
Abstract. Aim: To examine the efficacy of major radioactive
sources used in brachytherapy and the influence of age. Patients
and Methods: Six hundred and forty-eight patients with node
negative oral tongue cancer (T1-3N0M0; 212T1, 352T2, 84T3)
treated at Osaka University Hospital, between 1967 and 1999,
were reviewed. Results: The 5-year local control rates for
patients treated with Ra-226 and Ir-192 were 85%, and 79%
for T1, 75% and 73% for T2, 62% and 64% for T3 tumors,
respectively, and for those in the MicroSelectron-high-dose-rate
(MS-HDR) group were 87% for T1, 79% for T2 and 89% for
T3. Patients 65 years of age or older attained lower 5-year local
control rates (67% for total cases; 72% for T1, 68% for T2 and
59% for T3) than their younger counterparts (79%, 86%, 77%
and 69%; p=0.004). Conclusion: The three major radioactive
sources produced results that were not significantly different,
and age proved to be a factor influencing outcomes.

Oral tongue carcinoma is highly curable when treated with
radiation therapy, especially interstitial brachytherapy (1-5).
Brachytherapy was historically performed with radium 226
(Ra-226), which involved exposure of the surrounding
tissue. To minimize undesirable radiation to normal tissues,
an afterloading technique using Ir-192 was developed. Thus,
low-dose-rate (LDR) brachytherapy has come into
widespread use and become the gold standard in

brachytherapy. Many institutes have reported successful
results for tongue cancer using LDR brachytherapy (1-5).
Iridium 192 (Ir-192) hairpins or cesium-137 (Cs-137)
needles are generally used for LDR interstitial radiotherapy
in Japan. In 1991 our institute installed a high-dose-rate
(HDR) remote-controlled after-loading system, using an Ir-
192 microsource known as microSelectron-HDR (MS-
HDR) (Nucletron, Veenendaal, The Netherlands). With
this system there is no risk of radiation exposure except to
the patient. Because HDR makes it possible to treat
patients in a normal ward, the quality of life (QOL) during
treatment is likely to improve. The outcomes of HDR
brachytherapy for early oral tongue cancer (T1-2N0) have
been previously reported in a prospective phase III study
(6), and a retrospective review (7). Thereafter, preliminary
but promising findings were reported indicating the efficacy
of HDR brachytherapy for T3 N0-2 oral tongue cancer
compared to LDR with Ir-192 as the source (8). Therefore,
a more general retrospective review including patients with
T3 tumors, all node negative oral tongue cancer, has been
conducted. To make comparison simple, the patients
treated by one of the three major sources, Ra-226, Ir-192
and MS-HDR were examined, because a mixture of various
kinds of radioactive sources in the LDR control arm had
been used in previous studies. Prognostic factors including
age were also examined. 

Patients and Methods

Between 1967 and 1999, 648 patients (421 males and 227 females)
with previously untreated mobile tongue cancer were treated with
radiotherapy at Osaka University Hospital. Patients treated with a
combination of chemotherapy or with Co-60, Cs-137, Au-198 grain
and combinations of different radioactive sources were excluded.
All tumors were histologically identified as squamous cell
carcinoma. Table I gives the patient and treatment characteristics.
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The mean ages for the Ra-226, Ir-192 and MS-HDR groups were
56, 55 and 56, respectively, with an age range from 18 to 89. The
LDR group (1967-1996) comprised 358 males (146 treated with
Ra-229 and 212 with Ir-192) and 210 females (71 treated with Ra-
229 and 139 with Ir-192), while 63 male and 17 female patients
made up the MS-HDR group (1991-1999). There were 212 T1
tumors (77 treated with Ra-229, 111 with Ir-192 and 24 with IR-
192-MS-HDR), 352 T2 tumors (103 treated with Ra-229, 202 with
Ir-192 and 47 with MS-HDR) and 84 T3 tumors (37 treated with
Ra-229, 38 with Ir-192 and 9 with MS-HDR) (UICC TNM
classification of 1987).

All implantation was done under local anesthesia. For patients
treated with LDR brachytherapy, the treatment sources consisted of
a Ir-192 pin for 351 patients (1973-1996; irradiated dose, 61-85 Gy;
median, 70 Gy), and a Ra-226 needle for 217 patients (1967-1986;

55-93 Gy; median, 70Gy). MS-HDR was used for 80 patients (1991-
present; 32-60 Gy; median, 60 Gy). Each needle or pin was
implanted with the Paterson-Parker system using a reference point 5
mm distant from the implant plane. The patients in the MS-HDR
group received a total dose of 32-60 Gy (6-10 fractions) during one
week. Two fractions were administered per day (at intervals of at
least 6h). Dose rates at the reference point for the LDR group were
0.30 to 0.8 Gy/h, and for the MS-HDR group 1.0 to 3.4 Gy/min.
Patients were followed up for at least 2 years, or until their death.
The median follow-up time for the LDR group was 13 years (range:
2-25 years), and that for the MS-HDR group four years (range: 2-13
years). We compared the outcomes of local control, as well as cause-
specific survival among the Ra-226, Ir-192 and MS-HDR groups. 

For statistical analysis, Student's t-test for normally distributed
data and the Mann Whitney U-test for skewed data were used.
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Table I. Patient characteristics.

Variable Radium-226 Iridium-192 MicroSelectron p-value
(n=217) (n=351) HDR (n=80)

Gender
F 71 (33%) 139 (40%) 17 (21%)
M 146 (67%) 212 (60%) 63 (79%) p=0.004

Age 56±13 55±14 56±14 n.s.

T category
T1N0M0

Bx 72 (94%) 97 (87%) 23 (96%)
Bx + Ex 5 (6%) 14 (13%) 1 (4%) n.s.

T2N0M0
Bx 41 (40%) 127 (63%) 35 (74%)
Bx + Ex 62 (60%) 75 (37%) 12 (26%) n.s.

T3N0M0
Bx 3 (8%) 6 (16%) 1 (11%)
Bx + Ex 34 (92%) 32 (84%) 8 (89%) n.s.

Prescribed dose (Gy)
T1N0M0

Bx 72±6 71±3 59±2 p<0.001
Bx 68±8 64±8 *54 n.s.
+ Ex 27±7 27±5 *30 n.s.

T2N0M0
Bx 72±5 71±3 58±3 p<0.001
Bx 69±9 65±6 49±3 p<0.001
+ Ex 29±4 28±6 37±7 p<0.001

T3N0M0
Bx 70±5 73±10 *60 n.s.
Bx 69±9 65±7 48±9 p<0.001
+ Ex 29±5 33±9 37±3 p=0.002

Bx, brachytherapy; Ex, external radiotherapy; ±, S.D.
*Only one patient received treatment.



Percentages were analyzed by using a Chi-square test. Local
control, and survival data were estimated according to the Kaplan-
Meier method and examined for significance with a log-rank test.
Cox's proportional hazard model was used for the multivariate
analysis. All analyses used the conventional level of p<0.05 for
significance.

Results

Local control. The 5-year local control rates for patients in
the Ra-226, Ir-192 and MS-HDR groups were not
significantly different at 75%, 75% and 82% respectively, but
those for T1, T2 and T3 tumors were 83%, 75%, and 64%
respectively (p=0.001). Among patients with T1 tumors,
those in the Ra-226 and Ir-192 groups showed 5-year local
control rates of 87% and 79% respectively, while that for the
MS-HDR group was 87% (Figure 1a). For patients with T2
tumors, the corresponding figures were 74%, 73% and 79%
(Figure 1b), and for patients with T3 tumors the 5-year local
control rates were 60% (Ra-226), 65% (Ir-192) and 89%
(MS-HDR) (Figure 1c). Results for patients treated with
MS-HDR brachytherapy were thus similar to those for
patients treated with LDR brachytherapy. No significant
differences were found among background factors of these
groups except sex distribution (Table II).

As for the study population as a whole, the older patients
showed a poorer outcome than their younger counterparts
(Figure 2a). The patients younger than 40 years and those
40-64 years old showed local control rates of 79% and 80%,
respectively, while those for the patients aged 65-74 and 75
years or over were 66% and 63%, respectively (p=0.02).
This trend was also seen in subgroup analysis of the patients
with T3 tumors, where those over 65 showed a poorer local
control rate (54% at 5 years) than their younger
counterparts (68%) (Figure 2b) (p=0.03). Multivariate
analysis identified the T category (odds ratio 1.61; T1 vs. T2
and 2.27; T1 vs. T3) and age (odds ratio 1.63; age less than
equal 64 vs. more than equal 65) as significant predisposing
factors for local control (Table III). 

Regional control. There was no significant difference in the
5-year lymph-node control rates among patient groups
treated with the three radioactive sources (63% for Ra-226,
67% for Ir-192, and 66% for MS-HDR). The 5-year control
rates for lymph nodes of T2 and T3 tumor patients were
64%, 54%, respectively, significantly lower than the 74% for
T1 patients (p=0.003). 

No significant difference was found in lymph node
control rates between older patients (67% at 5y) and control
group aged 64 or less (66% at 5y).

Cause-specific survival. The cause-specific survival (CSS)
rates at 5 years were 86%, 81% and 89%, respectively, for
patients in the MS-HDR groups with T1, T2 and T3 tumors.

These figures did not differ significantly from those for the
Ir-192 and Ra-226 groups, whose CSS rates were 85% and
81% for T1, 75% and 75% for T2, and 65% and 58% for T3
tumors, respectively.

Older patients showed a poorer CSS rate (70% at 5y)
compared to their younger counterparts (79% at 5y) (p=0.04).
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Figure 1. Local control rates for patients with oral tongue cancer treated
with interstitial radiotherapy. No significant difference was seen between
Ra-226, Ir-192 and MS-HDR sources. (a) T1 cases, (b) T2 cases, (c)
T3 cases.



Complications. Complications after brachytherapy occurred
in 16% (34/217), 16% (57/351) and 21% (17/80) of the
patients treated with Ra-226, Ir-192 and MS-HDR,
respectively, without any significant differences among these
three sources (Table IV). The addition of external
radiotherapy significantly increased the overall complication
ratio from 11% (44/405) to 26% (64/243) (p<0.01). 

Discussion

Oral tongue cancer, located anterior to the circumvallate
papillae, is of vital importance not only for speech, but also
for the coordination of chewing and swallowing. Because
radiation therapy is a minimally invasive treatment
procedure, it has the advantage of preserving the shape and
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Table II. Background of the aged group.

Variable   Aged patients (≥65 years) Control group (≤64 years) p-value
(n=161) (n=487)

Gender
M 93 (58%) 328 (67%) p=0.03
F 68 (42%) 159 (33%)

T category
T1 51 (32%) 161 (33%) n.s.

Bx 45 (28%) 147 (30%)
Bx+Ex 6 (4%) 14 (3%)

T2 90 (56%) 262 (54%) n.s.
Bx 51 (32%) 152 (31%)
Bx+Ex 39 (24%) 110 (23%)

T3 20 (12%) 64 (13%) n.s.
Bx 3 (2%) 7 (1%)
Bx+Ex 17 (11%) 57 (12%)

Thickness of tumor (mm) 9.1±5.9 8.8±5.9 n.s.

Prescribed dose (Gy)
T1N0M0

Bx 70±5 70±6 n.s.
Bx 58±7 67±7 *p=0.02
+ Ex 29±5 29±6 n.s.

T2N0M0
Bx 68±6 69±6 n.s.
Bx 66±9 66±9 n.s.
+ Ex 30±6 29±6 n.s.

T3N0M0
Bx 78±13 68±6 n.s.
Bx 68±14 64±9 n.s.
+ Ex 30±5 32±8 n.s.

Source
Ir-192 81 (50%) 270 (55%)
MS-HDR 23 (14%) 57 (12%)
Ra-226 57 (35%) 160 (33%) n.s.

Br, brachytherapy; Ex, external radiotherapy; ±, S.D.
*Only one young patient received MS-HDR.



functions of the tongue. In addition, HDR hyperfractionated
interstitial brachytherapy has the following advantages: (i)
accurate calculation is possible by complete fixation of the
guide tubes; (ii) parallel source arrangement with the linked
double-button technique; (iii) homogeneous dose
distribution as a result of stepping-source optimization; and
(iv) better patient care because of the elimination of
radiation exposure for the medical staff. HDR brachytherapy
using a remote afterloading technique has been installed in
several brachytherapy centers, including ours (6-7).

Good control rates resulting from the use of HDR
brachytherapy have recently been reported by some
institutes. Leung et al. have reported a 4-year local control
rate of 95% for 55 Gy/10 fractions with acceptable
morbidity (9). A dose of 60 Gy/10 fractions/6-7 days has
been adopted based on the data of a phase I/II study in

which the dose schedule of HDR ranged from 35 Gy/10
fractions (bid)/week to 60 Gy/10 fractions/week (10).
Mucosal reactions in response to treatment with 60 Gy of
HDR brachytherapy were equal to those in response to
treatment with 70 Gy of LDR brachytherapy (10). Spotted
mucositis appeared starting three days after the end of
HDR brachytherapy, while confluent mucositis developed
and approached a peak at ten days, but disappeared by the
fourth to eighth week (10). The same ratio of acute
reactions was observed in both groups in a previous
randomized phase III study (6). Subsequently, the late side-
effects of this technique were examined. Yoshioka et al.
have developed a grading system to evaluate tongue
hemiatrophy as an index of the late effects 
of brachytherapy in 49 patients (T1/T2=22:27)
(LDR/HDR=30:19) (11). Problems (speech or swallowing
dysfunction, pain, a sense of tightening or general
discomfort) tended to increase with the degree of tongue
hemiatrophy, as did the frequency of T2 and non-
superficial type tumors. Differences in the source did not
influence the late effects. Secondly, Shimizutani et al. have
reported that a Brinkman index of more than 600 before
treatment is a useful predictor of late adverse effects in
patients treated with HDR brachytherapy (12). In addition
to these findings, the most important contribution to a
reduction in acute and late side-effects was considered to
be the careful implantation by employing techniques, such
as the use of a moulded Pb block (5, 9). 
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Figure 2. Local control rates according to age. (a) All cases, (b) T3 cases.

Table III. Results of the multivariate cox hazard model.

Variable Strata Odds 95% Confidence p-value
ratio interval

Gender male vs. female 0.78 0.56-1.10 0.15

Age ≤ 64 vs. 65 ≤ 1.63 1.17-2.27 0.004

Treatment Bx vs. Bx+Ex 0.87 0.60-1.27 0.47

T category T1 0.003

T2 vs. T1 1.61 1.11-2.35

T3 vs. T1 2.27 1.38-3.70

Sources Ra 0.32

Ir vs. Ra 1.2 0.85-1.70

MS-HDR vs. Ra 0.83 0.45-1.52



Good results for T1-T2 early tongue cancer have been
previously reported (6, 7). In addition, T3N0 tumors could
also be treated with a local control rate of over 60% (8), and
as high as 89% when treated with HDR. These outcomes
imply a new potential for HDR brachytherapy for larger
tumors with the advantage of optimal dose delivery. However,
any firm conclusions could not be drawn from these data
because the number of patients was too small and patient
selection bias should also be considered. For example, when
local anesthesia was sufficient for treatment of our patients,
relatively smaller lesions among the T3 cases were treated.
Our preliminary data indicate that brachytherapy should be
considered as at least a promising option for patients who
refuse surgical procedure or whose status is fragile. In view of
the trend for the use of chemoradiotherapy to increase,
brachytherapy could also be a good booster treatment option
for larger tumors after neoadjuvant chemotherapy and/or
external radiotherapy. In addition, for patients who have
undergone lymph node dissection, simultaneous implantation
for primary sites may also be a promising option. Studies
including complication assessment to determine the optimum
schedule for HDR brachytherapy and involving data from a
larger number of institutions are required. 

Kantola et al. have reported that increased age (>65
years), is associated with a poorer prognosis for stage I/II
tumors (13). Janot et al. have also mentioned that head and
neck SCC patients aged over 60 had a significantly poorer
prognosis than younger patients (14). Bhattacharyya et al.,
however, have reported that when a matched survival
analysis was performed for tongue carcinoma in 426 patients,
the disease-specific mean survival was better for younger
than for elderly patients (81.6 vs. 93.6 months) (p=0.009)
(15). However, following stage stratification, the elderly

patients often did not exhibit statistically significant poorer
overall or disease-specific survival. Although our data
contradict previous published data, we are in agreement with
Bhattachyya et al.’s conclusion that age alone should not be
used to determine treatment options for elderly patients with
squamous cell carcinoma. Because the number of aged
patients is rapidly increasing in Japan and they require less
invasive treatment in order to keep a good QOL after
treatment, sometimes surgery cannot or should not be
undertaken, so that the only option left is radiotherapy.
Considering the outcomes for our elderly patients to be
acceptable, even though they are poorer than for younger
patients, brachytherapy for older patients could still be a
viable option if they have no choice for radical treatment. 

The incidence of regional metastasis of T1-2N0 early
tongue cancer has been reported as about 30% (1-5), while
Decroix et al. (16) have detected an incidence of regional
metastasis of T3N0 cancer of 24% and Wesley et al. (17) an
incidence of regional metastasis with surgical treatment for
oral tongue carcinoma of 41%. Our data is in agreement
with these reports. Regional control rates for the T2 and T3
tumor patients were 64% and 54%, respectively, which was
significantly lower than that for T1 patients of (74%;
p=0.003). We have previously identified T category and
tumor thickness as significant predisposing factors for neck
failure in T1-2N0 patients (18). Additional data of T3 cases
enhanced this result that the regional control rates have a
strong positive correlation with T category. 

In conclusion, changing the radioactive source from Ra-
226 to Ir-192 or to MS-HDR did not compromise local
control rates, but has the potential to improve local control
rates for N0 tumors. In addition, age affects the outcome
for N0 tongue cancer patients regardless of T category.
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Table IV. Complications of radiotherapy.

T1 T2 T3 p-value

Ra-226 Ir-192 MS-HDR Ra-226 Ir-192 MS-HDR Ra-226 Ir-192 MS-HDR

Brachytherapy alone 72 97 23 41 127 35 3 6 1
Bone complication 3 2 3 1 3 1 0 1 0
Soft tissue complication 3 8 0 1 6 1 1 0 0
Both 1 2 1 0 1 5 0 0 0
Total 7 12 4 2 10 7 1 1 0

(10%) (12%) (17%) (5%) (8%) (20%) (33%) (17%) (0%) ns
Brachytherapy and external radiotherapy 5 14 1 62 75 12 34 32 8

Bone complication 0 1 0 7 12 2 4 7 0
Soft tissue complication 1 1 0 5 8 1 6 2 3
Both 0 2 0 1 1 0 0 0 0
Total 1 4 0 13 21 3 10 9 3

(20%) (29%) (0%) (21%) (28%) (25%) (29%) (28%) (38%) ns

Bone complication: bone exposure and/or necrosis.
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