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Abstract. Background/Aim: To evaluate the outcomes of
induction chemotherapy and/or external beam radiotherapy
(EBRT) followed by brachytherapy (BT) in patients with tongue
cancer who had a waiting period for BT or a large tumor that
was not suitable for BT. Patients and Methods: As an induction
therapy, chemotherapy with tegafur/gimeracil/oteracil (S-1),
EBRT or both S-1 chemotherapy and EBRT was prescribed.
BT was performed using Au-198 grains or Ir-192 pins. Local
control (LC), lymph node metastasis-free survival (LNMFS),
overall survival (OS), and complication rates were calculated.
Results: Forty-nine patients were enrolled in this study. The 3-
year LC, LNMFS, and OS rates for cT1-2 patients were 84%,
45%, and 69%, respectively. The 3-year LC, LNMFS, and OS
rates for ¢T3 patients were 77%, 58%, and 79%, respectively.
The incidence of Grade 3 or 4 complications was 6%.
Conclusion: Induction therapy contributed to the efficacy of
the subsequent BT in LC rate.

Brachytherapy (BT) is well-known to be effective in patients
with localized cancer of the prostate (1), uterine cervix (2),
and oral cavity (3). BT can deliver a high radiation dose to
a limited volume, even if the tumor moves along with the
motions of the organ, while sparing the surrounding normal
tissues. BT yields a local control (LC) rate equivalent to
surgery in patients with early T stage cancer, and the
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complications are usually localized and transient, enabling
patient’s quality of life to be maintained (1-4).

While low-dose-rate (LDR) sources such as iridium (Ir) -
192 hairpins and single pins, and Au-198 grains have been
used for BT against tongue cancer, they have not been
manufactured domestically since the nuclear power plant
accident in Fukushima during the Great Tsunami in 2011,
and their supply in Japan is unstable. Therefore, there may
be a waiting time before patients with early tongue cancer
receive BT. Moreover, the proportion of patients with not
early (T1-2), but advanced (T3) tongue cancer visiting our
department is increasing, and these patients often desire to
receive non-surgical therapy because they are elderly, they
are not suitable surgical candidates, or they do not wish to
undergo surgery. To prevent further tumor growth during the
waiting period before BT can administered or to reduce the
tumor size prior to BT, induction therapy might be necessary.

Combined external beam radiotherapy (EBRT) with BT has
been reported as an alternative treatment modality for patients
with late T2 or T3 tongue cancer (3, 5, 6). Although EBRT
yields good primary control, it requires daily visits to the
hospital and causes mucositis throughout the oral cavity.
Although several studies have assessed the role of induction
chemotherapy followed by EBRT for the non-surgical
management of patients with locally advanced head and neck
cancers, the percentage of oral cavity cancer patients included
in these studies was small, and there have been no reports of
combined chemotherapy plus BT (7). Scoffski (8) reported
high response rates of unresectable solid tumors to
tegafur/gimeracil/oteracil (S-1), an orally administered
anticancer drug, and Harada et al. (9) reported that S-1
improved the outcomes of patients with oral cancer, while
exerting little toxicity. Therefore, either S-1 chemotherapy
and/or low-dose of EBRT have been used as induction therapy
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prior to BT in patients with tongue cancer. If the combination
of induction therapy and BT is effective and safe, the
indication for curative treatment other than surgery will
expand, which is desirable for the upcoming aging society.
In the present study, we evaluated the efficacy and safety of
induction therapy followed by BT in patients with tongue cancer.

Patients and Methods

Between July 2014 and December 2018, 161 patients with squamous
cell carcinoma of the tongue received BT at our hospital. Among
these 161 patients, 52 patients received S-1 chemotherapy (n=31),
EBRT (n=16), or both S-1 chemotherapy and EBRT (n=5) prior to
BT as induction therapy to prevent tumor growth during the waiting
period for BT, or to reduce the tumor size in cases of large tumors,
making the tumor amenable to BT. The data of these 52 patients
were retrospectively analyzed after obtaining the approval of our
institutional review board (Approval No. M2019-089). All the
tumors were restaged according to the UICC TNM classification, 8th
edition. None of the patients had lymph node metastasis or distant
metastasis at the start of the induction therapy, although 4 patients
developed tumor recurrence after a partial glossectomy.

Treatment. Induction chemotherapy with S-1 was administered to
patients with creatinine clearance (Ccr) values of >60 ml/min. Patients
with a body surface area of less than 1.25 m2, 1.25 m2 to 1.5 m2, and
>1.5 m? received S-1 at a daily dose of 80 mg, 100 mg, and 120 mg,
respectively. Patients received S-1 for 2 weeks followed by 1 week of
no chemotherapy, or they received the drug every other day.

Induction EBRT was selected for patients who were comprehensively
judged as being unsuitable to receive S-1 chemotherapy because of
visceral dysfunction, including kidney dysfunction, other complications,
or the wishes of the patients. Induction EBRT was administered to the
affected area of the tongue using the conventional method and a 4- or
6-MV X-ray beam. Although the radiation dose was set at 30 Gy
(divided into 15 fractions) as the standard dose, the doses varied because
of the existence of a relation between the length of time until the start
of BT and the tumor response. Both S-1 chemotherapy and EBRT were
administered to patients for whom S-1 chemotherapy alone was
considered inadequate.

BT was administered using LDR sources: either Au-198 grains
or Ir-192 hairpins and single pins. The sources were implanted in a
single plane or two planes, and a standard dose of 70 Gy to the
tumor edge was prescribed for the entire period in cases receiving
BT with Ir-192 pins, while a standard dose of 80-90 Gy was
prescribed for permanent implantation in cases receiving BT with
Au-198 grains. Because Au-198 grains are small and can be easily
applied without causing severe pain or discomfort during the
insertion and treatment, they are usually prescribed for elderly
patients or patients with a poor performance status (PS), who are
unable to tolerate BT using Ir-192 pins (10).

Follow-up and analysis. Patients were followed up periodically by
physical examination, computed tomography (CT), and magnetic
resonance imaging (MRI) or fluoro deoxy glucose-positron emission
tomography (FDG-PET)/CT, as clinically indicated. The follow-up
visits were scheduled every 2 weeks after hospital discharge for the
first 2 or 3 months, then every month for one year, and then every
2 or 3 months thereafter.
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The LC, lymph node metastasis-free survival (LNMFS), and
overall survival (OS) rates were calculated using the Kaplan-Meier
method, and their relations with the treatment procedure were
evaluated using a univariate analysis with the log-rank test. A p-
value of <0.05 was considered as denoting a statistically significant
difference. All statistical analyses were performed using the
Statistical Package for Social Sciences, version 23.0 (IBM, Chicago,
IL, USA). Complications were graded according to the Common
Terminology Criteria for Adverse Events (CTCAE), version 4.0.

Results

Of the 52 patients, three were excluded from this study
because their follow-up durations were less than one year
without local recurrence or lymph node metastasis. The
patient and tumor characteristics of the remaining 49 patients
with tongue cancer enrolled in this study are shown in Table
I. The percentages of patients with an advanced age, a high
ACE-27 score, and a high PS in the EBRT group tended to
be higher than those in the S-1 chemotherapy group.
Although the overall follow-up duration ranged from 1 to 77
months (median, 43 months), the follow-up duration for the
surviving patients without local recurrence or lymph-node
metastasis ranged from 19 to 77 months (median, 47 months).

cT1-2 tongue cancer patients. For patients with cT1-2 tongue
cancer, induction therapy was performed to prevent tumor
growth during the waiting period for BT.

The interval between the start of induction therapy and the
start of BT in 23 patients with cT1-2 tongue cancer ranged from
12 to 108 days, with a median of 20 days. S-1 chemotherapy
was administered to 70% (n=16) of the 23 patients, and the total
drug dose ranged from 560 to 3,960 mg (median, 1,440 mg)
delivered over 12 to 66 days (median, 20 days). EBRT was
performed in 17% (n=4) of the patients, and the total radiation
dose ranged from 18 to 40 Gy (median, 24 Gy) delivered over
14 to 49 days (median, 26 days). Thirteen percent (n=3) of the
patients received both S-1 chemotherapy (range=1,600-2,280
mg; median, 1,680 mg) and EBRT (range=20-36 Gy; median,
20 Gy) delivered over 54 to 108 days (median, 59 days).

Reassessments of tumor size following induction therapy
showed a decrease in 57% (n=13), no change in 39% (n=9),
and an increase in 4% (n=1). According to the T stage,
down-staging was observed in 13% (n=3) of patients, no
change was observed in 87% (n=20), and up-staging was
observed in 0%. No significant relation between the kind of
induction therapy and change in tumor size (p=0.9) or T
stage (p=0.6) was observed.

After the completion of induction therapy followed by BT,
the 3-year LC, LNMFS, and OS rates were 84%, 45%, and
69%, respectively (Figure 1). The relations between the
outcomes and the treatment processes are shown in Table II.
The LC was not associated with differences in any processes
in this study. However, the LNMFS of the patients with
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Table 1. Patients and tumor characteristics.

Induction therapy

Total
n EBRT S-1 Both p-Value
Total 49 13 31 5
Age (years) 0.09
Median (range) 72 (33-97) 78 (59-85) 71 (33-97) 75 (65-80)
<75 29 5 22 2
=75 20 8 9 3
Gender 0.8
Female 13 3 8 2
Male 36 10 23 3
ACE-27 score 0.009
0 12 0 10 2
1 14 3 11 0
2 8 1 6 1
3 15 9 4 2
Performance status score 0.04
0 23 2 19 2
1 10 2 7 1
2 9 6 2 1
3 7 3 3 1
Category of tumor 0.8
Primary 45 12 29 5
Recurrence 4 1 3 0
T stage at diagnosis 0.6
1 2 0 2 0
2 21 4 14 3
3 26 9 15 2
Duration of induction therapy (days) 0.009
Median (range) 35 (12-108) 33 (14-59) 31 (12-69) 54 (32-108)
<50 42 12 28 2
>50 7 1 3 3
Brachytherapy 0.1
Au grains [median, range (Gy)] 22 (84, 60-93) 9 11 2
Ir pins [median, range (Gy)] 27 (70, 60-70) 4 20 3

EBRT: External beam radiotherapy; S-1: tegafur/gimeracil/oteracil; ACE-27: adult comorbidity evaluation-27.

induction S-1 chemotherapy was significantly better than that
of the patients with induction EBRT or both S-1
chemotherapy and EBRT (p<0.001), and the LNMFS of the
patients with a duration of induction therapy of >50 days
tended to be lower than that of patients with a duration of <50
days, although the difference was not statistically significant
(»p=0.06). The OS of patients with BT using Ir-192 pins was
significantly better than that of the patients with BT using Au-
198 grains (p=0.001). Lymph-node metastasis was observed
in 57% (n=8) of the 14 patients who received BT using Au-
198 grains, and 5 of these patients could not undergo a neck
dissection because of an advanced age, comorbidity, or a poor
PS. Moreover, 14% (n=2) of the patients who received BT
using Au-198 grains died from other diseases.

¢T3 tongue cancer patients. For patients with ¢T3 tongue
cancer, induction therapy was performed to reduce the tumor

size so as to make the tumor amenable to BT. The interval
between the start of induction therapy and the start of BT in
the 26 patients with ¢T3 tongue cancer ranged from 13 to 69
days, with a median of 35 days. S-1 chemotherapy was
administered to 58% (n=15) of the 26 patients, and the total
drug dose ranged from 560 to 5,460 mg (median, 1,680 mg)
delivered over 13 to 69 days (median, 37 days). EBRT was
performed in 35% (n=9) of the patients, and the total
radiation dose ranged from 27 to 50 Gy (median, 30 Gy)
delivered over 14 to 59 days (median, 33 days). Eight percent
(n=2) of the patients received both S-1 chemotherapy (480
mg and 2,700 mg, respectively) and EBRT (both 30 Gy)
delivered over 32 and 35 days, respectively.

Reassessments of tumor size following induction therapy
showed a decrease in 88% (n=23), no change in 4% (n=1),
and an increase in 8% (n=2). According to the T stage, down-
staging was observed in 65% (n=17), no change was observed
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Figure 1. LC, LNMFS, and OS curves of patients with cT1-2 tongue cancer. LC: Local control; LNMFS: lymph node metastasis-free survival; OS':

overall survival.

Table II. LC, LNMFS, and OS of c¢T1-2 patients according to the treatment processes.

LC LNMFS (O]
n 3-y rate p-Value 3-y rate p-Value 3-y rate p-Value

Total 23 84% 45% 69%
Induction therapy EBRT 4 75% 0% 38%

S-1 16 85% 66% 78%

Both 3 100% 0.5 0% 0.000 67% 0.3
Duration of <50 days 19 88% 49% 68%
induction therapy >50 days 4 83% 0.4 25% 0.06 75% 0.8
Change of size following Decrease 13 92% 51% 65%
to induction therapy No change 8 67% 0.3 33% 0.7 73% 0.4

Increase 1 - - -
BT sources Au grains 14 72% 35% 46%

Ir pins 9 100% 0.1 56% 0.6 100% 0.01

LC: Local control; LNMFS; lymph node metastasis-free survival; OS: overall survival; BT: brachytherapy.

in 35% (n=9), and up-staging was observed in 0%. No
significant relation between the kind of induction therapy and
change in tumor size (p=0.1) or T stage (p=0.6) was observed.

After the completion of induction therapy followed by BT,
the 3-year LC, LNMFS, and OS rates were 77%, 58%, and
79%, respectively (Figure 2). The relations between the
outcomes and the treatment processes are shown in Table III.
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The LC of patients with down-staging as a result of induction
therapy was significantly better than that of the patients with
no change in stage (p=0.015). LNMFS was not associated with
differences in any of the processes. However, a duration of
induction therapy >50 days tended to reduce the rates of LC,
LNMES, and OS, compared with a duration of <50 days, and
this difference was statistically significant for OS (p=0.004).
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Figure 2. LC, LNMFS, and OS curves of patients with ¢T3 tongue cancer. LC: Local control; LNMFS: lymph node metastasis-free survival; OS:

overall survival.

Table III. LC, LNMFS, and OS of ¢T3 patients according to the treatment processes.

LC LNMFS oS
n 3-y rate p-Value 3-y rate p-Value 3-y rate p-Value
Total 26 77% 58% 79%
Induction therapy EBRT 9 78% 63% 63%
S-1 15 80% 50% 86%
Both 2 50% 0.7 100% 04 100% 0.5
Duration of <50 days 23 83% 62% 86%
induction therapy >50 days 3 0% 0.069 33% 0.275 33% 0.004
Change of T stage following Decrease 17 94% 46% 71%
to induction therapy No change 9 44% 0.015 86% 0.123 100% 0.107
Increase 0 - - -
BT sources Au grains 8 75% 54% 71%
Ir pins 18 77% 0.9 59% 0.7 82% 0.6

LC: Local control; LNMFS; lymph node metastasis-free survival; OS: overall survival; EBRT: external beam radiotherapy; S-1:

tegafur/gimeracil/oteracil; BT: brachytherapy.

Complications. During or after induction therapy, 22%
(n=11) of all 49 patients suffered from Grade 2 or 3
complications (Table IV). The incidence of complications in
patients receiving induction S-1 chemotherapy (35%) was
less than that in patients receiving induction EBRT (77%) or

both S-1 chemotherapy and EBRT (100%), and all the
complications in patients receiving EBRT or both S-1
chemotherapy and EBRT were oral mucositis.

After BT, 33% (n=16) of all 49 patients suffered from
Grade 2 complications, and 6% (n=3) suffered from Grade 3
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Table IV. Number of complications (%).

Induction therapy

EBRT S-1 Both
Complications of induction therapy
Grade 0 - 3(23) 20(65) 0(0)
Grade 1 Oral mucositis 4 (31) - 3 (60)
Nausea - 3 (10) -
Diarrhea - 2 (6) -
Eye watering - 1) -
Hepatobiliary disorders - 1(3) -
Kidney injury - 1(3) -
Grade 2 Oral mucositis 4 (31) - 1 (20)
Fatigue - 1(3) -
Grade 3 Oral mucositis 2 (15) - 1 (20)
Anorexia - 103) -
Blood bilirubin increased - 103) -
Complications after BT
Grade 0-1 - 9(69) 15(58) 3 (60)
Grade 2 Oral mucositis (ulcer) 1(8) 12(39) 2 (40)
Osteonecrosis of mandibular - 103) -
Grade 3 Aspiration pneumonia 2 (15) - -
Grade 4 Aspiration pneumonia 1(8) - -

EBRT: External beam radiotherapy; S-1: tegafur/gimeracil/oteracil.

or 4 complications. Although Grade 3 or 4 complications
were not observed in the patients who received induction S-
1 chemotherapy or both S-1 chemotherapy and EBRT,
aspiration pneumonia of Grade 3 was observed in 15% (n=2)
and that of Grade 4 was observed in 8% (n=1) of the 13
patients with induction EBRT followed by BT using Au-198
grains. The ages of these 3 patients were relatively high (76,
80, and 81 years old, respectively), the ACE-27 scores were
high (all 3), and the PS were also high (2, 2, and 3,
respectively). The duration of induction therapy and the grade
of complications arising from induction therapy were not
related to the incidence of complications after BT (Table V).

Discussion

The use of induction therapy to prevent increases in tumor size
while waiting for the start of curative treatment in patients with
early tongue cancer has not been previously reported. Induction
therapies with S-1 chemotherapy and/or EBRT reduced or
prevented increases in tumor size in 96% of the patients with
cT1-2 tongue cancer in this study, and the 3-year overall LC
rate of these patients after induction therapy followed by BT
was 84%. The previously reported LC rates at 2-6 years in
patients with T1-2 tongue cancer treated with BT are 71%-88%
(10-14). Because the findings of the present study were
consistent with those of previous reports, induction therapy with
S-1 chemotherapy or EBRT may have contributed to the
maintenance of the treatment outcomes after BT despite the
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Table V. Relationship between complications after BT and treatment
processes.

Number of complications after BT (%)

Grade 0-1 Grade 2 Grade3-4 p-Value

Induction therapy

EBRT 9 (69) 1(8) 3(23)

S-1 18 (58) 13 (42) 0 (0)

Both 3 (60) 2 (40) 0 (0) 0.018
Duration of induction therapy

<50 days 25 (60) 14 (33) 3(7)

>50 days 5(71) 2 (29) 9 (0) 0.7
Complications of induction therapy

Grade 0-1 22 (58) 14 (37) 2(5)

Grade 2-3 8 (73) 2 (18) 109 0.5
BT sources

Au grains 15 (68) 4 (18) 3 (14)

Ir pins 15 (56) 12 (44) 0 (0) 0.038
BT: Brachytherapy; EBRT: external beam radiotherapy; S-1:

tegafur/gimeracil/oteracil.

waiting time until the start of BT. However, the 3-year LNMFS
rate and the OS rate were 45% and 69%, respectively, and these
rates were much lower than those of previous reports, in which
the LNMFS and OS rates were 65%-70% and 74%-88%,
respectively (11, 12, 14). Lymph node metastasis was observed
in all the patients who received induction EBRT or both S-1
chemotherapy and EBRT. The EBRT field did not include the
lymph node area in this study, and the duration of induction
therapy consisting of EBRT or both S-1 chemotherapy and
EBRT was 14-108 days (median, 49 days); this was longer than
the duration of induction S-1 chemotherapy, which was 12-66
days (median, 20 days). Although the depth of primary tumor
invasion is a predictor of lymph node metastasis (15, 16), the
length of the waiting time until the start of local treatment and
the use of an induction therapy that helps to prevent lymph node
metastasis during the waiting time might also be prognostic
indicators. Moreover, the incidence of lymph node metastasis
and its treatment likely affected the OS rate and might have
been responsible for the low OS rate of patients with cT1-2
tongue cancer who received BT using Au-grains in our study.
Although BT is usually recommended for patients with T1-
2NO tongue cancer, the GEC-ESTRO has recommended
treatment with EBRT at 40-45 Gy plus BT at 25-30 Gy as a
boost for patients with late T2 tongue cancer and a tumor
diameter of more than 3 cm (3). Ihara et al. (6) and Kakimoto
et al. (5) treated T3 tongue cancer using a combination of EBRT
at 30 Gy and definitive BT at 65-68 Gy in 74% and 88% of the
patients in their series, and they reported 3-year LC rates of
67% and 68%, respectively. In our current study examining
induction therapy followed by definitive BT, the 3-year LC rate
in patients with ¢T3 was 77%, while that in patients whose
tumors were downsized from ¢T3 to c¢T1-2 after induction
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therapy was 94%. Although there have been no previous studies
clarifying the effect of induction chemotherapy prior to BT, our
study showed that S-1 chemotherapy as well as EBRT are
effective as induction therapies prior to BT in patients with ¢T3
tongue cancer. Moreover, induction therapy may play a role in
helping to select a curative treatment strategy, since the LC rate
was much better in patients with tumor down-staging after
induction therapy than in those whose T stage remained
unchanging. If induction therapy proves to be effective, then
subsequent BT could be recommended; but if induction therapy
is not effective, then surgery could be recommended, although
recommendation for surgery were difficult in the present study
because many of the patients were not suitable candidates for
surgery or refused surgery.

Several studies have assessed the role of induction
chemotherapy for the non-surgical management of patients with
locally advanced head and neck cancers using a combination of
cisplatin and fluorouracil (CF), or a combination of paclitaxel,
cisplatin, and fluorouracil (PCF), prior to EBRT with or without
concurrent chemotherapy; these studies concluded that
induction chemotherapy was associated with an improvement
in the rate of distant metastases, but not in the survival or
locoregional control rates (7). However, the percentage of oral
cavity cancer patients that was included in these studies was
relatively small. In some studies of patients with oral cavity
cancer, induction chemotherapy was prescribed before surgery;
a meta-analysis of such studies demonstrated that induction
chemotherapy did not improve the clinical outcomes in terms
of locoregional recurrence, disease-free survival, or the OS rate
(7, 17). Although no trials have used S-1 as an induction therapy
(18, 19), the present study used induction S-1 chemotherapy
and/or EBRT followed by BT in patients with cT3 tongue
cancer, and the OS was improved somewhat, compared with
previous studies (5, 6). However, a long duration of induction
therapy was significantly associated with a poor OS, probably
because of a high incidence of lymph node metastasis.

In our study, the incidence of complications grade =2
during or after induction therapy was 22%, while that after BT
was 39%; these incidences were higher than those reported
previously for BT in patients with tongue cancer. The
incidence of ulcers in the oral cavity after BT alone in patients
with tongue cancer was previously reported to be 3%-25%
(11, 12, 14). Kakimoto et al. (5) adopted EBRT plus BT for
the treatment of almost all of their patients with tongue cancer,
and they reported that 16% of their patients developed bone
exposure and/or osteomyelitis and 8% developed soft tissue
ulcers. Thara et al. (6) also used EBRT plus BT for the
treatment of tongue cancer, and they reported that 10% of all
their patients suffered from mandibular osteoradionecrosis
necessitating surgery, and 9% suffered from local ulcers or
fibrosis necessitating surgery. S-1 chemotherapy caused
systemic and organ complications, although the incidence was
low; after the subsequent BT, however, the incidence of ulcers

in the oral cavity tended to be higher than that in patients who
received induction EBRT followed by BT, although all the
ulcers were localized and transient. Harada er al. (20)
speculated that S-1 treatment combined with radiation therapy
may suppress cancer cell division effectively and induce
significant apoptosis, and this response of the tumor cells may
extend to normal tissue cells through strong local irradiation
as a result of BT. On the other hand, induction EBRT or both
S-1 chemotherapy and EBRT caused oral mucositis, and after
subsequent BT, severe aspiration pneumonia was observed in
23% of the patients. EBRT followed by BT should be avoided
for patients with an advanced age, a high ACE-27 score, and
a high PS. If treatment must be performed for these patients,
then careful follow-up must also be required.

The limitations of this study include its retrospective
nature, the performance of the study at a single institution,
the small number of patients, and the short follow-up period.
However, because oral function is very important for
breathing, eating and conversations, if oral cancer patients
lose these functions because of the need for surgery, they are
likely to suffer from permanent dysfunction. To broaden the
patient eligibility for BT or to increase the chances of
patients receiving less invasive treatments, a prospective
study of induction therapy may be warranted.

Conclusion

Induction therapy with S-1 chemotherapy and/or EBRT
contributed to the efficacy of subsequent BT in terms of the
LC rate in patients with cT1-2 tongue cancer who required
the prevention of tumor growth during a waiting period prior
to the start of BT and in patients with T3 tumors who
required reductions in tumor size to make their tumors
amenable to BT. However, a long duration of induction
therapy was associated with an increase in the incidence of
lymph node metastasis, resulting in reduced OS rate.
Moreover, induction EBRT followed by BT for patients with
an advanced age, a high ACE-27 score, and a high PS can
cause severe complications, such as aspiration pneumonia.
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