, and these studies are cur-
rently ongoing.

As a retrospective analysis, this study is limited by our lack
of a direct comparison with a standard-of-care regimen (i.e.,
higher-dose cisplatin and concurrent 3-D conformal radiation)
and the lack of a formal evaluation protocol during treatment to
comprehensively assess toxicity and tolerability, particularly
with regard to chemotherapy. However, our treating radiation
oncologists prospectively grade toxicity during and after treat-
ment according to ECOG Common Toxicity Criteria, allowing
for a significant level of standardization during and after con-
current therapy. Our study is further limited by the absence of
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human papilloma virus (HPV) determination, which was not
standard practice at our institutions during the timeframe of
this analysis. Nevertheless, the likelihood that an overrepre-
sentation of HPV� patients skewed outcome data is small con-
sidering that the univariate analysis showed no difference in
terms of the DFS interval based on tumor site, even though
60% of the patients in our cohort had oropharyngeal tumors.
Overall, comparison of our toxicity, feasibility, and outcomes
with those of historic controls and recent retrospective and pro-
spective trials using IMRT or concurrent carboplatin plus pac-
litaxel suggests that our results are in accordance with, if not
better than, those from these studies.

CONCLUSION
Concurrent taxane-based chemoradiotherapy with IMRT is
feasible and well tolerated, with acceptable toxicity and treat-
ment outcomes comparable with those of historic controls [4,
5]. The addition of induction carboplatin and paclitaxel to this
concurrent regimen was also found to be feasible, with effec-
tive dose delivery. Though the benefit of induction is difficult
to ascertain retrospectively, the overall efficacy of combined

treatment was comparable with our prior experiences with in-
duction and concurrent taxane-based chemotherapy with con-
ventional radiation [11, 12]. Furthermore, our combined
regimen may provide a less-toxic alternative to aggressive
three-drug induction chemotherapy followed by concurrent
chemoradiation. Given the excellent treatment delivery and
tolerability of our regimen with acceptable outcomes, we be-
lieve that concurrent taxane-based chemoradiotherapy with
IMRT is a reasonable therapeutic option for the curative treat-
ment of LAHNC.

AUTHOR CONTRIBUTIONS
Conception/Design: Roberto Diaz, Barbara A. Murphy, Patrick Murphy,

Anthony J. Cmelak
Provision of study material or patients: Barbara A. Murphy, Robert J. Sinard,

James L. Netterville, Wendell G. Yarbrough, Anthony J. Cmelak
Collection and/or assembly of data: Gregory Vlacich, Roberto Diaz, Steven

W. Thorpe, Wyndee Kirby, Patrick Murphy, Anthony J. Cmelak
Data analysis and interpretation: Gregory Vlacich, Roberto Diaz, Steven W.

Thorpe, Bashar Shakhtour, Anthony J. Cmelak
Manuscript writing: Gregory Vlacich, Anthony J. Cmelak
Final approval of manuscript: Gregory Vlacich, Roberto Diaz, Steven W.

Thorpe, Barbara A. Murphy, Robert J. Sinard, Wendell G. Yarbrough,
Anthony J. Cmelak

REFERENCES

1. Jemal A, Siegel R, Xu J et al. Cancer statistics, 2010.
CA Cancer J Clin 2010;60:277–300.

2. Ferlay J, Shin HR, Bray F et al. Estimates of world-
wide burden of cancer in 2008: GLOBOCAN 2008. Int J
Cancer 2010;127:2893–2917.

3. Pignon JP, le Maître A, Maillard E et al. Meta-
analysis of chemotherapy in head and neck cancer
(MACH-NC): An update of 93 randomised trials and
17,346 patients. Radiother Oncol 2009;92:4–14.

4. Al-Sarraf M, LeBlanc M, Giri PG et al. Chemora-
diotherapy versus radiotherapy in patients with ad-
vanced nasopharyngeal cancer: Phase III randomized
Intergroup study 0099. J Clin Oncol 1998;16:1310 –
1317.

5. Forastiere AA, Goepfert H, Maor M et al. Concur-
rent chemotherapy and radiotherapy for organ preserva-
tion in advanced laryngeal cancer. N Engl J Med 2003;
349:2091–2098.

6. Adelstein DJ, Li Y, Adams GL et al. An intergroup
phase III comparison of standard radiation therapy and
two schedules of concurrent chemoradiotherapy in pa-
tients with unresectable squamous cell head and neck
cancer J Clin Oncol 2003;21:92–98.

7. Adelstein DJ, LeBlanc M. Does induction chemo-
therapy have a role in the management of locoregionally
advanced squamous cell head and neck cancer? J Clin
Oncol 2006;24:2624–2628.

8. Aisner J, Sinibaldi V, Eisenberger M. Carboplatin in
the treatment of squamous cell head and neck cancers.
Semin Oncol 1992;19(suppl 2):60–65.

9. Suntharalingam M, Haas ML, Conley BA et al. The
use of carboplatin and paclitaxel with daily radiotherapy
in patients with locally advanced squamous cell carcino-
mas of the head and neck. Int J Radiat Oncol Biol Phys
2000;47:49–56.

10. Schrijvers D, Vermorken JB. Taxanes in the treat-
ment of head and neck cancer. Curr Opin Oncol 2005;
17:218–224.

11. Cmelak AJ, Murphy BA, Burkey B et al. Taxane-
based chemoirradiation for organ preservation with lo-

cally advanced head and neck cancer: Results of a phase
II multi-institutional trial. Head Neck 2007;29:315–324.

12. Cmelak AJ, Li S, Goldwasser MA et al. Phase II
trial of chemoradiation for organ preservation in resect-
able stage III and IV squamous cell carcinomas of the
larynx or oropharynx: Results of Eastern Cooperative
Oncology Group Study E2399. J Clin Oncol 2007;25:
3971–3977.

13. Grégoire V, De Neve W, Eisbruch A et al. Intensity-
modulated radiation therapy for head and neck carcinoma.
The Oncologist 2007;12:555–564.

14. Lee N, Puri DR, Blanco AI et al. Intensity-modu-
lated radiation therapy in head and neck cancers: An up-
date. Head Neck 2007;29:387–400.

15. Chao KS, Ozyigit G, Tran BN et al. Patterns of fail-
ure in patients receiving definitive and postoperative
IMRT for head-and-neck cancer. Int J Radiat Oncol Biol
Phys 2003;55:312–321.

16. Dawson LA, Anzai Y, Marsh L et al. Patterns of
local-regional recurrence following parotid-sparing con-
formal and segmental intensity-modulated radiotherapy
for head and neck cancer. Int J Radiat Oncol Biol Phys
2000;46:1117–1126.

17. Eisbruch A, Marsh LH, Dawson LA et al. Recur-
rences near base of skull after IMRT for head-and-neck
cancer: Implications for target delineation in high neck
and for parotid gland sparing. Int J Radiat Oncol Biol
Phys 2004;59:28–42.

18. Nutting CM, Morden JP, Harrington KJ et al. Pa-
rotid-sparing intensity modulated versus conventional
radiotherapy in head and neck cancer (PARSPORT): A
phase 3 multicentre randomised controlled trial. Lancet
Oncol 2011;12:127–136.

19. Chao KS, Majhail N, Huang CJ et al. Intensity-
modulated radiation therapy reduces late salivary toxic-
ity without compromising tumor control in patients with
oropharyngeal carcinoma: A comparison with conven-
tional techniques. Radiother Oncol 2001;61:275–280.

20. Eisbruch A, Ten Haken RK, Kim HM et al. Dose,
volume, and function relationships in parotid salivary
glands following conformal and intensity-modulated ir-
radiation of head and neck cancer. Int J Radiat Oncol
Biol Phys 1999;45:577–587.

21. Henson BS, Inglehart MR, Eisbruch A et al. Pre-
served salivary output and xerostomia-related quality of
life in head and neck cancer patients receiving parotid-
sparing radiotherapy. Oral Oncol 2001;37:84–93.

22. Pow EH, Kwong DL, McMillan AS et al. Xerosto-
mia and quality of life after intensity-modulated radio-
therapy vs. conventional radiotherapy for early-stage
nasopharyngeal carcinoma: Initial report on a random-
ized controlled clinical trial. Int J Radiat Oncol Biol Phys
2006;66:981–991.

23. Eisbruch A, Schwartz M, Rasch C et al. Dysphagia
and aspiration after chemoradiotherapy for head-and-
neck cancer: Which anatomic structures are affected and
can they be spared by IMRT? Int J Radiat Oncol Biol
Phys 2004;60:1425–1439.

24. Feng FY, Kim HM, Lyden TH et al. Intensity-
modulated radiotherapy of head and neck cancer aiming
to reduce dysphagia: Early dose-effect relationships for
the swallowing structures. Int J Radiat Oncol Biol Phys
2007;68:1289–1298.

25. Feng FY, Kim HM, Lyden TH et al. Intensity-
modulated chemoradiotherapy aiming to reduce dyspha-
gia in patients with oropharyngeal cancer: Clinical and
functional results. J Clin Oncol 2010;28:2732–2738.

26. Grégoire V, Levendag P, Ang KK et al. CT-based
delineation of lymph node levels and related CTVs in the
node-negative neck: DAHANCA, EORTC, GORTEC,
NCIC, RTOG consensus guidelines. Radiother Oncol
2003;69:227–236.

27. Staar S, Rudat V, Stuetzer H et al. Intensified hy-
perfractionated accelerated radiotherapy limits the addi-
tional benefit of simultaneous chemotherapy—results of
a multicentric randomized German trial in advanced
head-and-neck cancer. Int J Radiat Oncol Biol Phys
2001;50:1161–1171.

28. Brizel DM, Albers ME, Fisher SR et al. Hyperfrac-
tionated irradiation with or without concurrent chemo-
therapy for locally advanced head and neck cancer.
N Engl J Med 1998;338:1798–1804.

29. Jeremic B, Shibamoto Y, Milicic B et al. Hyper-
fractionated radiation therapy with or without concurrent
low-dose daily cisplatin in locally advanced squamous
cell carcinoma of the head and neck: A prospective ran-
domized trial. J Clin Oncol 2000;18:1458–1464.

680 IMRT and Carboplatin–Paclitaxel for LAHNC



30. Chao KS, Ozyigit G, Blanco AI et al. Intensity-
modulated radiation therapy for oropharyngeal carci-
noma: Impact of tumor volume. Int J Radiat Oncol Biol
Phys 2004;59:43–50.

31. Huang K, Xia P, Chuang C et al. Intensity-modu-
lated chemoradiation for treatment of stage III and IV
oropharyngeal carcinoma. Cancer 2008;113:497–507.

32. Saba NF, Edelman S, Tighiouart M et al. Concurrent
chemotherapy with intensity-modulated radiation therapy
for locally advanced squamous cell carcinoma of the larynx
and oropharynx: A retrospective single-institution analysis.
Head Neck 2009;31:1447–1455.

33. Lee NY, De Arruda FF, Puri DR et al. A compar-

ison of intensity-modulated radiation therapy and con-
comitant boost radiotherapy in the setting of
concurrent chemotherapy for locally advanced oro-
pharyngeal carcinoma. Int J Radiat Oncol Biol Phys
2006;66:966 –974.

34. Chougule PB, Akhtar MS, Rathore R et al. Concur-
rent chemoradiotherapy with weekly paclitaxel and carbo-
platin for locally advanced head and neck cancer: Long-
term follow-up of a Brown University Oncology Group
phase II study (HN-53). Head Neck 2008;30:289–296.

35. Posner MR, Hershock DM, Blajman CR et al. Cis-
platin and fluorouracil alone or with docetaxel in head
and neck cancer. N Engl J Med 2007;357:1705–1715.

36. Vermorken JB, Remenar E, van Herpen C et al.
Cisplatin, fluorouracil, and docetaxel in unresectable
head and neck cancer. N Engl J Med 2007;357:1695–
1704.

37. Ready NE, Rathore R, Johnson TT et al. Weekly
paclitaxel and carboplatin induction chemotherapy fol-
lowed by concurrent chemoradiotherapy in locally ad-
vanced squamous cell carcinoma of the head and neck.
Am J Clin Oncol 2012;35:6–12.

38. Dang TP, Murphy BA, Cmelak AJ et al. Carbopla-
tin and Taxol as induction therapy for locally advanced
carcinoma of the head and neck. Proc Am Soc Clin On-
col 1998;17:393a, (abstract 1516).

See www.TheOncologist.com for supplemental material available online.

681Vlacich, Diaz, Thorpe et al.

www.TheOncologist.com


