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Long-Term Results of Radiotherapy for T1a
and T1bNOMO Glottic Carcinoma

Takuma Nomiya, MD, PhD; Kenji Nemoto, MD, PhD; Hitoshi Wada, MD, PhD; Yoshihiro Takai, MD, PhD;

Shogo Yamada, MD, PhD

Objective/Hypothesis: The purpose of this study
is to determine the prognostic factors for local control and
significance of total radiation dose in T1 glottic cancer.

Study Design: Retrospective study.

Methods: Data from 163 patients with T1 NO M0
Stage I glottic squamous cell carcinoma (T1a: 115,
T1b: 48) who were treated with radiotherapy alone
during 1976 to 2002 were analyzed retrospectively.
Age, source, total dose, field size, overall treatment
time, and average fraction size were set as variables
in multivariate analysis.

Results: The 5-year local control rates (LCR) were
92.3% and 85,0% for patients with Tla and T1b glottic
carcinoma, respectively. Only total radiation dose (P =
.048) was a significant prognostic factor for local control in
multivariate analysis of T1b glottic carcinoma. Local con-
trol in the higher total dose group was better than that in
the lower total dose group (6 year LCRs were 100% and
76% for the group of >66 Gy and the group of =66 Gy,
respectively. P = 024, logrank test). None of the treat-
ment parameters were shown to be significant prognostic
factors in multivariate analysis of T1a glottic carcinoma.

Conclusions: Radiotherapy with a total dose of 67
to 70 Gy seemed to be required for local control in T1b
glottic carcinoma. No significant benefit of total radiation
dose >64 Gy was shown in the analysis of Tla glottic
carcinoma.

Key Words: Laryngeal cancer, radiotherapy, multi-
variate analysis, total radiation dose, prognosis.
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INTRODUCTION

Early laryngeal cancer is treated successfully usually
by radiotherapy. According to past studies, the 5-year and
10-year local control rates (LCR) for T1 (NO MO) glottic
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cancer are 80% to 92% and 7T8% to 83%, respectively.!-12
The outcome of early laryngeal cancer treated with radio-
therapy has improved with time.* However, optimal dose,
time, and fractionation regimen have not been estab-
lished. In the present study, the survival rates and LCR in
patients with Tla and T1b NO MO glottic carcinomas
treated by radiotherapy were examined, and multivariate
analysis was used to determine the significant factors that
contribute to the LCR.

MATERIALS AND METHODS

Patients

The patients who were diagnosed as Tla or T1b NO M0
Stage 1 (UICC) glottic carcinoma during December 1976 to July
2002 were analyzed.)® All patients were histopathologically p d
glottic sq cell carci Extent of primary tumor and
mobility of vocal cord were assessed by fiberoptic laryngoscopy,
and presence of lymph node metastasis and distant metastasis
were assessed by computed tomography. Patients without his-
topathological proof, not squamous cell carcinoma, or supraglot-
tic/subglottic carcinomas were excluded. Patients who have syn-
chronous or metachronous malignancy in other primary organ
were included. The final follow-up date was on February 11, 2005,

Radiation Therapy

All patients were irradiated with Cobalt-60, 4 MV (mega-
volt) photons or 10 MV photons at Tohoku University Hospital.
Parallel-opposed lateral fields were used, and almost all patients
were irradiated with immobilization by a resinous shell. Wedge
filters of 0° to 30" were used according to the position of the lesion.
Patients routinely underwent radiation therapy with conven-
tional fractionation [schedules of 2 Gy/fr. (fraction), 1 fr/day and
5 fr.iweek].

Chemotherapy was not used for patients with both Tla and
T1b glottic carcinoma. Adverse events (such as radiation mucosi-
tis of the larynx) were diagnosed according to Common Toxicity
Criteria version 2.0.

Statistical Analysis

Overall survival, cause-specific survival, and LCR were an-
alyzed, and survival time was calculated from the first date of
treatment. Survival curves and LCR were analyzed by the
Kaplan-Meier method and the logrank test. Cox's proportional
hazards model and a step-wise method were used for multivariate
analysis of prognostic factors. Age, gender, source, total dose,

Nomiya et al.: Long-Term Results of Radiotherapy
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field size, overall treatment time (OTT), and average fraction size
(dose/fr.) were set as continuous or discrete variables in multi-
variate analysis,

RESULTS

Data from 163 patients with T1 NO MO Stage 1 (T1a:
115, T1b: 48) glottic carcinoma were available. The me-
dian follow-up time was 88.3 months (1.5-291.5 months).
Patients' characteristics are shown in Table 1. Twenty-
seven patients had metachronous malignancy of another
primary organ (other head and neck tumor in three pa-
tients, esophagus in one patient, stomach in five patients,
colorectum in five patients, lung in eight patients, liver in
one patient, prostate in three patients, and breast in one
patient) and one patient had synchronous malignancy in
the oral cavity. Almost all patients (88% of T1a and 90% of
T1b) underwent radictherapy with Cobalt-60 or 4-MV
photon. In the beginning of 1980, a part of patients were
treated with 10-MV photon because of reconstruction of
linear accelerator. The median (=SD) total radiation dose
for the patients with Tla and T1b glottic carcinoma were
64 (=4.7) Gy and 66 (+4.0) Gy, respectively. The most
frequently used schedules of radiation therapy for the
patients with Tla and T1b glottic carcinoma were 64

TABLE .
Characteristics of the Patients with T1a NO MO Glottic Carcinoma.

No. Patients

Total 116
Gender

Male 108

Fermnale 5
Age, mean (=SD0) 64.1 (=9.5)
Total dose, mean (= SD) 63.6 Gy (+4.6)
Overall Treatment Time (OTT), mean (+S0) 49.7 days (=6.2)
Field size, mean (+SD) 333em? (=14.2)
Source

Caobalt-60 24

H-4 MV 75

X-10 MV 15
Average dose/lraction, mean (+ SD) 20Gy(=0.1)
Characteristics of the patients with T1b NO

MO glottic carcinoma

Number of the patients, total a8
Gender

Male 46

Female -
Age, mean (=SD) 65.3(=9.9)
Total dose, mean (=SD) 65.7 Gy (+4.0)
Overall Treatment Time (OTT), mean (+SD) 50.6 days (+ 5.9)
Field size, mean (=SD) 31.5cm? (+4.8)
Source

Caobalt-60 13

X-4 MV 30

X-10 MV 5
Average dose/fraction, mean (+SD) 2.0Gy(=04)

SD = standard deviation; OTT = overall treatment time.
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Gy/32 fr /6.5 weeks and 70 Gy/35 fr./7 weeks, respectively,
Other parameters for multivariate analyses were shown
in Table II.

The 5- and 10-year overall survival rates of patients
with T1 (T1a and T1b) glottic carcinoma were 85.9% and
76.4%, respectively. The 5- and 10-year cause-specific
survival rates of patients with T1 (T1a and T1b) glottic
carcinoma were 95.9% and 94.9%, respectively. The 5-
and 10-year LCR in patients with T1 (overall T1la and
T1b: n = 163) glottic carcinoma were 90.1% and 82.4%,
respectively.

In the analyses of patients divided into groups of Tla
and T1b glottic carcinoma, the 5- and 10-year overall
survival rates for patients with Tla glottic carcinoma (n =
115) were 84.6% and 73.0%, respectively. The 5- and 10-
year overall survival rates for patients with T1b glottic
carcinoma (n = 48) were 89.0% and 84.9%, respectively
(Fig. 1). The 5-year cause-specific survival rates for pa-
tients with T1a and T1b glottic carcinoma were 97.1% and
93.4%, respectively (Fig. 2). The 5- and 10-year LCR for
patients with Tla glottic carcinoma were 92.3% and
85.1%, respectively, and 85.0% and 76.2% for patients
with T1b glottic carcinoma, respectively (Fig. 3).

The results of univariate and multivariate analyses
are shown in Table I1. In the analyses of patients with Tla
glottic carcinoma, no significant prognostic factors were
found either in the univariate or in the multivariate anal-
yses. In the analyses of patients with T1b glottic carcino-
mas, only total radiation dose was a significant prognostic
factor for local control in multivariate analysis (P = .048).
The other factors were not statistically significant prog-
nostic factors either in the univariate or in the multivar-
iate analyses.

Figure 4 shows the local control rates (LCR) in pa-
tients with T1b glottic carcinoma according to the total
dose of radiation therapy. The LCR in the higher-dose
group was significantly more favorable than that in the
lower-dose group. The 5- and 10-year LCR in the higher
dose group (>66 Gy, n = 18) were 100% and 100%,
respectively, while the 5- and 10-year LCR in the lower
dose group (=66 Gy, n = 30) were 76.2% and 66.9%,
respectively.

Figure 5 shows a graph of total dose according to
presence of local recurrence. Mean (=SD) total dose of
patients with local recurrence (n = 12) and patients with-
out local recurrence (n = 103) were 64.8 (x5.7) Gy and
63.4 (+4.5) Gy in Tla group, respectively (P = .33; N.S,,
unpaired t-test). In the T1b group, total dese of patients
with local recurrence (n = 9) and patients without local
recurrence (n = 39) were 62.8 (£2.8) Gy and 664 (+4.0)
Gy, respectively (P = .017). A significant difference in
total radiation dose was found between the patients with
local recurrence and the patients without local recurrence
in T1b glottic carcinoma; however, no significant differ-
ence in total radiation dose between the patients with and
without local recurrence in T1a glottic carcinoma.

None of the patients showed severe adverse events (=
grade 3 radiation mucositis of the larynx and/or = grade 3
radiation dermatitis).

Nomiya et al.: Long-Term Results of Radiotherapy
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TABLE Il.
Results of Multivariate Analysis Using Cox’s Proportional Hazards Model.
Urivariate Analysm Multrvaniate Anatyss
Exp(@) ¥ P Expl5) i P
Analysis of T1a glottic carcinoma
Gender (D) 3,745 2,859 091 — — NS
Age (C) 1.001 352 .985 - - NS
Total dose (C) 1.09 1315 252 —_ — NS
OTT (C) 1.033 504 ATB - - NS
Field size (C) 1.007 248 618 — — NS
Source (D) - 3.315 a8 —_ - NS
Ave. dose/fraction (C) 2,052 075 .784 - - NS
Analysis of T1b gloftic carcinoma
Gender (D} — — — — - —
Age (C) 1.000 0.050 994 -_ - NS
Total dose (C) 054 4.626 032 0.828 3926 0.048
oTT (C) 0.914 1.402 222 — - NS
Field size (C) 0.971 0.187 .666 —_ - NS
Source (D) — 1.829 A — - NS
Ave. doseffraction (C) 15.88 1.463 226 - - NS

C = continuous varlable; D = discrete varlable; OTT = overall treatment time; NS = not significant.

DISCUSSION

Various factors, including invasion of the anterior
commissure,?* differentiation of tumor,!? concentration of
hemoglobin,®® and treatment era® have been reported as
prognostic factors for T1 glottic carcinoma, but a decisive
prognostic factor has not been concluded. Many authors
reported that no treatment parameters were significant
prognostic factors for local control.?51 In the present
study, none of the treatment parameters were significant
prognostic factor in Tla glottic carcinoma, and only total
radiation dose was significant prognoestic factor in T1b
glottic carcinoma.

Skladowski and Sakata reported that there was a
significant relationship between local controllability
and total radiation dose in patients with T1 glottic car-

Overall survival curves
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Fig. 1. Overall survival rates of T1a and T1b glottic carcinoma.
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cinoma.?!? They suggest that a total dose of 50 to 60 Gy is
insufficient for local control in T1 glottic carcinoma. In
this study, total radiation dose was not a statistically
significant prognostic factor for local control in the anal-
ysis of Tla glottic carcinoma. The average dose delivered
to patients with Tla glottic carcinoma in this study was
63.6 Gy that exceeds the required dose, and high local
controllability (5-year LCR: 92%) was achieved in the
treatment of T1a NO MO glottic carcinoma with radiother-
apy alone.

One of the problems is whether or not a total dose
more than 64 Gy is required for the treatment of T1a NO
MO glottic carcinoma. In the analysis of total radiation
dose between patients with recurrence and patients

Cause-specific survival curves

5y, 10y
Tia(n=115) 97%, 96%

...... Tib(n=48) 93%, 93%

Month

Fig. 2. Cause-specific survival rates ol Tla and T1b glottic
carcinoma,
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Local control rates
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Fig. 3. Local control rates of T1a and T1b glottic carcinoma,

without recurrence in Tla glottic carcinoma, there was
no significant difference between the two groups (64.8
Gy vs. 63.4 Gy, N.S,, Fig. 5), and the mean dose of
patients with recurrence is rather higher than that of
patients without recurrence. This result suggests that
total radiation dose of 64 Gy is sufficient for the treat-
ment of Tla glottic carcinoma if radiotherapy alone, and
suggests that the local controllability of T1a glottic car-
cinoma does not depend on total radiation dose in more
than 64 Gy. It is considered that the reason why total
radiation dose was not shown to be a significant prog-
nostie factor in multivariate analysis of T1a glottic car-
cinoma is that sufficient total dose for Tla glottic car-
cinoma were irradiated, These results suggest that
recurrent Tla glottic carcinoma, despite total radiation
dose >64 Gy has some intrinsic radioresistance (e.g.,
particular genetic alteration, chromosomal aberration).

In the analysis of T1b glottic carcinoma, only total
dose was shown to be a significant prognostic factor for

Local control rates (T1b)

1.0 e ———— B i LT NS SR PP SP—

0.9+ -

0.6 p=0.024

0.5 {logranik test)

0.4+ 5y, 10-y
034 e > 66 Gy (n = 18) 100%, 100%
0.2+ ——— <666y (n=30) 76%, 67%
0.1+

0.0 T T T

T T T
0 20 40 60 80 100 120
Month
Fig. 4. Local control rates of T1b glottic carcinoma according to total
dose.
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Fig. 5. Comparisons of total radiation dose between the group
with/without recurrence.

local control in multivariate analysis. The local control
rate in patients who received a radiation dose of more
than 66 Gy was significantly more favorable than that in
patients who received a radiation dose of =66 Gy (Fig. 4).
Further, the mean total radiation dose of patients with
recurrence was significantly lower than that of patients
without recurrence (62.8 Gy vs. 66.4 Gy, P = 017, Fig. 5).
These results indicate that 67 to 70 Gy is required for
radical radiotherapy for T1b glottic carcinoma. In the
treatment of early glottic carcinoma, the significance of
chemotherapy is unknown. However, if higher local con-
trol rate than present study were intended, less-intensive
chemotherapy may be considered for the treatment of T1b
glottic carcinoma.

Several investigators have reported that OTT is a
strong prognostic factor in T2 laryngeal carcinoma.5.14-16
However, few investigators have reported that OTT is a
significant prognostic factor in T1 laryngeal carcinoma.”
In the present study, OTT was not a significant prognostic
factor for local control either in Tla or in Tlb glottic
carcinoma.

In the beginning of 1980s,10 MV photon was used for
the treatment of laryngeal earcinoma in this institution.
Although it was not statistically significant, there was a
tendency that the local control rate in patients treated by
10 MV photon was more unfavorable than that in patients
treated by 4 MV photon (5 year LCR: 78% vs. 95%, P = .09:
logrank test). Dose reduction in tumor surface due to
build-up phenomenon is considered to be one of the rea-
sons for the poor local controllability in the treatment with
10 MV photon. These results suggest that 10 MV photon
should not be used for definitive radiation therapy for
early laryngeal carcinoma. In fractionation regimen, al-
though conventional fractionation (2 Gy/fraction, 5 fractions/
wk) has been used for almost all patients in the present
insgtitution, the outcome of 5-year LCR 90% (T'1a + T1b) is
comparatively good. Because there is less influence of

Nomiya et al.: Long-Term Results of Radiotherapy



[ rich2/zin-lar/zin-lar/2inD0708/2in6039-08z | xppws [ 5=1 [ 5/6/08 [ 7:25 | An: MLG201433 | |

dose/fraction and OTT on local control, conventional frac-
tionation regimen is enough acceptable for definitive ra-
diation therapy for T1 glottic carcinoma.

In conclusion, a total dose of 67 to 70 Gy is thought to
be required for the treatment of T1b glottic carcinoma
with radiotherapy alone. Significant benefit of total radi-
ation dose more than 64 Gy was not found in the treat-
ment of Tla glottic carcinoma. Investigation for the treat-
ment of particular radioresistant glottic carcinoma that
recurs independent of total radiation dose and OTT is
required.
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