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Abstract Treatment choice for laryngeal cancer may be
influenced by the diagnosis of thyroid cartilage invasion on
preoperative computed tomography (CT). Our objective
was to determine the predictive value of CT for thyroid
cartilage invasion in early- to mid-stage laryngeal cancer.
Retrospective study (1992-2008) of laryngeal squamous
cell carcinoma treated with open partial laryngectomy and
resection of at least part of the thyroid cartilage. Previous
laser surgery, radiation therapy, chemotherapy and second
primaries were excluded. CT prediction of thyroid cartilage
invasion was determined by specialized radiologists. Tumor
characteristics and pathologic thyroid cartilage invasion
were compared to the radiologic assessment. 236 patients
were treated by vertical (20 %), supracricoid (67 %) or
supraglottic partial laryngectomy (13 %) for tumors staged
cTl (26 %), cT2 (55 %), and cT3 (19 %). The thyroid
cartilage was invaded on pathology in 19 cases (8 %). CT’s
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sensitivity was 10.5 %, specificity 94 %, positive predictive
value 13 %, and negative predictive value 92 %. CT cor-
rectly predicted thyroid cartilage invasion in only two cases
for an overall accuracy of 87 %. Among the false-positive
CT’s, tumors involving the anterior commissure were sig-
nificantly over-represented (61.5 % vs. 27 %, p = .004).
Tumors with decreased vocal fold (VF) mobility were sig-
nificantly over-represented in the group of false-negatives
(41 vs. 13 %, p = .0035). Preoperative CT was not effec-
tive in predicting thyroid cartilage invasion in these early-
to mid-stage lesions, overestimating cartilage invasion for
AC lesions and underestimating invasion for lesions with
decreased VF mobility.

Keywords Larynx - Cancer - Computed tomography -
Thyroid cartilage

Introduction

Suspicion of thyroid cartilage invasion by laryngeal squa-
mous cell carcinoma has a major impact on treatment
choice. In open conservation laryngeal surgery and in total
laryngectomy, resection of all or part of the thyroid carti-
lage is performed, whereas in transoral laser surgery, the
thyroid cartilage is generally spared or removed in a more
limited fashion. Major thyroid cartilage invasion with
extralaryngeal spread is generally considered a contraindi-
cation for conservation laryngeal surgery, whereas minor
cartilage invasion is not. Invasion through the thyroid car-
tilage, with infiltration of the outer cortex may be consid-
ered a relative contra-indication for radiation therapy or
non-surgical organ preservation approaches, whereas minor
inner cortex erosion may be amenable to radiation therapy.
The choice between a surgical approach or radiation therapy
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may be influenced by the extent of thyroid cartilage inva-
sion seen on preoperative imaging.

The aim of this study was to determine the predictive
value of computed tomography (CT) for inner cortex thy-
roid cartilage invasion (tumors staged pT3) [1] in early- to
mid-stage laryngeal tumors treated with open partial lar-
yngectomy, in order to determine the sensitivity and
specificity of this imaging modality and the clinical factors
involved in over- or underestimation of thyroid cartilage
invasion. This is a follow-up study to our previously
published report showing a low incidence of thyroid
cartilage invasion by tumors treated with open partial
laryngectomy [2].

Patients and methods

A retrospective bi-institutional study, in two tertiary care
centers specialized in head and neck cancer (one university
hospital and one cancer center), was conducted on files of
patients from 1992 to 2008, all treated for laryngeal
squamous cell carcinoma with open partial laryngectomy
and resection of at least part of the thyroid cartilage.
Patients having previously received laser surgery, radiation
therapy or chemotherapy were excluded, as were laryngeal
second primary tumors.

CT scan prediction of thyroid cartilage invasion was
determined by specialized radiologists in each center (three
different specialized radiologists in each center) but the
initial radiology report was used for our study (no re-
evaluation or collegial evaluation of the images was per-
formed). Before 2005, contrast-enhanced spiral CT was
performed with single row technology. After 2005, spiral
CT employed 64 row technology. At the level of the larynx,
I-mm thick slices were made and viewed with soft-tissue
and bone window settings. The pathological evaluation was
performed by pathologists specialized in head and neck
tumors. Each specimen was decalcified and analyzed after
serial section of the entire specimen.

Tumor stage, anterior commissure involvement, vocal
fold (VF) mobility and pathologic thyroid cartilage inva-
sion were compared to the radiologic assessment.

Results

Two hundred and thirty-six patients (211 males, 25 females,
average age 59 years, range 36-81 years) were treated by
vertical partial laryngectomy (n = 47, 20 %), supracricoid
(n =157, 67 %) or supraglottic partial laryngectomy
(n = 32, 13 %) for tumors staged cT1 (n = 61, 26 %) cT2
(n = 131, 55 %) and cT3 (n = 44, 19 %). Analysis of the
operating specimens showed inner cortex thyroid cartilage
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Table 1 Sensitivity (Se), specificity (Sp), postitive predictive value
(PPV), negative predictive vaule (NPV) and overall accuracy (ACC)
of CT scan evaluation for thyroid cartilage invasion according to the
type of partial laryngectomy performed

n Se Sp PPV NPV ACC
(%) (%) (%) (%) (%)

Vertical partial 47 0 93 0 95 89
laryngectomy

Supracricoid partial 157 12 94 18 90 85
laryngectomy

Supraglottic 32 0 97 0 97 94
laryngectomy
Overall 236 105 94 13 92 87

invasion in 19 cases (8 %). There were no cases of outer
cortex invasion (no patients classified as pT4a).

Table 1 shows the sensitivity, specificity, positive and
negative predictive values and the accuracy of CT accord-
ing to the different surgical techniques used to treat these
tumors. CT scan prediction had a sensitivity of 10.5 %, a
specificity of 94 %, a positive predictive value of 13 % and
a negative predictive value of 92 %. The CT scan correctly
predicted the presence of thyroid cartilage invasion in only
two cases and the absence of thyroid cartilage invasion in
204 cases, for an overall accuracy of 87 %.

Among the false-positive CT scans (13 cases), tumors
involving the anterior commissure were significantly over-
represented (61.5 vs. 27 %, Fisher’s exact test p = .004)
(Fig. 1). Tumors with decreased vocal fold mobility were
significantly over-represented in the group of 17 cases of
false-negative CT scans (41 vs. 13 %, Fisher’s exact test
p = .0035) (Fig. 2).

Discussion

Radiologic criteria for CT diagnosis of cartilage invasion
include sclerosis (increased density of the cartilage or high
attenuation), lysis, erosion, and extralaryngeal tumor
spread (cartilage discontinuity with tumor extending
through both the inner and outer cortices) [3, 4]. Using
these major criteria, reported sensitivities of CT for lar-
yngeal tumors range from 46 to 94 %, with specificity
ranging from 41 to 94 % [3-6]. The most specific radio-
logic sign of cartilage invasion is a thorough-and-through
tumor extension with extralaryngeal spread, and the least
specific sign is thyroid cartilage sclerosis [3].

In our series of tumors treated with conservation lar-
yngeal surgery, we only observed invasion of the inner
cortex on pathology. There were no tumors staged pT4a,
and thus the criteria of outer cortex invasion or extrala-
ryngeal spread could not be employed for this group of
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Fig. 1 Example of a false-positive CT reading for a tumor involving
the anterior commissure (white arrow). The high attenuation of the
cartilage at the level of the anterior commissure was diagnosed as
sclerosis

Fig. 2 Example of a false-negative CT reading for a tumor with
decreased vocal fold mobility (gray arrow). The high density of the
cartilage at the level of the inferior border of the thyroid cartilage was
diagnosed as physiological ossification

tumors. Our radiologists were only able to rely principally
on sclerosis and less on lysis or erosion as signs of thyroid
cartilage invasion. Several studies, like the present study,
have shown that CT has a low-positive predictive value for
prediction of microscopic invasion of the inner cortex of the
thyroid cartilage represented by cartilage sclerosis [3-8].
Even for higher-stage tumors, the predictive value of CT
scan thyroid cartilage sclerosis for predicting pathological
thyroid cartilage invasion is reported to be as low as 15 %
[7]. The consequences of erroneous CT diagnosis of thy-
roid cartilage invasion can be serious, with overtreatment
(total laryngectomy) for false positives, and undertreat-
ment, with a risk of lower local control, for false negatives

[5, 7, 9]. Organ preservation with chemoradiation may still
be legitimate for patients with inner cortex invasion and
cartilage sclerosis classified as T3 [7, 10]. Murakami et al.
[11] found that tumors adjacent to the thyroid cartilage had
a lower rate of local control with radiation therapy (42 %)
than tumors separated from the thyroid cartilage (95 %),
but this study did not evaluate the effect of vocal fold
mobility on local control, which, as the authors noted, may
be an independent prognostic factor. As regards surgical
treatment, we and others have previously shown that inner
cortex erosion is not a risk factor for lower local control in
patients treated by open partial laryngectomy [2, 8].

Progressive physiologic ossification of the thyroid carti-
lage, which increases with age and may sometimes be
asymmetric, means that sclerosis is difficult to distinguish
from normal ossification and that spaces where the cartilage
has not ossified may be mistaken for regions of lysis or
erosion [12, 13]. Cartilage sclerosis may also be a local
reaction to the presence of tumor with increased osteoblastic
activity even before the tumor invades the cartilage [3]. The
low-predictive value of CT for these mid-stage lesions is
probably due to the microscopic nature of the involvement of
the inner cortex of the thyroid cartilage; CT cannot be
expected to be sensitive on a microscopic level [6]. As in our
study, Kaskayasi et al. [14] found, in a CT-pathology cor-
relation study of 22 cases, that microscopic invasion by
tumors adjacent to the thyroid cartilage was missed by CT.

From a statistical standpoint, the positive predictive value
of a test is related to the overall incidence of the disease in
question. For CT, the positive predictive value reported in
the literature is in part determined by the make-up of the
cohort and the actual rate of pathological thyroid cartilage
invasion observed. Sensitivity and specificity, however, are
calculated independently of the incidence of the disease, and
thus, for CT, are not affected by the incidence of thyroid
cartilage invasion in the cohort studied. In the present study,
we found thyroid cartilage invasion in only 8 % of the cases,
which contributed to a low-positive predictive value, but the
sensitivity in our study, not affected by the incidence of
cartilage invasion, was also low.

The majority of the tumors in our study were treated
with supracricoid partial laryngectomy. These were tumors
that involved both the glottic and supraglottic levels of the
larynx to varying degrees and at various subsites. It was not
possible, therefore, to calculate the sensitivity and speci-
ficity of CT according to the exact tumor site. However,
one may deduce from the data concerning tumors treated
with supraglottic laryngectomy (Table 1) that the speci-
ficity and accuracy of CT for thyroid cartilage invasion in
these tumors amenable to this type of surgery was slightly
better than for glottic tumors (treated with a vertical partial
laryngectomy) or for the more extensive glottic-supra-
glottic lesions treated with supracricoid laryngectomy.
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We found that cartilage invasion was overestimated for
AC tumors. AC tumors include a wide variety of macro-
scopic lesions, ranging from a superficial unilateral
involvement of the AC from an adjacent VF tumor to an
ulcerating lesion arising at the AC with impaired VF
mobility. These tumors involve a small subsite of the lar-
ynx which is difficult to analyze radiologically, and the
thyroid cartilage at the AC undergoes early ossification,
which may be mistaken for cartilage sclerosis, leading to
overestimation of cartilage invasion [13, 15, 16]. For AC
tumors, Barbosa et al. [17] have described radiologic cri-
teria for diagnosis of tumor at the anterior commissure,
termed “gross radiologic anterior commissure involve-
ment” or GRACI, that includes anterior commissure soft
tissue thickening, and tumor spreading upward to the epi-
glottis, downward toward the cricoid cartilage or anteriorly
to the thyroid cartilage. In our series, AC tumors were
generally superficial lesions, with limited supraglottic and/
or subglottic extension, making them amenable to conser-
vation surgery, and without gross radiologic AC involve-
ment, for which GRACI criteria would unfortunately not
seem to be pertinent. However, Kirchner in his study of
whole organ sections found that AC tumors with impaired
VF mobility had a higher tendency to invade the thyroid
cartilage than AC tumors with normal VF mobility [18].

We found that CT underestimated the rate of thyroid
cartilage invasion when VF mobility was impaired. Again,
this is probably related to the lack of predictive value of
sclerosis as a radiologic diagnostic criteria for microscopic
cartilage invasion. VF mobility is a subjective parameter, but
all of the cases in this study were evaluated by experienced
otolaryngologists and head and neck surgeons. Decreased VF
mobility can be caused by tumor bulk, but also by paraglottic
space invasion, which may lead to cartilage invasion. Carti-
lage involvement may be one cause of decreased local control
for T2 laryngeal tumors treated with radiation therapy, as
compared to T1 tumors [19, 20]. This may also explain a
decreased rate of local control for some types of T2 tumors
treated with transoral laser surgery [21, 22].

Our retrospective study has several shortcomings. We
did not perform a centralized review of the images or a
centralized review of the pathology slides. Our aim was to
use “real life” data, as in the study by Daisne et al. [6], as
compared to a clinical research situation the results of
which are often difficult to duplicate in real life. We did
have an advantage, however, that in both centers, each CT
was reviewed by the specialized radiologist at the time of
the tumor board, when the treatment options were dis-
cussed. Our study spanned 16 years of changes in CT
technology and image quality, which may have had an
effect on our results, as well.

The long span of the study may also have introduced
heterogeneity in the pathological analyses, and small foci
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of cartilage invasion may have been missed, consequently
underestimating the incidence of thyroid cartilage invasion.

How can we do better? Magnetic resonance imaging
(MRI) has a higher reported positive predictive value than
CT scan, with rates from 93 to 96 % [6, 22, 24, 25]. Thus,
when the hyaline cartilage and/or the fatty marrow layer in
the thyroid cartilage enhances on T1-weighted sequences
with gadolinium, cartilage invasion is very likely. However,
the specificity of MRI may be as low as 55 %, due to non-
specific changes in signal intensity on MRI, which may be
related to a localized inflammatory reaction adjacent to the
tumor leading to many false-positive diagnoses [3, 4, 6].
MRI also carries the problem of motion artifacts due to
breathing and patient compliance due to the duration of the
sequence acquisitions. Becker et al. [3] have stated that “the
diagnosis of neoplastic invasion of the thyroid cartilage
should, therefore, be made with caution on MR imaging”.
Katsounakis et al. [26] found a good correlation between
CT and MRI for staging, however, in lower stage tumors
T1, T2. New technologies with stronger field magnets,
higher signal to noise ratios and shorter acquisition times
may improve the specificity of MRI in the future [6], but
until then MRI may be considered as too sensitive and not
specific enough for the diagnosis of thyroid cartilage inva-
sion, especially for early or mid stage lesions exhibiting
only inner cortex invasion. Studies of early to mid stage
tumors combining CT and MRI data are warranted.

In the study by Daisne et al. [6], 18-FDG-PET was shown
to have a high specificity for gross tumor volume evaluation
as judged by the pathological tumor specimen after total
laryngectomy. In this study, CT and MRI tended to overes-
timate the size and extension of the laryngeal lesions as
compared to PET or pathology. However, none of the three
imaging modalities were able to show superficial mucosal
extensions that were found on pathology. 18-FDG-PET is
currently limited by the large size of the voxels, reducing its
spatial resolution. Kurooka et al. [13] have recently shown
that an intense heterogenous accumulation of the radioactive
tracer (Tc-99c-hydroxymethylene diphosphonate) in the
thyroid cartilage on bone scintigraphy was highly predictive
of thyroid cartilage invasion. Nishiyama et al. [27] used a
simultaneous dual isotopic SPECT technique to evaluate
cartilage status in 19 patients, with a sensitivity of 80 % and a
specificity of 93 %. Radionuclide imaging may prove to be a
means of improving preoperative staging of laryngeal cancer
in the future, but sufficient data is currently lacking.

Conclusions
Microscopic inner cortex thyroid cartilage invasion with

radiologic sclerosis is difficult to accurately diagnose. CT
scan was not effective in predicting thyroid cartilage
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invasion in these early- to mid-stage lesions treated with
conservation surgery, overestimating cartilage invasion for
AC lesions and underestimating invasion for lesions with
decreased VF mobility. These tumor characteristics should
be taken into account for treatment planning, for endo-
scopic laser resection, open surgery with thyroid cartilage
resection or for non-surgical therapy.
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