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Purpose: To compare dose–volume histograms of target volumes and organs at risk in 57 patients with nasopha-
ryngeal carcinoma (NPC) with inverse- (IP) or forward-planned (FP) intensity-modulated radiation treatment
(IMRT).
Methods and Materials: The DVHs of 57 patients with NPC with IMRT with or without chemotherapy were re-
viewed. Thirty-one patients underwent IP IMRT, and 26 patients underwent FP IMRT. Treatment goals were
to prescribe a minimum dose of 66–70 Gy for gross tumor volume and 59.4 Gy for planning target volume to
greater than 95% of the volume. Multiple selected end points were used to compare dose–volume histograms of
the targets, including minimum, mean, and maximum doses; percentage of target volume receiving less than
90% (1-V90%), less than 95% (1-V95%), and greater than 105% (1-V105%). Dose–volume histograms of organs
at risk were evaluated with characteristic end points.
Results: Both planning methods provided excellent target coverage with no statistically significant differences
found, although a trend was suggested in favor of improved target coverage with IP IMRT in patients with T3/
T4 NPC (p = 0.10). Overall, IP IMRT statistically decreased the dose to the parotid gland, temporomandibular
joint, brain stem, and spinal cord overall, whereas IP led to a dose decrease to the middle/inner ear in only the
T1/T2 subgroup.
Conclusions: Use of IP and FP IMRT can lead to good target coverage while maintaining critical structures within
tolerance. The IP IMRT selectively spared these critical organs to a greater degree and should be considered the
standard of treatment in patients with NPC, particularly those with T3/T4. The FP IMRT is an effective second
option in centers with limited IP IMRT capacity. As a modification of conformal techniques, the human/depart-
mental resources to incorporate FP-IMRT should be nominal. � 2007 Elsevier Inc.

Intensity-modulated radiation treatment (IMRT), Inverse planning, Nasopharyngeal carcinoma, Forward
planning, Intensity modulation.

INTRODUCTION

The ability to modulate beam intensity in a simple manner is

not new. Blocks produce binary intensity distributions (either

present or absent), whereas wedges modulate a beam with

a gradient of intensity along one plane. The upsurge in the

clinical use of intensity-modulated radiation treatment

(IMRT) was associated with delivery systems capable of cre-

ating automatic and random-intensity maps, as well as in-

verse-planning methods that can manipulate the tremendous

added complexity associated with inverse-planned (IP)

IMRT. The need for inverse-planning IMRT has led to major

shifts in planning, delivery methods, and quality assurance

measures. These changes can affect many aspects of a modern

radiotherapy (RT) department (1).

Forward-planned (FP) RT does not preclude intensity mod-

ulation (IM), although practically, the degree of IM must be

limited. As a relatively straightforward extension of confor-

mal RT, FP with simple IM does not require many departmen-

tal changes and still allows an extra degree of planning

freedom to create concave distributions. However, simple

IM may not fully explore the dose-sculpting potential of

IMRT and certainly from a forward planning perspective,

Reprint requests to: Ian Poon, M.D., F.R.C.P.(C.), Sunnybrook
Health Sciences Centre, Toronto Sunnybrook Regional Cancer
Centre, 2nd Floor, 2075 Bayview Ave., Toronto, Ontario,
M4N 3M5 Canada. Tel: (416) 480-4974; Fax: (416) 480-6002;

E-mail: ian.poon@sunnybrook.ca
Conflict of interest: none.
Received July 11, 2006, and in revised form Aug 3, 2007.

Accepted for publication Aug 4, 2007.

1625

Int. J. Radiation Oncology Biol. Phys., Vol. 69, No. 5, pp. 1625–1633, 2007
Copyright � 2007 Elsevier Inc.

Printed in the USA. All rights reserved
0360-3016/07/$–see front matter

doi:10.1016/j.ijrobp.2007.08.028

mailto:ian.poon@sunnybrook.ca


even a limited degree of modulation along with other tradi-

tional planning factors (e.g., beam number, beam angle, and

beam shape) can create a very arduous planning process (2).

Recently, attention has shifted to the use of IMRT in

patients with nasopharyngeal carcinoma (NPC) (3–5) and

head-and-neck carcinomas (HNCs). Because RT is a primary

treatment modality for patients with HNC and conventional

RT often leads to target volume coverage compromises

because of normal tissue tolerances, IMRT would appear to

offer advantages over conventional methods. Previous stud-

ies (5, 6) showed the dosimetric superiority of IP IMRT com-

pared with a combination of conventional field RT with

a conformal boost.

Although the latter is one standard treatment, this com-

bination does not represent the most sophisticated FP con-

formal technique available. Simple FP IMRT through

a field-within-a-field technique and multiple beam angles

can generate concave dose distributions (Fig. 1) that effec-

tively treat patients with NPC while sparing critical tissues.

Early clinical reports of IMRT (4, 7) were examples of simple

FP IMRT. On an operational level, most radiation depart-

ments in the world could perform simple FP IMRT without

a major resource upheaval within their departments.

METHODS AND MATERIALS

Patient and staging evaluation
A total of 63 patients with primary NPC were treated with either

FP IMRT or IP IMRT with or without chemotherapy: 31 patients

with FP IMRT and 26 patients with IP IMRT. To accelerate the start

of treatment, 4 patients started treatment by means of conventional

opposed lateral RT fields initially and subsequently underwent IP

IMRT for the remaining fractions when the plan was ready. Patients

received the following doses from the opposed lateral fields: 1 patient

with T3N2 received 720 cGy, 2 patients with T3N3 received 1,200

cGy, and 1 patient with T4N3 received 2,000 cGy. The conventional

doses delivered were included in the analysis. The IP and FP IMRT

were available during separate times, thereby limiting selection bias

between the two groups. Six patients were excluded because treat-

ment included both FP and IP IMRT. In total, the records of 57

patients were reviewed. Disease was staged according to the 1997

American Joint Committee on Cancer staging classification.

Treatment
FP IMRT. The FP IMRT used a three-dimensional (3D) planning

system (U-M-Plan; University of Michigan Planning System, Uni-

versity of Michigan, Ann Arbor, MI) to the primary tumor only. De-

tails of the planning process were previously described (5). Briefly,

a plan with at least five coplanar angles was constructed while beam

angles were adjusted manually to separate target volumes from the

critical structures as much as possible. Two exposures with different

multi-leaf collimator (MLC) shapes were delivered at each angle.

From each beam angle, the entire target volume was treated with

one subfield while the target volume was partially blocked in an-

other subfield to shield the critical normal structures. Beam weight-

ings and energy were also manually adjusted.

However, the FP IMRT plan could not be used for the entire treat-

ment without exceeding the tolerance limit of the brain stem and spi-

nal cord. When the tolerance limit of critical organs was reached,

a cone-down plan was used for the remainder of the treatments,

with portions of the target underdosed.

A split-beam technique was used to avoid divergence of these

beams into the lateral opposed fields that treated the upper neck,

for which the inferior border usually was at the top of the thyroid car-

tilage. The low neck and supraclavicular fossae were irradiated with

a single anterior field, for which the isocenter was placed at the

inferior border of the upper-neck fields. Potential hot or cold spots

at the field junctions were smoothed out with an isocenter shift of

5 mm at least once during the treatment.

IP IMRT. Commercially available inverse treatment planning was

used to generate IM plans with treatment delivered with either the

MiMIC (Multi-leaf intensity Modulating Collimator, NOMOS Radi-

ation Oncology, North American Scientific, Cranberry Township,

PA) or MLC collimators. Details of the planning process were pre-

viously described (5). Briefly, the MiMIC is a dynamic multivane in-

tensity-modulated collimator delivery system that irradiates in

a slice-by-slice axial arc rotation approach, with slices 1.66 cm in

width. The intensity pattern of the beam was modified every 5� of

rotation through usually a 270� arc. Beam intensities were modulated

with 10 nonzero steps. The treatment couch was moved between arcs

craniocaudally, monitored by an indexing device. The second

method used a conventional MLC collimator, in which beam inten-

sity was modulated by the superimposition of a number of static seg-

ments of uniform radiation intensity (called step-and-shoot delivery).

Each treatment field was divided into 1 � 1-cm beamlets, and in-

tensities of the beamlets were optimized by the inverse-planning

process. Before the start of IM optimization, the number of beams,

degree of IM, beam angles, and beam energy were selected at the

discretion of the planner.

The primary tumor was irradiated by using either of these IMRT

techniques described. The neck and supraclavicular lymph nodes

Fig. 1. A representative slice of a forward plan for a patient with
nasopharyngeal carcinoma. FP IMRT = forward planned intensity
modulated radiation treatment.
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