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ABSTRACT

Objectives:We report a 5-year local relapse-free survival of 94% for T1 to 2 nasopharyngeal carcinoma using
endocavitary brachytherapy as a boost to deliver cumulative doses of 95 Gy to the nasopharynx. Brachytherapy
may be less than adequate for extension of disease into the parapharynx. The aim of the current planning study
was to evaluate target coverage and sparing of critical normal structures when boosting the nasopharynx with
3-D conformal external beam radiotherapy, intensity modulated radiotherapy, and fractionated stereotactic
radiotherapy in comparison to conventional treatment, i.e. parallel-opposed fields.

Materials and Methodsin 17 consecutive patients (12 with limited residual nasopharyngeal carcinoma after
external beam radiotherapy, 5 with extensive residual nasopharyngeal carcinoma), computed tomography scans
were obtained with the nasopharyngeal brachytherapy applicator in situ. The target volume and normal struc-
tures were contoured. Dose distributions were computed for class solutions using parallel-opposed, 3-D conformal
external beam radiotherapy and intensity modulated radiotherapy techniques or stereotactic radiotherapy.
Results:Adequate target coverage was achieved by all treatment technigues; however, there was an unaccept-
ably high dose to the parotid glands with parallel-opposed fields. Mean dose to the parotid glands was lowest
with stereotactic radiotherapy (8.8%3.2%), followed by intensity modulated radiotherapy (1240%62%) and

3-D conformal external beam radiotherapy (14.89%6.0%). The combination of intensity modulated radio-
therapy and stereotactic radiotherapy enabled superior parotid gland sparing 6 258%). The same pattern

was found for the 5 patients with extensive residual nasopharyngeal carcinoma.

Conclusion: Highly conformal dose distributions with considerable sparing of major salivary glands can

be obtained with stereotactic radiotherapy or intensity modulated radiotherapy. As a potential future route, at
present we are investigating intensity modulated stereotactic radiotherapy for boosting extensive residual
nasopharyngeal carcinoma.

Key Words:Conformal radiotherapy, Intensity modulated radiotherapy, Nasopharyngeal carcinoma, Stereotactic
radiotherapy

INTRODUCTION obtained after treatment with external beam radio-
Radiation therapy, either alone or in combination withtherapy (ERT) followed by endocavitary brachytherapy
chemotherapy is the mainstay of treatment for pa{BT) up to cumulative doses of 95 GThese high cure
tients with nasopharyngeal carcinoma (NPC). For earlyates, however, can only be achieved at the cost of
stages, 5 years local relapse-free survival of 94% can bdebilitating xerostomia, occurring invariably as a result
of early and late radiation toxicity to the major and
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have evolved over time. At present (since 1997) the
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70 Gy (T= 2b) in 2 Gyl/fraction, routinely followed by
fractionated endocavitary BT (2 fractions/day, 6 hours
interval) of 17 Gy total dose for T stag®a (4 Gy - 3 X
3 Gy - 4 Gyl/fraction) or 11 Gy for T stage2b (4 Gy -
3 Gy - 4 Gyl/fraction), using the Rotterdam nasopharyn
applicator (RNA). All involved lymph node regions
are boosted to a total dose of 70 Gy using high energ
electrons. Finallybased on recommendations from
our previous analysispatients with advanced tumour
stages (T3-4, N2-3, American Joint Committee on
Cancer/International Union Against Cancer [AJCC/
UICC] classification, 1997 edition) receive neo-adjuvant|
chemotherapy. The neo-adjuvant chemotherapy reg
men at the present time consists of 3 monthly coursg
of cisplatin (CDDP) 100 mg/aplus 5-fluorouracil
1000 mg/m, 4 days per cycle, for the undifferentiated
type NPC, or 6 weekly courses of CDDP 70 myg/m
for other grades of histology.

Figure 1. Clinical target volume for a patient with limited residual
Given the rapid dose fall-off with distance, BT is nasopharyngeal carcinoma (< T2a). In some patients, however,

; [T ; e clinical target volume could extend as far as the pterygo-
advocated to be used preferentlally in limited dlsea'S%htyloid line (one-sided dotted line) of tumours still confined to the

only: i.e. at the present time in our institution we prefernasopharynx proper.
to limit its use to tumour stagesT2a. For dose escal-
ation in the more advanced tumour stage$4b), and  insertion of the RNA, CT scanning was performed for
at the same time sparing of the surrounding criticaBT dose optimisation purposes (Siemens Somatom
structures, e.g. the major salivary glands, the use of mo&R, [Siemens AG Medical Engineering, Computer
complex 3-D external beam treatment techniques ar&omography, Forchheim, Germany] slice thickness
mandatory. 5 mm, table movement 5 mm). The latter CT scans were
used for contouring the boost clinical target volume
The aim of the current planning study for boosting(CTV) and critical normal structures, including
NPC was to evaluate the relative merits of 3-D con-parotid and submandibulary glands, brainstem, spinal
formal external beam radiotherapy (3-DCRT), intensitycord, and optic chiasma. The CTV for boosting NPC
modulated radiotherapy (IMRT) and fractionated was defined as the nasopharynx proper (Figure 1) with
stereotactic radiotherapy (SRT) in comparison tothe addition of any residual tumour seen on CT or
conventional treatment, i.e. parallel-opposed fields.magnetic resonance imaging (MRI) scan. The 3-D
The respective techniques were compared with regarthargins used to derive the planning target volume (PTV)
to both target coverage and sparing of critical normafrom the CTV were 5 mm for conventional planning,
structures, when boosting the nasopharynx after 60 t8-DCRT, and IMRT, and 2 mm for SRT, reflecting the

70 Gy ERT. immobilisation and repositioning accuracy of the Gill
Thomas Cosman (GTC) frame. Conventional treatment
MATERIALS AND METHODS planning with parallel-opposed fields (6 MV) was per-

This dosimetric study was performed using the datd€ormed using the computer planning system Cadplan
of 17 consecutive patients with NPC, referred to the(Varian-Dosetek v. 6.0.4, Varian Medical Systems,
University Hospital Rotterdam — Daniel den Hoed Helsinki, Finland). The 3-DCRT plans were based on
Cancer Center from 1998 to 1999. Pre-treatment tumowiniform beam profiles using a configuration consisting
classification was performed using the AJCC/UICCof 3 non-coplanar 6 MV and 2 non-coplanar 23 MV
classification criteria. Each patient was treated accordphoton beams (‘class solutions’). The Helios (Varian-
ing to the aforementioned protocol guidelines. For allDosetek v. 6.0.4) inverse planning module was used
patients, pre-treatment planning computed tomographyor IMRT for the same class solution. Intensity profiles
(CT) scans with the head in a fixation mask were perwere calculated and optimised for the ‘sliding window’
formed and, similarly, after the completion of ERT andtechnique.

138 J HK Coll Radiol 2001;4:137-142



FJ Lagerwaard, PC Lavendag, A van Nimwegen, et al.

Table 1. Baseline organ constraints for boosting nasopharyngeal carcinoma using Helios inverse planning

Volume (%) Maximum dose (%0) PTV constraints for inverse planning

Planning target volume - - Minimum dose 95% Maximum dose 120%
Parotid glands 50.0 10.0 NA NA

5.5 225 NA NA

5.0 25.0 NA NA
Spinal cord 10.0 10.0 NA NA

5.0 20.0 NA NA
Brainstem 10.0 25.0 NA NA

5.0 33.0 NA NA

Abbreviations: PTV = planning target volume; NA = not applicable

The final dose distributions were recalculated usingtreatment techniques was performed with respect to
Cadplan v. 6.0.4. The baseline constraints for thearget coverage and sparing of critical surrounding
PTV and critical normal structures used for IMRT arenormal structures for both groups, using parameters
shown in Table 1. In order to achieve sparing of thesuch as mean dose and V95 (i.e. volume that receives
contralateral parotid gland in patients with unilateral95% or more of the prescribed dose) taken from dose
parapharyngeal extension, the constraints for thezolume histograms.
ipsilateral parotid gland were omitted, while keeping
the overall beam configuration identical. For reasons oRESULTS
comparison, the dose was prescribed to the minimunfor analysis of dose distributions, patients were divided
isodose encompassing the target volume, usually thmto groups with ‘limited’ (no residual tumour or
80% isodose for SRT and the 90% isodose for IMRT residual disease confined to the nasopharynx) and
SRT planning was performed using X-Plan (Radionics,extensive’ residual tumour (tumour extension beyond
v.2.02, Burlington, USA), i.e. multiple static fields, the nasopharynx into the parapharyngeal space, i.e. past
and using a mini-multileaf collimator. Comparison of the so-called pterygoid-styloid line, and/or intracranial
extension) after ERT. After the completion of ERT,

Table 2. Patient characteristics 12 patients were classified as having limited residual
Sex Age Chemotherapy  AJCC/ Stage NPC and 5 patients had extensive NPC (Table 2).
UICC staging after ERT
1 M 67 - T2bNOMO Limited Limited Residual Nasopharyngeal Carcinoma
g |\F/| gé + %Eémg t?m?:eg From Table 3, it can be seen that adequate coverage
- imite . .
4 M 66 i T2bNIMO Limited of the boost_ _PTV cquld be obtained with all treat-
5 M 73 + TAN2MO Limited ment modalities. With parallel-opposed ERT tech-
6 M 65 - T2bNOMO Limited niques excellent target coverage could be achieved;
70M 57 + T4N2MO Limited ; : ;
8 M 18 . TANIMO Limited hpwever, this was a_ssomgted with an unacceptably
9 F 23 ¥ T2aN1MO Limited high dose to the major salivary glands. As could be
10 F 60 + TIN3MO Limited expected from the way the dose was prescribed, dose
E m g; ] Egmémg tm:g inhomogeneity within the PTV was largest for SRT,
13 F 62 + TObNIMO  Extensive followed by IMRT. Table 3 also shows the sparing
14 F 53 - TINOMO Extensive capacity of the different treatment techniques with
s M 8 - T2bN2MO  Extensive respect to the left (PL-Dmean) and rigRR-Dmean)
16 M 36 + T4N1MO Extensive . . .
17 F 40 . TObNOMO  Extensive parotid gland and brainstem (BS-Dmean). For limited
Abbreviations: AJCC = American Joint Committee on Cancer; UICC = tumo.ur extensions (tum.our sta@i’Za), conS|derab.Ie
International Union Against Cancer; ERT = external beam radiotherapy. sparing of both parotid glands could be obtained

Table 3. Boost dosimetry [% (sd)] for limited residual nasopharyngeal cancer, achieved with parallel-opposed fields, 3-D conformal
external beam radiotherapy (3-DCRT), intensity modulated radiotherapy (IMRT), and stereotactic radiotherapy (SRT) for the planning
target volume (Dmean and V95), right parotid gland (PR-Dmean), left parotid gland (PL-Dmean), and brainstem (BS-Dmean)

Dmean V95 PR-Dmean PL-Dmean BS-Dmean
Parallel opposed 99.1 (1.2) 97.0 (6.1) 78.8 (14.8) 86.0 (8.3) 9.6 (6.2)
3-DCRT 102.2 (0.3) 98.3 (0.8) 14.8 (5.0) 15.2 (7.8) 21.0 (9.5)
IMRT 99.9 (0.4) 97.8 (1.5) 12 0(3.2) 10.9 (3.9) 12.4 (3.7)
SRT 119.9 (2.4) 99.1 (0.3) 8 (3.2) 8.9 (3.0 16.8 (3.5)
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Table 4. Boost dosimetry [%(sd)] in 4 patients with unilateral parapharyngeal tumour extension, achieved with parallel-opposed fields,
3-D conformal external beam radiotherapy (3-DCRT), intensity modulated radiotherapy (IMRT), and stereotactic radiotherapy (SRT) for
the planning target volume (Dmean and V95), ipsilateral parotid gland (PI-Dmean), contralateral parotid gland (PC-Dmean), and brainstem
(BS-Dmean)

Dmean V95 Pl-Dmean PC-Dmean BS-Dmean
Parallel pposed 99.6 (0.3) 98.0 (0.8) 85.4 (24.4) 99.9 (1.2) 10.9 (5.3
3-DCRT 100 (0.3) 98.0 (1.2) 40.0 (7.5) 17.0 (2.4) 22.4 (5.6)
IMRT 99.9 (0.2) 98.0 (0.8) 48.3 (15.2) 11.1 (2.2) 14.7 (1.4)
SRT 115.6 (12.2) 94.3 (9.5) 25.3 (6.8) 14.4 (7.5) 15.3 (3.6)

with SRT, and to a lesser degree with IMRT, followed the extension of the primary tumour regiétf,and CT-
by 3-DCRT. All treatment modalities achievéus MRI image fusion may allow for detailed contouring
amount of sparing with acceptable doses to criticalbf the nasopharynx. Furthermore, the recently described
structures such as the brainstem, spinal cord, an@T-based definition of lymph node regions in head and
optic chiasma. neck malignanciés'® will facilitate the contouring of

clinical target volumes of the upper and lower (elective)
Extensive Residual Nasopharyngeal Carinoma neck. With the aid of these tools, reliable use of 3-DCRT
For extensive residual NPC, in particular with uni- has become a realistic option for treatment of patients
lateral parapharyngeal extension (four patients), allvith NPC. Optimum beam direction and shape can be
conformal treatment techniques were aimed at maxidetermined using beam’s eye viewing of target volume
mum sparing of the contralateral parotid gland. Theand critical structures, thereby enabling minimisation
beam configuration of all treatment plans was leftof the dose to normal structures. In this study, using a
unaltered. For each treatment modality, mean dose trelatively simple class solution consisting of 5 to 6 non-
the ipsilateral (PI-Dmean) and contralateral (PC-Dmeangoplanar photon beams for boosting of NPC, the mean
parotid gland is shown in Table 4. dose to the parotid glands could be decreased from 80%

to 15% for limited tumour extensions. In patients with
In the one patient with an extensive bilateral para-unilateral parapharyngeal tumour extension, 3-DCRT
pharyngeal tumour after ERT, all treatment techniquegould achieve considerable sparing of the opposing pa-
were only able to obtain adequate target coverage at thetid gland; however, keeping the mean dose to the
expense of large PTV inhomogeneity, and only SRTbrainstem within acceptable limits proved difficult.
was able to achieve parotid sparing below 20%.

IMRT has been shown to offer substantial advantages
DISCUSSION with respect to sparing of critical surrounding structures
In view of the highly conformal dose distributions for a number of tumour sité&* Although initially
obtained and its ease of application, endocavitary BTimited to the use of transmission blocks and tissue
is generally the preferred method of boosting the nasceompensators, improvements in planning systems
pharynx to curative dosés.The rapid dose fall-off and treatment machines with multileaf blocking enable
associated with BT enables dose escalation to théhe implementation of more advanced IMRT tech-
nasopharynx, while sparing surrounding critical niques such as ‘step and shoot’ and ‘sliding window’
structures, in particular the major salivary glands.techniques. In the current study, we have used the
The delivery of high doses to the nasopharynx usingHelios sliding window technique based on a 3-DCRT
conventional parallel-opposed treatment fields isclass solution. Using this method, we could obtain a
feasible, but will invariably result in xerostomia; in modest further decrease in parotid gland dose and, per-
addition, serious complications, including damage tohaps equally important, a substantial reduction of the
the optic pathways, brain stem, temporal lobes, eamean dose to the brainstem.
spinal cord, pituitary gland, and hypothalamus, are not
uncommor?® Recent progress in computerised treat-SRT for head and neck malignancies was first described
ment planning has led to the development of a rangby Kondziolka2° who used single fraction radiosurgery
of conformal ERT techniques, which may serve as arior recurrent NPC. Since then, the implementation of
alternative to endocavitary BT. Improvements in fractionated SRT has been reported by several authors
imaging techniques, in particular MRI scanning, haveeither as a sole modality for recurrent NPCor as a
greatly enhanced the ability to accurately determingechnique for boosting primary disea8&. SRT is
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Table 5. Comparison of intensity modulated radiotherapy (IMRT) boost
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[% (sd)] for limited residual nasopharyngeal carcinoma with

standard (5 mm) and stereotactic (2 mm) margins for positioning inaccuracy

Dmean V95 PR-Dmean PL-Dmean BS-Dmean
IMRT 5 mm 99.9 (0.4) 97.9 (1.5) 12.0 (3.2) 12.2 (3.9) 12.4 (3.7)
IMRT 2 mm 99.8 (0.3) 98.8 (1.6) 6.5 (2.8) 7.2 (2.4) 11.3 (3.5)

Abbreviations: Dmean and V95 = planning target volume; PR-Dmean = right parotid gland; PL-Dmean = left parotid gland; BS-Dmean = brainstem.

characterised by accurate fixation and immobilisationplanning, i.e. at least 3-DCRT, is used from the start of
methods, which allow for small treatment marginstreatment. We are currently investigating options to
and a rapid dose fall-off in all directions outside theachieve optimum salivary gland sparing from the start
planning target volume. Our planning study shows theof treatment, i.e. for the large volume disease treated to
superiority of SRT with regard to sparing of critical a dose of 60 or 70 Gy by ERT. The clinical introduction
normal structures, compared with all other methodsof free radical scavengers such as amifostine, which
The common practice of dose prescription to the enmay substantially increase these threshold levels for
compassing 80% isodose will, however, result in doselinically manifest xerostomi#;* have underscored
inhomogeneity within the PTV, however, as is thethe importance of efforts to obtain conformal dose
case with BT, this may in fact be advantageous from alistributions for treatment of NPC.

radiobiological point of view*
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