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LINICAL INVESTIGATION Head and Neck

DISEASE-CONTROL RATES FOLLOWING INTENSITY-MODULATED
RADIATION THERAPY FOR SMALL PRIMARY

OROPHARYNGEAL CARCINOMA

ADAM S. GARDEN, M.D., WILLIAM H. MORRISON, M.D., PEI-FONG WONG, M.S., SAM S. TUNG, M.S.,
DAVID I. ROSENTHAL, M.D., LEI DONG, PH.D., BRIAN MASON, M.S.,

GEORGE H. PERKINS, M.D., AND K. KIAN ANG, M.D., PH.D.

Division of Radiation Oncology, The University of Texas M. D. Anderson Cancer Center, Houston, TX

Background: The purpose of this study was to assess the ability of intensity-modulated radiation therapy (IMRT)
to achieve favorable disease-control rates while minimizing parotid gland doses in patients treated for small
primary tumors of the oropharynx.
Methods and Materials: We retrospectively identified all patients who received IMRT as treatment for a small
(<4 cm) primary tumor of the oropharynx between October 2000 and June 2002. Tumor characteristics, IMRT
parameters, and patient outcomes were assessed.
Results: Fifty-one patients met the criteria for our study. All patients had treatment to gross disease with margin
(CTV1), and all but 1 had treatment to the bilateral necks. The most common treatment schedule (39 patients) was
a once-daily fractionation of prescribed doses of 63–66 Gy to the CTV1 and 54 Gy to subclinical sites, delivered in 30
fractions. Twenty-one patients (40%) had gastrostomy tubes placed during therapy; in 4 patients, the tube remained
in place for more than 6 months after completion of IMRT. The median follow-up was 45 months. The 2-year
actuarial locoregional control, recurrence-free, and overall survival rates were 94%, 88%, and 94%, respectively.
Conclusions: These preliminary data suggest that treatment with IMRT results in favorable locoregional
control of small primary oropharynx tumors. IMRT did not appear to have a more favorable acute toxicity
profile in this group with respect to the use of a feeding tube; however, the mean dose of radiation delivered to
the parotid gland by IMRT was decreased, because 95% of patients had a mean dose of <30 Gy to at least one
gland. © 2007 Elsevier Inc.
Intensity-modulated radiaton therapy, Oropharyngeal, Disease-control, Head and neck cancer.
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INTRODUCTION

ntensity-modulated radiation therapy (IMRT) offers sev-
ral potential benefits to patients requiring irradiation for
reatment of head-and-neck cancers. One such benefit is the
bility of IMRT to conform closely to the tumor volume,
voiding or minimizing exposure to normal tissues where
rradiation can cause chronic sequelae that can adversely
ffect a patient’s quality of life. For example, in the treat-
ent of tumors near critical neural tissues, IMRT has been

hown to improve target coverage without increasing radi-
tion dose to the nervous system (1, 2). The use of IMRT in
he treatment of head-and-neck cancer has also been shown
o decrease the dose to the parotid glands, leading to better
ecovery of salivary flow (3). Several preliminary clinical
xperiences have been reported suggesting favorable out-
omes for patients treated with IMRT (4–6). This report
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438
ocuses on a subpopulation of patients with head-and-neck
ancer, specifically those with early T-stage oropharynx
ancer, to describe outcomes in a relatively homogenous
ubgroup.

As target volume definitions and techniques of IMRT
ave been evolving, we retrospectively reviewed our expe-
ience using IMRT as treatment for small primary tumors of
he oropharynx to assess the parotid dose, disease control
ates relative to conventional radiation, and the influence of
he fractionation schemes used in our IMRT treatments.

METHODS AND MATERIALS

atient selection
We searched the database of our Department of Radiation

ncology and identified all patients irradiated by IMRT between

3, 2003, in Salt Lake City, UT.
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ctober 2000 and June 2002 as treatment for a small (�4 cm)
rimary squamous or undifferentiated carcinoma of the orophar-
nx. This 20-month period was chosen to ensure a minimum
-year duration of follow-up for our analysis.
We have previously described favorable outcomes for these

atients with small tumors of the oropharynx, irrespective of
merican Joint Commission on Cancer staging (7). When we

nitiated our IMRT program, these patients were one of the first
roups selected for treatment with IMRT. Patients with larger
rimary tumors were offered participation in ongoing trials inves-
igating concurrent systemic therapy and radiation, and these trials
at that time) often did not allow the use of IMRT.

tudy design
Institutional Review Board approval was obtained before initi-

tion of this retrospective chart review.
In October 2000, we had clinical release of an IMRT system,

hich uses a static gantry, step-and-shoot, multileaf collimation
elivery system. Treatments for our study group were planned
sing the CORVUS treatment planning system (CORVUS vs. 4.0;
omos Corporation, Pittsburgh, PA). Radiation was delivered via
-MV photons generated by a Varian linear accelerator (Varian
edical Systems, Palo Alto, CA).
We reviewed the patients’ records to determine the prescribed

nd delivered doses of radiation to the clinical target volume
CTV) and the respective planning target volume (PTV); the doses
elivered to each parotid gland; the use of a gastrostomy tube,
hich was a surrogate of acute toxicity; and disease control and

urvival rates.

tatistical analysis
Kaplan-Meier actuarial analyses were performed to determine

isease control and survival rates. Patients with local disease
ersistence after radiation or recurrence at the primary site were
onsidered to have failed for the calculation of local control rates.
imilar criteria were used for the determination of regional recur-
ence with the exception that patients with viable lymph node
isease found at postradiation neck dissections were not consid-
red treatment failures for the calculation of regional (and locore-
ional) control rates, or for recurrence-free survival rates. Locore-
ional persistence or recurrence as defined previously, or the
evelopment of hematogenous metastasis were considered failures
or the calculation of recurrence-free survival rates.

RESULTS

atient and tumor characteristics
Table 1 lists the patient and tumor characteristics for this

ample.
Fifty-four patients met the eligibility criteria for this

tudy. Three patients were excluded from our analysis: 1
ad received IMRT to a boost field only, 1 received the
oost with a conventional method, and the third had been
witched from a 70 Gy IMRT treatment plan to conven-
ional radiation therapy at 14 Gy. The latter patient was
nable to endure the treatment time required with IMRT.
herefore, the final patient sample was composed of 51
atients.
The median age of these 51 patients was 54 years (range,
0–75 years). The cohorts in our previously reported series m
f irradiated patients with small primary oropharynx can-
ers had median ages of 57 and 61 years, (7, 8). Tobacco
nd alcohol use are detailed in Table 1. Compared with a
eries of patients from our center with Stage I and II
ropharynx cancer, the current study group had a higher
ercentage of nonsmokers and nondrinkers (8).
The predominant sites of primary tumor were tonsil (33

atients) and base of tongue (16 patients). The distribution
f patients by tumor (T) stage was T1, 19 patients; T2, 18;
nd Tx, 14. The distribution by node (N) status was N0, 8
atients; N1, 7; N2, 25; N3, 2; and Nx, 9. Tx disease was
iagnosed most commonly after tonsillectomy, and Nx dis-
ase was diagnosed most commonly after excisional node
iopsy.

hemotherapy and surgery
Five patients, including the 2 patients with N3 disease,

eceived chemotherapy. Four patients received chemother-
py concurrent with radiation therapy, 2 received neoadju-
ant chemotherapy (1 of whom also received concurrent
hemotherapy), and 1 received adjuvant chemotherapy (af-
er concurrent chemoradiation). Twelve patients had postir-
adiation neck dissections. Ten of these patients had neck
issection specimens that were without pathologic evidence
f disease.

MRT: volume definition, dose prescription, fractionation,
nd dose delivered
The high-dose target volume included gross disease with

Table 1. Patient and tumor characteristics

Characteristic Number

Sex
Men 44
Women 7

Smokers
Current 11
Former 16
Never 24

Alcohol use
�10 drinks/week 10
1–10 drinks/week 22
Rare/never 19

Primary tumor site
Tonsil 33
Base of tongue 16
Pharyngeal wall 2

T stage
1 19
2 18
x 14

N stage
0 8
1 7
2a 10
2b 14
2c 1
3 2
x 9
argin (CTV1). The minimum margin size was 5 mm;
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owever, a larger margin was often used, particularly in
ases in which the tumor borders were not well defined on
omputed tomographic imaging. One patient was treated
nly to the CTV1 because there was concern that treatment
o a larger volume might adversely affect the patient’s
olerance because of an immunocompromised state. In the
emaining 50 patients, treatment was delivered to both sides
f the neck. In 49 of these patients, the lower neck (levels 3
nd 4) was treated with an anterior field matched to the
nferior borders of the IMRT delivery. In the other patient,
he entire neck was treated with IMRT.

Forty-seven patients were treated with once-daily frac-
ionation. The most common fractionation scheme used in
9 patients was a prescription dose of 63–66 Gy to the
TV1 and 54 Gy to subclinical sites in both sides of the
pper neck (CTV3), both delivered in 30 fractions. In 8 of
hese patients treated in 30 fractions, either with T1 or Tx
after tonsillectomy) disease, the prescribed dose to the
rimary ranged from 63–65 Gy rather than 66 Gy. Con-
ersely, 7 patients had CTV1 of gross adenopathy pre-
cribed to 68–70 Gy in 30 fractions. Four patients CTV1
odes were prescribed 66 Gy, but also received 2–4 Gy
oost with electrons delivered in one to two fractions. Dose
rescriptions to CTV1 of the primary tumors and gross
denopathy are detailed in Tables 2 and 3.

The other 8 patients treated with once-daily fractionation
ere treated to 2–2.19 Gy to the CTV1. The prescription
oses ranged from 66 to 70 Gy in 32 to 35 fractions. Four
f these 8 patients were prescribed 66 Gy to CTV1 primary
nd 4 were prescribed 70 Gy to CTV1 primary.

An intermediate volume, CTV2, which was additional
argin around CTV1 of the primary tumor, was defined in

4 patients. The median prescribed dose to this volume was
0 Gy (range, 57–64 Gy).
Considering the neck as two distinct structures (left and

ight) for prescription purposes, 94 upper necks (47 pa-
ients) were treated with once-daily irradiation. Exclusive of
he dose to the CTV1 (gross adenopathy and margin), the
ose prescriptions were 50 Gy in 3 necks; 54 Gy in 69; 60
y in 18; and 66 Gy in 4.
The mean dose delivered to the CTV1 ranged from 66.8

o 73.9 Gy (median, 69.2 Gy). The mean percentage of the
rescribed dose delivered to the CTV1 ranged from 97% to

able 2. Prescription doses to gross disease with margin (CTV1)
(primary) in 51 patients treated with intensity-modulated

radiation therapy

Patient number Dose (Gy) Fraction number

31 66 30
8 63–65 30
4 66 33
4 72 40 (concomitant boost)
3 70 33
1 70 35
11% (median, 104.5%) and was less than 100% in only 1
atient. The volume of the CTV1 receiving less than the
rescribed dose ranged from 0% to 7.7% (median, 1%). The
olume of the PTV1 receiving less than the prescribed dose
anged from 0.3% to 27.3% (median, 7.6%). An account of
he dosimetries by target volume is shown in Table 4.

The concomitant boost fractionation schedule (9) was
sed in the treatment of 4 patients. This boost fractionation
nvolved two separate treatments. In the first plan, 54–57
y was delivered to the CTV1 and the CTV3 in 30 frac-

ions. In the second treatment, 15–18 Gy was delivered in
0 fractions to the CTV1 only. The second treatment was
iven as a second daily fraction for the last 10 days of the
reatment.

Because CORVUS did not allow for separate identifica-
ion of targets and avoidance structures that occupied the
ame pixels, we identified only the superficial parotid lobe
n our outline and thus our dose analyses. The constraints set
n the parotid gland were 26 Gy to each gland. These were
elaxed in the event that target coverage was compromised
y a strict constraint. The median dose to the parotid gland
eceiving the lower dose of the paired glands was 23.9 Gy
range, 13.1–33.6 Gy). The median dose to the parotid gland
eceiving the higher dose of the paired glands was 29.2 Gy
range, 21.2–68.8 Gy). In 76% of patients, at least one
arotid gland was treated to a mean dose �26 Gy, and in
5%, at least one gland was treated to �30 Gy. Mean doses
o the parotid glands are detailed in Table 4. The mandible
ose limits were set so that the maximum dose to the
andible would not exceed the prescribed dose to the

djacent target. The larynx constraint was set at 30–40 Gy,
ut in most cases the larynx was outside the IMRT portals
nd was blocked in the low-neck field.

reatment outcomes
The overall median duration of follow-up for our study

opulation was 45 months (range, 15–63 months). The
inimum duration of follow-up for patients still alive at the

ime this study was conducted was 27 months. All 5 of the
atients who received chemotherapy are alive 37–50 months
rom diagnosis, and none has had disease recurrence.

Disease recurred in 8 of the 46 patients (17%) treated
ith radiation without chemotherapy. In 2 of these patients,

ncluding the 1 treated to the CTV1 only, the disease re-

able 3. Prescription doses to gross disease with margin (CTV1)
(nodes) in 35 patients with gross adenopathy treated with

intensity-modulated radiation therapy

Patient number Dose (Gy) Fraction number

18 66 30*
4 70 33
4 70 30
4 72 40 (concomitant boost)
3 68 30
1 70 35
1 66 33*
* Four patients treated with electron boosts to gross adenopathy.
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urred locally. In 1 of these patients, the disease recurred at
he local site and in the neck; in the other patient, the disease
ecurred in the primary site only. All these recurrences were
n CTV1. One of these patients was treated to 66 Gy in 30
ractions, and the other was treated to 70 Gy in 35 fractions.

Overall, the 2-year actuarial local control rate for this
atient population was 96%. Both patients with primary
ecurrence had stage T2 primary disease. The 2-year local
ontrol rate for patients with T1/Tx disease was 100%
ompared with 88% for patients with T2 disease.

An additional patient had disease recurrence in the neck
nly. This patient presented with disease in levels 1–4 and
ad retropharyngeal nodal disease as well. His disease re-
urred in multiple areas of the neck, including the carotid
pace. Thus the disease recurred in the CTV1 and the
emaining target volumes. The 2-year actuarial locoregional
ontrol rate was 93% (Fig. 1).

Distant metastasis occurred in 5 of the 43 patients who
eceived radiation without chemotherapy and in whom lo-
oregional control was achieved. The 2-year and 3-year
ctuarial recurrence-free survival rates for this patient pop-
lation were 87% and 84%, respectively; the 2-year and
-year overall survival rates were 93% and 87% respectively

Table 4. Dose delivered to gross disease with margin (CTV1

Minimum dose Maximum dose

TV1 55.6–69.6 Gy 69.4–80 Gy
TV1 28.8–65.5 Gy 69.7–80 Gy
eft parotid
ight parotid
ean parotid*

ower parotid†

igher parotid†

* Mean dose to both parotid glands for each patient.
† Mean dose to each of the pair of parotid glands: lower parotid

ig. 1. Locoregional control associated with the use of intensity-
odulated radiation therapy in the treatment of small (�4 cm)
ropharyngeal tumors. o
Figs. 2 and 3). At the time of analysis, 8 patients had died:
from disease recurrence, 2 from cardiopulmonary events,

nd 1 from unknown causes. The latter 3 were disease-free
t last follow-up. Two patients were alive with disease at
ast follow-up. One other patient underwent salvage surgery
nd reirradiation and was still alive with no evidence of
isease 24 months after completion of the salvage therapy.
Twenty-one patients (40%) required gastrostomy tubes

or nutritional support. All were placed during therapy. In 4,
he tube was in place for more than 6 months. None required
astrostomy support 1 year after therapy. Three of the 5
atients treated with chemotherapy plus IMRT required
astrostomies; however, none of them required the tube for
ore than 6 months.
Three patients have had chronic mild dysphagia with diffi-

ulty eating solids. Two patients have undergone postradia-
ion hyperbaric oxygen therapy: 1 for extraction prophylaxis
nd 1 for osteoradionecrosis. Two patients, both having
adiation and neck dissections, have chronic shoulder weak-
ess and neck pain.

ning target volume with margin (PTV1), and parotid glands

an dose range (median, SD) % volume below prescription

6.8–73.9 Gy (69.2, 1.8) 0–7.7
0.3–27.3

3.1–57.1 Gy (26.4, 8)
7.6–68.8 Gy (25.4, 10.1)
8.1–46 Gy (23.9, 6)
3.1–33.6 Gy (26.3, 4.1)
1.2–68.8 Gy (29.2, 10.1)

ower dose of the pair; higher parotid is the higher dose of the pair.

ig. 2. Recurrence free survival associated with the use of inten-
ity-modulated radiation therapy in the treatment of small (�4 cm)
), plan

Me

6

1

1
1
2

ropharyngeal tumors.



I
r
a
2
t
d
o
T

r
I
t
p
w
2

p
p
I
fi
t
a
t
w
(

r
C
r
2
t
t

t
w
b
a
s
d
t
a

c
a
R
s
i
p
6
A
p
r
p
e
f
o
a
w
d

p
s
i
f

f
s
t
t
T
I
t
t
m
e

a
a
p
f
a
d
c
s
i
S
s
g
r

F
m
o

442 I. J. Radiation Oncology ● Biology ● Physics Volume 67, Number 2, 2007
DISCUSSION

The locoregional control rate of 93% achieved with
MRT in patients with small oropharynx cancers is compa-
able to the rates achieved with conventional radiation ther-
py techniques in similar series (7, 8). In those series, the
-year locoregional control rates were 91%. Also similar to
hose studies, locoregional control with IMRT was T-stage–
ependent, because all local failures in this current series
ccurred in patients with T2 disease, and within CTV1.
here were no geographic or marginal failures.
Other series have also reported favorable disease control

ates of head-and-neck cancer treated with IMRT (4–6, 10).
n contrast to those reports, our study population was rela-
ively homogeneous with regard to T and N stage and
rimary site of disease. In addition, patients in this report
ho are alive all have been followed for a minimum of
years.
Intensity-modulated radiation therapy did not appear to

roduce a more favorable acute toxicity profile in this
atient group with respect to feeding tube use; however, the
MRT dose distributions markedly reduced the mean super-
cial lobe parotid dose as compared with former conven-

ional techniques. In 95% of patients, we were able to obtain
mean dose of �30 Gy to one gland. Using a conventional

hree-field head-and-neck technique, these patients typically
ould receive at least 40 Gy mean dose to the parotid gland

11).
The majority of patients in this series were treated with

elative hypofractionation at 2.2 Gy per fraction to the
TV1. Although intrigued by the fractionation schemes and

esults reported by Butler et al. (4), we were concerned that
.4 Gy per fraction, which was used in their study, would be
oo dose-intense. Our plan of 66 Gy delivered in 30 frac-

ig. 3. Overall survival associated with the use of intensity-
odulated radiation therapy in the treatment of small (�4 cm)

ropharyngeal tumors.
ions (6 weeks) facilitated a dose and fractionation scheme i
hat could be completed in the same time frame as plans
ith modest acceleration schedules, such as those reported
y the Radiation Therapy Oncology Group (RTOG) (12)
nd the Danish Head and Neck Cancer group, (13) and thus
hould be biologically effective. IMRT allowed for larger
oses per fraction to the tumor while exposing normal
issues to fractional radiation doses considered to be toler-
ble.

Although the fractionation scheme used in this study was
onsidered appropriate for the majority of the patients, and
lthough this scheme was used in the recently completed
TOG H-0022 Phase 2 trial evaluating IMRT for early-

tage oropharynx cancer, prescribed doses were individual-
zed for many patients. In our initial experience, several
atients with bulky adenopathy had dose prescriptions of
8–70 Gy delivered to the gross adenopathy in 30 fractions.
lthough severe late toxicity has not been noted in these
atients after nearly 4 years of follow-up, concern for the
isk of late morbidity led to two changes in the treatment
lan. In 3 patients, additional fractions were added via an
lectron boost rather than by exceeding the 2.2 Gy per
raction dose to nodes. In 4 other patients, we increased the
verall number of fractions resulting in 70 Gy to the nodes,
nd 66–70 Gy to the primary site all in 33 fractions. Patients
ith T1 disease still received 66 Gy, and those with T2
isease received 70 Gy.
We were reluctant to administer 66 Gy in 30 fractions to

atients who had received concurrent chemotherapy. In-
tead, this group of patients was typically treated with 70 Gy
n 33 fractions, similar to the fractionation scheme described
or nasopharyngeal carcinoma (14).

Only 4 patients were treated with concomitant boost
ractionation schedule (9). The original treatment planning
ystems were unable to create a dose distribution combining
he large field and boost field treatments, causing uncer-
ainty in the plans that often had considerable heterogeneity.
he additional treatment time required for delivery of

MRT, and thus the additional number of fractions used, and
he use of a twice-daily scheme were also concerns. Al-
hough the latter factor remains a concern, the improve-
ents in treatment planning systems now allow us to see the

ntire treatment as a single dosimetric entity.
Although coined “concomitant boost,” this fraction-

tion schedule does not truly deliver the boost treatment
t the same time as the larger field treatment. Thus when
lanning a treatment using the classic concomitant boost
ractionation schedule, two separate plans must be cre-
ted though these two plans are ultimately combined to
isplay a single composite dose distribution. This is in
ontrast to the capability of IMRT to truly deliver a
imultaneous integrated boost (SIB) by delivering differ-
ng doses to different targets at risk during each fraction.
everal reports have suggested that the SIB plans are
uperior to planning the boost separately (15, 16). In
eneral, however, plans generated in these reports have
elied on the initial optimization parameters established

n dosimetric exercises. Our experience suggests that a
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oncomitant boost schedule delivered via a sequential set
f plans can meet the established set of constraints as well
s SIB, if sufficient time is invested in individual plan
ptimization. Thus for patients with bulky primary tumors
ho receive radiation therapy alone, we still favor concom-

tant boost fractionation, which has a proven record of
uccess in our institution in the treatment of intermediate-
tage primary tumors of the oropharynx (17, 18). Reports
rom Memorial Sloan-Kettering Cancer Center also describes
ositive experiences with IMRT and concomitant boost frac-
ionation (1, 19).

Despite providing a more conformal coverage of the
umor volume, the rate of significant acute toxicity associ-
ted with IMRT, as assessed by the rate of gastrostomy tube
se, was 40%. However, for most patients, the gastrostomy
ube was used for a relatively short period. Fewer than 10%
f patients still required the tube 6 months after treatment,
one for greater than 1 year, and only 3 patients had chronic
ifficulty swallowing solid foods. These observations are
ikely the result of a larger volume of mucosa receiving
adiation, albeit a lower total dose, resulting in mucositis
hat often does not result in severe late toxicity. To mini-
ize the dose to uninvolved mucosa, we now create avoid-

nce structures within the oral cavity during the treatment
lanning process.
We were able to maintain a mean dose of �26 Gy to at
east one parotid gland in more than 75% of patients. We m
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