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Abstract

Purpose: To analyze the results of patients treated with perioperative interstitial brachytherapy (ISBT) in tongue
carcinoma (TC).

Material and methods: From April 2009 to May 2015, 43 squamous cell carcinoma consecutive patients diagnosed
with TC were treated with limited partial glossectomy and perioperative ISBT, using high-dose-rate (HDR). Twenty-
seven patients were treated by brachytherapy (BT), and sixteen received BT as a complement to subsequent external
beam radiotherapy (EBRT) after results of lymph node dissection. Median age was 66 years. Distribution by stage,
included 10 patients stage I, 14 stage II, 10 stage III, and 9 stage IV. Eighteen patients had negative margins, nineteen
margin involvement, and in six cases, the margin was <5 mm.

Results: With a median follow-up of 54 months, LC at 3 and 5 years was 87% and 84 %, respectively. LC was 95% at
five years in patients with clear margins, and 75% with involved margins. LC in NO patients treated with BT was 83%
at 5 years, and in patients N+ with posterior EBRT treatment, LC was 86%. By tumor size, we found one local relapse
in 13 cases T1, in 5 of 27 patients T2 was found, and no local relapse T3 with LC of 87%, 70%, and 100% respectively at
five years. Regional control (RC) was 81% at 3 and 5 years. We found a metastasis-free survival of 91% at 3- and 5-year.
Twenty-three patients have died, 11 of them due to other causes, with overall survival of 56% at three years and 53% at

five years.

Conclusions: Combined treatment with conservative surgery and ISBT shows similar results to radical surgery or
RT alone, allowing a more patient-tailored approach, with good organ function preservation and cosmetic outcomes.
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Purpose

Surgery is considered the standard of care for early-
stage squamous cell carcinoma of the oral tongue [1, 2].
However, radiotherapy is deemed as a possible option in
some situations and in certain patient profiles, providing
good local control of the disease.

The presence of risk factors, such as close or positive
margins, perineural invasion, and/or extracapsular in-
volvement, reinforces the indication of adjuvant radia-
tion [3, 4].

Brachytherapy can be used as part of the management
in different contexts. First, as an exclusive treatment; sec-
ond, complementary to surgery; third, as a boost in com-
bination with external beam radiation (EBRT).

High-dose-rate brachytherapy (HDR-BT) is a tech-
nique that allows dose optimization and organ protection
due to a more localized and controlled radiation delivery

in comparison with EBRT. This technique can be use-
ful for dose escalation to the tumor bed in this scenario
(post-operative tongue radiation) [5, 6]. It also reduces
the chances of ending up with an organ dysfunction, such
as dysphagia (swallowing) or communication disabilities
(phonatory abnormalities), resulting in a direct impact on
quality of life [7].

Perioperative BT has the advantage of tumor bed ex-
posing; therefore, it can be better covered with a smaller
implant, it is performed during surgery avoiding a sec-
ond anesthesia, and radiation can be delivered earlier.

After analyzing 50 patients with tongue carcinoma
treated with HDR-BT, Guinot et al. reported 100% local
control in 14 patients, in whom brachytherapy was de-
livered perioperatively during a 5 years of follow-up [8].
Moreover, a retrospective study that combined EBRT and
HDR-BT boost in locally advanced tongue carcinoma,
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postulated this approach as a good option in terms of
good local control (LC) and cause-specific survival (CSS),
providing a favorable adverse effects profile [9].

The aim of this retrospective study was to assess the
efficacy of perioperative brachytherapy in tongue carcino-
ma to perform a smaller volume surgery, and to achieve
better preservation of the function of mobile tongue.

Material and methods

All patients treated with perioperative BT at our de-
partment between April 2009 and May 2015 were record-
ed. The BT implant requires a collaborative multidisci-
plinary team approach involving a radiation oncologist,
nurse and physicist, a head and neck surgeon, and an
anesthetist. This treatment is considered standard as an
alternative to post-operative brachytherapy. It was au-
thorized by the tumor board, and each patient signed
an informed consent. The selection criteria were all cas-
es with mobile tongue carcinoma between 1.5 and 5 cm
in computed tomography (CT) or magnetic resonance
(MR) imaging, susceptible to partial tongue glossectomy
without requiring a graft, and with an intention to avoid
hemiglossectomy.

Perioperative implant was performed to improve the
results of the same surgical procedure, and to prevent ap-
plication of second general anesthesia. Surgical interven-
tion was a partial glossectomy, smaller than an hemiglos-
sectomy, with the aim of removing the gross tumor with
an adequate margin as well as preserving a better tongue
function. If a close or involved margin remains, BT would
begin after 3 or 4 days, and the final dose will be higher.
No re-resection was done to achieve more adequate margins.

Implantation procedure and general definition pro-
cess in our institution have been previously described [8].
Once the neck dissection and partial glossectomy were
performed, an array of parallel rigid needles were insert-
ed through the submandibular area. Needles were substi-
tuted by plastic tubes, with a button on the top and fixed

with another button on the skin. The implant was done
with precise knowledge of where the tumor was locat-
ed; hence, a smaller implant was required with a range of
5-9 tubes aiming at achieving a spacing of 10 mm be-
tween them in two planes [8]. The procedure prolonged
the surgical time from 20 to 30 minutes.

A CT planning scan was done three days after the
surgery with 3 mm slices. Clinical target volume (CTV)
was defined around the plastic tubes with a margin of
2-3 mm because tumor was no longer visible. The mandi-
ble was drawn as an organ of risk. A modified Paris sys-
tem was used to calculate the isodoses with the Nucletron®
(an ELEKTA company) treatment planning system (TPS).
The prescription dose was to 90% isodose of the basal
dose, with a manual adjustment of the isodoses curves to
decrease the dose to 0.1 cc of the mandible under the pre-
scription dose. We tried to keep a DNR (dose-non-unifor-
mity ratio, Vy50/ Vo) under 0.35 [8] (Figure 1).

We started to treat on the third or fourth day after
surgery with a standard dose of 4 Gy per fraction twice
a day, six hours apart. When five sessions were admin-
istered, we obtained a pathologist’s report and the total
dose was decided. If lymph node involvement was con-
firmed, BT was deemed completed, and the plastic tubes
were withdrawn, allowing for EBRT to be started within
2 to 4 weeks after BT ending, to ensure complete treat-
ment to the oral cavity and cervical lymph nodes. Twen-
ty-seven patients received BT exclusively, and sixteen
received additional EBRT after the results of lymph node
dissections. The median total dose was 40-44 Gy when
HDR-BT was exclusive, and 18-20 Gy (biological equiv-
alent dose [BED], 25-28 Gy) when HDR-BT was admin-
istered in combination with EBRT. A total dose of 44 Gy
in 11 fractions of 4 Gy (BED, 61.6 Gy) was administered
in twenty-five patients, including nineteen patients with
positive margins, and six cases, in which surgical margin
was considered as ‘close’, defined as less than 5 mm mar-
gin from the tumor to the resection margin.

Fig. 1. CT planning scan, with manual adjustment of isodoses curves to decrease the dose to 0.1 cc of the mandible under pre-
scription dose, keeping a DNR (V50/ V1) under 0.35 (in this case, 0.27)
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For the other 18 patients, with free or negative sur-
gical margins, we still considered that BT was required
because most of them presented various risk factors, such
as deep infiltration > 5 mm, tumor size >3 cm, or perineu-
ral involvement, with surgery done as very conservative
procedure; therefore, a total dose of 40 Gy in 10 fractions
(BED, 56 Gy) was delivered.

Doses of EBRT to both necks were in the range of
60-66 Gy to the involved area, and 54-60 Gy to the rest
of the neck. Oral cavity was treated up to 54-56 Gy, in-
cluding partial glossectomy. Chemotherapy concomi-
tant with EBRT was applied in patients with more than
one involved lymph node, but not in cases with positive
margin.

For statistical analysis regarding LC, regional control
(RQ), overall survival (OS), CSS, and disease-free survival
(DFS) rates, corrected actuarial survivals, were calculated
using Kaplan-Meier method. Local recurrences were con-
sidered as tumor growth in the same area or close to the
primary tumor, confirmed by biopsy. Regional recurrenc-
es were considered as any regional lymph node growth in
the cervical area.

Results
Patients’ characteristics

Forty-three patients diagnosed with carcinoma of
the tongue were treated with perioperative ISBT. There
were eighteen males and twenty-five females. The mean
age was 63 years (range, 25-93 years). All tumors were
histologically confirmed, indicating invasive squamous
carcinoma.

The distribution by stages included 10 patients stage I,
14 stage II, 10 stage III, and 9 stage IV. The pathological
distribution of tumor size was thirteen patients T1, twen-
ty-seven T2, and three patients T3. Depth of invasion was
not considered at the time of staging. Sixteen patients
(37%) received a subsequent EBRT, after the result of
lymph node dissection.

Local control

With a median follow-up of 54 months (range, 3-163
months), LC at 3 and 5 years was 87 and 84 %, respective-
ly, for all cases (Figure 2). LC in NO patients who received
treatment with exclusive BT was 83% at 5 years, and in
patients with lymph node involvement and subsequent
EBRT treatment, LC was 86%.

By stages, we achieved a LC of 85% in stage I, 78% in I,
76% in III, and 100% in stage IV. By tumor size, there
was 1 local relapse in the thirteen T1patients, 5 relaps-
es in the twenty-seven T2 patients, and no local relapse
in three T3 patients, resulting in a LC of 87%, 70%, and
100%, respectively, at 5 years.

Regarding surgical margins, of the 19 patients who
presented involved margins, there were 3 local relaps-
es, and LC was 80% at 3 and 5 years. For the 18 patients
with negative margins, there was 1 local relapse and LC
of 95%, and finally, there were 6 patients with close mar-
gins with 2 local relapses, achieving a LC of 83% and 41%
at 3 and 5 years, respectively (Figure 3). If we analyzed

together the 25 patients with involved and close margins,
there were 5 local relapses, and LC of 75% at 3 and 5 years
(Figure 4).

Regional and distant control

Regional control was 81% at 3 and 5 years. In the six-
teen patients with nodal involvement, there were two
events, with RC at 5 years of 84%. In twenty-seven pa-
tients free of nodal disease, there were five nodal recur-
rences, with a RC of 79%. Three patients presented distant
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Fig. 2. Kaplan-Meier local control probability
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Fig. 4. Local control probability according to margins sta-
tus: positive, negative, or close

metastases, thus achieving a 3- and 5-year metastasis-free
survival of 91% for the entire cohort.

Overall and cancer-specific survival

Twenty-three patients died, out of whom, eleven of
non-cancer specific causes, with an overall survival of
56% at 3 years, and 53% at 60 months. The cancer-specific
survival achieved at 3 and 5 years was 88%.

Complications

Acute complications were similar to those described
with low-dose-rate (LDR) BT. During removal of the
tubes, 16% cases of small bleeding were treated with com-
pressive measures. Mucositis in the implanted area was
always present, and lasted for 4-6 weeks until complete
recovery. Acute mucositis and odynophagia were related
in almost all patients who were treated with EBRT. Late
complications were limited to one case of mandibular
bone necrosis (2%), resolved with medical management
(G2), 4 temporary soft tissue ulcer G2 (9.3%), and two cas-
es of chronic pain G2. No case of G3 toxicity was reported
(CTCAE v.5.0).

Discussion

Surgery

Oral cavity cancers, in particular tongue cancers, are
generally treated with primary surgery whenever possi-
ble. Extensive surgery, such as hemiglossectomy, offers
good rates of LC, but can leave permanent impairments
in function. Radiation therapy and systemic treatment
can be part of management in some situations.

Post-operative margin status is of important value in
deciding adjuvant treatment and predicting prognosis.

The removal of microscopic or sub-clinical foci of malig-
nancy is essential and critical to achieve successful local
control of the disease [10], since the inability to achieve
clear surgical margins increases the risk of local recur-
rence and subsequently, reduces the survival rates [11-16].
The surgical margin is considered clear when the distance
is > 5 mm, close when it is 1-5 mm, and involved when the
distance is <1 mm [17]. A clear but close margin is also
considered to contribute to an adverse outcome. Thus,
such margins should be quoted as positive or inadequate,
and generally considered as an indication for adjuvant
treatment [18]. Furthermore, margins are more often pos-
itive in oral cancer than elsewhere in the head and neck
region, and patients with involved margins of 2 mm or
closer have a higher incidence of local recurrence [19].

Depth of invasion (DOI) is a factor that currently
modifies TNM. In the near future, it would be necessary
to assess whether a DOI > 10 mm (pT3) should be man-
aged with a combined treatment with EBRT and BT.

In a historical cohort of 277 patients with oral cavity
carcinoma treated surgically, with a median follow-up of
36 months, positive or close margins were related with
unfavorable results. The 5-year survival rate for > 5 mm
from the margin was 73%, between 3 and 4 mm it was
69%, for <2 mm was 62%, and finally, for involved mar-
gins, it was 39% [20].

Also, a ’single-operation’ free margin was related
with a better outcome compared to re-operated patients.
Interestingly, a cut-off level of 5mm was found to be deci-
sive for the course of the disease, with significantly poor-
er survival rates and a trend towards more frequent local
recurrence in deeper infiltrations [21].

On the other hand, the possible effects of mutilating
surgery in a large tumor, which requires a large resection
of the tongue, the organ-sparing approach emerges as
a possibility, with radiotherapy as the mainstay, provid-
ing acceptable survival rates.

Brachytherapy

Brachytherapy as monotherapy is recommended for
early-stage tongue carcinoma (T1INO and T2NO tumors
<4 cm). For tumors > 3-4 cm or N1 lesions, although sur-
gery is often preferred, BT can be delivered as a boost
after 40-45 Gy of EBRT to the neck and oral cavity. In gen-
eral, the local control rate is higher than 90% for T1 and
T2NO tumors treated with LDR-BT alone [5].

Leung et al. reported good outcomes for eight pa-
tients treated solely with HDR-ISBT. Five patients had
TINO disease, and the remaining three were diagnosed
with T2NO disease. The median radiation dose was
60 Gy (10 fractions over 6 days). Mucositis for 6-20 weeks
(median, 10 weeks) was observed in all patients. No lo-
cal failure was evident after the median follow-up peri-
od of 26 months. One patient developed a grade 3 ne-
crosis of the soft tissue and bone. They concluded that
HDR remote afterloading technique is useful because
it provides a local control rate of 100% with acceptable
morbidity [22].

Umeda et al. reported the results of retrospective
study performed among 180 patients with stage 1/II
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tongue carcinoma, who were divided into three treatment
groups: LDR (n = 78), HDR (n = 26), and surgery (1 = 71).
After salvage therapy, a final local cure was achieved in
71 patients (91%) in the LDR group, 22 (85%) in the HDR
group, and 71 (100%) in the surgery group [23].

Guinot et al. reported on 50 patients treated for oral
cavity carcinoma with HDR-ISBT [8], with 42 cases with
T1/2NO0 tumors and 8 patients with T3 tumors. ISBT alone
was administered to 17 (T1/2N0) patients (34%), and
33 patients (66 %) received ISBT complementary to EBRT.
A perioperative technique was performed in 14 patients.
The actual DFS rates at three and five years were 81% and
74%, respectively, with a median follow-up of 44 months.
LC was maintained in all cases, in which HDR-BT was
the only treatment. LC rates in the combined treatment
group (EBRT + HDR-ISBT) were 80% and 69% at three
and five years (p = 0.044), respectively. The authors con-
cluded that HDR-ISBT is an effective method for treating
tongue carcinoma in low-risk cases.

lanovski et al. studied 41 patients (74.6%) who re-
ceived treatment with HDR-ISBT. OS at 3 and 5 years
was 75.6% and 59.1%, respectively, while CSS was 82.3%
and 68.6%, respectively. Cox regression analysis indicat-
ed that recurrence and survival outcomes were not asso-
ciated with margin status or the use of a specific dose of
HDR-ISBT. Acute and late toxicity, secondary to HDR-
ISBT, was minimal [24].

With this study, we confirm that a collaboration be-
tween a head and neck surgeon and radiation oncologist
allows to optimize the advantages of tumor removal with
early and accurate radiation. Thus, the presence of close
or involved margins does not require a new surgical in-
tervention, which would produce even greater alterations
in function (Figure 5). BT ensured good local control in
75% of these cases. And if the margins are free, 95% LC is
achieved, similar or somewhat better than those of a large
surgery, but using a more conservative surgery and bet-
ter preserving the function. The cancer-specific survival
achieved at 5 years was 88%, and more than 60% of the
patients finished the surgery and radiation treatment in
12 days.

Conclusions

Brachytherapy allows the administration of higher
radiation doses with adjacent normal tissue sparing. In
addition, it can be performed in the same surgical pro-
cedure, with an excellent view of CTV. In localized tu-
mors, the most conservative surgeries are performed
with very good LC, while the combined treatment with
conservative surgery and ISBT has shown similar results
compared to radical surgery or RT alone. Our results
suggest that perioperative interstitial brachytherapy for
squamous cell carcinoma of the tongue should be consid-

Fig. 5. Comparison of two patients, at rest and with maximum protrusion of the tongue. A) Hemiglossectomy with a graft.
B) Partial glossectomy and perioperative BT (close margin, 10 x 4 Gy). Patient included in this study at 4 years of follow-up,
with better function
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ered a valid option to perform a partial glossectomy of
the macroscopic tumor with a small margin, to preserve
better function and obtain good results, even if surgical
margins are close or positive, without requiring a new
surgery.
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