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Dynamic Helical CT of T1 and T2 Glottic Carcinomas:
Predictive Value for Local Control with

Radiation Therapy

Ryuji Murakami, Mitsuhiro Furusawa, Yuji Baba, Ryuichi Nishimura, Fumihiro Katsura, Masao Eura,
Keisuke Masuyama, and Mutsumasa Takahashi

BACKGROUND AND PURPOSE: Tumor volume and cartilage invasion have been suggested
as prognostic factors of glottic carcinomas following definitive radiation therapy. Radiologic
examinations provide additional information regarding the deep extension of tumor. We de-
termined whether dynamic helical CT can predict local control of early (T1 and T2 stage)
glottic carcinomas treated with definitive radiation therapy.

METHODS: Sixty-eight patients with early glottic carcinoma evaluated on pretreatment dy-
namic helical CT were treated with definitive radiation therapy. Tumor detectability, maximum
dimension, tumor volume, and involvement of anatomic subsites (anterior commissure, ventri-
cle, subglottic region, and thyroid and arytenoid cartilages) were determined by consensus by
three radiologists without previous knowledge of the clinical information. The CT findings were
correlated with local control.

RESULTS: The two-year local control rate was 76%; 91% for T1 and 60% for T2 lesions.
Univariate analysis revealed clinical T stage, tumor detectability, maximum dimension, tumor
volume, anterior commissure involvement, ventricle involvement, and thyroid cartilage involve-
ment as significant prognostic factors. Thyroid cartilage involvement was an independent pre-
dictor by multivariate analysis. The lesions separate from the thyroid cartilage had a 95%
probability of local control, whereas the lesions adjacent to the cartilage had only a 42% control
rate.

CONCLUSION: Dynamic helical CT provides prognostic information for the results of de-
finitive radiation therapy. Patients with a tumor adjacent to the thyroid cartilage had an in-
creased risk of local failure.

Squamous cell carcinoma of the glottis is the most
common laryngeal cancer, and is often discovered
at the early stage when the patient presents with
hoarseness. Radiation therapy is preferred for early
(T1- and T2-stage) glottic carcinomas in most in-
stitutions, because it has a high cure rate and the
voice is retained following therapy (1–3). Many au-
thors have published analyses evaluating a variety
of prognostic factors in glottic carcinomas treated
with radiation therapy (3–11). Tumor characteris-
tics and treatment schedules may influence local
control. It has been suggested that tumor volume is
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a significant factor in determining the outcome fol-
lowing definitive radiation therapy (8–11). Further-
more, the presence of cartilage invasion reduces the
likelihood of local control and may preclude treat-
ment with radiation therapy (1,10–13).

Although mucosal spread of glottic carcinomas
is better detected on laryngoscopy, the radiologic
findings may provide additional information re-
garding the deep extension of tumor (1, 14). Pre-
treatment CT has been shown to be an effective
predictor of local control in laryngeal tumors treat-
ed with definitive radiation therapy (10, 15). Pa-
meijer et al (10) demonstrated significant differ-
ences in local control rates for T3 glottic tumors
based on the tumor volume and the lesion spread
patterns. Glottic tumors with volumes of 3.5 cm3

or less had an 85% probability of local control,
whereas those with volumes greater than 3.5 cm3

had only a 25% control rate. In a similar study of
T2 glottic carcinomas, Mukherji et al (16) reported
that tumor volume and lesion spread patterns de-
termined by CT did not classify patients into



AJNR: 21, August 2000 GLOTTIC CARCINOMAS 1321

groups more and less likely to be locally controlled
with definitive radiation therapy. These results of
the previous studies were based on conventional
CT that considerably differed from examinations
achieved currently with helical CT scanners and
automated bolus injections.

Contrast-enhanced dynamic CT has been used
for the evaluation of head and neck tumors and
lymph nodes (17–19). Helical CT of the larynx is
a new technique that permits rapid scanning of
large volumes with decreased motion artifacts at-
tributable to respiratory and swallowing movement
(19–23). In this study, we evaluated contrast-en-
hanced dynamic study with helical CT (dynamic
helical CT) of early glottic carcinomas in terms of
its predictive value for local control with definitive
radiation therapy.

Methods
We performed dynamic helical CT to evaluate the feasibility

of laryngeal preservation therapies of glottic carcinomas based
on the discussion of otolaryngologists, radiation oncologists,
and radiologists. Informed consent was obtained from each pa-
tient. From 1995 through 1997, 81 patients with early (T1- and
T2-stage) glottic squamous cell carcinomas were treated with
definitive radiation therapy at our institution. Sixty-eight of
these patients were evaluated with dynamic helical CT.

In this study, there were 68 men aged 43 to 93 years (mean,
68 years). Clinical T stage was determined by discussion
among otolaryngologists, radiation oncologists, and radiolo-
gists. Using the criteria of the Union Internationale Contre le
Cancer (24), 21 patients were diagnosed with T1a, 16 patients
T1b, and 31 patients T2 tumors, respectively. Definitive radi-
ation therapy with daily fractions ranging from 1.8 to 2.2 Gy
delivered by 3 MV X-ray was started within 1 week following
radiologic examination. Total radiation doses were determined
by both the clinical T stage and the tumor regression during
radiation therapy, and included 60–66 Gy for T1a lesions and
64–70 Gy for T1b and T2 lesions. Lower doses were used for
tumors evaluated by otolaryngologists as complete remission
at 40 Gy irradiation.

All CT scans were obtained with a helical CT scanner (His-
peed Advantage; General Electric Medical Systems, Milwau-
kee, WI). Images were oriented parallel to the plane of the true
vocal cords. Using a power injector (Autoenhance; Nemoto
Kyorindo, Tokyo, Japan), 2 mL iopamidol (iopamiron 300; Ni-
hon Schering, Osaka, Japan)/kg body weight was infused at a
rate of 2 mL/s. Forty-five seconds following the start of the
infusion, a helical scan was initiated to evaluate the primary
lesion from the false vocal cords to the base of the cricoid
cartilage. Data were acquired using a collimation of 1 mm and
a table speed of 1 mm/s (pitch, 1/s). The voltage was 120 kV,
the dose was 220 mA, and the field of view was 15 cm. Each
study required approximately 30 seconds. Subsequently, a de-
layed helical scan was performed to evaluate the neck lymph
nodes from C1 through the thoracic inlet with contiguous 5-
mm-thick sections. The patients were instructed to breathe qui-
etly and to refrain from coughing or swallowing.

Tumor detectability, maximum dimension, tumor volume,
and involvement of anatomic subsites (anterior commissure,
ventricle, subglottic region, and thyroid and arytenoid cartilag-
es) were determined by consensus of three radiologists (M.F.,
Y.B., R.N.) without previous knowledge of the clinical infor-
mation. CT data sets were transmitted to a 3D workstation
(Advantage Windows; General Electric Medical Systems) for
the volumetric analysis. The lesion was visually outlined on
each image in which a mass was present. Then, the tumor

volume was calculated by the area on each image and the slice
thickness of 1 mm. Patients with a mass on both the inner and
outer aspects of the cartilage were considered to have T4 le-
sions with cartilage invasion and were not included in this
study (25, 26). Tumors adjacent to the cartilage were classified
as ‘‘adjacent,’’ and tumors separate from the cartilage were
‘‘intact.’’ Presence or absence of irregularity of the cartilage
cortex was also recorded. For lesions undetected on dynamic
helical CT, maximum dimension, tumor volume, and involve-
ment of anatomic subsites were considered to be ‘‘#10 mm,’’
‘‘#1000 mm3,’’ and ‘‘intact,’’ respectively.

To evaluate the efficacy of radiation therapy on local control,
residual tumors following full-dose irradiation and local re-
currences during the follow-up period were considered local
failures. Patients received regular surveillance in the outpatient
clinic every 2 weeks in the first year after finishing radiation
therapy and then every 1 to 3 months thereafter. The mean
follow-up time was 27 months (range, 12–45 months). When
a suspicious lesion was found, biopsy was performed to con-
firm local failure. Local control was defined as no evidence of
disease.

The clinical T stage and CT findings (tumor detectability,
maximum dimension, tumor volume, and involvement of an-
atomic subsites) were correlated with local control. Kaplan-
Meier methods were used to estimate the time to local recur-
rence distribution (27). Outcomes were measured from the first
date of radiation therapy to the date of failure or the last date
of the follow-up. Log-rank tests were used to determine which
covariates were univariately predictive of time to local recur-
rence. Cox’s step-by-step proportional hazards regression mod-
el was used for multivariate analysis (28). A value of P , .05
was considered as significant difference.

Results
Forty-three (63%) of 68 lesions, 16 (43%) of 37

T1 lesions, and 27 (87%) of 31 T2 lesions were
detected as enhanced masses on dynamic helical
CT (Fig 1–4). Sixteen lesions were determined to
be local failures; three residual tumors after full-
dose irradiation and thirteen local recurrences dur-
ing the follow-up period. Laryngeal preservation
was achieved after surgical salvage in five of 16
patients. Two patients died of the disease. Two-year
local control rate with radiation therapy alone was
76%; 91% for T1 and 60% for T2 lesions. Two-
year laryngeal preservation and disease-free sur-
vival rates after surgical salvage were 83% and
95%, respectively. No evidence of severe radiation-
induced complications was seen.

Local control rates with respect to the variables
are given in Table 1. Univariate analysis revealed
clinical T stage (P5.0131), tumor detectability
(P5.0194), maximum dimension (P5.0060), tu-
mor volume (P,.0001), anterior commissure in-
volvement (P5.0029), ventricle involvement
(P5.0136), and thyroid cartilage involvement
(P,.0001) as significant prognostic factors. Thy-
roid cartilage involvement was an independent pre-
dictor by multivariate analysis. The lesions separate
from the thyroid cartilage had a 95% probability of
local control, whereas the lesions adjacent to the
cartilage had only a 42% control rate. In 15 of 24
adjacent lesions, there was irregularity of the car-
tilage cortex and tendency of poor prognosis. Local
control rates of adjacent lesions with and without
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FIG 1. A 68-year-old man with glottic carcinoma of the right true cord (T2 stage). This patient was curatively treated with radiation
therapy. Dynamic helical CT shows an enhanced mass in the right true cord with a volume of 545 mm3 (arrow). The thyroid cartilage
is intact.

FIG 2. A 71-year-old man with glottic carcinoma of the left true cord (T2 stage). This patient had a local recurrence after radiation
therapy. Dynamic helical CT shows an enhanced mass in the left true cord with a volume of 871 mm3 (arrows). The tumor is adjacent
to the left thyroid cartilage with irregular cortex.

FIG 3. A 68-year-old man with an anterior commissure tumor (T2 stage). This patient was curatively treated with radiation therapy.
Dynamic helical CT shows an enhanced area in the anterior third of the bilateral true cords with a volume of 152 mm3 (arrows). The
lesion involves the anterior commissure, but the thyroid cartilage is intact.

FIG 4. A 51-year-old man with an anterior commissure tumor (T2 stage). This patient had a local recurrence after radiation therapy.
Dynamic helical CT shows an enhanced mass of the bilateral true cords with a volume of 429 mm3 (arrows). The tumor is adjacent to
the anterior half of the left thyroid cartilage with irregular cortex (arrowhead).

irregular cortex were 38% and 47%, respectively
(Fig 2 and 4).

Prognostic factors for local control of each clin-
ical T stage are given in Tables 2 and 3. For T1
lesions, factors found to have a significant impact
were anterior commissure involvement (P5.0123),
ventricle involvement (P5.0086), and thyroid car-
tilage involvement (P5.0007), and multivariate
analysis revealed thyroid cartilage involvement as
an independent predictor. In T2 lesions, significant
prognostic factors were tumor volume (P5.0082)
and thyroid cartilage involvement (P5.0045), and
multivariate analysis revealed thyroid cartilage in-
volvement as an independent predictor of local fail-
ure. T2 lesions with volumes of 1000 mm3 or less
had a 73% probability of local control, whereas
those with volumes greater than 1000 cm3 had only
a 19% control rate. T2 lesions with intact thyroid

cartilage had a 92% probability of local control,
whereas those adjacent to the thyroid cartilage had
only a 36% control rate.

Discussion
Dynamic CT has been used for the evaluation of

head and neck tumors and lymph nodes (17–19).
The method of contrast enhancement provides in-
formation about the boundaries of masses, their
vascularity, and their relationship to surrounding
structures (18). Helical CT is a new technique that
permits rapid scanning of large volumes with min-
imal motion artifacts or respiratory misregistration
(20–22). Furthermore, multiplanar and three-di-
mensional reconstructed images can easily dem-
onstrate the anatomic structures (22, 23). We eval-
uated the early glottic carcinomas with dynamic
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TABLE 1: Prognostic factors for local control of all lesions

Prognostic Factor No. of Patients
Two-year Local

Control Rate (%)
Univariate Analysis

(P value)
Multivariate Analysis

(P value)

Clinical T stage

T1
T1a
T1b

T2

37
21
16
31

91
94
87
60

.0131 NS*

CT Detectability

Negative
Positive

25
43

92
67

.0194 NS

Maximum dimension

#10 mm
.10 mm

48
20

84
58

.0060 NS

Tumor volume

#1000 mm3

.1000 mm3
60
8

84
19

,.0001 .1472

Anterior commissure

Intact
Extent

46
22

86
56

.0029 NS

Ventricle

Intact
Extent

43
25

85
61

.0136 NS

Subglottic region

Intact
Extent

65
3

79
33

.0804 NS

Thyroid cartilage

Intact
Adjacent

Without irregular cortex
With irregular cortex

44
24
9

15

95
42
47
38

,.0001 .0010

Arytenoid cartilage

Intact
Adjacent

Without irregular cortex
With irregular cortex

Total

65
3
1
2

68

77
67

100
50
76

.6393 NS

* NS 5 not significant.

helical CT to assess its predictive value for local
control with radiation therapy.

Radiation therapy for early glottic carcinomas
has been established with local control rates of 80%
to 95% for T1 and 65% to 85% for T2 lesions (3–
9). In our study population (Table 1), local control
rates of 91% for the T1 lesions was compatible
with previous reports of definitive radiation thera-
py. However, 60% for the T2 lesions was lower
than that of other results. The T stage of the TNM
system for glottic carcinomas is based on anatomic
features by physical and laryngoscopic examina-
tion (24). Although T stage predicts the rate of lo-
cal control with definitive radiation therapy, radio-
logic findings provide additional information (10–
13). Our T2 lesions probably included more tumors
with adverse factors such as thyroid cartilage in-
volvement and large volume. In the radiologic

evaluation, we must consider not only the tumor
characteristics but also the patient outcome (29).

Early invasion of cartilage may be difficult to
diagnose by CT because of the variability in ossi-
fication of the cartilage (25, 30). Becker et al (26)
suggested that detection of neoplastic cartilage in-
vasion with CT was greatly dependent on the ap-
propriate use of individual and combined CT cri-
teria. In this study, CT findings were correlated
with local control after definitive radiation therapy
and not with microscopic findings. The relationship
between the tumor and cartilage was easily classi-
fied into ‘‘intact’’ and ‘‘adjacent’’ (Fig 1–4). This
classification of thyroid cartilage involvement
showed an independent predictor for local control
with definitive radiation therapy. Furthermore,
there was the tendency of poor prognosis in adja-
cent lesions with irregularity of the cartilage cortex
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TABLE 2: Prognostic factors for local control of T1 lesions

Prognostic Factor No. of Patients
Two-year Local

Control Rate (%)
Univariate Analysis

(P value)
Multivariate Analysis

(P value)

Clinical T stage
T1a
T1b

21
16

94
87

.2381 NS*

CT Detectability

Negative
Positive

21
16

95
84

.1695 NS

Maximum dimension

#10 mm
.10 mm

32
5

89
100

.4551 NS

Tumor volume

#1000 mm3

.1000 mm3
37
0

91 — —

Anterior commissure

Intact
Extent

28
9

96
73

.0123 NS

Ventricle
Intact
Extent

32
5

93
67

.0086
NS

Subglottic region

Intact
Extent

37
0

91 — —

Thyroid cartilage

Intact
Adjacent

Without irregular cortex
With irregular cortex

31
6
5
1

96
60
50

100

.0007 .0136

Arytenoid cartilage

Intact
Adjacent

Total

37
0

37

91

91

— —

* NS 5 not significant.

(Table 1). There was a possibility of increased risk
of local failure attributable to cartilage invasion in
adjacent lesions. Further examinations were nec-
essary to evaluate histopathologic correlation with
dynamic helical CT findings because there was no
histopathologic evidence in this study.

Some authors have demonstrated that risk factors
of local failure appear to be associated with im-
paired mobility of the vocal cord, indicating tumor
growth in the transverse direction (5–9). However,
there is a lack of objective criteria for quantifying
the cord mobility (7). Tumor adjacent to the thyroid
cartilage may indicate not only possibility of car-
tilage invasion but also possibility of impaired cord
mobility.

Tumor volume has been considered as an im-
portant prognostic factor for local control in glottic
carcinomas treated with definitive radiation therapy
(8–11). Pameijer et al (10) demonstrated that low-
volume T3 glottic carcinomas revealed by CT, with
the value of 3.5 cm3 for a volume cutoff, were sig-
nificantly controlled with definitive radiation ther-
apy. We classified early glottic carcinomas with the

cutoff volume of 1.0 cm3. Although multivariate
analysis in this study did not show the predictive
value of tumor volume, univariate analysis revealed
that tumor volume was a significant factor in out-
come of T2 lesions (Table 3). T1 lesions limited to
vocal cord are suggested to be small in volume, but
T2 and T3 lesions can be either small or large in
volume. Thyroid cartilage involvement is an im-
portant prognostic factor in T1 lesions that are
small in volume (Table 2). T3 lesions with vocal
cord fixation are suggested to be adjacent to the
thyroid cartilage, but T1 and T2 lesions can be ei-
ther separate from or adjacent to the cartilage. Tu-
mor volume is an important prognostic factor in T3
lesions that are adjacent to the thyroid cartilage. In
T2 lesions, both tumor volume and thyroid carti-
lage involvement can be considered to be signifi-
cant prognostic factors (Table 3).

Involvement of the anterior commissure has been
implicated as a poor prognostic factor in some re-
ports (6, 9). Burke et al (6), however, suggested
that anterior commissure involvement was no lon-
ger a significant factor after adjustment for cord
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TABLE 3: Prognostic factors for local control of T2 lesions

Prognostic Factor No. of Patients
Two-year Local

Control Rate (%)
Univariate Analysis

(P value)
Multivariate Analyis

(P value)

CT Detectability

Negative
Positive

4
27

75
57

.6097 NS*

Maximum dimension

#10 mm
.10 mm

16
15

75
45

.1379 NS

Tumor volume

#1000 mm3

.1000 mm3
23
8

73
19

.0082 NS

Anterior commissure

Intact
Extent

18
13

70
45

.1271 NS

Ventricle
Intact
Extent

11
20

64
58

.8670 NS

Subglottic region

Intact
Extent

28
3

63
33

.4411 NS

Thyroid cartilage

Intact
Adjacent

Without irregular cortex
With irregular cortex

13
18
4

14

92
36
50
33

.0045 0.0248

Arytenoid cartilage

Intact
Adjacent

Total

28
3

31

59
67
60

.8445 NS

* NS 5 not significant.

mobility, fraction size, and field size. Mukherji et
al (16) demonstrated that anterior commissure tu-
mors without evidence of cartilage invasion or
bulky mass were curatively treated with definitive
radiation therapy. In this study, univariate analysis
revealed that anterior commissure involvement was
a significant factor, but multivariate analysis did not
show the predictive value (Tables 1 and 2). Ante-
rior commissure tumors with intact thyroid carti-
lage revealed by dynamic helical CT may be con-
trolled with definitive radiation therapy (Fig 3).

Although clinical T stage was determined by dis-
cussion among otolaryngologists, radiation oncol-
ogists, and radiologists, our T1 lesions included
five lesions with ventricle involvement on dynamic
helical CT. Univariate analysis of T1 lesions re-
vealed ventricle involvement as a significant factor
(P5.0086) (Table 2). The lesions with a 67% con-
trol rate might have been considered as T2 stage.

In 25 (37%) of 68 our patients, tumors were not
detected using dynamic helical CT. The tumors
were probably superficial mucosal lesions without
deep extension, and had a 92% chance of the local
control with radiation therapy. There may be other
prognostic factors that cannot be explained on the
basis of CT findings. This is likely because of the

biological characteristics and tumor-host interac-
tions, which are still not sufficiently understood
(16, 31).

Conclusion
Dynamic helical CT provides prognostic infor-

mation for the patients with early (T1- and T2-
stage) glottic carcinomas following definitive ra-
diation therapy. Univariate analysis revealed tumor
detectability, maximum dimension, tumor volume,
anterior commissure involvement, ventricle in-
volvement, and thyroid cartilage involvement as
significant prognostic factors. Thyroid cartilage in-
volvement was an independent predictor by multi-
variate analysis. The lesions separate from the thy-
roid cartilage had a 95% probability of local
control, whereas the lesions adjacent to the carti-
lage had only a 42% control rate. Patients with a
tumor adjacent to the thyroid cartilage had an in-
creased risk of local failure following radiation
therapy.
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