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SUMMARY

Objective: Laryngeal cancer is the most common malignancy of the head and neck region, following skin tumors. Cartilage invasion is
an important feature in staging of laryngeal cancers. This study compared three frequently used radiologic tests used to detect cartilage
invasion in laryngeal cancers.

Materials and Methods: Medical records of 33 patients, who underwent total laryngectomy between 2014 and 2018, were
retrospectively reviewed. Data from 11 patients, who had undergone both PET/CT, CT, and MRI were analyzed. The radiologic test results
were re-evaluated for cartilage invasion by one radiologist and one nuclear medicine specialist experienced in head and neck cancers, who
were blinded to any other patient data. The scores given by the examiners were compared with the pathology specimen results to form a
confusion matrix.

Results: All except 1 patient were male (91%). The mean age was 64 years (51-80). All except 1 patient had a history of smoking. TNM
staging was T4a in 6 patients, T2 in 4 patients, and T3 in 1 patient. Two patients received salvage surgery after radiotherapy. Most frequent
tumor localization was transglottic. PET/CT, CT, and MRI methods were all 83.3% sensitive, specificity was 80%, 60%, 40%; positive
predictive value was 83.3%, 75%, 62.5%; negative predictive value was 72.7%, 66%, 80%, and the accuracy was 81.8%, 72.7%, 63.6%,
respectively.

Conclusions: Despite similar sensitivity, PET/CT examination scored best in specificity, positive and negative predictive value, whereas
MRI scored worst.

Keywords: Larynx carcinoma, computed tomography, magnetic resonance imaging, positron emission tomography

BIiLGISAYARLI TOMOGRAFIi, MAGNETIK REZONANS GORUNTULEME VE POZITRON EMiSYON
TOMOGRAFISININ LARINKS KANSERLERINDE KIKIRDAK INVAZYONUNU SAPTAMADA KARSILASTIRILMASI

OZET

Amag: Larinks kanseri cilt timoérlerinden sonra bas boyun bolgesinin en sik goriilen maligniteleridir. Kikirdak invazyonu larinks
kanserlerinin evrelemesinde 6nemli bir 6zelliktir. Bu ¢aligmada larinks kanserlerinde sik¢a kullanilan goriintilleme yontemlerinden PET/BT,
BT, ve MRG"nin kikirdak invazyonunu saptamadaki rolii incelenmistir.

Gereg¢ ve Yontem: 2014-2018 tarihleri arasinda total larenjektomi operasyonu uygulanmis 33 hastanin dosyas: retrospektif olarak
incelenmistir. Calismaya PET/BT, BT, ve MRG tetkiklerinin tamaminin oldugu 11 hastanin verileri analiz edildi. Caligmaya dahil edilen
hastalarin operasyon Oncesi yapilan goriintileme yontemleri bas boyun kanserleri konusunda tecriibeli, hasta verilerinin gizlendigi, bir
radyolog ve bir niikleer tip uzman tarafindan kikirdak invazyonu agisindan tekrar degerlendirildi. Degerlendirme sonuglar1 histopatolojik
inceleme sonuglariyla karsilastirilarak hata matrisi olugturuldu.

Bulgular: Bir hari¢ tiim hastalar erkekti (%91). Ortalama yas 64 (51-80) yildi. Biri hari¢ tiim hastalarin sigara kullamim Oykiisii
mevcuttu. TNM evresi 6 hastada T4a, 4 hastada T2, 1 hastada T3 idi. iki hasta radyoterapi sonrasi niiks nedeniyle kurtarma cerrahisi
uygulanmisti. En sik tiimor lokalizasyonu transglottik bolgeydi. PET/BT, BT, MRG yo6ntemleri igin sensitivite %83.3; spesifite %80, %60,
%40; pozitif prediktif deger %83.3, %75, %62.5; negatif prediktif deger %80, %72.7, %66 ve dogruluk %81.8, %72,7, %63.6 olarak
saptandi.

Sonuglar: Spesifisite, pozitif ve negatif prediktif deger agisindan PET/CT en iyi, MRG ise en kotii skora sahip oldu.
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INTRODUCTION

Laryngeal cancers are the second most
common cancer of the head and neck region'. It
is more prevalent in men: 5.7 in every 100,000
person vs 0.4 in women. The incidence of any
form of laryngeal cancer in Turkish men is 2.2%,
which makes it thel0th most prevalent tumor in
men’.

Staging is the most important part in the
treatment plan. While a single treatment
modality is chosen in early-stage laryngeal
cancers, multi-modality treatments should be
applied in advanced-stage. Thyroid cartilage
invasion is one of the important features to
distinguish early and advanced stage laryngeal
cancers. Also, it is long known that the efficacy
of radiotherapy is low in patients with cartilage
invasion’. Therefore, detection of thyroid
cartilage invasion in laryngeal cancers is of
utmost importance in the treatment plan. Both
CT and MRI are used to detect cartilage
invasion. The detection rate depends on the
experience of the radiologist, thus these two
imaging modalities are used interchangably or
together.

PET/CT is recommended in patients with
advanced stage. These patients have already
undergone either CT or MRI. This study aimed
to compare the diagnostic rate of cartilage
invasion in the three imaging modalities. Fort his
purpose, a retrospective study was designed to
compare the results of the imaging modalities
and histopathologic results.

MATERIAL and METHODS

Following approval of the Ethics
Committee for Non-invasive Studies (decision
no: 2023/25), medical records of patients, who
underwent total laryngectomy between 2014 and
2018, in Recep Tayyip Erdogan University
Training and Research Hospital, Department of
Otorhinolaryngology.  Patients = who  had
preoperative CT, MRI and PET/CT examinations
were included in the study. The imaging
examinations were re-evaluated for cartilage
invasion by one radiologist and one nuclear
medicine specialist, experienced in head and
neck cancers and blinded tot other patient data.
The evaluation results were compared with the
results of histopathological examinations to form
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confusion matrices. The data were analyzed with
Excel (Office 365, 2022).

RESULTS

Data from a total of 11 patients were
analyzed. STROBE diagram was given in Figure
1, and patient characteristics were given in Table
1.

Screening

Assessed for eligibility (n = 33).
All patients who underwent total
laryngectomy between 2014 and 2018.

Excluded (n=22)

+ Had CTonly (n=3)
™+ Had MRI Only (n = 5)

+ Had no MRI (n = 4)

+ Hadno CT (n=5)

+ Had no PET/CT (n = 5)

Inclusion

Laryngeal cancer patients with precperative
CT, MRI, and PET/CT (n = 11)

Analyzed (n=11)

Figure 1: STROBE diagram of the study.

Briefly, all except one patient were male.
The single female patient was the only non-
smoker and had a tumor stage of T4a. The two
patients who had a salvage surgery after
radiotherapy had tumor stages of T3 and T4a.

The results obtained from the confusion
matrix was given in Table 2. Briefly, all imaging
modalities showed the same sensitivity. PET/CT
scored best in the rest of the parameters, whereas
MRI scored worst.

In detail, PET/CT was able to correctly
identify 9 out of 11 patients, and 8 out of 9
patients who received no radiotherapy. Patients
with low-grade tumour had no cartilage invasion
in pathological specimens. CT and PET/CT
showed 1 false positive, each. MRI showed 2
false positives, one of which was due to false
positive sclerosis. Six out of seven patients with
high-grade tumors had cartilage invasion. CT
showed 1 false positive and 1 false negative.
PET/CT and MRI showed 1 false negative, each.



Mehmet BIRINCI, MD; Fatma BEYAZAL CELIKER, MD; Ozlem CELEBI ERDIVANLI, MD; Tugba YEMIS, MD; Osman
KUPIK, MD; Suat TERZI, MD; Metin CELIKER, MD; Recep BEDIR, MD; Zerrin OZERGIN COSKUN, MD; Emine

DEMIR, MD; Engin DURSUN, MD;

KBB-Forum G
2023;22(2) \"-';'-.!\
www.KBB-Forum.net

Comparison Of Computed Tomography, Magnetic Resonance Imaging And Positron Emission Tomography In Detecting

Cartilage Invasion In Larynx Cancers

Table 1. Patient characteristics.

Parameter

Patients (n=11)

Age, mean (limits)
Male gender, n (%)

History of smoking, n (%)

T stage, n (%)
T2
T3
T4a
Tumor location
Transglottic

Glottic and supraglottic
Glottic and subglottic

Glottic
Supraglottic

Cartilage invasion, n (%)
Preoperative radiotherapy

64 (51-80)
10 (91%)
10 (91%)

4 (36%)
1 (9%)
6 (55%)

5 (46%)
2 (18%)
2 (18%)
1 (9%)
1 (9%)
6 (55%)
2 (18%)

Table 2. Sensitivity, specificity, predictivity and accuracies of the imaging modalities.

Parameter PET/CT CT MRI
Sensitivity 83.3%  833%  83.3%
Specificity 80% 60% 40%
Positive predictive value 83.3% 75% 62.5%
Negative predictive value 80% 72.7% 66%
Accuracy 81.8%  72.7%  63.6%
DISCUSSION invasion. They reported that MRI was 100%

This study with a very limited sample
size showed that all imaging modalities were
equally sensitive. PET/CT had the highest
specificity, predictive value and accuracy. In
contrast with the current literature, MRI had the
worst scores.

To our knowledge, there are few studies
comparing the PET/CT with conventional
imaging in laryngeal cancer. However, only one
of these studies compared cartilage invasion with
conventional imaging methods. In that study,
Paone et al. evaluated radiological imaging
findings of 27 patients. All patients had cartilage
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sensitive and specific, whereas PET/CT was
95% sensitive and CT was 70% sensitive. The
specificity of PET/CT and CT was found as
86%".

PET/CT has gained an important place in
the staging of head and neck cancers in recent
years. PET/CT provides not only anatomical
information, but also functional information”.
The role of PET/CT in the assessment of
cartilage invasion 1is unclear. Kats et al.
determined the relationship between tumor size
and cartilage invasion in patients who were not
treated with radiotherapy. It has been reported
that considering tumor size can be a useful
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method in estimating cartilage invasion.
However, previous studies have reported that CT

has limitations in demonstrating cartilage
invasion in patients who have received
radiotherapy®. In another study, although

PET/CT was not helpful in patients who did not
receive radiotherapy; It is considered as a
method that can be used to detect cartilage
invasion in patients who have received
radiotherapy treatment’. In our study, PET/CT
stands out as the most valuable method in
demonstrating  cartilage  invasion.  These
advanced stage patients, also represent our target
group from another point of view as they include
the group with cartilage invasion in staging.
Another limitation of the current study is that CT
and MRI images were not made with a
superficial coil for the larynx. In addition, the
difference in the time between the imaging
methods and surgery is another limitation.

Albano et al. examined the detection
rates of nodal metastases by comparing imaging
methods with each other. The number of patients
in whom all three imaging methods were
performed together is observed as 10 in this
study®. Despite the small sample size of our
study, we encounter similar numbers when the
literature is examined.

Detection of cartilage invasion before
treatment in patients with laryngeal cancer was
an important point because of its low response to
radiotherapy treatment and its association with
high local recurrence, where complications
caused by radiotherapy especially increased the
risk of radionecrosis’. Cartilage invasion in
laryngeal carcinomas directly causes the disease
to be T3 or T4'°. Detection of thyroid cartilage
invasion is of great importance since surgical
treatment of advanced laryngeal carcinomas is
preferred over the early stages of treatment
modalities''. There are studies reporting that CT
is not effective in detecting cartilage invasion in
early stage laryngeal cancers and anterior
commissure lesions'?. Studies have reported that
diffusion-weighted MRI is highly reliable in
excluding cartilage invasion due to its high
sensitivity and negative predictive values, but the
specificity and positive predictive values are not
satisfactory'>'*. Many authors recommend MRI
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as the first choice in the evaluation of cartilage
invasion'"'*!.

Diagnostic criteria for cartilage invasion
on computed tomography include sclerosis, lysis,
erosion, and extralaryngeal invasion. The most
prominent diagnostic criterion is extralaryngeal
spread, and the least specific is sclerosis’. It is
known in studies that sclerosis has a low
predictive value in detecting cartilage invasion in
laryngeal malignancies'®. It has been reported
that the rate of thyroid cartilage sclerosis on CT
in predicting pathological thyroid cartilage
invasion in advanced laryngeal carcinomas is as
low as 15%'°. False positive detection of
cartilage invasion by preoperative imaging
methods leads to overtreatment, and false
negative detection leads to low local control'®"".
Although low local control (42%) was achieved
with radiotherapy in tumors adjacent to the
thyroid cartilage, this rate was found to be higher
(95%) in tumors that were not adjacent to the
thyroid cartilage'®. However, it is thought that
thyroid cartilage inner cortex involvement does
not pose any risk in terms of local control in
patients undergoing surgery'”.

Age-related, sometimes asymmetrical
ossifications of the thyroid cartilage can be
confused with areas of lysis and erosion; when
sclerosis is difficult to distinguish from normal
ossification. In addition, even without thyroid
cartilage invasion, an increase in osteoblastic
activity can be observed in the thyroid cartilage
due to the presence of tumor”. It has been shown

that microscopic invasions of the thyroid
cartilage can be missed by computed
tomography .

Magnetic resonance imaging (MRI) has a
higher positive predictive value than CT, and this
rate varies between 93 and 96%>"*'. Contrast
enhancement at the level of thyroid cartilage in
contrast-enhanced MRI  suggests cartilage
invasion. Due to the nonspecific properties of
MRI, this rate drops to 55%, and this brings
many false positives™'. In addition, MRI should
be carefully applied and evaluated because it is
affected by respiration and motion artifacts’.

Studies have found a good correlation
between CT and MRI in low-grade laryngeal
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carcinomas. By combining the data of MRI and
CT images, higher accuracy results can be
obtained in early stage tumors®’. In a study, it
was determined that PET/CT had a high
specificity in patients who underwent total
laryngectomy. In the same study, CT and MRI
tended to exaggerate the size and extent of the
gross tumor mass relative to PET/CT and
pathology. However, all three imaging methods
failed to show superficial mucosal extensions®'.
Recently, it has been reported that intense
heterogeneous deposition on the thyroid cartilage
in bone scintigraphy predicts thyroid cartilage
invasion to a high degree®.

In conclusion, PET/CT can be used in
addition to CT and MRI in detecting cartilage
invasion in laryngeal cancers. Studies with larger
and homogeneous groups are needed for clearer
and more reliable data.
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