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Abstract

Purpose—We evaluated acute toxicity profiles and dosimetric data for children with salivary
gland tumors treated with adjuvant photon/electron-based radiation therapy (X/E RT) or proton
therapy (PRT).

Methods and Materials—We identified 24 patients who had received adjuvant radiotherapy for
salivary gland tumors. Data was extracted from the medical records and the treatment planning
systems. Toxicity was scored according to the Common Terminology Criteria for Adverse Effects
4.0.

Results—Eleven patients received X/E RT and 13 PRT, with a median prescribed dose of 60 Gy
in each group. In the X/E RT group, 54% of patients developed acute grade II/111 dermatitis, 27%
grade I1/111 dysphagia, and 91% grade II/111 mucositis, and the median weight loss was 5.3% with
one patient requiring feeding tube placement. In the PRT group, 53% had acute grade 11/111
dermatitis, 0% grade I1/111 dysphagia, and 46% grade I1/111 mucositis, with a median weight gain
of 1.2%. Additionally, PRT was associated with lower mean doses to several normal surrounding
midline and contralateral structures.
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Conclusion—In this retrospective study of pediatric salivary tumors, PRT was associated with a
favorable acute toxicity and dosimetric profile. Continued follow-up is needed to identify long-
term toxicity and survival data.
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INTRODUCTION

Salivary gland tumors are rare in children, with an estimated annual incidence of 0.8 per
million [1, 2]. About half of such tumors are malignant [2-4], and most are well to
moderately differentiated without nodal involvement or distant metastasis [5, 6]. The 5—-year
survival rates for pediatric patients with malignant salivary gland tumors range from 85% to
98% [1, 6, 7].

For patients with high-risk disease, treatment consists of upfront surgical resection followed
by radiotherapy (RT) to improve locoregional control [1, 2]. This approach, however, is
associated with risks of long-term toxicity such as xerostomia, trismus, development of
secondary cancers, and craniofacial growth abnormalities [7, 8]. These risks are particularly
significant for children, not only because of their long life expectancies but also because
irradiation of growing tissues is associated with higher rates of late toxicity.

Proton radiotherapy (PRT), an alternative to conventional photon/electron-based RT (X/E
RT), has a characteristic energy deposition profile (the Bragg curve) that eliminates exit
dose and reduces exposure to normal surrounding tissue. The use of PRT in treating
pediatric tumors is therefore a topic of great interest. Early reports of clinical outcomes after
PRT for rhabdomyosarcoma and brain tumors in pediatric cohorts have been encouraging
[9-16]. However, use of PRT for pediatric salivary gland tumors has not been reported. Here
we evaluate acute toxicity profiles and dosimetric data for pediatric patients with parotid or
submandibular tumors treated with adjuvant X/E RT or PRT.

MATERIALS AND METHODS

After receiving institutional review board approval, we retrospectively reviewed all patients
up to 18 years of age who had received adjuvant RT for primary salivary gland tumors
between 1996 and 2014 at a single institution. We identified 20 cases with parotid tumors
and four with submandibular tumors. Eleven patients received X/E RT (from 1996 through
2013), and 13 received PRT (from 2009 through 2014). Of the X/E RT patients, eight
patients received primarily electron beam therapy (EBT) and three received intensity-
modulated radiotherapy (IMRT). Of the PRT patients, eight received passive scatter proton
therapy (PSPT) and five received intensity-modulated proton therapy (IMPT). All 24
patients were included in the toxicity analysis, but cross-sectional plan images were not
available for three of the patients who had received EBT. These three patients were excluded
from the dosimetric comparisons.
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Follow-up

Acute toxicity was monitored weekly during RT. All subsequent institutional and outside-
facility clinical notes were reviewed to identify disease recurrence and survival data.
Toxicity scores were retrospectively assigned according to the National Cancer Institute’s
Common Terminology Criteria for Adverse Events 4.0 [17]. The index date for outcome
intervals was the RT start date.

Dosimetric analysis

For the 21 patients included in the dosimetric analysis, the approved RT plan was obtained
and the following structures were delineated on each axial slice: pituitary gland, spinal cord,
optic nerves, eyes, uninvolved salivary glands (parotid and submandibular), oral cavity,
hemi-mandibles, thyroid gland, larynx, and ipsilateral structures including temporal lobe,
cochlea, temporomandibular joint, and medial and lateral pterygoid muscles. Mean and
maximum doses, in Gy, were recorded for each structure. The integral dose, defined as dose
to a particular structure multiplied by the volume of that structure (Gy x L), was also
calculated. The inhomogeneity coefficient was calculated by dividing the minimum dose in
5% of target volume by the minimum dose in 95% of target volume [18]. The percentage of
each structure receiving at least 5 Gy, 15 Gy, and 30 Gy was recorded (Vs, V15, and V3p).
For a post hoc comparison, we also chose one case (originally planned for EBT) and
designed plans for IMRT, PSPT, and IMPT. For photon/electron cases, Pinnacle version
8.0m planning system (Philips Medical Systems, Fitchburg, WI) was utilized. For proton
cases, Eclipse treatment planning system V.8.9 (Varian Medical Systems, Palo Alto, CA)
was employed. For all proton treatment planning a relative biological effectiveness (RBE)
value of 1.1 was used.

Statistical analysis

Statistical analyses were performed using Stata/MP 14 statistical software [19]. Fisher’s
exact test was used to assess measures of association in frequency tables. The equality of
group medians was assessed using the Mann-Whitney test. A P-value of 0.05 or less was
considered to be statistically significant. Statistical tests were based on a two-sided
significance level.

RESULTS

Demographic profiles, tumor and treatment characteristics are shown in Table 1. Surgical
procedures used were submandibular gland resection (n=4), superficial parotidectomy (n=7),
and total parotidectomy (n=13). Sixteen patients underwent neck dissection, and seven of
those patients were found to have nodal metastases; four of those patients subsequently
received X/E RT and three PRT. Complications of surgery included transient facial nerve
deficits in five patients and persistent facial nerve deficits in eight.

The primary indications for RT were close (<1 mm) or positive surgical margins (n=21),
extra-glandular extension (n=2), or tumor spillage (n=1). The clinical target volume (CTV)
comprised the tumor bed in 14 patients, tumor bed plus at-risk areas (e.g., neck, skull base,
facial or trigeminal nerves) in eight patients, and tumor bed plus a 1-cm expansion in two
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patients. To ensure appropriate coverage for patient set-up uncertainties and penumbra, a 3-
mm expansion was used for X/E RT while a beam-specific expansion was used for PRT
[20].

The median prescribed dose to the CTV was 60 Gy in 30 fractions in each group (range 54—
66 Gy). Eighteen patients received 60 Gy in 30 fractions; higher doses were prescribed for
three patients with positive surgical margins, and lower doses were prescribed for three
patients with benign or favorable tumor histology. Field reductions were used for six
patients in the X/E RT group (at 60 Gy in one, at 56 Gy in two, and at 50 Gy in three) and
for eight patients in the PRT group (at 60 Gy in one, at 57 Gy in three, at 54 Gy in one, and
at 50 Gy in three). A second field reduction was used for three patients receiving X/E RT (at
54 Gy, 50 Gy, and 40 Gy) and for two patients receiving PRT (both at 54 Gy). The
ipsilateral neck was treated in eight of the 11 X/E RT patients (73%) and in four of the 13
PRT patients (31%). Of the eight X/E RT patients who were included in the dosimetric
analysis, six (75%) were treated to the ipsilateral neck. The three IMRT plans utilized
primarily 6 MV photon beams. The EBT plans predominantly utilized a mix of electron
beams (6, 9, 12, 16, or 20 MeV). Seven EBT plans included 6 MV photons for skin sparing
(electron-photon ratio of 4:1), while one EBT plan used exclusively electrons. No patients
required anesthesia to complete radiation treatment. One patient in each group received
concurrent cisplatin-based chemotherapy.

Toxicity profiles are summarized in Table 2. All patients completed RT without
interruption. No difference in rates of stage 11/111 dermatitis (P=1.00) or otitis externa
(P=0.58) was seen between the two groups. The X/E RT group, however, experienced
significantly more grade I1/111 mucositis compared to the PRT group (91% vs. 46%,
P<0.05). Additionally, an increased incidence of dysphagia in the X/E RT group (27% vs.
0% in PRT group, P=0.08) as well as an increased weight lost during treatment in the X/E
RT group (-5.3% from baseline vs. +1.2% from baseline in PRT group, P=0.13, Table 1)
trended toward significance. Two patients in the X/E RT group experienced chronic toxicity,
one with trismus and hypothyroidism and one with craniofacial growth abnormalities,
stenosis of the ear canal, and hypoacusis. Long-term toxicity data in the PRT group is not
yet available. At a median follow-up time of 35 months (range 2 months to 18 years;
medians 8 years for the X/E RT group vs. 8 months for the PRT group), no disease
recurrence or deaths were observed in either group.

Dosimetric data is summarized in Table 3. Both mean and maximum doses were lower with
PRT than with X/E RT for the optic nerves, pituitary, spinal cord, thyroid, and larynx; and
for the contralateral eye, hemimandible, parotid and submandibular glands; and ipsilateral
pterygoid and uninvolved salivary glands. Total body integral dose, in units of Gy x L, was
20.9 for PRT versus 50.7 for X/E RT (P<0.05); similarly, integral doses to several
surrounding structures was also significantly decreased for PRT compared to X/E RT
(Figure 1). PRT was also associated with lower Vs, V15, and V3q values for many normal
surrounding structures (Supplemental Figure 1).

Post hoc treatment plans were generated for one patient, who had been treated with EBT for
a right parotid gland tumor, to visualize differences in dose distributions among EBT,
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IMRT, PSPT, and IMPT plans (Figure 2). Compared with the EBT and IMRT plans, PSPT
and IMPT were associated with reduced mean and maximum doses to several normal
surrounding structures (Supplemental Figure 2). The inhomogeneity coefficients for the
respective plans were 1.21 (EBT), 1.02 (IMRT), 1.06 (PSPT), and 1.06 (IMPT).

DISCUSSION

Several key findings are able to be made from this retrospective analysis of adjuvant RT for
pediatric salivary gland tumors. First, compared to X/E RT, patients who received PRT
experienced significantly less grade I1/111 acute mucositis and a trend toward significantly
less grade 11/111 dysphagia and weight loss. Second, rates of grade 1I/111 dermatitis and otitis
externa were similar between cohorts. Third, PRT was associated with reduced dose to
several surrounding normal structures relative to X/E RT. And fourth, total body integral
dose was significantly reduced in patients receiving PRT.

This is one of only several studies to report on outcomes following PRT in the pediatric
population, and the only one to do so for salivary gland tumors. The dosimetric advantage of
PRT over X/E RT has been well documented in previous studies [21, 22]. The clinical
benefit of PRT, however, is less clear. Reports on PRT for pediatric ependymomas [16],
medullablastomas [23], and gliomas [10] show encouraging rates of acute toxicity. But as a
newly emerging technique, data on long-term toxicity in the pediatric population is sparse.
Results from the ongoing phase I trial of pediatric rhabdomyosarcomas treated with PRT
may be of most value in assessing clinical outcomes [15]. In this trial, 57 patients with a
median of age of 3.5 years were treated with PRT to a median dose of 50.4 Gy. Preliminary
data demonstrates favorable rates of acute and late toxicity with 17% of patients developing
acute grade 111 toxicity (dermatitis in 9% of all patients, odynophagia in 10% of head and
neck patients, and mucositis in 6% of head and neck patients) and 7% of patients developing
late grade 11 toxicity (cataract, chronic otitis, and retinopathy in one patient each). With a
median follow up time of 47 months, no secondary malignancies were reported. Five-year
rates of event-free survival, overall survival, and local control were 69%, 78%, and 81%
respectively, which is similar to reported data in comparable photon studies.

Although PRT is a specialized technique not available to a large number of patients, its
reach is expanding. The number of operating proton centers in the United States, for
example, has increased from three to 14 in the past decade, with 11 more currently under
construction [24]. As PRT becomes more accessible, studies reporting clinical outcomes are
increasingly important. Indeed, PRT will continue to be a topic of great interest going
forward, particularly in the pediatric population. Clinical protocols have recently been
generated at the Heidelberg lon Therapy Center, for example, with the intent of further
clarifying the benefits of PRT (as well as carbon ion therapy) in the treatment of pediatric
tumors [13].

In this study of pediatric salivary tumors, we show that PRT is associated with favorable
rates of mucositis while rates of dermatitis and otitis externa were comparable X/E RT.

These findings highlight the advantage of PRT, which is in reduced exit but not entrance
dose as characterized by the Bragg curve. In fact, the lack of proximal conformality with
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PSPT may occasionally actually increase entrance dose relative to X/E RT [25], but this is
expected that this will be overcome with advanced PRT techniques such as IMPT.

Chronic toxicities were seen in the X/E RT cohort, but long-term follow up data is not yet
available for the PRT cohort. While only continued follow up will determine chronic
toxicity, dose-restriction guidelines exist for several relevant structures and may predict for
long-term complications. Studies have shown that a mean dose of 40 Gy or more to the
pterygoid muscles is predictive of late trismus [26, 27]. This dose was exceeded by the mean
dose in the X/E RT group (50.8 Gy vs. 38.9 Gy in PRT, P<0.05). Similarly, the Children’s
Oncology Group found a mean cochlear dose of 30 Gy to be predictive of long-term hearing
loss [28]. Although not significantly higher than in PRT, this dose was exceeded by the X/E
RT cohort (31.0 Gy vs. 15.8 Gy in PRT, P=0.27). While no clear dose threshold to bone has
been established, studies have demonstrated a dose-effect relationship between irradiation of
cartilaginous growth plates in the mandible and maxilla and subsequent asymmetric facial
development during puberty [29-31]. In this study, mean dose to the ipsilateral and
contralateral mandible was significantly higher in the X/E RT cohort (42.8 Gy vs. 32.9 Gy
in PRT, P<0.05 and 11.9 Gy vs. 0 Gy in PRT, P<0.05, respectively).

One of the feared complications of childhood RT is the development of secondary
malignancies. As cancer therapies have improved, increasing numbers of childhood cancer
survivors are living into adulthood, with an increased life-time risk of developing second
neoplasms [32]. Clear dose thresholds have been difficult to elucidate because of the
heterogeneity in types and locations of secondary malignancies. Still, a dose-effect
relationship likely exists. For example, Dorr et al., in a study of 85 patients with a variety of
tumors, found that most secondary malignancies occurred in areas exposed to >6 Gy [33]. In
our study, patients in the X/E RT group had higher Vs values for several surrounding normal
structures, and as such may be at higher risk of developing secondary malignancies.

For several normal surrounding structures, mean dose was higher in the X/E RT cohort
compared to PRT, but remained lower than estimated thresholds. Quantitative Analysis of
Normal Tissue Effects in Clinic (QUANTEC) guidelines, for example, suggest that
xerostomia can typically be avoided when at least one parotid gland receives a mean dose of
<20 Gy [34]. This was not exceeded in either cohort (4.6 Gy to the contralateral parotid
gland in X/E RT vs. 0 Gy in PRT, P<0.05). However, these dose guidelines are for adults;
whether children have similar organ-dose tolerance is not clear and is currently being
investigated by the Pediatric Normal Tissue Effects in the Clinic (PENTEC) group.
Bhandare et al. [35] found the risk of hypothyroidism was minimal with thyroid doses <45
Gy, higher than the mean thyroid dose in either cohort (22.5 Gy in X/E RT vs. 1.5 Gy in
PRT, P<0.05).

There are several limitations of this study evaluating outcomes for pediatric salivary gland
tumors treated with PRT. First, a direct comparison between X/E RT and PRT is limited by
the retrospective nature of the study, the small number of patients in each cohort, and the
short follow up times for patients receiving PRT. Salivary gland tumors in the pediatric
population, however, are quite rare and only recently have been considered for treatment
with PRT. Indeed, this report on pediatric salivary gland tumors is one of the largest to date
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and, to our knowledge, the only one to document outcomes following PRT. Second,
discrepant rates of treatment to the ipsilateral neck (73% in X/ERT vs. 33% in PRT, P=0.10)
may confound toxicity and dosimetric data, particularly in rates of acute dysphagia and dose
to the thyroid gland and larynx. Given the limited number of patients in each cohort,
however, statistical analysis of patients grouped by radiation field (i.e. with or without neck
treatment) could not be performed. Furthermore, differences in ipsiliateral neck treatment
would not be expected to affect dose to other surrounding structures including the oral
cavity, mandible, parotid glands, muscles of mastication, or auditory structures. Third, given
the rarity of the tumor in the pediatric population, the X/E RT cohort included both EBT and
IMRT plans. Although IMRT has largely become the mainstay of head and neck RT, its
application to salivary tumors is still under investigation and has thus not entirely replaced
EBT [36-38]. EBT may actually be particularly appropriate given the superficial location of
the tumor. Still, it is not clear what dosimetric and toxicity differences would be seen if PRT
was compared to IMRT or EBT separately. Again, however, given the limited number of
patients, subgroup analysis could not be performed.

CONCLUSION

Previous studies have shown encouraging outcomes following PRT in several pediatric
tumors. This is the only study to our knowledge, however, to evaluate PRT for pediatric
salivary tumors. We assessed acute toxicity, early tumor control, and potential for reduction
in late morbidity, finding PRT to be associated with a favorable acute toxicity and
dosimetric profile. Continued follow-up is required to evaluate long-term toxicity and
survival data.
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Refer to Web version on PubMed Central for supplementary material.
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SUMMARY

We retrospectively analyzed 24 cases of pediatric salivary gland tumors and found that
proton therapy was associated with a favorable acute toxicity and dosimetric profile.
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Figure 1.
Box plot showing median, quartile, and minimum/maximum integral doses (in GyxL) to the

total body (panel a) and surrounding normal structures (panels b, ¢, and d). All P values
<0.05. Abbreviations: ¢, contralateral; i, ipsilateral.
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Figure 2.
Isodose line comparison of treatment plans for a patient with a right parotid gland tumor.

The patient was treated with electron beam therapy (panel a), and post hoc plans were
created for intensity-modulated radiotherapy (b), passive scatter proton radiotherapy (c), and
intensity-modulated proton radiotherapy (d). The inhomogeneity coefficients for the
respective plans were 1.21 (EBT), 1.02 (IMRT), 1.06 (PSPT), and 1.06 (IMPT).
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All patients n=24 (%) Photon/electron therapy n=11 (%) Proton therapy n=13 (%) P value
Age (years)
Median 14 15 13 0.41
Range 6-18 7-18 6-18
Follow up (months)
Median 35 92 8 <0.05
Range 2-218 2-218 2-48
Gender
Male 11 (46) 5 (45) 6 (46) 1.00
Female 13 (54) 6 (55) 7(54)
Ethnicity
Caucasian 13 (54) 4 (36) 9 (69)
Hispanic 5(21) 2 (18) 3(23) 0.35
African American 4(17) 3(27) 1(8)
Other 2(8) 2(18) 0
Tumor site
Parotid 20 (83) 9(82) 11 (85) 1.00
Submandibular 4(17) 2 (18) 2 (15)
Histology
Mucoepidermoid carcinoma 12 (50) 5 (45) 7 (54)
Adenoid cystic carcinoma 5(21) 2 (18) 3(23)
Adenocarcinoma 2(8) 0(0) 2 (15) 035
Acinic cell carcinoma 2 (8) 2 (18) 0
Pleomorphic adenoma 1(4) 0 1(8)
Myoepithelioma 1(4) 1(9) 0
Undifferentiated carcinoma 1(4) 1(9) 0
Tumor grade
Low/intermediate 11 (46) 5 (45) 7 (54) 087
High 5(21) 3(27) 2 (15)
Unknown 8 (33) 3(27) 4 (31)
Tumor stage
T1-2 17 (71) 9(82) 10 (77) 024
T3-4 3(13) 0 3(23)
Tx 2(8) 2(18) 0
Nodal stage
NO 17 (71) 7(64) 10 (77) 0.66
N1 7(29) 4(36) 3(23)
RT dose
Median 60 60 60 0.88
Range 54-66 56.4-66
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All patients n=24 (%) Photon/electron therapy n=11 (%) Proton therapy n=13 (%) P value
Treatment of ipsilateral neck
Yes 12 50) 8(73) 4(33) 0.10
No 12 (50) 3(27) 9 (69)
Weight change (%)
Median -1.6 -5.3 1.2 0.13
[Range] [-16.5] - [+8.2] [-16.5] - [+3.1] [-9.4]1-[+8.2]
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Table 2
Acute toxicities by CTCAE 4.0 (Grade II/111)

All patients  Photon/electron therapy n=11 (%) Proton therapy n=13 (%) P value

Dermatitis™ 13 (54) 6 (55) 7 (54) 1.00
Dysphagia® 3(13) 3(27) 0 0.08
Otitis externa® 3(13) 2(18) 1(8) 0.58
Mucositis® 16 (67) 10 (92) 6 (46) <0.05

grade I1/111 dermatitis=brisk erythema, moderate edema, or moist desquamation
igrade 11/111 dysphagia= pain requiring change in diet and/or nutritional support
€grade 11/111 otitis= discharge from ear canal

§grade 11/111 mucositis= patchy or confluent ulcerations
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