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Abstract

Purpose: To compare the outcome of our facility with another about the shortened schedule (60 Gy in 10 fractions
to 54 Gy in 9 fractions) of high-dose-rate interstitial brachytherapy (HDR ISBT) for mobile tongue cancer.

Material and methods: Eighteen patients were treated with HDR ISBT as a monotherapy in dose reduction sched-
ule with some unique technique to determine the border of tumor accuracy (lugol’s staining and metal marker), and to
minimize adverse effect (lead-lined silicon block) at our facility.

Results: The 2-year local and regional control rates and cause-specific survival rate were 82%, 80%, and 83% and
moderate to severe late complications occurred in five patients (28%), which were almost the same treatment results

achieved by another facility.

Conclusions: We recommend 54 Gy in 9 fractions over 7 days as a feasible treatment to reduce patient discomfort

in mobile tongue cancer patients.
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Purpose

Mobile tongue cancer is highly curable with radia-
tion therapy, especially interstitial brachytherapy (ISBT).
Many institutions have reported successful results using
low-dose-rate (LDR) ISBT [1-5]. However, there are some
shortcomings, such as radiation exposure to medical staff
and no dose optimization, with this treatment. To solve
these problems, some institutions adopted high-dose-rate
(HDR) ISBT using a remote afterloading system. There
are some advantages of HDR ISBT; for example, no ra-
diation exposure to medical staff and better dose optimi-
zation after implantation. For HDR ISBT treatment, they
implemented a dose fractionation schedule of 60 Gy in
10 fractions over approximately 8 days at a distance of
5 mm from the radioactive source and achieved good
treatment results [6], which were comparable to those of
LDR ISBT [6-9]. However, HDR ISBT is uncomfortable
and poses a risk to patients, as maintaining applicators in
the oral to submandibular region for long periods caus-
es significant irritation and a risk of sputum aspiration.

Thus, it is necessary to shorten the treatment period, even
if it is by only one day. In addition, a recommended dose
fractionation schedule has not yet been adopted by the
Groupe Européen de Curiethérapie-European Society
for Therapeutic Radiology and Oncology (GEC-ESTRO)
or the American Brachytherapy Society [10,11]. Some au-
thors investigated alternative treatment schedules con-
ducted at Osaka University Hospital to reduce the dose
amount and treatment period without compromising
treatment outcomes, and determined that 54 Gy in 9 frac-
tions showed outcomes compatible to 60 Gy in 10 frac-
tions [12,13]. In 2001, we adopted this shortened schedule
at our institution to affirm the effectiveness of this dose
fractionation schedule. In this study, we present the pre-
liminary outcome of HDR ISBT for mobile tongue cancer
using the new dose reduced protocol at our institution.

Material and methods

Between February 2001 and February 2009, 18 patients
with previously untreated, locally limited mobile tongue
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cancer were treated with HDR ISBT as a monotherapy at
our institution. Prior to the treatment, we obtained verbal
and written informed consent from all patients. All tu-
mors were histologically identified as squamous cell car-
cinomas. Table 1 lists patient characteristics. The median
patient age was 61 years (range 34-84 years), and median
follow-up time was 49 months (range 10-121 months).
Using the 2002 Union for International Cancer Control
classification system, 3, 11, and 4 patients were classified
as T1, T2, and T3, respectively. In regard to morphological
type, 8 and 10 patients had superficial - and infiltrative -
type of cancer, respectively. Implantation was performed
under general anesthesia in all patients except one, who
received local anesthesia because of insufficient pulmo-
nary function. Inspection and palpation was performed
by more than two physicians and Lugol’s iodine staining
was performed to estimate the superficial extension of
the tumor [14-16]. Intraoral ultrasonography (SSD-1000%;
Hitachi Aloka Medical Ltd., Tokyo, Japan) was performed
to define tumor thickness [17]. Before implantation, at
least four titanium seed markers were injected at the an-
terior, posterior, lateral, and medial edges of the lesion
to plan the treatment (Fig. 1) [18]. Two or three planes
were adopted for implantation with a custom - made
vinyl template for guidance. We selected two planes for
implantation if the thickness of the tumor was < 10 mm,
and three planes for implantation if the thickness was
> 10 mm. As the first step of applicator implantation,
an open-ended hard metal guiding needle (Bevel point
needle®; Elekta AB, Stockholm, Sweden) was inserted
from the submandibular region to the mouth floor or
tongue mucosa with the guidance of the custom - made
vinyl template or intraoral ultrasonography. The needle
exit points were determined using the custom - made
vinyl template on the tongue surface. The applicators in
the lateral plane penetrated the mouth floor mucosa and
made direct contact with the lateral border of the tongue
mucosa in almost all cases. The applicators in the medial
plane were implanted into the edge of tumor lesion. After
implantation of the guiding needle, the flexible applicator
was replaced. These applicators were then fixed with a but-

Table 1. Clinical characteristics of patients

N
Age (years)
Range 34-84
Median 61
Gender
Male 10
Female 8
TNM classification
TINOMO 3
T2NOMO 11
T3NOMO 4
Tumor type
Superficial 8
Infiltrative 10

ton in the submandibular region following removal of the
guide needle. Two types of flexible applicators were used:
one was a linearly implanted Single-leader applicator®
(Elekta AB, Stockholm, Sweden) with a one-sided button,
whereas the second was a loop Double-leader applicator®
(Elekta AB, Stockholm, Sweden). The loop technique was
used near the oropharyngeal region because the button
of the single-leader applicator on the mucosal surface of
the tongue caused irritation for patients (Fig. 1). On the ba-
sis of the lesion size, this procedure was repeated to place
a sufficient number of flexible applicators. After implan-
tation, the parallelism of the applicators was verified via
intraoral ultrasonography (Hitachi Aloka Medical Ltd,
Japan).

We performed two dimensional treatment plan. Two
orthogonal X-ray images were captured to confirm ap-
plicator positions using dummy sources. The basal dose
points were defined on central plane. For triangular ar-
rangement of applicators, the basal dose rates were calcu-
lated at the center of gravity of each triangle. The reference
isodose, where we prescribed 54 Gy in 9 fractions over
7 days, was 85% of the mean basal dose rates (Fig. 1). All
treatment planning was performed using the PLATO®
cancer treatment planning system (Elekta AB, Stockholm,
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Fig. 1. Four titanium seed markers were injected into
the anterior, posterior, lateral, and medial edges of the
lesion to plan treatment (yellow points; M1-4). The loop
technique was used between applicator number 1 and 6.
The other applicators (numbers 2-5 and 7-9) were linearly
implanted. Basal dose points and source dwell points are
indicated by blue and red points, respectively
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Fig. 2. Local control rate (A) and morphological type (B) in mobile tongue cancer following HDR ISBT

Sweden) with manual modifications [18]. Initially, we
used computer optimization (geometrical optimization)
then manually modified the dwelling times to deliver
prescribed dose to titanium seed markers.

We used a lead block covered with siliconized rubber
as a spacer to separate the gingival mucosa and mandi-
ble from the radioactive source. Only the silicone block
was used to prevent metal artifacts at the time of CT for
treatment planning. Two fractions were administered
each day, and the time interval between fractions was
> 6 h. We used the microSelectron-HDR® brachyther-
apy applicator (Elekta AB, Stockholm, Sweden) as the
2]y radioactive source. Local and regional control rates,
cause-specific survival (CSS) rates, and complications were
analyzed. Survival curves were constructed using the Ka-
plan-Meier method.

Results

Of all 18 patients, three T2 cases experienced local re-
currence: the first occurred at 3 months after treatment,
the second at 6 months, and the third at 17 months. Re-
currence in one patient happened because of over - inser-
tion of the siliconized rubber - coated lead block. Two of
the three patients underwent salvage surgery, and have
maintained local control at the time of this report. There
were no recurrences 2 years after treatment. The 2-year lo-
cal control rate was 82%, whereas the 2-year local control
rates were 100%, 72%, and 100% for T1, T2, and T3 cases,
respectively. The 2-year control rates were 100%, and 67%
for the superficial and infiltrative morphological types, re-
spectively (Fig. 2). The overall neck metastasis occurred in
10 patients. Nine of 10 patients (90%) had a lymph node
metastasis within 2 years. One patient experienced lymph
node metastasis at 34 months after treatment. Of all pa-
tients with nodal metastasis, they were treated with radi-
cal neck dissection (RND). Two of the 10 patients treated
with RND died of nodal metastasis, and 2 with intercurrent
disease. Ultimately, nodal metastasis were controlled in
8 of 10 patients (80%). For T1, T2, and T3 patients, the neck
metastases were occurred in 1 (33%), 6 (55%), and 2 (50%)
patients within 2 years after HDR ISBT. In early (T1T2NO)
and advanced (T3NO) stages, seven (50%) and 2 (50%) pa-

tients had a lymph node metastasis, and for the superficial
and infiltrative morphological types, two (25%) and seven
(70%) patients had a nodal metastasis within 2 years after
HDR ISBT, respectively. The 2-year CSS rates was 83%. The
2-year CSS rates were 67%, 90%, and 75% for T1, T2, and T3
cases, respectively. In early (T1T2NO) and advanced (T3NO)
stages, the 2-year CSS rates were 85%, and 75%, respective-
ly. The 2-year CSS rates were 88%, and 79% for the superfi-
cial and infiltrative morphological types, respectively.

Concerning adverse effects, such as one severe acute
complication of sputum aspiration, which occurred dur-
ing the treatment period, was transiently managed using
a respirator. Moderate to severe late complications oc-
curred in five patients (28%) who developed soft tissue
necrosis or mandibular complications. One of these five
patients received partial sequestrectomy, and all other
symptoms were improved via drug and/or hyperbaric
oxygen therapy.

Discussion

To overcome the deficiencies of LDR ISBT for mobile
tongue cancer, some institutions have implemented HDR
ISBT, but at the outset, lower local control rates were re-
ported in some studies. For example, Lau et al. reported
a local control rate of 53%, using 45.5 Gy in 7 fractions
[19]. However, we consider that their dose was insuffi-
cient to accomplish a radical curative effect for mobile
tongue cancer. In contrast, another institution carried out
a Phase I/1II study of HDR ISBT for head and neck can-
cer, and chose a total dose of 60 Gy in 10 fractions over
approximately 8 days as a standard schedule for radical
HDR ISBT of head and neck cancer [20]. In addition, they
conducted a Phase III study to compare the treatment re-
sults of HDR ISBT vs. LDR ISBT for mobile tongue can-
cer. The preliminary and far longer follow-up results of
these studies were previously reported (87% and 88% for
5-year local control and CSS rates, respectively) [6,7,21].
In addition, they performed further studies to evaluate
their previous results [8,9], and found that the results of
HDR ISBT were the same as LDR ISBT. Thus, they con-
cluded that HDR ISBT is a suitable alternative to LDR
ISBT for mobile tongue cancer.
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However, we considered that an adequate dose frac-
tionation schedule has not yet been reached. In a previ-
ous dose reduction study at Osaka University Hospital,
Okamoto ef al. [12] reported 3-year local control rates of
90% and 89.4% with a total dose of 60 Gy and < 60 Gy,
respectively, whereas Akiyama et al. [13] reported 2- and
3-year local control rates of 88% using both 54 Gy and
60 Gy, respectively. Nevertheless, further studies are
needed to evaluate these results. The aim of this study
was to confirm the outcome with the shortened sched-
ule of 54 Gy in 9 fractions over 7 days at our institution.
Inoue et al. [6,7] reported that 2-year local control rates
of TIT2NO was 100%, whereas the results in our study
of 2-year local control rates, including T1T2NO cases,
was 77 %, which were slightly lower than those previous-
ly reported. Local control for advanced stage cases was
satisfactory. Kakimoto et al. [8] reported that the 2-year
local control rate for T3NO0-2 was 71%, whereas that of
our study was 100%. The 2-year control rates were 100%
and 67% for the superficial and infiltrative morphologi-
cal types, respectively, which were better than those re-
ported previously [3]. Two of the three patients under-
went salvage surgery and have maintained local control
at the time of this report. Yamazaki et al. [22] reported
a higher ratio of nodal involvement in infiltrative types
than in superficial types and our results were consistent
with this. Inoue et al. [6,7] reported 2-year nodal control
rates for TIT2NO of 79%. Shibuya et al. [3] reported that
TIT2NO patients having superficial - type tumors had
a lower incidence of a metastasis (30%) compared with
those having infiltrative - type tumors (54%). The result
of our study showed fifty percent of patients in TIT2NO
cases had a nodal failure, which was slightly higher than
those previously reported. Some authors reported that lo-
coregional control rates in the management of early or su-
perficial mobile tongue cancer were higher in the group
treated with brachytherapy alone than in that of exter-
nal irradiation combined with brachytherapy [23-25].
Therefore, we treated our patients with brachytherapy
alone. However, our results of nodal failure were worse,
because we believe, a larger number of our patients had
a infiltrative - type of tumors. In 2009, GEC-ESTRO re-
ported that brachytherapy alone is recommended for
TINO and T2NO tumor that are smaller than 4 cm. For
tumors > 3-4 cm or N1 lesions, brachytherapy can be de-
livered as a boost after 40-45 Gy of external beam irra-
diation to the neck and oral cavity [10]. Because of this,
primary HDR ISBT as monotherapy for the management
of patients with mobile tongue cancer might be an option
only in selected cases (for example, TIT2NO, superficial
tumors). In case of large and infiltrating tumors, external
beam irradiation should be added to avoid unacceptably
high rate of nodal failure. Of all patients with nodal me-
tastasis, they were treated with RND. Ultimately, 80% of
patients with nodal metastasis were controlled. Thus, we
consider that our results were, to some degree, valid.

In the present study, the 2-year CSS rate was 85%. Ka-
kimoto et al. [8] reported 2 - CSS rates of 57% in T3NO0-2
patients, whereas in our study, the 2-year CSS rate was
75% in T3NO patients. Thus, we consider that our results
were almost similar to those in previous reports.

Inoue et al. [7] and Yamazaki et al. [9] reported that the
incidence of complications were 12% and 10%, respec-
tively. In the present study, the complication rate was
28%; however, the conditions of four patients improved
via drug and/or hyperbaric oxygen therapy.

To improve treatment results, we implemented seve-
ral unique techniques. For example, we applied Lugol’s
iodine staining [14-16] and titanium seed marker implan-
tation [18] to estimate the extension of the tumor (Fig. 1).
In future trials, to decrease the incidence of complications,
we will deliver adequate doses to cover the clinical target
volume (CTV) without exposing the tongue mucosa and
mandible to excessive radiation using this 3 dimensional
(3D) image-based treatment planning system. Recently,
gynecological planning for HDR ISBT is shifting to 3D
image-based planning using computed tomography and
magnetic resonance imaging [26]. However, few stud-
ies have been reported regarding 3D image-based tech-
niques for head and neck cancer [27,28]. We will grad-
ually implement 3D image-based HDR ISBT for mobile
tongue cancer using this method at our institution, and
we believe that we will achieve better treatment results
and reduce complications and patient discomfort.

Conclusions

In conclusion, we found that a dose reduction to 54 Gy
in 9 fractions over 7 days in HDR ISBT for mobile tongue
cancer is feasible, especially for TIT2NO, superficial tu-
mors, for reducing patient discomfort, which strongly
supports preceding study.
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