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Salivary gland neoplasms are rare in chil-
dren and adolescents and less than 5% of
all salivary gland tumors are found in pa-
tients <16 years of age [1]. The frequency
of individual salivary neoplasms is most
common in the parotid gland and most
parotid gland tumors in children and ad-
olescents are malignant [2, 3, 4, 5, 6]. As
a result of their rarity, optimal treatment
strategies to manage these diseases are
lacking. Radiation, when recommend-
ed in children, has similar indications to
those for adult patients [2, 7, 8].

1257 seed brachytherapy remains an at-
tractive option for radiating limited vol-
umes with higher doses to improve lo-
cal control in malignant parotid gland tu-
mors [9]. This paper presents our experi-
ence with 12 cases of parotid cancers oc-
curring in children who were treated with
1257 seed implant brachytherapy.

Patients and methods

Patients

Between October 2003 and November
2008, 12 patients (7 boys and 5 girls) aged
between 1 and 15 years were included in
this retrospective study. In all patients
the tumors were pathologically examined
prior to 121 seed implant brachytherapy.
Myoepithelial carcinoma was diagnosed
in 7 patients, acinar cell carcinoma in 2,
sebaceous carcinoma in 1, adenocarcino-
ma in 1, and sialoblastoma in 1 patient.
Details of tumor characteristics are given
in @ Tab. 1. No patient had neck lymph
node metastases or distant metastases.
The tumor classification for 8 patients was
T2 (8 Fig. 1a), and for 4 patients was T4b
(B Fig. 3a, b). Treatment was approved in
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all cases by the Ethical Committee of Pe-
king University School and Hospital of
Stomatology. All patients’ guardians pro-
vided written informed consent prior to
their inclusion in the study.

Treatment

Eight patients with T2 underwent con-
servative surgical resection followed by
125T seed brachytherapy. The tumor was
dissected with the entire parotid gland
during surgery. Intraoperatively, the tu-
mor was close to a few branches of a fa-
cial nerve in 3 patients and adherent to a
few branches of facial nerve in 4 patients
(B Fig. 1b). The facial nerve was carefully
separated from the surrounding tissue and
the tumor mass in 7 patients. The tempo-
ral branch was found to traverse the tu-
mor mass in 1 patient. The branch was cut
and nerve was anastomosed. Four patients
with T4b underwent biopsy and no tumor
resection was performed. All patients had
malignant tumors as determined by path-
ological examination of wax sections.

No patient had neck dissection be-
cause no evidence showed neck lymph
node metastasis in clinical examination
and CT scan.

Seed implantation
treatment planning

Treatment planning for all patients was
designed by a computerized treatment
planning system (RT-RSI; Beijing At-
om and High Technique Industries Inc.,
Beijing, China). The planning target vol-
ume (PTV) was defined at 10-15 mm be-
yond the preoperative gross tumor vol-
ume (GTV) and the postoperative bed

from computerized tomography (CT)
scans in combination with target area as
recorded by intraoperative photographs.
The °I seed activity was 0.7-0.8 mCi.
The matched peripheral dose (MPD) was
60 Gy for 8 patients with T2 and 120 Gy
for 4 patients with T4b. The dose was
prescribed as the MPD encompassing the
PTV. Dosages delivered to organs at risk
were designed within acceptable limits of
tolerance by the computerized treatment
planning system.

15| seed implantation

The implantation of radioactive seeds
was performed at approximately 2 weeks
postoperatively in all patients after wound
healing had been achieved. The distribu-
tion of '°I seeds (Beijing Atom and High
Technique Industries Inc., Beijing, Mod-
el 6711, ty, 59.4 days, energy level 27.4-
31.4 KeV) was determined from CT scans
in combination with the target area as re-
corded by intraoperative photographs.
The interstitial needles (18-gauge, stain-
less steel, hollow needles) were inserted
into the target area (with a 0.5 cm mar-
gin), 1 cm apart. An applicator was then
sequentially attached to the distal end of
the needles to place the '°I seeds into the
target area. According to the scheme of
implantation, 11-97 '2°I seeds (mean 35)
were implanted (B Tab. 2). The space be-
tween seeds (center to center) was main-
tained at 10 mm. A CT scan and treat-
ment plan system for each patient were
obtained immediately after seed implan-
tation to detect seed location and dose dis-
tribution (8 Fig. 1d). Dosages to organs
at risk were within acceptable limits of tol-
erance after treatment.
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Tab.1 Patientand tumor characteristics

Tab.2 Characteristics of '2°| seed implantation and outcome

system)

Grade 6
Gradell 5
Not available 1

Facial nerve function before brachytherapy
(H-B system)
Grade ll 6
Gradellll 3

1

1

Grade IV
GradeV
H-B House-Brackman facial grading system.

Assessment of facial nerve function

Eight patients with T2 and 3 patients with
T4b had facial nerve function evaluat-
ed before seed implantation (B Fig. 1c)
and regularly every 2 months after seed
implantation according to the House-
Brackman (H-B) facial grading system
(B Fig.2,3).

The H-B system classifies the extent
of facial nerve disturbance into six levels.
Three observers independently analyzed
the photographs of each patient and an
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Characteristics Value Value
Sex (n) Surgery type (n)

Male Conservative surgery with preservation of the facial nerve 7
Female Conservative surgery with sacrifice of the facial nerve trunk 1

Age (years) Incisional biopsy 4
Median 13 Matched peripheral dose of '%°| seed implantation (Gy)

Range 1-15 ForT2 60
Histology ForT4b 120
Mucoepidermoid carcinoma (high 2 125] seed activity (mCi) 0.7-0.8
grade) Number of %I seeds

Mucoepidermoid carcinoma (low 5 Median 35
grade) Range 11-97
Acinar cell carcinoma 2 Follow-up (months)

Sebaceous carcinoma 1 Median 72
Adenocarcinoma 1 Range 41-104
Sialoblastoma 1 Status

Primary or recurrent tumor Distant metastases 1
Pl I TS Related death 1
Recurrer?t tumor No evidence of disease 1
(R Facial nerve function 6 months after brachytherapy (H-B system)

2.0-3.0cm 6 Grade | 10
3.0-4.0cm 2 Grade ll 1
REEE i Toxicities after '%°l seed implantation

Tumor location relative to the facial nerve Temporary skin redness 6
Close to the facial nerve 3 Temporary skin pigmentation 5
Adherent to the facial nerve 4 Permanent skin pigmentation 4
Surrounding the facial nerve 2 Slight restriction of mouth opening 1
Facial nerve function before surgery (H-B H-B House-Brackman facial grading systemn.

unbiased observer reported the results of
the photographic analyses.

Follow-up and assessment
of toxicity

All patients had a follow-up assessment
every 2 months or earlier, if a new clin-
ical sign or symptom appeared, with a
complete history and physical examina-
tion and a CT scan. Local control was de-
fined as lack of tumor recurrence either
in or adjacent to the implanted volume on
physical and radiographic examination. A
computerized treatment planning system
was used to analyze the dose at the tar-
get area and to calculate the remaining
dose. Toxicity was graded according to
the Radiation Therapy Oncology Group
(RTOG) grading system and the National
Cancer Institute common toxicity criteria
(version 3.0; [10]).

Statistical methods

Descriptive statistics were calculated for
patient and tumor characteristics, treat-
ment features, and toxicities. Overall sur-
vival was calculated from the date of im-
plantation to the last follow-up date or
death. Disease-free survival was calcu-
lated from the date of implantation to the
time of locoregional recurrence, distant
metastasis, or death. Overall and disease-
free survival rates were calculated using
the Kaplan-Meier method.

Results

Eight patients with T2 were followed up
for 47-104 months (average follow-up
period 81 months). During this period,
there was no evidence of locoregional re-
currence or distant metastasis. These pa-
tients were alive at the final follow-up as-
sessment. Four patients with T4b were
followed up for 41-59 months (average
follow-up period 50 months). Three pa-
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tients with T4b had complete remission
and no recurrence or distant metastasis
(8 Fig.3d, e). One patient with T4b had
partial remission and died of pulmonary
metastasis 41 months after seed implanta-
tion. The other 3 patients with T4b were
alive at the final follow-up assessment.
The 3-year and 5-year disease-free surviv-
al rates were both 91.7%, the 3-year over-
all survival was 100%, and the 5-year over-
all survival was 91.7% using the Kaplan-
Meier method.

Temporary redness of skin was ob-
served in 2 patients with T2 and 4 patients
with T4b, and a further 2 patients with T2
developed temporary skin pigmentation
within 2 months of seed implantation
(8 Fig. 2b). Skin effects in all the patients
with T2 had recovered within 12 months
of seed implantation (B Fig.2d), and all
the patients with T4b had developed per-
manent skin pigmentation. One patient
with T4b had slight restriction of mouth
opening. None of the patients experienced
serious radiotherapy side effects, and
none complained of dryness of the mouth
or oral mucosal ulceration. No radiation-
induced tumor or effects on facial growth
and development were observed. No ke-
loid scarring was observed in the field of
the operation.

Before treatment, facial nerve function
was recorded in all patients with T2 and
3 patients with T4b according to the H-B
system. Two patients with T2 and 3 pa-
tients with T4b had weakness only of the
marginal branch of the facial nerve, corre-
sponding to H-B grade II paresis. The re-
maining patients were H-B grade I. One
week postoperatively, facial nerve func-
tion was recorded again in all patients.
One patient with temporal branch anasto-
moses had no movement of the forehead,
corresponding to an H-B grade V pare-
sis. One had incomplete eye closure, cor-
responding to an H-B grade IV pare-
sis. Three were H-B grade III, with slight
movement of the forehead possible in two,
and slight and weak mouth opening with
maximum effort possible in the third.
Six were H-B grade II and slight symme-
try of mouth opening was possible. After
6 months, function in all muscles of fa-
cial expression had completely recovered
in 10 patients (B Fig.2a,¢, @ Fig. 3f), and
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Abstract

Background and purpose. There is a lack

of optimal treatment strategies for manag-
ing salivary gland cancers in children and ad-
olescents. This study is aimed at assessing the
effect of 12| seed implantation for the treat-
ment of parotid cancers in children and ad-
olescents.

Patients and methods. A total of 12 pa-
tients younger than 16 years with parotid
gland malignant tumors underwent '2|
seed implant brachytherapy between Oc-
tober 2003 and November 2008. All pa-
tients were assessed after treatment and at
the local tumor control appointments. Fa-
cial nerve function, maxillofacial develop-
ment, and radioactive side-effects were as-
sessed.
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Results. The follow-up period ranged from
41-104 months. One patient with T4b died
of pulmonary metastasis. The other patients
were alive during the follow-up period. There
were no serious radiation-related compli-
cations. The treatment did not affect facial
nerve function and dentofacial growth in any
of the children.

Conclusion. For parotid gland cancers in
children, '?I seed implant brachytherapy
may be an acceptable treatment without se-
rious complications and with satisfactory
short-term effects.

Keywords
Brachytherapy - Parotid gland - Neoplasms -
Children - Adolescents

Zusammenfassung

Hintergrund und Ziel. Es gibt einen Mangel
an optimalen Strategien fiir die Behandlung
von Speicheldriisenkrebs bei Kindern und
Jugendlichen. Das Ziel dieser Studie ist die
Beurteilung der Wirkung einer '%°I-Seed-Im-
plantation bei der Behandlung von Parotis-
karzinomen bei Kindern und Jugendlichen.
Patienten und Methoden. Insgesamt 12 Pa-
tienten unter 16 Jahren mit bosartigen Tu-
moren der Ohrspeicheldriise unterzogen sich
von Oktober 2003 bis November 2008 einer
Brachytherapie mit '2°I-Seed-Implantation.
Alle Patienten wurden nach der Behandlung
und lokaler Tumorkontrolle nachverfolgt. Fa-
zialisfunktion, Kieferentwicklung und radio-
aktive Nebenwirkungen wurden beurteilt.
Ergebnisse. Die Nachbeobachtungszeit be-
trug 41-104 Monate. Ein Patient mit T4b ver-

Brachytherapie mit '2’I-Seed-Implantation zur Behandlung
von Parotiskarzinomen bei Kindern und Jugendlichen

starb aufgrund von Lungenmetastasen. Die
anderen Patienten uberlebten die Follow-
up-Periode. Es gab keine schwerwiegenden
strahlenbedingten Komplikationen. Bei kei-
nem der Kinder hatte die Behandlung einen
Einfluss auf die Fazialisfunktion und das
dentofaziale Wachstum.

Schlussfolgerung. Fiir Krebserkrankungen
der Ohrspeicheldriise bei Kindern kann eine
Brachytherapie mit einer '2I-Seed-Implan-
tation eine akzeptable Behandlung ohne
schwerwiegende Komplikationen und mit
zufriedenstellender kurzfristiger Wirkung
sein.

Schliisselworter
Brachytherapie - Ohrspeicheldriise -
Neoplasien - Kinder - Jugendliche

the patient with temporal branch anasto-
moses recovered to H-B grade IIL

Discussion

Parotid gland malignant tumors are rare
in children, and as a result, there is a lack
of optimal treatment strategies for the
management of this condition. The rou-
tine treatment of malignant parotid gland
tumors in adults involves extensive ex-
cision, and if the facial nerve is adher-

ent to the tumor, it is always sacrificed
(11, 12]. Surgery needs to ensure preser-
vation of the facial nerve in children un-
less the nerve is directly invaded or the in-
tact nerve limits resection [7, 13, 14]. In the
present study, the facial nerve was care-
fully dissected during surgery in 8 patients
with T2, in 1 case the temporal branch was
cut and required nerve anastomosis. Thus,
facial nerve function may recover gradu-
ally postoperatively. According to the H-B
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Fig. 1 A a CT shows the tumor in the left parotid gland. b The buccal branches of facial nerve are ad-
herent to the tumor. c This patient had incomplete eye closure 1 week postoperatively. d A typical
transverse slice shows the distributions of the '2°| seeds and isodose curves of the patient underwent
postoperative °| seed implant brachytherapy

system, facial nerve function had recov-
ered to the level of grade IIL
Radiotherapy is often used in case of
residual disease, high-grade tumors, peri-
neural and vascular invasion, soft tissue
extension, large lesions, and multiple lev-
el nodal metastases [7, 15]. It is reported
that a case with recurrent high grade mu-
coepidermoid carcinoma was successful-
ly treated by reirradiation in combination
with cetuximab and that accelerated ra-
diotherapy using the concomitant boost
technique is feasible in patients with local-
ly advanced head and neck cancer [16, 17].
Some studies have indicated that surgery
combined with radiotherapy improves lo-
cal tumor control and patient survival [18,
19]. However, postoperative radiotherapy
in children needs to be used with caution
because of radiation-induced sequelae.
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There is a lack of optimal treatment strat-
egies for managing these T4b diseases. In
one series, postradiation sequelae were
noted in 60% of cases, which included
dental caries, delayed dental development,
and trismus [7]. In the current study, 8 pa-
tients with T2 required postoperative ra-
diotherapy as a result of perineural inva-
sion and 4 patients with T4b needed ra-
diotherapy. There are few reports in the
literature on the use of interstitial brachy-
therapy in the treatment of parotid can-
cer. 12°I seed brachytherapy remains an at-
tractive option for radiating limited vol-
umes with higher doses to improve local
control in malignant parotid gland tumors
[9]. Its main advantage over external ra-
diotherapy derives from its enhanced con-
formality and rapid dose fall off, thus, de-
livering biologically higher doses to the

tumor while at the same time reducing
the dose to adjacent normal structures at
a very low dose rate (0.07-0.09 Gy/h ini-
tial dose rate, t;,=60 days) [20, 21]. This
allows repair of sublethal damage that
protects healthy organs from late tissue
damage. Theoretically, the very low dose
rate of '°I, an advantage in terms of late
tissue damage, may be adequate to con-
trol slow growing tumors. In two differ-
ent rat prostate tumor models (Dunning-
PAP and Nb AI-1), Nag et al. [22, 23] have
shown that the low dose rates achieved by
1251 (0.07-0.09 Gy/h) produced less tu-
mor growth delay than that produced by
the higher dose rates achieved by Pd-103
(0.17-0.20 Gy/h). Most parotid gland can-
cers are slow growing tumors. Thus, theo-
retically %I seed implantation is more ap-
propriate for children with parotid gland
cancers than other types of brachytherapy.
These properties make it an ideal isotope
for application to parotid gland cancers in
children. I seed implant brachytherapy
did not affect recovery of the injured fa-
cial nerve in our study. Facial nerve func-
tion of 10 patients was restored within
6 months of surgery. During follow-up, all
patients who had received seed implanta-
tion brachytherapy had no long-term tris-
mus, dentofacial deformity, osteoradione-
crosis, or secondary malignant changes.

The local recurrence rate of prima-
ry parotid carcinoma is 13-32%, and
most cases have tumor recurrence with-
in 3 years of the initial treatment [24]. In
this study, all patients underwent seed
implantation because of residual disease,
perineural invasion, soft tissue extension,
and close margins. None of the 8 patients
with T2 or 3 patients with T4b had tumor
recurrence during the follow-up period,
and only 1 patient with T4b died of pul-
monary metastasis 41 months after the
seed implantation. Although this follow-
up period is relatively short, good control
was achieved in all patients.

There are some reports in the literature
that 5-10% of children treated for first ma-
lignancy have developed subsequent sec-
ond tumors with long follow-up time [25,
26]. The important radiation-induced
second malignant tumors are central ner-
vous system tumors, thyroid tumors, os-
teosarcoma, soft tissue sarcomas, and
non-melanoma skin cancer [27]. In this
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Fig. 2 A a After 6 months, the patient who underwent postoperative ' seed implant brachytherapy
recovered with H-B grade |. b Temporary skin pigmentation in the left parotid gland region.
¢, d After 36 months, there were no serious complications in the local region and the skin of the left

parotid gland recovered

study, there were no radiation-induced
second malignant tumors during the fol-
low-up. Radiation-induced tumors tend
to have a longer latency. Thus, these chil-
dren in the study need life-long follow-up.

Conclusion

This study of children and adolescents
with parotid gland cancer treated with
125] seed implantation brachytherapy
demonstrates good local control and
overall survival rates with few complica-
tions. '2°| seed implantation brachyther-
apy may be an alternative method for
the treatment of parotid gland cancers in
this population; however, further stud-
ies are needed with larger numbers of

patients and a longer follow-up assess-
ment.
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Fig. 3 € a CT shows the
tumor in the left parotid
gland. b The profile shows
the tumor has invaded the
skin. c The picture shows
this patient had weakness
of the marginal branch

of the facial nerve, corre-
sponding to a H-B grade I
paresis. d A typical trans-
verse slice shows the distri-
butions of the 12| seeds of
the patient underwent 12|
seed implant brachythera-
py. e After 12 months, there
were no serious compli-
cations in the local region
and the skin of the /eft pa-
rotid gland recovered. f Af-
ter 12 months, the patient
who underwent 1% seed
implant brachytherapy re-
covered with H-B grade |



