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Abstract

We evaluated whether low-dose chemotherapy could improve effects of radiation therapy for glottic carcinoma with different
prognostic factor based on the UICC 6™ edition. Fifty-one patients with T2NO glottic carcinoma classified by the UICC 5%
edition underwent chemoradiation therapy with low-dose CDDP (4 mg/m?) and oral UFT (450 mg of tegafur) continuing
for four weeks (CRT group). The historical control consisted of 49 patients treated with radiation therapy alone (RT group).
Forty-six tumors with the adjacent sign, i.e. tumors located adjacent to the thyroid cartilage on radiological examinations,
were classified as T3 according to the 6 edition. The 5-year local control and laryngeal preservation rates of the T2 (n =
54) vs. T3 (n=46) lesions were 87% vs. 50% (p <0.0001) and 94% vs. 61% (p <0.0001), respectively. Among the T3
lesions, CRT (n =24) yielded significantly higher laryngeal preservation rates than did RT alone (n =22) (83% vs. 40%, p =
0.0063), and the local control rates were higher in the CRT- than the RT group (62% vs. 36%, p =0.0882). While such
benefits of CRT were not observed in patients with T2 lesions.

The 5 edition of the staging system promulgated by
the International Union Against Cancer (UICC) has
been used for the classification of glottic carcinoma
[1]. In most patients with glottic carcinoma, organ-
preservation strategies are considered the best initial
management approach. Established radiation ther-
apy (RT) for early glottic carcinoma yields local
control rates of 80—-95% for T1NO and 50-88% for
T2NO lesions [2—4]. In advanced cases, chemora-
diation therapy (CRT) may represent an effective
method for laryngeal preservation [5-10]. This
approach of CRT can be applied for early cases [11].

At our hospital, early glottic carcinomas have been
treated with RT; surgery is reserved as salvage
treatment for patients with residual and recurrent
tumors. For patients treated with definitive RT alone
between 1989 and 1998, the 5-year local control rate
following RT for T1INO- and T2NO lesions was 85%
and 61%, respectively [12]. For improved local
control and laryngeal preservation in T2NO-stage
glottic carcinomas, we started performing CRT with

low-dose CDDP (cisplatin) and UFT (uracil and
tegafur) as radiosensitizers in 1999. The oral admin-
istration of UFT, an oral 5-FU agent, makes it
possible to deliver CRT in the outpatient clinic.

According to the 6™ edition of the TNM staging
system proposed in 2002 by the UICC, T3-stage
glottic carcinoma includes paraglottic space invasion
and/or minor thyroid cartilage erosion in addition to
the vocal cord fixation of the 5% edition [1,13].
Based on our previous studies that confirmed the
adjacent sign, i.e. a tumor adjacent to the thyroid
cartilage on radiological examinations, as an inde-
pendent prognostic factor in patients with glottic
carcinoma treated with RT alone, we proposed that
tumors with the adjacent sign be categorized as T3-
stage lesions in the UICC 6" edition [12-15]. To
stratify the treatment of glottic carcinomas, we
evaluated whether CRT with low dose chemotherapy
could improve the outcome of patients with different
prognostic factors namely paraglottic space invasion
and/or minor thyroid cartilage erosion.
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Material and methods
Patients

Between 1989 and 1998, 61 patients with T2NO-
stage glottic carcinoma, classified according to the
5% edition of the UICC staging system, were treated
with definitive RT alone. Patients who had under-
gone pretreatment CT and/or MR examination
comprised the retrospective portion of this study
(RT group, n =49). Between 1999 and 2003, we
subjected 51 patients with glottic carcinoma staged
as T2NO according to the UICC 5" edition to
pretreatment radiological examination and CRT
(CRT group, n =51); they represent the prospective
portion of the current study. We evaluated these 100
patients; their ages ranged from 37 to 93 years (mean
65) (Table I).

Radiological evaluation

We performed dynamic helical CT and/or dynamic
MR studies as described elsewhere [14,15]; the
patients reported there are included in the current
study. More than two diagnostic radiologists evalu-
ated all imaging studies consensually, using informa-
tion from physical and laryngoscopic examinations.
Tumors separate from, or adjacent to, the thyroid
cartilage were classified as negative or positive for the
adjacent sign, respectively. Tumors undetected by
radiological examinations were recorded as negative
for the sign. Tumors with the adjacent sign, con-
sidered to represent paraglottic space invasion with
or without minor thyroid cartilage erosion, were
classified as T3-stage according to the UICC 6%
edition [12,13].

Treatment schedule

The 49 patients in the RT group had received
definitive RT with total doses ranging from 64 to
70 Gy (mean 68.2 Gy) in daily fractions ranging
from 1.8 to 2.2 Gy.

Table I. Characteristics of patients treated by the RT and CRT
protocols.

Treatment protocol RT CRT Total
No. of patients 49 51 100
Entry retrospective prospective
Treatment years 1989-1998 1999-2003
Mean age 67 (43-93) 62 (37-78) 65 (37-93)
Male: Female 48:1 47:4 95:5
UICC sixth edition

T2 27 27 54

T3 22 24 46

RT; radiation therapy alone, CRT; chemoradiation therapy.

In 1999 we started using concurrent CRT in
51 appropriate patients (CRT group). The eligibility
criteria for CRT were PS 0-2, adequate hematologic
(WBC >4000/mm>, Hb>10 g/dl, Plts>100000/
mm°) and renal (Cr <1.2 mg/dl, CCr >60 ml/min)
function, no severe complications, and informed
consent. A total dose of 64 Gy at daily fractions of
2 Gy over the course of 6.5 weeks was delivered with
a 4-MV linear accelerator using opposed lateral local
fields and wedge filters. The patients also received a
one-hour i.v. infusion of CDDP (4 mg/m?) prior to
delivery of the daily fraction and took the fixed dose
of UFT (daily 450 mg of tegafur) p.o. after meals
(150 mg x 3) starting on the 1% day of irradiation
and continuing for four weeks. During the treat-
ment, otolaryngologists and radiation oncologists, by
consensus, evaluated tumor regression by laryngo-
scopic examination. Tumors that showed no regres-
sion (no change) after the delivery of 40 Gy were
regarded at highest risk for local failure with CRT. In
these cases, the indication for laryngeal preservation
surgery was considered.

Data analysis

In the evaluation of local control, residual tumors
after irradiation and tumor recurrence during follow-
up were recorded as local failures. The patients were
seen at an outpatient basis every two weeks during
the first year after finishing RT, and every 1-6
months thereafter. When follow-up laryngoscopy
detected a suspicious lesion, biopsy specimens were
examined to rule out tumor recurrence. The local
control following RT and laryngeal preservation
including surgical salvage were measured from the
1% day of irradiation to the day of death or last
follow-up. The follow-up time ranged from 10 to
137 months (median 62 months) in the RT group
and from 12 to 67 months (median 32 months) in
the CRT group, respectively. Acute and late toxi-
cities of CRT were defined and scored by Radiation
Therapy Oncology Group (RTOG) criteria.

Kaplan-Meier methods were used to estimate the
distribution of time to local control and laryngeal
preservation, and log-rank tests to determine the
predictive value of the UICC 6™ edition staging
(T2 vs. T3) and treatment protocol (RT vs. CRT).
Values of p <0.05 were considered to denote sig-
nificant differences.

Results

Of the 100 tumors in this series, 46 that presented
with adjacent sign were considered to represent
paraglottic space invasion with or without minor
thyroid cartilage erosion. In the RT group there were
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Table II. Five-year local control and laryngeal preservation rates by treatment protocol and UICC 6™ edition T staging.

Treatment protocol

UICC 6" edition

Prognostic factors RT/CRT T2/T3 Total
No. of patients 49/51 54/46 100
5-year local control rate (%) 61/79 87/50 70
p-value 0.0965 <0.0001
5-year laryngeal preservation rate (%) 68/90 94/61 79
p-value 0.0135 <0.0001

RT; radiation therapy alone, CRT; chemoradiation therapy.

27 T2- and 22 T3- lesions according to the UICC
6™ edition; the CRT group contained 27 T2- and 24
T?3- lesions (Table I).

The 51 patients in the CRT group underwent
chemotherapy as planned. However, in one patient
with T3 lesion, irradiation was discontinued due to
CRT-related grade 2 mucositis and dermatitis and
his refusal after a total dose of 60 Gy. In four patients
with T3 lesions judged to exhibit no change at 40
Gy, we chose to operate rather than to continue
irradiation, and they were recorded as local failures.
Of these four patients, three underwent hemilaryn-
gectomy after 40-, 42-, and 52 Gy irradiation,
respectively. Another patient was treated by total
laryngectomy after 60 Gy irradiation. The remaining
46 patients completed CRT during a mean overall
treatment period of 46 days (range 44-—50 days).
There were no severe (grade 3 or higher) CRT-
induced acute or late adverse effects.

Of the 100 patients including the patients who did
not complete irradiation as planned, 28 were re-
corded as local failures at the time of their most
recent follow-up. According to the treatment proto-
col and T staging, there were 18 RT and 10 CRT
patients with six T2- and 22 T3- lesions. The T3
lesion underwent incomplete irradiation due to
toxicity was controlled 53 months after CRT.
Neither lymph node nor distant metastases were
observed in patients without local failure. The
median time to local failure was six months (range
1-51); 25 of the 28 local failures (89%) developed
within 20 months. Of these 28 patients, four (all
from the RT group) underwent best supportive care
due to poor performance status; 24 underwent
salvage surgery; five had laser therapy (3 RT, 2

(n=54) vs. T3 (n =46) lesions were 87% vs. 50%
(p <0.0001) and 94% vs. 61% (p <0.0001), respec-
tively. Among the T3 lesions, CRT (n =24) yielded
significantly higher laryngeal preservation rates than
did RT alone (n=22) (83% vs. 40%, p =0.0063),
and the local control rates were higher in the CRT-
than the RT group (62% vs. 36%, p=0.0882)
(Table III, Figures 1 and 2). In patients with T2
lesions, CRT provided no advantages over RT with
respect to local control or laryngeal preservation.

Discussion

In most patients with early glottic carcinoma, non-
surgical organ-preservation is considered the best
initial management approach; surgical salvage is
reserved for patients with residual tumor and/or
recurrence [2—4]. Most patients with advanced
glottic carcinoma have been initially treated with
laryngectomy [16]. Although CRT has been sug-
gested for laryngeal preservation in advanced cases,
it is often associated with toxicity that necessitates
RT interruption, dose modification, and may com-
promise the treatment effect [5,6,10].

Among the drugs used concurrently with RT are
CDDP and/or 5-FU; they are not only cytotoxic
agents but also effective radiosensitizers [5—11]. The
possible mechanisms of the interaction between RT
and chemotherapy are inhibition of sublethal- and
potentially lethal damage repair, increased apoptosis,
selective radiosensitization of hypoxic cells, and
a reduction of the tumor burden that leads to

Table III. Comparison of treatment effects (RT vs. CRT) on
tumors staged according to the UICC 6™ edition.

CRT patients), four were treated by hemilaryngect- T2 T3
omy (4 CRT), and 15 by total laryngectomy (11 RT, T stage RT/CRT RT/CRT
4 CRT). In nine patients, laryngeal function was .
. No. of patients 27/27 22/24
preserved after surgical salvage.
. _ 0,
As shown in Table II, the 5-year local control- and 5-year local control rate (%) 83/93 36/62
. . p-value 0.4875 0.0882
laryngeal preservation rate for all 100 patients was
0 0 : + : 5-year laryngeal preservation rate (%)  92/96 40/83
70% and 79%, respectively. Based on T-staging pvalue 0.5548 0.0063

according to the UICC 6th edition, the 5-year local
control and laryngeal preservation rates of the T2

RT; radiation therapy alone, CRT; chemoradiation therapy.
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Figure 1. Curves for local control rates based on both treatment
protocol and UICC 6™ edition T staging. RT; radiation therapy
alone, CRT; chemoradiation therapy.

improved blood supply, reoxygenation, and redis-
tribution toward a more sensitive cell-cycle phase
[5]. The RT response is strongly enhanced when the
drug is present in target cells at the moment of
irradiation [17]. Concurrent low-dose CDDP ad-
ministration as a radiosensitizer may improve local
control without inducing severe systemic toxic ef-
fects. However, low doses are less effective than
standard doses for distant lesions [8]. Although
lymph node- and distant metastases must be con-
sidered in patients undergoing treatment for ad-
vanced head and neck cancer, CRT with low-dose
CDDP is appropriate in patients with glottic carci-
noma which rarely metastasizes.

CDDP is a biochemical modulator that enhances
the therapeutic effects of 5-FU [18,19]. CRT with
low-dose CDDP and 5-FU has been found to
improve local control without severe adverse effects
[7]. The oral administration of UFT, an oral 5-FU
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Figure 2. Curves for laryngeal preservation rates based on both
treatment protocol and UICC 6™ edition T staging. RT; radiation
therapy alone, CRT; chemoradiation therapy.

agent, may replace the continuous i.v. infusion of
5-FU. UFT has also been evaluated as a drug for
CRT [20,21]. It is a combination of uracil and
tegafur at 4:1 molar concentration and an oral
anticancer agent with good absorption at the small
intestine [22]. Tegafur is a prodrug that is gradually
converted to fluorouracil (5-FU) in the liver by the
cytochrome P-450 enzyme and uracil enhances
the serum concentration of 5-FU by competitive
inhibition of dihydropyrimidine dehydrogenase,
the enzyme responsible for 5-FU catabolism. For
improved local control and laryngeal preservation
we used CRT with low-dose CDDP and UFT
especially in outpatients whose glottic carcinomas
were staged as T2 according to the UICC 5%
edition. We delivered low-dose CDDP and UFT
for four weeks, and all patients completed the drug
regimen. As the addition of concurrent chemother-
apy resulted in no significant increase in radiation-
induced toxicities, we suggest that our treatment
strategy is feasible and safe.

Tstaging according to the UICC 5™ edition was
based on the results of physical and laryngoscopic
examinations [1]. Although vocal cord mobility and
tumor size have been considered prognostic factors
following definitive RT, there are yet no objective
criteria to evaluate laryngoscopic results. With
respect to local control by RT alone, the rates of
50—-88% for T2NO lesions were reported in a wider
range, compared with 80-95% for TINO lesions
[2—4]. The staging migration must be considered
when treatment results for T2 lesions, classified
according to the UICC 5% edition, are evaluated.
In the 6™ edition, paraglottic space invasion and/or
minor thyroid cartilage erosion were added to vocal
cord fixation as factors in T'3-stage glottic carcinoma
[13]. We have proposed that tumors with the
adjacent sign on radiological examinations be cate-
gorized as T3-stage lesions according to the UICC
6™ edition [12].

Previous studies of RT for T3 glottic carcinoma
included lesions with vocal cord fixation. Simpson et
al. [23] demonstrated a 33% laryngeal preservation
rate when patients with T3 glottic carcinoma re-
ceived RT alone. Mendenhall et al. [24] reported a
laryngeal preservation rate of 62% in patients treated
with RT alone for T3 lesions. In their series, the
tumor volume, with 3.5 cm? as the volume cutoff,
was related to larynx preservation; it was 87% in
patients with small- and 29% in those with large
lesions. With RT alone, we achieved a 40% laryngeal
preservation rate in our patients with T3 lesions
without vocal cord fixation. Changes in tumor
staging according to the UICC 6™ edition should
also be considered when evaluating treatment results
for T3 lesions.
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CRT vyielded significantly higher laryngeal preser-
vation rates in patients with T3NO lesions than did
RT alone (83% vs. 40%, p =0.0063) and the local
control rates were higher in the CRT- than the RT
group (62% vs. 36%). Such benefits of CRT were
not observed in patients with T2NO lesions. As the
UICC 6™ edition excludes advanced lesions with
paraglottic space invasion and/or minor thyroid
cartilage erosion from the T2 stage, the local control
by RT alone of T2NO tumors was as good as that for
TINO tumors [12].

In the series presented here, patients with “early”
glottic carcinoma as defined by the UICC 5™ edition
who received CRT with low-dose CDDP and UFT
as radiosensitizers manifested an 83% laryngeal
preservation rate in the presence of T3NO lesions
without vocal cord fixation. Forastiere et al. [6] who
administered CRT with standard-dose CDDP to
patients with advanced laryngeal cancer as defined
by the UICC 5% edition, reported a laryngeal
preservation rate of 88%. Alternative treatment
strategies, such as concurrent standard-dose che-
motherapy and/or accelerated fractionation for “ad-
vanced” head and neck cancers, can be considered to
further improve the outcome in patients whose
glottic carcinomas are staged as T3NO according to
the UICC 6™ edition [5,6,10,25,26]. However, as
such aggressive treatments may induce high-grade
toxic effects; further studies are needed before their
implementation.

Conclusion

CRT with low-dose CDDP and UFT is likely to
improve local control and laryngeal preservation in
patients whose glottic carcinomas are staged as
T3NO according to the UICC 6™ edition. In
T2NO lesions, CRT presented no advantages over
RT. The staging system updated in the 6™ edition
appears to identify correctly patients with T3 tumors
as a high-risk group.
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