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Purpose: The aim of this study was to show the benefit of a two-step intensity modulated radiotherapy
(IMRT) method by examining geometric and dosimetric changes.

Material and Methods: Twenty patients with pharyngeal cancers treated with two-step IMRT combined
with chemotherapy were included. Treatment-planning CT was done twice before IMRT (CT-1) and at
the third or fourth week of IMRT for boost IMRT (CT-2). Transferred plans recalculated initial plan on
CT-2 were compared with the initial plans on CT-1. Dose parameters were calculated for a total dose
of 70 Gy for each plan.

Results: The volumes of primary tumors and parotid glands on CT-2 regressed significantly. Parotid
glands shifted medially an average of 4.2 mm on CT-2. The mean doses of the parotid glands in the initial
and transferred plans were 25.2 Gy and 30.5 Gy, respectively. D, (dose to 2% of the volume) doses of the
spinal cord were 37.1 Gy and 39.2 Gy per 70 Gy, respectively. Of 15 patients in whom xerostomia scores
could be evaluated 1-2 years after IMRT, no patient complained of grade 2 or more xerostomia.
Conclusions: This two-step IMRT method as an adaptive RT scheme could adapt to changes in body con-
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tour, target volumes and risk organs during IMRT.
© 2012 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 106 (2013) 85-89

Asignificant advance in radiation therapy (RT) s the successful clin-
ical use of intensity modulated radiation therapy (IMRT). IMRT is effec-
tive, especially for head and neck cancers, since the clinical target
volumes (CTV) are in contiguity with organs at risk such as the salivary
glands, brain stem, and spinal cord. Two randomized clinical trials
comparing IMRT and conventional RT for patients with early-stage
nasopharyngeal cancer (NPC) showed a significant benefit of IMRT
on salivary function and quality of life (QOL) of patients [1,2].

Although it is very encouraging to use this new technique to im-
prove the therapeutic ratio, questions remain as to whether the con-~
formation of target coverage and normal tissue sparing may cause
marginal failure [3]. As treatment planning and quality assurance
(QA) of IMRT plans require a long time to prepare, most investigators
use the initial IMRT plan for the whole course of IMRT. However, sig-
nificant anatomic changes, including shrinking of the primary tumor
or nodal masses and body weight loss during fractionated RT, have
been reported for head and neck cancers [4,5]. Our previous analysis
revealed that the volume of the parotid glands decreased to 74% of
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the initial volume during the course of IMRT [6]. These changes in
body contour, target volumes and risk organs during IMRT can affect
the dose distribution to the target volume and risk organs, which can
be a cause of marginal recurrence or late toxicities. In fact, marginal
recurrences after IMRT for head and neck cancer have been reported
by several investigators [7,8].

To avoid the risk of changes in the dose distribution during
IMRT of 7-8 weeks, we adopted a two-step IMRT method for head
and neck cancers. For all patients, treatment-planning computed
tomography (CT) was done before IMRT (CT-1) and at the third
or fourth week of IMRT for the treatment planning of boost IMRT
after 46-50 Gy (CT-2) [6,7]. The aim of this study was to show
the benefit of our adaptive RT scheme using a two-step IMRT
method by examining the geometric and dosimetric changes in pa-
tients with head and neck cancer.

Materials and methods

Patients’ characteristics and treatment methods

Between February 2006 and April 2010, 20 consecutive patients
with pharyngeal cancers treated by a two-step IMRT method com-
bined with concurrent chemotherapy were analyzed. Patients and
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Table 1
Study cohort and treatment characteristics, and their clinical results.
Case Primary T stage N stage ulIcc Total(Boost) Concurrent Neck Parotid Xerostomia  Overall Local control
site stage RT dose chemotherapy  dissection Dmean(Sum) at 1-2year  survival
1 HPC T1 N2b VIA 70(20)Gy Cisplatin Y 25.6 - 15 m DOD 15mLC
2 HPC T2 N2b VIA 70(20)Gy Cisplatin Y 216 Grade 0 22 m DOD 9m rec
3 HPC T1 N2a VIA 70(20)Gy S-1 N 225 - 9m DID 9m LC
4 HPC T2 N3 VIB 70(20)Gy Cisplatin Y 216 Grade 0 56 m NED 56 m LC
5 oPC T3 N2b VIA 70(20)Gy Cisplatin N 26.8 Grade 1 53 m DOD 46 m rec
6 OPC T2 N2 VIA 60(20)Gy Cisplatin, 5FU Y 29.0 - 17 m DOD 6 m rec
7 OPC T1 N2b VIA 66(16)Gy Cisplatin Y 25.1 Grade 0 53 m NED 53 mLC
8 OPC T4a NO VIA 70(20)Gy Cisplatin N 175 Grade 1 36 m NED 36 m LC
9 OPC T2 N2C VIA 66(16)Gy CBDCA N 24.5 - 9m DOD 6 m rec
10 orc T4a NO VIA 70(20)Gy Cisplatin N 21.7 - 8 m DOD 6 m rec
11 NPC T3 NO 111 70(20)Gy Cisplatin N 23.0 Grade 0 78 m NED 78 m LC
12 NPC T2b N1 11 70(20)Gy Cisplatin N 249 Grade 0 74 m NED 74 m LC
13 NPC T2b N1 1 70(20)Gy Cisplatin N 27.8 Grade 0 73 m NED 73mLC
14 NPC T3 NO il 70(20)Gy Cisplatin N 239 Grade 0 73 m NED 73mLC
15 NPC T1 NO I 70(20)Gy Cisplatin N 224 Grade 0 70 m NED 70m LC
16 NPC T1 N1 I 70(20)Gy Cisplatin N 24.8 Grade 0 68 m NED 68 m LC
17 NPC T3 N1 I 70(20)Gy Cisplatin N 239 Grade 0 68 m NED 68 m LC
18 NPC T3 N2 m 70(20)Gy Cisplatin N 23.6 Grade 0 65 m NED 65m LC
19 NPC T1 N2 m 70(20)Gy Cisplatin Y 214 Grade 1 59mNED  59mlLC
20 NPC T3 N2 m 68(20)Gy Cisplatin N 26.2 Grade 0 57mNED  57mlC

Abbreviations: HPC, hypopharyngeal cancer; OPC, oropharyngeal cancer; NPC, nasopharyngeal cancer; CBDCA, carboplatin; y, yes; n, no; m, months; NED, no evidence of the
disease; DOD, died of the disease; DID, died of the intercurrent disease; LC, loco-regional control.

tumor characteristics and their clinical results are shown in Table 1.
All patients were treated with whole neck IMRT to 46-50 Gy/[23-
25 fractions, followed by boost IMRT limited to high-risk CTV to
a total dose of 60-70 Gy/30-35 fractions (median 70 Gy). The de-
tails of target definition and margins for planning target volume
(PTV) has been mentioned elsewhere [7].

Of the 20 patients, 10 had NPC, six oropharyngeal cancer (OPC),
and four hypopharyngeal cancer (HPC) (Table 1). Six patients were
treated with neck lymph node dissection before IMRT. Most pa-
tients were treated with concurrent chemotherapy of cisplatin
80 mg/m? as a Japanese standard dose for 2 or 3 times.

All patients were immobilized with a thermoplastic mask cov-
ering the head, neck and shoulders (Type-S thermoplastic based
system, MED-TEC, Orange City, IA). Computed tomography (CT)
scans or positron emission tomography/CT (PET/CT) for treatment
planning were obtained with contrast medium at 2 mm slice inter-
vals from the head through the aortic arch. For all patients, treat-
ment-planning CT or PET-CT was done twice before IMRT (CT-1)
and at the third or fourth week of IMRT for the treatment planning
of boost IMRT (CT-2) with a new thermoplastic mask. A new mask
was made carefully to be the same bony alignment of the initial
mask. Boost IMRT was started without split at the fifth week of
IMRT. An integrated PET/CT simulation was performed at CT-1
for 15 patients [9].

All treatment planning data for IMRT was obtained by inverse
planning with commercial treatment-planning systems (Eclipse
ver.7.3.10, Varian Medical Systems International Inc., Baden, Swit-
zerland). The IMRT beam arrangements consisted of seven co-planar
beams. The prescribed dose for PTV was 70 Gy, and the following
dose constraints were set on the organs at risk (OARs): maximum
dose for the spinal cord, 45 Gy; maximum dose of the brain stem,
54 Gy; mean dose for at least one parotid gland, 26 Gy, although
both parotid glands were tried to spare. Detailed dose constraints
for IMRT planning used at our institution are described in Table 2.

Method of analysis

To eliminate interobserver variability, re-contouring of OARs
and target volumes was performed by a single observer (TN) and
validated by a single medical doctor (YN). The spinal cord was out-
lined without margin between the first and sixth cervical vertebra

Table 2
The objective parameters used in IMRT optimization.

Dose constraints

Dgs = 100% (prescription dose 70 Gy)
Vitox < 10% of PTV

Dinax < 120%

Dmean < 105%

Target and risk organs
PTV

Organs at risk

Brain (PRV) Dinax < 63 Gy
Brain stem (PRV) Dmax < 54 Gy
Spinal cord (PRV) Dmax <45 Gy
Optic nerve Dmax < 54 Gy
Amphiblestrode Dimean < 35 Gy
Lens Dmax < 6 Gy
Inner/middle ear Dinean <45 Gy
Oral cavity Diax < 54 Gy
Larynx Drmean <45 Gy
Parotid gland (at least one) Diean < 26 Gy
Non-specific region Dmax < 70 Gy

Abbreviations: PTV, planning target volume; PRV, planning organ at risk volume;
Dmax, maximum dose; Dmean, mean dose; Dgs, dose to the 95% of the volume; Vyyox,
Volume (%) of receiving 110% of the prescription dose.

level. Parotid glands were also outlined without margin. Utilizing
PET-CT findings, the primary tumors and the largest metastatic
lymph node were re-contoured without margin as gross tumor vol-
ume-p (GTV-p) and GTV-n, respectively.

IMRT plans were defined as follows: Plan-1 was the actual ini-
tial IMRT plan applied to CT-1. Plan-2 was the actual boost IMRT
plan on CT-2. In addition, a Plan-3, in which the initial IMRT plan
was transferred to CT2 based on carefully matched Isocenter and
bony alignment, was made for this study. Dose distributions of
these plans were recalculated to obtain dose-volume histograms
(DVHs) of re-contoured target volumes and OARs. No optimization
was performed for Plans-1, 2, and 3 after re-contouring.

The changes in volume, distance and dose were analyzed for
each patient. Comparisons of these parameters on Plan-1, Plan-2
and Plan-3 were analyzed by Mann-Whitney-Wilcoxon tests.

Volumes of GTVs and bilateral parotid glands were compared
between CT-1 and CT-2 with a paired samples analysis. To quantify
the positional shifts of the parotid glands, we calculated the dis-
tance from the surface of the parotid glands or the retromandibular
vein in the parotid glands to the midline on the slice with the larg-
est parotid gland area.
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Dosimetric parameters such as Diean, Dog, and D, were evaluated
for Plan-1, Plan-2, and Plan-3. Dgg, and D, were doses to the 98% and
2% of the volume, respectively. For each IMRT plan, DVHs were calcu-
lated for GTVs and critical risk organs. Plan-3 was compared to Plan-1
to evaluate the effects of anatomic changes on dosimetric outcomes.
The replanning effects for dosimetric outcomes were compared for
Plan-2 and Plan-3. Dose parameters were calculated for a total pre-
scribed dose of 70 Gy for each plan. In addition, Dyean (sum) of the
bilateral parotid glands was calculated for each patient as follows.

Dimean (Sum) = Dpean(Plan-1) x (initial plan dose)/70
+ Dpean(Plan-2) x (boost plan dose)/70

After the end of IMRT, loco-regional control and distant progression
was evaluated every 3-4 months for more than 5 years by clinical
examination, laryngo-pharyngeal fiberscopy, and every 6 months by
head and neck MRI or CT scan, as well as thoraco-abdominal CT scan.

Late toxicities were graded according to the Common Toxicity
Criteria for Adverse Events (CTCAE) version 3.0. Xerostomia was
scored prospectively and recorded in the clinical chart every 3-
4 months. The attending physicians (YN and TS) asked patients to
follow dietary alterations and the need for a water bottle every
3-4 months, and the best grade at 12-24 months after the start
of IMRT was used as an end-point.

Results

Fig. 1(a-c) shows the volume changes in GTVs and parotid
glands between CT-1 and CT-2. The mean volumes of GTV-p and
GTV-n on CT-2 reached 37.1+£23.5% and 47.6 + 36.8% compared
with CT-1, respectively (p =0.002 and p = 0.081). The volume of
parotid glands also decreased to 81.9 + 12.4% of the initial volume
with significant difference (p < 0.0001). The lateral surface of the
parotid glands shifted medially with an average of 4.2 £2.9 mm

(p<0.0001) on CT-2. The retromandibular vein in parotid glands
shifted medially with an average of 2.4 + 3.3 mm (p = 0.00002).

Table 3 shows dose parameters calculated for a total prescribed
dose of 70 Gy for each plan. Dyeans Of parotid glands in Plan-1,
Plan-2 and Plan-3 were 25.4 Gy, 20.0 Gy and 30.3 Gy per 70 Gy,
respectively. In addition, the average Dpean (Sum) of the bilateral
parotid glands was 23.9+2.6 Gy. According to the anatomical
change, Dpyean Of the parotid glands increased significantly between
Plan-1 and Plan-3 (5.0 £5.1 Gy; 119.9%, p < 0.0001). Dyeay of the
parotid glands significantly reduced in Plan-2 compared with
Plan-3 (10.3 = 3.6 Gy; 66.0%, p < 0.0001).

There was no statistically significant difference in the Dypean 0f the
spinal cord. D, values of the spinal cord were 37.2 Gy, 36.7 Gy and
39.1 Gy per 70 Gy, respectively. The increase in the D, of spinal cord
was statistically significant at Plan-3 compared to Plan-1
(1.9 £2.0 Gy; 105.4%, p = 0.0003). The increase in D, of the spinal
cord was correlated with the volume loss of GTV-p (Spearman’s cor-
relation coefficient 0.91). D, of the spinal cord could be reduced by
Plan-2 compared with Plan-3 (2.4 £ 5.2 Gy; 93.9%, p = 0.0507) with
marginal significance. Between Plan-1 and Plan-3, there was a slight
but significant increase in Dyean and Dgg of GTV-p (0.6 £ 0.7 Gy;
p=0.0007, 0.8 + 0.6 Gy; p < 0.0001). There were no significant dose
changes in Dpean and Dgg of GTV-n.

Fig. 2 shows Plan-1 on CT-1 (a) and the same plan on CT-2 (Plan-
3) (b) for nasopharyngeal cancer. The body size on CT-2 has shrunk,
and the GTV (shown in pink) has apparently regressed. The parotid
glands and spinal cord were included in the high dose region.

The median follow-up period was 57 months (range, 8-
78 months). Grade of xerostomia 1-2 years after the start of IMRT
could be evaluated for 15 patients. There were 12 patients with
grade 0 and 3 patients with grade 1 (Table 1). No patient com-
plained of grade 2 xerostomia in this cohort after 1-2 years. Dyean
(sum) of parotid glands for the 12 patients with grade 0 and 3
patients with grade 1 were 24.1+1.9Gy (21.6-27.8) and
21.9+4.7 Gy (17.5-26.8), respectively.
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Fig. 1. (a-c). Volume changes of GTV and parotid glands between CT-1 and CT-2. The box represents standard deviation (SD), and the horizontal line in the box represents the

mean of the volumes. The bar represents the range of the volumes.
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Table 3
Dose parameters calculated for a total prescribed dose of 70 Gy for each plan.
Index Plan-1 Plan-2 Plan-3 Plan-3-Plan-1 Plan-3-Plan-2
Ave. +SD Ave. +SD Ave. +SD Ave. +SD p Value Ave. £ 5D p Value
GTV-p Dimean (GY) 73.2£0.8 72.7£0.7 73.8+0.7 0.6 £0.7 0.0007 1.1+08 <0.0001
Dgg (GYy) 71.4+0.8 71.5+0.7 72.1+09 0.8+0.6 <0.0001 0.7+06 0.0003
GTV-n Dimean (GY) 743 +1.6 73.8+0.5 74317 0015 0.9600 05+1.2 0.3270
Dgg (Gy) 72.8+1.7 72.8+0.8 726+15 -02£22 0.8150 -03+15 0.6650
Parotid glands Dinean (GY) 254%22 20055 30.3+53 5.00 +5.1 <0.0001 103 +3.6 <0.0001
Spinal cord D; (Gy) 37250 36.7+3.9 39.1+52 1.9+2.0 0.0003 24+52 0.0507

Abbreviations: GTV-p = the volume of primary gross tumor; GTV-n = the volume of maximum metastatic lymph node; Dpesn = mean dose; Dgg = dose to the 98% of the

volume; D; = dose to 2% of the volume.

Plan-1 = initial treatment plan applied on CT-1; Plan-2 = boost treatment plan on CT-2; Plan-3 = the original plan with the initial treatment plan transferred to the same

anatomical position of CT-1 on CT-2.

Fig. 2. (a) Dose distribution of the initial IMRT plan on CT-1 (Plan-1) for a patient with nasopharyngeal cancer. (b) Dose distribution of the same plan on CT-2 (Plan-3). The
body size on CT-2 shrank, and the parotid glands shifted medially. A 30 Gy iso-dose line (pink) shifted to the middle of the parotid glands (orange).

Loco-regional control rates for patients with NPC and OPC/HPC
were 100% and 50%, respectively. Loco-regional recurrences were
noted in one patient with HPC and four patients with OPC,
although no marginal recurrences were noted (Table 1).

Discussion

Dosimetric and clinical results of our adaptive RT scheme for a
two-step IMRT method for head and neck cancers were analyzed in
the present study. Although there are many studies on dosimetric
changes during IMRT [10-12], a few studies revealed the dosimet-
ric changes and the clinical outcome of adaptive RT [4]. Schwartz
et al. [4] performed a prospective study of adaptive RT simulta-
neous integrated boost (SIB) method for 22 patients with head
and neck cancer, and demonstrated that one or two adaptive
replanning could provide dosimetric and clinical benefit. Although
one replanning was necessary for all patients, second replanning
was necessary for 36% (8/22) of the patients. As the significant ana-
tomical changes occurred during 3-4 weeks of treatment [4,5], at
least one replanning (two-step) seems necessary for head and neck
cancer. The advantage of a sequential two-step method compared
with replanning of a SIB method [4,12] may be that the irradiated
volume can be reduced in the second step boost IMRT.

Several studies have demonstrated anatomical changes during
IMRT with concurrent chemotherapy for head and neck cancer
[5-7,10,11]. Similar anatomical and volume changes were noted
in the present study, and the position of the parotid glands shifted
medially with an average of 4.2 mm. The mean volumes of the
GTV-p and parotid glands on CT-2 obtained after 3-4 weeks of
IMRT reached 37.1% and 81.9% respectively, compared with CT-1
with significant difference. If replanning was not performed, the
parotid glands shifted toward a high dose region (Fig. 2).

In terms of dosimetric changes according to the change in body
surface contour and positional changes of target and risk organs for
head and neck cancer, significant changes in maximum dose of the
spinal cord and Dsq (dose to 50% of the volume) of the parotid
glands were reported by Ahn et al. [10]. They concluded a need
for adaptive replanning for head and neck IMRT. In the present
study, the mean dose of the parotid glands and D, of the spinal
cord increased significantly on Plan-3. As a two-step IMRT method
can adjust to the anatomical changes in the body surface contour
and target and risk organs during IMRT treatment, this method is
effective to prevent any increase in the high dose regions of the
spinal cord and parotid glands. No patients complained of
grade-2 or -3 xerostomia 1-2 years after IMRT. In three prospective
studies on one-step IMRT using a SIB method, incidences of grade 2
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or worse xerostomia at 1-2 years were reported 16.1%, 29.0%, and
39.3%, respectively [2,13,14]. Thus, our initial clinical results
suggest that a two-step IMRT may be effective for preventing
xerostomia.

As patients with locally advanced NPC frequently appeared with
large neck lymph node swelling and as both primary tumors and
neck lymph nodes regress rapidly with RT, a two-step IMRT meth-
od is especially desirable for locally advanced NPC. In fact, good
loco-regional control was obtained for NPC in the present study.

In conclusion, the dosimetric advantage of a two-step IMRT
method was shown for patients with head and neck cancer treated
with concurrent chemotherapy. This two-step IMRT method as an
adaptive RT scheme could adapt to changes in body contour, target
volumes and risk organs during IMRT.
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