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INTRODUCTION AND AIMS OF THE THESIS

Most head and neck malignancies are squamous cell carcinomas originating 

from the surface epithelium of the head and neck (HNSCC). These tumors 

represent approximately 5% of all malignancies worldwide and their frequency 

is increasing [1]. Head and neck cancer is diagnosed in more than 2000 patients 

in the Netherlands yearly and the main sites of origin include larynx (700 per 

year), the oral cavity (600 per year) and oropharynx (350 per year).

 Patient factors, such as age, gender, race, comorbidity, use of tobacco products 

and alcohol, have been shown to be prognostic factors for patients with HNSCC. 

Several studies [2-4] demonstrated that baseline demographic variables, like 

age, race and gender, are significant risk factors, even after controlling for 

cancer stage and histology. On the other hand, other research [5,6] suggests 

that the effects of these variables only operate through tumor stage or 

treatment. The link between excessive or chronic alcohol consumption and 

smoking in the etiology of HNSCC has long been established [7-9]; an especially 

strong association is seen between alcohol and pharyngeal carcinomas, cancer 

of the supraglottis and oral cavity. Other associations with HNSCC are infections 

with Human Papilloma Virus, Human Immunodeficiency Virus and Ebstein-Barr 

Virus, genetic predisposition, occupational exposure (organic chemicals) and 

poor oral hygiene. High intake of fruits and vegetables decrease the risk of 

HNSCC in some studies [10-17].

Laryngeal carcinoma

The larynx extends from the tip of the epiglottis to the inferior border of 

the cricoid cartilage, just below the pharynx (throat) in the neck. Laryngeal 

carcinoma infiltrates locally in the mucosa and beneath the mucosa and can 

metastasize via the lymphatic system and the blood stream.

Epidemiology

The highest incidence of laryngeal carcinoma is found among males between 

60 and 70 years and among females between 50 and 70 years of age, which, 

in the Netherlands, corresponds with approximately 600 male and 100 female 

patients on an annual basis [18]. When adjusted for the number of person-

years at risk, the highest incidence rate is found among those between 70 and 

79 years. The main risk factor is tobacco usage. The most common sublocation 

for laryngeal carcinoma is the glottic region (64%), followed by the supraglottic 

region (32%) and the subglottic region (2%). Laryngeal carcinomas situated in 

the glottic region usually present at an early stage with the typical complaint of 

hoarseness. Carcinomas originating from the supraglottic region present often 

at a later stage with swallowing complaints, dyspnoea, odynophagia and otalgia. 
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Diagnosis

The visualization of the larynx requires the use of indirect laryngoscopy 

and/or flexible or rigid endoscopy. The standard diagnostic procedure also 

includes panendoscopy either or not combined with rigid bronchoscopy, and 

eosophagoscopy, in order to determine a detailed impression of local tumor 

extension for tumor staging and assessment of resectability and to exclude 

second primary malignancies. Using videolaryngostroboscopy, the mucosal 

vibration pattern of the vocal cord can be examined to differentiate superficially 

located tumors suitable for excision from tumors with advanced infiltration 

of underlying tissues. In addition, imaging modalities, such as computed 

tomography (CT), magnetic resonance (MR) imaging, ultrasound guided 

fine needle aspiration cytology (USgFNAC) and 18F-FDG positron emission 

tomography (PET) are generally used for further evaluation of local tumor 

extension, to detect cervical lymph node involvement and to exclude distant 

metastases, in particular in the lungs.

The definitive diagnosis is made by histological examination of the primary 

tumor site. Histology is usually straightforward. Pathological diagnosis is 

achieved after biopsy which is obtained at direct laryngoscopy under general 

anesthesia. The vast majority of all laryngeal malignancies (95%) are squamous 

cell carcinomas and they vary according to their degree of differentiation to 

well, moderate and poor carcinomas (<25% keratinization). Carcinoma of the 

supra- and subglottic larynx are more likely to be non-keratinizing and poorly 

differentiated, and in general, they are often large at the time of diagnosis, 

and have a more aggressive behavior and tend to metastasize early (20-40% 

of the cases). In contrast, lesions of the true vocal cords are typically small 

when detected, and are more often moderately to well differentiated, rarely 

metastasize, and tend to be associated with a better prognosis.

Treatment

Pre-treatment evaluation is directed toward determination of local tumor 

extension in order to decide on the most suitable treatment strategy, which, 

in the case of laryngeal cancer, may include (extensive) surgery, CO2-laser 

excision, and radiotherapy with or without chemotherapy. The treatment of 

first choice is based on local tumor extension and/or presence of lymph node 

metastases. 

Small superficial cancers without laryngeal fixation are successfully treated 

by radiation therapy or surgery alone, including laser excision surgery. 

Radiation therapy may be selected to preserve the voice and to reserve 

surgery for salvaging failures. A variety of curative surgical procedures are 

also recommended for laryngeal cancers, some of which preserving vocal 
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function. Prognosis for small laryngeal cancers that have not spread to lymph 

nodes is very good, with cure rates of 75% to 95% without significant increase 

of considerable morbidity in patients [19-21], depending on the site, tumor 

bulk [22] and degree of infiltration. Involvement of the anterior commissure 

involvement is associated with poor prognosis in patients treated endoscopic 

or with irradiation alone [23-25]. The recurrence rate after definitive radiation 

therapy is much higher with T3 and T4 lesions than with T1 and T2 lesions 

[26,27]. Treatment with curative intent for T4 lesions includes surgery (partial 

or total laryngectomy) followed by postoperative radiotherapy in case of 

adverse prognostic factors in the surgical specimen such as positive surgical 

margins, multiple lymph node metastases, lymph node metastases with 

extranodal spread and perineural growth [28,29]. In case of positive surgical 

margins and/or lymph node metastases with extranodal spread, postoperative 

concurrent chemoradiation is currently considered standard of care [30-32]. 

However, based on the results of a number of studies, non-surgical treatment 

approaches are now frequently applied in order to prevent total laryngectomy 

and preserve laryngeal function. The evidence from large randomized trials 

has demonstrated that larynx preservation strategies that take advantage of 

treatment with induction chemotherapy followed by definitive radiotherapy 

do not compromise survival when compared with initial total laryngectomy 

[33,34]. Lefebvre et al. [35] has reported the recommendations and key issues, 

approved by the international consensus panel, for the conduct of phase III 

clinical trials of larynx preservation in patients with locally advanced laryngeal 

and hypopharyngeal carcinoma and concluded that, the revised trial designs 

are still needed to advance the study of larynx preservation.

The risk of lymph node metastases in patients with T1 glottic cancer ranges 

from 0% to 2%, and for more advanced disease, such as T2 and T3 glottic 

lesions, the incidence is 10% and 15%, respectively. Thus, there is no need to 

treat cervical lymph nodes electively in patients with T1 glottic and small T2 

lesions. Consideration should be given to use elective neck radiation for larger 

glottic or supraglottic tumors [36]. Patients treated for laryngeal cancers are 

at highest risk of local recurrence in the first 2 to 3 years. Recurrences after 5 

years are rare and usually represent new primary malignancies. 

Staging

TNM stage has been shown to be an independent and highly significant predictor 

of prognosis in laryngeal carcinoma. However, all cancer staging systems, 

including the widely used UICC/AJCC TNM-classification, has its shortcomings 

[37,38]. The current classification is based only on the proposition that 

malignant tumors of identical histology, located in the same anatomic site, have 
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similar patterns of invasion, risk of metastases, and prognosis when the data 

are classified in the TNM categories. However, in clinical practice therapeutic 

decisions are usually based on the site, histopathology, anatomic TNM extension 

of the disease, and institutional experience. Direct and indirect laryngoscopic 

examinations offer a great deal of information about size, volume, and extent 

of the intralaryngeal part of the primary tumor, but do not provide information 

about its submucosal extension and some hidden regions, such as the subglottic 

area or areas concealed by a large tumor mass. The inclusion of more precise 

imaging methods of investigation, such as CT or MRI have resulted in higher 

accuracy and better treatment planning. The depiction of tumor extension in 

the laryngeal cartilages and intra- and extralaryngeal tissues and detection 

of neck lymph node metastases on CT and/or MR imaging provides valuable 

additional staging information. 

Imaging

Imaging modalities like CT and MRI are generally used in evaluation of head and 

neck tumors. CT and especially MRI provide important information on size and 

extension of the primary tumor and lymph node metastases. Moreover “post-

procession” techniques, like quantification of tumor extent and tumor volume 

calculations for routine practice have now become available. The visualization 

of neoplastic extent (involvement of submucosal spaces and soft tissues) of 

laryngeal carcinoma, however, is difficult to assess with CT scans [39]. MR 

imaging provides much better soft tissue contrast than CT and may therefore 

delineate tumor tissue much better. Furthermore, MRI has a higher sensitivity 

than CT in showing pathological changes in cartilage. Combination of T1- and 

T2-weighted MR images may be useful for assessing tumor invasion into cartilage 

[40-42]. In a number of initial reports [43-45], MRI was considered to be unable 

to differentiate between non-tumoral inflammatory changes and tumor, and 

MRI was also considered to overestimate neoplastic invasion. Compared to 

MRI, CT appears to be more specific, but less sensitive for detection of cartilage 

invasion [46].

Although several reports have shown superiority of CT and MRI compared to 

palpation with regard to lymph node status of the neck, the false negative 

rate remains too high to decide not to treat the N0 neck on the basis of CT or 

MRI-findings alone [47,48]. These modalities can support treatment decisions 

when an unexpected lymph node metastasis is detected in the neck. Neither 

CT nor MRI can distinguish reactively enlarged lymph nodes from enlarged 

metastatic lymph nodes without necrosis. In 2007, a meta-analysis comparing 

ultrasound (US), ultrasound guided fine needle aspiration cytology (USgFNAC), 

CT and MR imaging to detect cervical lymph node metastases in head and 
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neck cancer suggested that USgFNAC is the most accurate imaging technique 

[49]. However, more recent small studies suggested that the sentinel node 

biopsy is a promising alternative, sharing a perfect specificity with FNAC. This 

procedure aims to avoid unnecessary treatment to the clinically negative neck 

by identifying the patients with occult neck disease. Paleri et al. [50] included 

in the meta-analysis a total of 301 patients with oral cavity primary tumors and 

46 patients with oropharyngeal primary tumors from 19 articles. The sentinel 

node biopsy procedure has shown high sensitivity rates and can be successfully 

applied to early T1/2 tumors of the oral cavity/oropharynx; it is reliable and 

reproducible. For the majority of these tumors this technique can be used alone 

as a staging tool [50,51]. The pooled sensitivity result using the random effects 

model was 0.93 (95% confidence interval, 0.85-0.96) [50].

Prognostic value of pre-treatment MR imaging parameters with 
regard to local control after curative RT

Imaging findings may be of help to determine the probability of local failure 

among patients with laryngeal carcinoma after primary radiation therapy, and 

may be used to identify patients who may be better off with partial or total 

laryngectomy. In particular, pretreatment CT findings, such as primary tumor 

volume, have been shown to significantly be associated with local control after 

primary radiotherapy for laryngeal carcinoma [52-60]. Other factors, such as 

CT evidence of the cartilage invasion, are not valid predictors of poor results 

after primary radiation [61]. Other retrospective analyses evaluated a variety of 

MRI-based factors to predict outcome of radiotherapy in laryngeal carcinoma. 

It is often suggested that cartilage involvement depicted at imaging precludes 

voice-sparing partial laryngectomy, and that this is also a contraindication 

to radiation treatment, leaving total laryngectomy as the only alternative 

[62-64]. We have reported the results of preliminary evaluations of the 

prognostic importance of various MRI-determined parameters for the success 

of radiation therapy in laryngeal cancer patients. Unfortunately, these studies 

did not allow stratification according to subsites in the larynx due to relatively 

low number of patients [46,65-67]. Nevertheless, we found an increased risk 

of posttherapeutic tumor recurrence if the tumor had invaded the laryngeal 

cartilages. Large tumor volume at MR imaging, especially in combination with 

the so-called “abnormal signal intensity in cartilage”, appeared to indicate an 

adverse prognosis with regard to tumor recurrence [65-67]. Finally, it has been 

suggested that abnormal MR signal intensity in cartilage in patients with a 

large tumor mass (>5 cm3) is associated with a substantially poorer prognosis 

[46,65]. 
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Prognostic value of pre-treatment MR imaging lymph node 
parameters with regard to distant metastases 

Nodal metastases may be diagnosed with imaging modalities on the basis of 

size, presence of non-contrast enhancing parts within lymph nodes caused 

by tumor necrosis, and extranodal tumor spread. Size is the most often used 

criterion for suspicion. As the size of normal lymph nodes varies according to 

the level in the neck, and because small metastatic deposits inside lymph do 

not always cause enlargement of a lymph node, it is very difficult to define 

optimal size criteria. A minimum axial diameter of 7 mm for level II and 6 mm 

for the rest of the neck revealed the optimal compromise between sensitivity 

and specificity in necks without palpable metastases. For all necks together 

(with and without palpable metastases), the criteria were 1 to 2 mm larger. 

[68]. In contrast, detection of central nodal necrosis and extranodal spread 

(ENS) in patients with a primary head and neck tumor is a reliable criterion for 

lymph node metastasis; unfortunately, both are quite rare or not visible in small 

positive lymph nodes [69-72]. In radiological terms, extranodal spread presents 

as an enlarged lymph node with capsular contour irregularity and/or infiltration 

of adjacent planes. ENS could be another sign of lymph node metastasis. 

King et al. [73] have shown that both CT and MR imaging are comparable for 

the detection of ENS. The neck nodes were assessed for ENS and the results 

compared using pathology from the surgical resection. The accuracy, sensitivity 

and specificity were respectively 73, 65, 93% for CT, and 80, 78, 86% for MR 

imaging. Comparison of CT and MR imaging showed that there was no significant 

difference between the two modalities for either sensitivity or specificity [73].

Several studies have focused on the correlation between clinical or histo-

pathological staging of cervical node metastases and the development of distant 

metastases of HNSCC. A number of authors reported on risk factors significantly 

associated with the development of distant metastases, such as a clinically 

palpable neck mass, multiple lymph nodes, large lymph node metastases (≥6 

cm), bilateral and low jugular lymph node metastases, extranodal spread as 

assessed by histological examination, locoregional tumor recurrence and second 

primary malignancies [74-76]. 

Given the relatively low incidence of distant metastases at presentation, 

the certain guidelines are needed to establish which patients should undergo 

screening for distant metastases. It is important to identify patients in whom 

more diagnostic tools (PET-CT) or potentially whole-body MR imaging should be 

applied to detect distant metastases, and to select patients who may theoretically 

benefit from novel adjuvant systematic therapy in the future. The overall clinical 

incidence of distant metastases in HNSCC fluctuates from 4 to 26% [77,78]. 

However, autopsy studies reported a much higher incidence (40%-57%) [79,80]. 
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Prognostic value of post-treatment MR imaging parameters with 
regard to local control after curative RT

Residual or recurrent tumor after treatment can be difficult to detect by 

physical examination due to the radiation effects producing varying degrees of 

persistent mucositis, edema and fibrosis, and cartilage necrosis. Approximately 

50% of patients with severe edema or necrosis following radiotherapy will have 

a recurrence [81]. However, early detection of recurrence is crucial if salvage 

therapy is to be initiated. Familiarization with the expected imaging changes 

following radiotherapy allow accurate evaluation of imaging studies and may 

prevent misinterpretation of posttreatment changes as recurrent disease. Until 

now, several studies have focused on post-treatment CT appearances of the 

irradiated larynx and oropharynx; they have stated that post-RT CT evaluations 

can identify patients at high risk for developing local failure [82-84]. The post-RT 

CT examinations were evaluated for post-treatment changes using a three-

point post-RT CT-score: 1 = expected post-RT changes; 2 = focal mass with a 

maximal diameter of <1 cm and/or asymmetric obliteration of laryngeal tissue 

planes; 3 = focal mass with a maximal diameter of >1 cm, or <50% estimated 

tumor volume reduction [82-84]. In many patients, follow-up CT showed local 

failure earlier than clinical examination [83]. The expected appearance of the 

irradiated larynx on MR imaging has received limited attention in radiological 

literature [85]. The sensitivity and specificity of CT to detect recurrence was 

81% versus 76%, and of MRI was 92% versus 86% [86]. Engelbrecht et al. 

found MR imaging to be better than CT in characterizing recurrent lesions and 

in differentiation between scar tissue and local tumor failure [86], but edema 

after radiation therapy can spoil diagnosis [85]. 

AIMS OF THE STUDY

The main goal of our study was to retrospectively determine the prognostic 

significance of pre- and post-treatment MRI findings for local control of laryngeal 

carcinoma after radiation therapy with curative intent. The prognostic value 

of MRI-parameters, such as T1- and T2-appearance, primary tumor volume, 

intralaryngeal spread, tumour appearance in cartilages, and extralaryngeal 

extension in patients before and after irradiation treatment was investigated. 

Moreover, we evaluated several lymph node MRI-parameters to identify a high-

risk group of patients with HNSCC who may benefit from an extensive screening 

for distant metastases.  

The primary aims of the study have been the following:

 1 To assess the value of pre-treatment MR imaging parameters for prediction 

of local recurrence after definitive radiation therapy (Chapter 1, 2 and 3)
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 2 To assess the value of pre-treatment MR imaging lymph node parameters 

for prediction of distant metastases in head and neck (Chapter 4)

 3 To assess the value of post-treatment MR imaging parameters for prediction 

of local recurrence after radiation therapy with or without chemotherapy 

(Chapter 5)
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ABSTRACT

Purpose: To retrospectively assess the prognostic meaning of tumor parameters 

depicted on pretreatment magnetic resonance (MR) images for local outcome in 

supraglottic squamous cell carcinoma treated with definitive radiation therapy.

Materials and Methods: Pretreatment MR images acquired in 84 patients with 

supraglottic carcinoma treated with curative radiation therapy were reviewed 

for tumor involvement of laryngeal sites including glottis, subglottis, pre-

epiglottic space, laryngeal cartilages, and hypopharynx, and for extralaryngeal 

extension. The volume of each tumor was estimated, and mean tumor volume 

was calculated for the group of tumors in each T staging category.

Results: Results of univariate analysis showed MR imaging-determined primary 

tumor volume (p=0.03), involvement of pre-epiglottic space (p=0.008), 

abnormal signal intensity in thyroid cartilage (p=0.04), and extralaryngeal 

extension beyond thyroid and/or cricoid cartilage (p=0.02) to be significant 

predictors of local control rate. Results of multivariate analysis with the Cox 

regression model confirmed statistical significance for invasion of pre-epiglottic 

space (p=0.004) and for abnormal signal intensities in thyroid cartilage adjacent 

to the anterior commissure (p=0.04) and in cricoid cartilage, (p=0.01). Five-

year local control rates were calculated from the regression coefficients of three 

independent MR imaging prognostic factors, and three prognostic groups were 

identified on the basis of these control rates. The 5-year local control rate in the 

high-risk group was 35%, significantly lower than the rates in the intermediate- 

and low-risk groups (60% and 89%, respectively (p=0.002).  

Conclusion: MR imaging-determined pre-epiglottic space involvement and 

abnormal signal intensities in the thyroid cartilage adjacent to the anterior 

commissure and/or the cricoid cartilage are strong predictors of local outcome 

in supraglottic carcinoma treated with definitive radiation therapy. 
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INTRODUCTION

Laryngeal cancer is the most common malignant neoplasm of the head and 

neck [1]. Selection of treatment for squamous cell carcinoma of the supraglottic 

larynx is based on whether extensions of the primary tumor and/or lymph node 

metastases are present. Pretreatment evaluation is directed toward identifying 

local and regional tumor extension to enable selection of the most suitable 

treatment modality, or combination of modalities (i.e., surgery, chemotherapy, 

and/or radiation therapy). Conventional approaches to therapy for early-stage 

tumors have involved the use of surgery or irradiation. Surgical therapy with 

adjuvant irradiation has been recommended for advanced tumors [2]. The 

adjuvant use of combined chemotherapy and radiation therapy with salvage 

surgery for treatment of advanced tumors is being tested in randomized trials 

but remains investigational.

Any cancer staging system, including the widely used TNM classification 

system advocated by the American Joint Committee on Cancer and the Union 

Internationale Contre le Cancer, has shortcomings [3,4]. Computed tomography 

(CT) and magnetic resonance (MR) imaging are useful for supplementing clinical 

staging methods. The depiction of tumor extension in the laryngeal cartilages 

and intra- and extralaryngeal tissues and of neck lymph node metastases 

at CT and/or MR imaging provides valuable additional staging information. 

Although both CT and MR imaging enable the quantification of tumor extent 

and calculation of tumor volume, these are not routinely assessed. Because 

clinical staging information may not correlate directly with the results achieved 

with radiation therapy, it is important to develop an improved method for 

determining patient prognosis. 

Pretreatment CT findings in the primary tumor, including tumor volume, have 

been described as potential effective predictors of local control in a variety 

of laryngeal tumors treated with radiation therapy alone [5-13]. It has been 

suggested that tumor volume is an important factor that helps determine the 

outcome of primary radiation therapy in laryngeal carcinoma and that it may be 

a better predictor of local failure than the standard TNM classification [6-9,11]. 

Mancuso et al. [11] stated that the pretreatment CT measurement of tumor 

volume permits stratification of patients with supraglottic cancer treated with 

radiation therapy alone into groups in which local control is more likely and less 

likely. The visualization of tumor extension (i.e., involvement of submucosal 

spaces and soft tissues) in supraglottic carcinoma, however, is difficult with CT 

[14]. MR imaging enables a soft-tissue contrast resolution much higher than that 

achievable with CT, and, consequently, MR imaging may provide much better 

delineation of tumor tissue. Furthermore, MR imaging has a higher sensitivity 

than does CT for depiction of pathological changes in cartilage. Reports about 
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the prognostic value of MR imaging parameters, however, are fewer than 

those about the value of CT findings [15,16]. We have reported the results of 

preliminary evaluations of the prognostic importance of various MR-determined 

imaging parameters for the success of radiation therapy in laryngeal cancer 

patients, but these results were not stratified according to subsites in the larynx 

[17-20]. In these studies, an increased risk of posttherapeutic tumor recurrence 

was found for patients in whom the tumor had invaded the laryngeal cartilages. 

A pretreatment MR finding of large tumor volume, particularly in the presence 

of abnormal signal intensity in cartilage, appeared to indicate an adverse 

prognosis with regard to tumor recurrence. There have been indications that 

the MR imaging depiction of abnormal signal intensity in cartilage in patients 

with a large tumor mass (>5 cm3) may be associated with a substantially worse 

prognosis [18,20]. To the best of our knowledge, however, no study previously 

has been performed to correlate MR imaging findings with local outcome in 

supraglottic cancer. 

The purpose of our study was to retrospectively assess the prognostic meaning 

of pretreatment MR imaging-related tumor for local outcome in supraglottic 

squamous cell carcinoma treated with definitive radiation therapy.

MATERIALS AND METHODS

Patient population

Patients eligible for this retrospective study were those who had pathologically 

proved supraglottic squamous cell carcinoma that had been primarily treated 

with curative radiation therapy and who had undergone pretreatment MR 

imaging that enabled adequate image interpretation. Patients with a previous 

history of laryngeal cancer or other malignant diseases in the head and neck 

region were excluded. Our local ethics committee does not require its approval 

or informed consent for retrospective review of patients’ records and images.

From a group of patients (n=332) with supraglottic squamous cell carcinoma 

for whom data were accrued between December 1984 and January 2001, we 

selected 84 patients who met the study selection criteria. Patient age ranged 

from 41 to 88 years (median, 64 years). There were 59 male patients (70%; 

mean age, 61 years; age range, 38-78 years) and 25 female patients (30%; 

mean age, 65 years; age range, 40-87 years). The pretreatment clinical 

characteristics of disease in the 84 patients are listed in Table 1. The stage 

of disease in all patients was appraised clinically and radiologically according 

to the recommendations of the Union Internationale Contre le Cancer [21]. 

Hemoglobin levels were obtained before initiation of radiation therapy in 83 
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of 84 patients. Sixty-four (77%) of the 83 patients had a normal pretreatment 

hemoglobin concentration (female patients, 7.5-10.0 mmol/L; male patients, 

8.7-11.0 mmol/L) and 19 (23%) had a hemoglobin concentration lower than the 

normal range. None of these patients received adjuvant chemotherapy. 

MR imaging

Before 1994, MR images were obtained by using a 0.6-T MR system (Teslacon 

I; Technicare, Solon, Ohio) with a superconducting magnet. From 1994 to 

2001, MR images were obtained with a 1.0-T MR system (Impact; Siemens 

Medical Solutions, Erlangen, Germany). MR imaging studies were performed 

by using an anterior surface neck coil. A multisection two-dimensional Fourier-

transform spin-echo pulse sequence was used in all patients. In sagittal and 

transverse planes, a T1-weighted spin-echo sequence (repetition time msec/

echo time msec, 200-700/15) was applied. We also generated intermediate-

weighted (1500/38) and T2-weighted (1500-4000/76-98) fast spin-echo images 

in the transverse plane at the same levels as for T1-weighted imaging. The 

T1-weighted sequence was applied four times for signal averaging, and the 

intermediate-weighted and T2–weighted sequences were applied twice each. 

A 4-mm section thickness was used with a 1-mm intersection gap. The field of 

view was kept as small as possible (200 X 200 mm). Acquisition times varied 

from 3 to 6 minutes.

Table 1: Pretreatment characteristics of disease in 84 patients
Characteristic No. of Patients*

Vocal cord mobility (left and right)

Normal 59 (70)

Impaired 14 (17)

Fixed 11 (13)

T - classification

T1 6 (7)

T2 34 (40)

T3 23 (27)

T4 21 (25)

N - classification

N0 65 (77)

N1 9 (11)

N2 10 (12)

Histopathology

Well differentiated 10 (12)

Moderately differentiated 46 (55)

Poorly differentiated 28 (33)

* Number in parentheses are percentages of the total.
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Radiation therapy and follow-up

The mean interval between the MR imaging examination and the start of 

radiation therapy was 38 days. Patients with T1 and T2 supraglottic lesions (40 

patients) were irradiated to a total dose of 58-72 Gy (mean for patients with 

T1 lesions, 66 Gy; mean for patients with T2 lesions, 68 Gy) in increments of 

2.0-2.5 Gy. Patients with T3 and T4 supraglottic lesions (44 patients) received 

a total radiation dose of 60-76 Gy (mean, 68 Gy) in increments of 2.0-2.25 Gy.

Patients were followed up at regular intervals by the otolaryngologist or head 

and neck surgeon and by the radiation oncologist every 2 months in the first 

2 years after radiation therapy, every 3 months in the 3rd year, and every 

4-6 months thereafter. The minimum follow-up period was 2 years. The mean 

follow up period (with follow-up ending either at local treatment failure or at 

last patient contact) was 3.7 years (range, 0.4-15.0 years). 

Evaluation of MR imaging parameters

All pretreatment MR images were reviewed and evaluated by a single radiologist 

with 11 years of experience in head and neck imaging (J.A.C.). MR images were 

assessed for ten parameters, including primary tumor volume, presence of 

glottic and subglottic extension, involvement of pre-epiglottic space, abnormal 

signal intensity in or destruction of cartilages adjacent to tumor tissue (i.e., 

abnormal signal intensity in cartilage at the anterior commissure, in thyroid 

cartilage, and/or in cricoid cartilage; and extralaryngeal extension beyond 

cartilage at the anterior commissure, thyroid cartilage and/or cricoid cartilage) 

and hypopharyngeal extension. Tumor extension was depicted on T1-weighted 

images as an area with intermediate signal intensity that contrasted markedly 

with the high signal intensity of fat and that was somewhat lower in intensity 

than signal of muscle [22]. 

Abnormal signal intensity in cartilage was determined with the combined use 

of T1- and T2-weighted images at the same levels. On T1-weighted images, 

the tumor appeared as an area with intermediate signal intensity, in marked 

contrast with the high signal-intensity bone marrow of ossified cartilage. On 

T2-weighted images, tumor extension into cartilage was depicted as an area 

with increased signal intensity that contrasted markedly with the signal intensity 

of nonossified cartilage [15,23]. Abnormal signal intensity in thyroid cartilage at 

the anterior commissure was measured as a separate characteristic because of 

the frequency of thyroid cartilage involvement in this area [18]. 

Extralaryngeal extension through cartilage adjacent to the anterior commissure, 

which was considered to indicate tumor invasion beyond the cartilaginous 

framework and into contiguous soft tissues, also was measured separately. 
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Involvement of the hypopharynx was defined as tumor invasion in the lateral 

wall of the piriform sinus and beyond the cricoid cartilage.

MR images obtained before 1994 were digitized with a film scanner and 

made available for review on a large-screen monitor by using custom-written 

dedicated computer software. From 1994 to 2001, digital MR images were 

obtained directly. For the evaluation of tumor volume, the primary lesion was 

outlined manually on T1-weighted MR images [22]. The volume of the tumor 

was calculated in cubic centimeters by multiplying the value of the tumor area 

in each section in which the tumor was present by the sum of the section 

thickness and intersection gap and then summing the resultant values. 

Statistical analyses

Statistical analyses were performed by using software (SPSS, version 11.0; 

SPSS, Chicago, III). Local tumor control was estimated from the 1st day of 

radiation therapy. In the univariate analysis, curves for local control rate were 

estimated with the Kaplan-Meier method (actuarial life-table analysis) and 

compared by using the log-rank test. A multivariate analysis was performed 

with the Cox proportional hazards model to identify radiological covariates, with 

correction for potential clinical confounders that were significantly associated 

with local tumor control (backward elimination). 

The following variables were entered into the statistical model: patient sex (male 

vs. female), age (0-64 years vs. >64 years), vocal cord mobility (normal vs. 

impaired vs. fixed), hemoglobin concentration (normal vs. low), histopathologic 

grade (well vs. moderately vs. poorly differentiated), primary tumor volume 

(0-3 vs. 3-10 vs. >10 cm3), glottic extension (no vs. yes), subglottic extension 

(no vs. yes), extension in pre-epiglottic space (no vs. yes), abnormal signal 

intensity in cartilage at the anterior commissure (no vs. yes), abnormal signal 

intensity in thyroid cartilage (no vs. yes), abnormal signal intensity in cricoid 

cartilage (no vs. yes), extralaryngeal extension beyond cartilage at the anterior 

commissure (no vs. yes), extralaryngeal extension beyond thyroid and/or 

cricoid cartilage (no vs. yes), and hypopharyngeal extension (no vs. yes). In 

the statistical analyses, extralaryngeal extension beyond thyroid and cricoid 

cartilages was characterized as either absent or present in at least one of these 

structures. 

P of less than 0.05 was considered to indicate a statistically significant difference.

Prognostic model

The MR imaging parameters that were identified as independent prognostic 

factors for local control in the multivariate analysis were pooled in a prognostic 

model to assess a subset of patients with a possibly very poor outcome with 
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regard to local control. We calculated the risk score for each risk factor present 

for each patient by multiplying the regression coefficient, obtained from 

the assessment with the multivariate model, by 5 and then rounding to the 

nearest integer. On the basis of the total risk score, which was calculated by 

summing the risk scores of the various risk factors, three prognostic groups 

were defined. In addition, the local tumor control rate for these three groups 

was estimated by using the Cox proportional hazards model with correction for 

confounding factors. 

RESULTS

MR imaging parameters 

The pretreatment MR imaging parameters of the tumors are listed in Table 2. 

Figures 1-4 are representative images of lesions observed on MR images obtained 

in 84 patients. The mean tumor volume was 10.3 cm3 (median, 6.4 cm3; range, 

0.9-47.5 cm3). A significant association was found between T classification and 

tumor volume (analysis of variance, p=0.001) (Table 3). 

Table 2: Tumor extension and abnormal signal intensity in adjacent cartilages
Site Patients*

Glottis 56 (67)

Subglottis 26 (31)

Pre-epiglottic space 52 (62)

Cartilage at anterior commissure 15 (18)

Extralaryngeal extension at anterior commissure 7 (8)

Thyroid cartilage 17 (20)

Extralaryngeal extension at thyroid 5 (6)

Cricoid cartilage 10 (12)

Extralaryngeal extension at cricoid 2 (2)

Hypopharynx 26 (31)

* Data are numbers of patients affected by tumor extension at the site indicated. Numbers 
in parentheses are percentages of the total (84 patients).

Local control

Local treatment failure occurred in 28 (33%) of 84 patients. Twenty-three 

patients underwent salvage (partial) laryngectomy, two patients refused 

salvage surgery, one patient was treated with chemotherapy because of 

simultaneous distant metastases, and two patients died not long after residual 

tumor was diagnosed. The results of the univariate analysis with regard to local 

control are summarized in Tables 4 and 5. Of the non-MR imaging parameters, 
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Figure 1: Stage T2 supraglottic 
lesion in 52-year-old man. (A)
Transverse T1-weighted image 
obtained at level of the vestibular 
fold, or false vocal cord, with spin-
echo pulse sequence (400/15) 
shows mass (arrowhead) with 
intermediate signal intensity and 
involvement of pre-epiglottic 
space on right side. (B) Transverse 
T1-weighted image obtained 
with spin-echo pulse sequence 
(400/15) at level of true vocal cord 
shows abnormal signal intensity 
(arrowhead) in arytenoid cartilage 
and tumor extension to level of the 
glottis. (C) Transverse T2-weighted 
image with turbo spin-echo 
sequence (2700/98) at same 
level as B depicts tumor tissue 
(arrowhead) with higher signal 
intensity than on T1-weighted 
image and helps to confirm 
abnormality in arytenoid cartilage.

Figure 2: Stage T2 supraglottic 
lesion in 64-year-old man. (A) 
Transverse T1-weighted image 
(630/15) depicts tumor extension 
(arrowhead) to hypopharynx and 
suggests involvement in the dorsal 
part of right thyroid lamina. (B) 
Transverse T2-weighted image 
obtained at same level with 
turbo spin-echo pulse sequence 
(4000/93) shows increased signal 
intensity in thyroid cartilage, as 
well as hypopharyngeal extension.
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only pretreatment hemoglobin concentration was significantly associated with 

local control. Of the MR imaging parameters, primary tumor volume (trend-test 

statistics for equality), involvement of pre-epiglottic space, abnormal signal 

intensity in thyroid cartilage, and extralaryngeal extension beyond thyroid and/

or cricoid cartilage were significantly associated with local control.

In the multivariate analysis, statistically significant associations with local 

control were found for three MR imaging-determined parameters: involvement 

of the pre-epiglottic space (p=0.004), abnormal signal intensity in cartilage 

at the anterior commissure (p=0.04), and abnormal signal intensity in cricoid 

cartilage (p=0.01). No such association was found for any of the clinical 

parameters entered in the multivariate model.

To identify a subset of patients at high risk to local recurrence, we developed a 

prognostic model by using the regression coefficient of the three MR imaging-

determined parameters identified as independent prognostic factors for local 

Figure 3: Stage T2 supraglottic 
lesion in 89-year-old man. 
Transverse T1-weighted spin-echo 
(420/15) image shows abnormal 
signal intensity (arrowheads) 
in thyroid cartilage adjacent to 
anterior commissure, a finding that 
suggests tumor involvement of this 
cartilage on left side.

Figure 4: Stage T2 supraglottic 
lesion in 80-year-old man. 
Transverse T1-weighted spin-
echo (700/15) image shows 
abnormal signal intensity in thyroid 
cartilage and extralaryngeal tumor 
extension (arrowheads) at anterior 
commissure.

Table 3: Mean tumor volume according to T classification
T-category Mean tumor volume (cm3) No. of patients 95%-CI for Mean

T1 3.3 6 (2.2, 4.4)

T2 6.8 34 (4.6, 8.9)

T3 11.3 23 (7.6, 15.0)

T4 16.9 21 (10.3, 23.6)

Total 10.3 84 (8.1, 12.5)

Note.—P value for correlation of T category with tumor volume was <0.001.
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control (Table 6). The estimated curves for local tumor control in the presence 

of individual parameters are shown in Figures 5-7. The total risk score calculated 

by summing the risk scores of these three factors for each patient ranged from 

0 to 18.5 points (median, 7.5 points). Then the patients were grouped according 

to risk score into three categories: low risk (risk score, 0-5 points; 28 patients), 

intermediate risk (risk score, 6-11 points; 40 patients), and high-risk (risk score, 

≥12 points; 16 patients) (Fig. 8). Four (14%) of the patients in the low-risk 

group, 15 (37%) in the intermediate-risk group, and nine (56%) patients in 

the high-risk group developed a local recurrence. The local control rate in the 

high-risk group was 35% after 5 years, significantly lower than the 5-year rates 

for the intermediate-risk and low-risk groups (60% and 89%, respectively; 

p=0.002) (Fig. 9).

Table 4: Results of univariate analysis of clinical and histopathologic variables with the 
Kaplan-Meier method

Variable No. of 
patients

5-year local 
control rate*

Survival 
function″

df 95% CI Univariate 
P value

Sex 0.1 1 0.5, 2.5 0.7

Male 59 62

Female 25 66

Age 0.4 1 0.3, 1.7 0.5

0-64 years 43 60

>64 years 41 70

T-classification 0.3 2 0.6, 1.4 0.6

T1-T2 40 64

T3 23 63

T4 21 62

N-classification 1.8 1 0.8, 3.8 0.1

N0 65 69

N+ 19 40

Vocal cord mobility 1.0 2 0.6, 1.6 0.8

Normal 59 64

Impaired 14 57

Fixed 11 70

Hemoglobin concentration# 4.3 1 1.0, 5.1 0.04

Normal 64 67

Low 19 53

Histopathologic grade 3.3 2 0.7, 2.4 0.4

Well differentiated 10 50

Moderately differentiated 46 64

Poorly differentiated 28 66    

* Numbers are percentages.
″ Calculated with the log-rank test.
# Hemoglobin concentration was measured in 83 of the 84 patients.
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Table 5: Results of univariate analysis of MR imaging parameters resulting with the Kaplan-
Meier method

Variable No. of 
patients 
affected

5-year local 
control rate*

Survival 
function″

df 95% CI Univariate 
P value

Primary tumor volume (cm3) 4.7 1 0.03

0-3 17 88 0.6, 3.0

>3-10 36 61 1.1, 21.0

>10 31 54

Glottic extension 0.8 1 0.6, 3.3 0.3

No 28 67

Yes 56 51

Subglottic extension 2.7 1 0.9, 4.0 0.09

No 58 67

Yes 26 52

Pre-epiglottic space 
involvement

8.1 1 1.4, 11.1 0.008

No 32 87

Yes 52 49

Abnormal signal intensity 
in cartilage at anterior 
commissure

3.5 1 0.9, 5.0 0.07

No 69 67

Yes 15 50

Abnormal signal intensity of 
thyroid 

4.4 1 1.0, 5.2 0.04

No 67 70

Yes 17 37

Abnormal signal intensity of 
cricoid 

2.6 1 0.8, 5.9 0.1

No 74 66

Yes 10 45

Extralaryngeal extension 
beyond cartilage at anterior 
commissure

0.5 1 0.5, 5.0 0.5

No 77 64

Yes 7 57

Extralaryngeal extension 
beyond thyroid and/or 
cricoid cartilage

5.1 1 1.1, 5.3 0.02

No 78 66

Yes 6 33

Hypopharyngeal extension 2.2 1 0.8, 3.7 0.1

No 58 69

Yes 26 52     

* Numbers are percentages.
″ Calculated with the long-rank test.
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Table 6: Final results of the multivariate analysis of MR imaging-determined tumor 
parameters resulting in defined risk score model
Variable Score Regression 

coefficient 
Hazard 
ratio

95% CI P value Risk 
score*

Pre-epiglottic space 
involvement

No versus yes 1.5 4.5 1.0, 6.9 0.004 7.5

Abnormal signal 
intensity in cartilage at 
anterior commissure

No versus yes 0.9 2.5 1.7, 9.8 0.04 4.5

Abnormal signal 
intensity in cricoid 
cartilage

No versus yes 1.3 3.7 1.0, 7.7 0.01 6.5

* The risk score is the regression coefficient multiplied by 5 and rounded off to the nearest 
integer. The total risk score is calculated by adding the risk scores for all individual risk 
factors.
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Figure 5: Graph of local control rates 
over a 5-year period after radiation 
therapy shows a worse prognosis 
for patients  with supraglottic cancer 
involving pre-epiglottic space (dashed 
line; 5-year local control rate, 50%) than 
for patients without involvement of pre-
epiglottic space (solid line; 5-year local 
control rate, 89%).

Figure 6: Graph of local control rates 
over a 5-year period after radiation 
therapy shows a worse prognosis for 
patients with supraglottic cancer and 
abnormal signal intensity in cartilage 
at the anterior commissure on MR 
images (dashed line; 5-year local control 
rate, 48%) than for patients without 
supraglottic involvement or abnormal 
signal intensity in cartilage at the 
anterior commissure (solid line; 5-year 
local control rate, 74%).
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(n = 84 patients)

Pre-epiglottic space 
involvement

No Yes

Abnormal signal of 
cricoid cartilage 

Abnormal signal of 
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Figure 8: Flow diagram of treatment outcomes in the study population shows that patients 
with pretreatment MR findings of tumor invasion in pre-epiglottic space and abnormal signal 
intensity in the thyroid cartilage at the anterior (ant.) commissure and/or abnormal signal 
intensity in cricoid cartilage are at high risk for local failure after definitive radiotherapy. 

Figure 9: Graph shows local control 
rates over a 5-year period after radiation 
therapy for low-, intermediate-, and high-
risk patients. Patients with two or more 
MR imaging-determined risk factors were 
at high risk for local failure.

Figure 7: Graph of local control rates 
over a 5-year period after radiation 
therapy shows a worse prognosis for 
patients with supraglottic carcinoma 
and abnormal signal intensity in cricoid 
cartilage on MR images (dashed line; 
5-year local control rate, 29%) than for 
patients without these MR imaging  (solid 
line; 5-year local control rate, 75%). 
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DISCUSSION

The present study is a retrospective analysis performed in 84 patients who 

underwent definitive radiation therapy for supraglottic laryngeal carcinoma. 

The goal of this analysis was to identify factors that may be prognostic for local 

control. The results of statistical analyses showed that several MR imaging-

determined parameters (e.g., invasion of pre-epiglottic space, and abnormal 

signal intensity in the thyroid cartilage at the anterior commissure and/or in the 

cricoid cartilage) were significantly associated with local control. Furthermore, 

our results show that by classifying patients into three prognostic groups based 

on the combination of these MR imaging parameters, it is possible to identify a 

subset of patients, who are less likely to be successfully treated with radiation 

therapy and who may fare better with alternative treatment such as surgery.

Tumor volume and deep tissue infiltration

In our study, the P value for correlation between MR imaging-determined tumor 

volume and local control did not reach statistical significance. Similar results 

were found by others using CT as the imaging method [6,10]. Those authors 

found no statistically significant difference for CT-determined tumor volume as 

an independent predictor of the local control in multivariate analysis. The studies 

by Gilbert et al. [9], Mancuso et al. [11] and Mendenhall et al. [24] showed that 

tumor volume as measured on CT could be used to stratify patients into groups 

very likely or much less likely to be controlled at the primary site with definitive 

radiation therapy. These previous findings do not corroborate our results, 

because we used more sensitive imaging parameters, such as abnormal signal 

intensity in cartilage, which has been shown to be a predictor of poor local 

outcome in laryngeal cancers [17-19]. Although MR imaging has higher soft-

tissue resolution than CT, CT may enable more accurate assessment of tumor 

volume than does MR imaging with an intersection gap. However, in mostly 

large supraglottic cancers, the intersection gap may not play a major role in 

tumor measurements. Furthermore, the correlation between primary tumor 

volume and probability of local control is not absolute; it may be influenced 

by pathophysiologic factors such as blood flow, nutrient supply and cellular 

metabolic microenvironment, in which significant variations may occur among 

locations within the same tumor and between tumors [25].

Giron et al. [26] have concluded that MR imaging is the method of choice 

today for staging of laryngeal malignancies. MR imaging enables very accurate 

visualization of deep tissue such as intrinsic laryngeal musculature, which is 

important for the recognition of subtle tumor extension in supraglottic laryngeal 

carcinoma. Univariate and multivariate modeling-based data from our patient 

population with supraglottic cancer revealed a strong relationship between 



42

the degree of invasion of the pre-epiglottic space and local tumor control 

probability. Fletcher and Hamberger [27] reported the results of a study in 173 

patients treated with primary radiation therapy for supraglottic carcinoma and 

stated that the pre-epiglottic space is poorly vascularized. They suggested that 

the anoxic compartment of tumors penetrating this space must be substantial, 

which would make the tumors comparatively resistant to irradiation. This might 

explain the relatively greater resistance to radiation therapy and the higher cure 

rates with surgery in such tumors, observed by Dursun et al. [28]. The pre-

epiglottic space is composed predominantly of fat, which has low attenuation 

on CT images and high signal intensity on MR images. Both techniques are 

reported to be equal in the evaluation of pre-epiglottic involvement [29]. As 

reviewed by Hermans et al. [6], pretreatment CT findings of involvement of 

the pre-epiglottic space showed significant correlation with local outcome. In 

our study, invasion of the pre-epiglottic space was the strongest independent 

predictor of local control of supraglottic cancer. 

Cartilage involvement on MR images

Katsounakis et al. [30] wrote that MR imaging is superior to CT for staging 

of tumors, especially those confined to the supraglottis, because of enhanced 

detection of cartilaginous involvement, and may therefore lead to over- or 

underestimation in TNM classification. MR has been reported to be highly 

sensitive in depicting cartilage invasion and to be more accurate than CT [15,16]. 

In a preliminary study, invasion of the cartilage depicted on CT images was not 

found to be a significant predictor of local recurrence [6]. In our study, abnormal 

MR imaging signal intensity patterns in thyroid and cricoid cartilages were found 

to be significant factors influencing the local outcome of supraglottic lesions. 

In our patients, the cartilage most often involved was thyroid cartilage (but not 

that adjacent to the anterior commissure), and involvement of this cartilage was 

associated with poorer local control (in univariate analysis for predictive value, 

p=0.04). As reported by Castelijns et al. [20], abnormal MR signal intensity 

pattern in cartilage, combined with large tumor volume, was associated with a 

significantly worse prognosis (Fisher exact test, p<0.05). Multivariate analysis 

demonstrated that abnormal signal intensity in cricoid cartilage is a strong 

independent prognostic factor associated with tumor recurrence. However, an 

abnormal MR signal intensity pattern in laryngeal cartilage does not automatically 

imply a need for laryngectomy, especially tumors with smaller volume. It is 

incorrect to postulate that radiation therapy cannot cure a substantial number of 

lesions in which cartilage is involved; minimal cartilage involvement in patients 

with low-staged tumors does not indicate a bad prognosis [17,18]. 
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MR images of 15 patients showed abnormal signal intensity in thyroid cartilage 

adjacent to the anterior commissure, and this abnormality turned out to be 

an independent prognostic factor in local outcome of supraglottic carcinoma. 

Maheshwar and Gaffney [31] showed that anterior commissure involvement 

was a predictor of poor response to radiation therapy. None of the cases in their 

study included CT images obtained in patients with glottic carcinoma, however, 

and we believe that treatment failure may have resulted from underestimation 

of the tumor stage. 

No conclusions can be drawn concerning extralaryngeal extension of the 

tumor beyond these cartilages, because of the limited number of patients with 

extralaryngeal abnormalities. The prognosis for patients with extralaryngeal 

extension depicted at diagnostic imaging may be expected to be even worse. 

Nevertheless, this characteristic did not adversely affect the likelihood of 

local control in our patients, probably because such abnormalities are treated 

primarily with laryngectomy at our institution.

There are, however, some limitations to our study. First, MR examinations 

were performed by using different techniques (0.6-T vs. 1.0-T MR imaging 

systems). In our opinion, this did not influence contrast between tumor tissue 

and surrounding tissue and therefore did not interfere with adequate diagnosis 

of the extent of tumor tissue. Second, the review of MR images by a single 

experienced observer did not enable the collection of information regarding 

interobserver variance, which should be investigated in the future.

The TNM classification system was developed, at least in part, for prognostic 

purposes. Regarding tumor extension in cartilages, the most recent revision in 

TNM classification guidelines [21] states only that tumors with “thyroid cartilage 

erosion” and extension “through cartilage” would be classified as T3 and T4, 

respectively. On the basis of our findings, these phrases may be refined in 

terms more meaningful for MR imaging, to “abnormal signal in (all) cartilages” 

and “extralaryngeal extension beyond cartilages”, respectively. 

In conclusion, patients with MR imaging-determined pre-epiglottic space invasion 

and abnormal signal intensity in thyroid cartilage at the anterior commissure 

and/or cricoid cartilage are at high risk for local failure after radiation therapy. 

Tumors in such patients are probably better treated initially with surgery, with 

or without postoperative radiation therapy. We believe that MR imaging findings 

are therefore essential in the work-up for T staging of supraglottic cancer.
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ABSTRACT

Purpose: To retrospectively evaluate the prognostic significance of magnetic 

resonance (MR) imaging-determined tumor parameters, especially the presence 

of cartilage invasion, regarding local control of glottic squamous cell carcinoma 

treated with radiation therapy (RT) alone. 

Materials and methods: The study was performed with the approval of our 

institutional review board; direct patient consent was waived. Pretreatment MR 

images of 118 patients aged 41-86 years (110 men, eight women) with glottic 

carcinoma treated with RT alone were reviewed for tumor involvement of specific 

laryngeal anatomic subsites (including laryngeal cartilages), tumor volume, and 

extralaryngeal tumor spread; these findings were compared with local control. 

Local control was defined as absence of a recurrence at the primary site for 2 

years. Statistical significance of differences between curves for local control 

estimated with the Kaplan-Meier was tested with log-rank test.

Results: Results of univariate analysis showed all MR imaging-determined 

parameters to be significant predictors of local control rate, compared with 

clinical parameters where T classification and vocal cord mobility were the 

only significant parameters associated with local control. Multivariate analysis 

(Cox regression model) of clinical and radiologic parameters revealed that 

hypopharyngeal extension (p=0.04) and intermediate T2 signal intensity (SI) 

in cartilage similar to tumor SI (p<0.001) were independent prognostic factors 

with regard to local control. 

Conclusion: Intermediate T2 SI in cartilage, which may suggest cartilage 

invasion, and hypopharyngeal extension of tumor, predict greater likelihood of 

local failure, whereas high T2 SI, which may suggest inflammatory tissue in 

cartilage, predicts lower likelihood of local failure.
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INTRODUCTION

Clinical tumor extension, and to some degree imaging findings, according to the 

TNM system, provide important information about the probability of local control 

of laryngeal carcinoma after radiation therapy (RT) with curative intent. Patients 

with advanced disease (e.g., in the case of extensive cartilage invasion and/or 

extralaryngeal extension), comprise an unfavorable group for RT and are often 

advised to undergo laryngectomy [1]. Combined chemo- and radiation therapy 

for advanced stages of laryngeal carcinoma with salvage surgery constitute a 

good alternative for primary surgery followed by postoperative RT [2-4].

Computed tomography (CT) findings of the primary tumor have been described 

as potential effective predictors of local control of glottic carcinoma treated 

with RT alone [5-9]. In several studies, a large CT-derived tumor volume was 

found to be a predictor of local failure [6,7,9]. Pameijer et al. [6] proposed 

that T3 glottic cancer with a CT-based tumor profile smaller than 3.5 cm3 

and single or no laryngeal cartilage sclerosis may potentially be treated by 

RT with a curative intent. In other studies, the risk of tumor recurrence has 

been reported to increase with invasion of the pre-epiglottic and paraglottic 

spaces and subglottic extension, where primary tumor volume is an important 

predictor, but covariates reflecting deep tissue invasion seem to be even 

stronger predictors of local control in glottic cancer [5,8]. The presence of 

extralaryngeal spread has also been recognized as an important prognostic 

factor regarding local control in the head and neck and was associated with 

higher rates of failure [10].

It is often suggested that cartilage involvement depicted at imaging precludes 

voice-sparing partial laryngectomy and is also a contraindication to radiation 

treatment, thus leaving total laryngectomy as the only alternative [11-13]. 

Previous reports have shown that CT evidence of subtle cartilage invasion may 

not be a valid predictor of poor results with RT [5]. CT is more specific, but 

less sensitive, than magnetic resonance (MR) imaging [12]. As reviewed by 

Castelijns et al. [14-16], pretreatment MR findings of tumor volume, especially 

in combination with the so-called abnormal signal intensity in cartilage seen 

on T1-weighted images, indicate an adverse prognosis with regard to tumor 

recurrence. To our knowledge, MR findings have not been studied regarding 

differences in T2 signal intensity (SI) in cartilage and its correlation with local 

outcome for glottic cancer after radiation therapy. Thus, the objective of our 

study was to retrospectively evaluate the prognostic importance of MR imaging-

determined tumor parameters, especially the presence of cartilage invasion, 

regarding local control of glottic squamous cell carcinoma treated by RT alone.
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MATERIALS AND METHODS

Patient population

Patients eligible for this retrospective study were those with pathologically 

proven glottic squamous cell carcinoma, treated with RT alone between 1984 

and 1999. All patients underwent pretreatment MR imaging. Patients with a 

previous history of laryngeal cancer or other malignant diseases in the head 

and neck region were excluded. The study was performed with the approval of 

our institutional review board; direct patient consent was waived. 

One hundred eighteen patients, aged 41-86 years (median, 64 years) met 

the inclusion criteria: 110 men (93%) and eight women (7%). Seventy-seven 

patients (65.3%) had normal vocal cord mobility, 30 patients (25.4%) had 

impaired cord mobility and 11 (9.3%) had no cord mobility. Stage of disease 

in all patients was clinically assessed according to International Union Against 

Cancer staging system 2002 [17]. Finally, the classification was T1a in 10 

patients (8.5%), T1b in 29 patients (24.5%), T2 in 59 patients (50.0%), T3 in 

10 patients (8.5%), and T4 in 10 patients (8.5%). Five patients with positive 

lymph nodes were clinically and according to MR imaging findings classified: 

T2N1 (n=3), T3N1 (n=1), and T4N1 (n=1). Histopathologic examination of biopsy 

specimens showed well-differentiated squamous cell carcinoma in 28 patients 

(23.7%), moderately differentiated carcinoma in 69 patients (58.5%) and poorly 

differentiated carcinoma in 21 patients (17.8%). 

MR imaging 

Before 1994, MR images were obtained by using a 0.6-T MR system (Teslacon 

I; Technicare, Solon, Ohio). From 1994 on, MR images were obtained with 

1.0-T MR system (Impact; Siemens Medical Solutions, Erlangen, Germany). MR 

examinations were performed with an anterior surface neck coil. A multisection 

two-dimensional Fourier-transform spin-echo pulse sequence was used in all 

cases. In sagittal and transverse planes, a T1-weighted spin-echo technique 

(repetition time msec/echo time msec, 200-700/15) was applied. We also 

generated intermediate-weighted (1500/38) and T2-weighted (1500-4000/76-

98) spin-echo MR images in the transverse plane at each corresponding level. 

Transverse planes were obtained parallel to the vocal cords. The acquisition 

of T1-weighted MR images was repeated four times for signal averaging, while 

intermediate-weighted and T2-weighted MR images were acquired twice. 

Gadolinium-based (contrast material) was not routinely used in these patients. 

A 4-mm section thickness was used, with a 1-mm intersection gap. The field of 

view was kept as small as possible (200 X 200 mm). Acquisition times varied 

from 3 to 6 minutes per sequence.
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Radiation therapy and follow-up

The mean period between MR imaging examination and start of RT was 28 days 

(range, 2-86 days). All patients were treated with a linear accelerator using 

6-MeV photons. In T1- and small T2-stage lesions, the clinical target volume 

consisted of the thyroid cartilage and no field reductions were used. In the case 

of T3- and T4-stage tumors or T2-stage lesions with impaired mobility and/or 

tumor extension at the level of the false vocal cords, the primary clinical target 

volume included the gross tumor volume (GTV) with a margin of at least 1.5 

cm, the thyroid cartilage, and the lymph nodes in levels II-IV on both sides of 

the neck. In the case of pathologic lymph nodes, the elective nodal area was 

extended to level Ib to V on both sides. The clinical target volume of the boost 

included the GTV with a 1-cm margin. Total RT dose for patients ranged from 58 

to 74 Gy (mean, 64.5 Gy), by using 2.0 to 2.5 Gy per fraction. The fractionation 

schedule for the early stages of RT (i.e., T1-T2N0) was 2.5 Gy per fraction, five 

times a week, to a total dose of 60.0-62.5 Gy. This policy was not changed 

during the inclusion period. Before 1998, different fractionation schedules were 

used for more advanced laryngeal carcinoma cases. After 1998, planning CT 

was implemented routinely in these cases and the fractionation schedule was 

standardized to 70 Gy, 2 Gy per fraction, and six fractions per week, including 

a second fraction on Friday afternoon with a concomitant boost technique. The 

interval between the first and second fraction on Friday was at least 6 ours.

Follow-up included indirect laryngoscopy at regular intervals every 2 months 

during the first 2 years after finishing RT and every 4 to 6 months thereafter, 

supplemented by direct laryngoscopy with biopsies as necessary. Imaging 

was not routinely performed. No patients were lost to follow-up. The follow-

up period was designated as the total time of follow-up ending either at local 

recurrence, or at last patient contact without local recurrence with a minimum 

of 2 years (mean follow-up time, 33 months; range, 4–97 months).

Evaluation of MR imaging parameters

All pretreatment MR images were retrospectively reviewed and evaluated by two 

observers in consensus with 13 and 4 years experience of head and neck MR 

imaging. They were blinded to the identity of patients and their clinical records. 

The following MR imaging parameters were assessed: primary tumor volume; 

presence of supraglottic and subglottic extension, and involvement to pre-

epiglottic space; abnormal signal intensity in or destruction of cartilage adjacent 

to tumor tissue (i.e., abnormal SI in cartilage at the anterior commissure, 

thyroid cartilage, and/or cricoarytenoid cartilage; and extralaryngeal extension 

beyond these cartilages-see below); and hypopharyngeal extension. 
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Abnormal signal intensity in thyroid cartilage with tumor extent into the anterior 

commissure was separately assessed from abnormal SI in the remaining part of 

thyroid cartilage without tumor extent to the anterior commissure. 

Abnormal signal intensity in the cricoarytenoid region was defined as abnormal 

SI in the cricoid or arytenoid cartilage around the cricoarytenoid joint. 

Extralaryngeal extension beyond cartilage adjacent to the anterior commissure 

was considered to have spread beyond the cartilaginous framework into 

contiguous soft tissues. Tumor involvement into the hypopharynx was described 

as invasion of the lateral wall of the piriform sinus and postcricoid area. 

Tumor extension was assessed on T1-weighted MR images as an area of 

intermediate signal intensity, in high contrast to high-signal fat and with 

somewhat lower SI than that of muscular tissue [18]. Abnormal SI in cartilage 

was diagnosed on the basis of combined use of T1- and T2-weighted MR 

images at corresponding levels. On T1-weighted MR images, the tumor showed 

intermediate SI with high contrast to high-signal bone marrow of ossified 

cartilage. Different degrees of T2 SI in the cartilage were evaluated (low vs. 

intermediate vs. high): low T2 SI, as nonossified cartilage; intermediate T2 

SI in cartilage, as similar to tumor SI; and high T2 SI in cartilage, as higher 

than T2 SI of intralaryngeal tumor tissue. Glottic cancers showing abnormal 

signal intensity in one of the cartilages (thyroid, cricoarytenoid, and thyroid at 

anterior commissure) on T1-weighted MR images and with intermediate SI on 

T2-weighted MR images in at least one of the involved cartilages were classified 

as tumors with intermediate T2 SI in cartilage similar to tumor SI. 

From 1985 to 1994, MR examinations were redigitized by using a film scanner. 

After 1993, digital MR images were obtained directly. The tumor outlines were 

traced manually on T1-weighted MR images by one observer (R.Lj.) with use 

of a computerized image analysis tool that is available as part of our hospital’s 

(VU University Medical Center) picture archiving and communication system 

(Centricity Radiology RA 600, version 6.1; GE Healthcare, Milwaukee, Wis). The 

volume of the tumor was calculated in cubic centimeters by multiplying the 

tumor areas by section thickness and intersection gap and was then summarized 

over all sections in which the tumor was present. In 16 of 118 patients, no soft-

tissue abnormality could be detected on MR images because the tumor was 

too small. In the analyses, tumors in these patients were considered to have a 

volume of 0 cm3.

Statistical analysis

To evaluate the effectiveness of RT in local control, histologically proved local 

recurrences during follow-up were considered local failures. Local control was 

calculated from the first day of radiotherapy. In the univariate analysis, the 
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curves for local control were estimated by using the Kaplan-Meier method. To 

test the statistical significance of differences between curves, the log-rank test 

was used. A multivariate analysis using the Cox proportional hazards model 

was performed stepwise to identify clinical and radiologic covariates that were 

significantly associated with local control. 

In the uni- and multivariate analyses, the following variables were entered 

stepwise into the model: sex (male vs. female), age (≤64 yr vs. >64 yr), T 

classification (T1a vs. T1b vs. T2 vs. T3 vs. T4), N classification (N0 vs. N1), vocal 

cord mobility (normal vs. impaired vs. fixed), primary tumor volume (0.1-1.1 

cm3 vs. 1.1-3.0 cm3 vs. >3.0 cm3), supraglottic extension (no vs. yes), subglottic 

extension (no vs. yes), involvement in pre-epiglottic space (no vs. yes), abnormal 

SI in the thyroid at the anterior commissure (no vs. yes), abnormal SI in thyroid 

and/or cricoarytenoid cartilage (no vs. yes), extralaryngeal extension beyond 

cartilage at the anterior commissure (no vs. yes), hypopharyngeal extension 

(no vs. yes), and T2 SI in cartilage (low vs. intermediate vs. high). In the first 

step of the multivariate analysis, only the clinical parameters were entered. In 

the second step, the MRI parameters were entered as well.

P values <0.05 were designated for determining significant differences. All 

statistical calculations were performed by using software (SPSS, version 11.0; 

SPSS, Chicago, III).

RESULTS

MR imaging parameters 

The mean tumor volume was 2.3 cm3 (median, 1.5 cm3; range, 0.0-11.0 cm3), 

and a significant correlation was found between T classification and tumor 

volume (p<0.001). 

In our population, extralaryngeal extension beyond thyroid and cricoid cartilage 

was not found. In 52 (44%) of 118 patients abnormal signal intensity of cartilages 

adjacent to tumor tissue was found. Abnormal SI of cartilages in 17 (14%) of 118 

patients was seen as higher than tumor T2 SI and was considered to be high T2 

SI in cartilage. In 35 (30%) of 118 patients, the abnormal SI of at least one of the 

involved cartilages was similar to tumor SI on T2-weighted MR images and was 

considered to be intermediate T2 SI in cartilage (Table 1, Figs. 1 and 2).

Local control

Thirty-nine (33%) of 118 patients developed a local failure within 2 years and 

thirty-six of these underwent salvage laryngectomy. Of the clinical parameters, 

only T classification and vocal cord mobility were significantly associated with 
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local control (Table 2). For all MR imaging parameters, a significant association 

was found with local control (Table 3). Owing to the limited number of patients 

(n=12), abnormal SI in thyroid and cricoarytenoid cartilage was considered in 

the statistical analyses as one covariate of both cartilages (“at least one” or 

“both no”). 

Table 1: Tumor extension and abnormal SI in adjacent laryngeal cartilages 
Site No. Of patients

Supraglottic extension

No 78 (66)

Yes 40 (34)

Subglottic extension

No 63 (53)

Yes 55 (47)

Extension to the pre-epiglottic space

No 108 (92)

Yes 10 (8)

Abnormal SI of cartilage at anterior commissure

No  72 (61)

High T2 SI in cartilage 16 (14)

Intermediate T2 SI in cartilage 30 (25)

Abnormal extralaryngeal tissue at anterior commissure

No 109 (92)

High T2 SI in cartilage 2 (2)

Intermediate T2 SI in cartilage 7 (6)

Abnormal SI of thyroid cartilage

No 113 (96)

Yes 5 (4)

Abnormal SI of cricoarytenoid cartilage

No 111 (94)

Yes 7 (6)

Abnormal SI of thyroid and/or cricoarytenoid cartilage

No 106 (90)

High T2 SI in cartilage 2 (2)

Intermediate T2 SI in cartilage 10 (8)

T2 SI in all cartilages

Low 66 (56)

High 17 (14)

Intermediate  35 (30)

Hypopharyngeal extension

No 111 (94)

Yes 7 (6)

Note.--No patients had abnormal extralaryngeal tissue at thyroid and/or cricoid cartilage. 
Numbers in parentheses are precentages of the total.
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Figure 1: Clinical stage T2 glottic carcinoma in 70-year-old patient. (A) Transverse T1-weighted 
MR image (600/15) at level of true vocal cord shows mass (arrow) with intermediate SI in left 
cord. Abnormal SI of the thyroid cartilage at anterior commissure is shown (arrowheads) as 
intermediate T1 SI. No tumor was noted in right vocal cord. (B) Transverse T2-weighted MR 
image (3000/98) at corresponding level demonstrates tumor tissue (arrow) with intermediate 
SI of tumor mass and of tumor extension compared with A, confirming abnormality in cartilage 
(arrowheads).

In this univariate analysis, local control among patients with abnormalities of 

the cartilage classified as a high T2 SI was similar to that obtained from patients 

with normal cartilage seen as a low T2 SI on MR images (87% vs. 84%). In 

patients with intermediate T2 SI in cartilage, local control was significantly 

worse (27%) (Table 3, Fig. 3).

In the first step of the multivariate analysis, when the clinical parameters 

were entered, T classification (p=0.05) and vocal cord mobility (p=0.04) were 

independent prognostic factors with regard to local control. When the MR 

parameters were entered, hypopharyngeal extension (p=0.04) and intermediate 

T2 SI in cartilage (p<0.001) were found to be significantly associated with local 

control, while clinical parameters were no longer significantly associated with 

local control (Table 4). 
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Figure 2: Clinical stage T1b glottic carcinoma in 76-year-old patient. (A) Transverse 
T1-weighted MR image (400/15) at level of true cord shows mass (arrow) with intermediate 
SI in left cord. Abnormal intermediate SI of the thyroid cartilage at anterior commissure 
(arrowheads) is also seen. (B) Transverse T2-weighted MR image (2700/98) at corresponding 
level demonstrates tumor tissue (arrows) with intermediate T2 SI of tumor mass in high 
contrast to non-ossified cartilage. Thyroid cartilage at anterior commissure shows higher 
T2 SI than does tumor tissue, which may suggest inflammatory tissue (arrowheads). (C) 
Transverse T1-weighted MR image (400/15) of same patient, one section lower, again shows 
tumor mass (large arrow) with intermediate SI in left cord with abnormal SI of thyroid 
cartilage at anterior commissure (arrowheads). The remaining part of thyroid cartilage on 
left side (small arrows) is also seen with intermediate SI. (D) Transverse T2-weighted MR 
image (2700/98) at corresponding level clearly demonstrates low SI in remaining part of 
thyroid cartilage on left side, suggesting non-ossified cartilage. Consequently, the anterior 
two-thirds of thyroid lamina cartilage is non-ossified. (Keys are as in C.)
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Table 2: Univariate analysis of local control for clinical and histopathological variables 
estimated with the Kaplan-Meier method

Variable No. of patients 2-year local 
control (%)

P value  (log 
rank)*

Sex ns

Male 110 65 

Female 8 62 

Age ns

≤64 years 57 65 

>64 years 61 68 

T classification 0.03

T1a 10 83 

T1b 29 79 

T2 59 63 

T3 10 55 

T4 10 30 

N classification ns

N0 113 67 

N+ 5 53 

Vocal cord mobility 0.047

Normal 77 76 

Impaired 30 53 

Fixed 11 50 

Grade of differentiation ns

Well differentiated 28 70 

Moderately differentiated 69 61 

Poorly differentiated 21 80 

* ns = not significant.

Figure 3: Graph shows that 
patients with glottic cancer with 
intermediate T2 SI in cartilage 
similar to tumor SI had a 
poor prognosis (n=35, 2-year 
local control rate, 27%; 95% 
confidence interval: 20-34%) 
compared with patients with 
high T2 SI in cartilage (n=17, 
2-year local control rate, 84%; 
95% confidence interval: 
76-98%) and patients with low 
T2 SI in cartilage (n=66, 2-year 
local control rate, 87%; 95% 
confidence interval: 75-93%).
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Table 4: Final results of the multivariate analysis regarding local control
Variable Score Regression 

coëfficent
Hazard ratio* P value

T2 signal in cartilage <0.001

High Compared to low -0.41 0.6 (0.1, 3.0) 0.593

Intermediate Compared to low 1.86 6.4 (3.1, 13.3) <0.001

Hypopharyngeal extension 0 = no, 1 = yes 1.03 2.7 (1.0, 7.4) 0.039

Note.-- The model included all clinical and imaging parameters from Table 2 and 3. * Numbers 
in parentheses are 95% confidence intervals.

Table 3: Univariate analysis of local control for MRI imaging variables estimated with the 
Kaplan-Meier method

Variable No. of 
patients

2-year local 
control (%)

P value 
(log rank)

Primary tumor volume 0.001

0-1.1 cm3 40 90

1.1-3.0 cm3 45 64

>3.0 cm3 33 44

Supraglottic extension 0.009

No 78 76

Yes 40 50

Subglottic extension 0.001

No 63 81

Yes 55 52

Extension to the pre-epiglottic space 0.05

No 108 70

Yes 10 40

Abnormal SI in cartilage at anterior commisure 0.001

No 72 79

Yes 46 48

Abnormal SI in thyroid and/or cricoarythenoid 
cartilage

<0.001

No 106 72

Yes 12 24

Extralaryngeal extension beyond cartilage at 
anterior commisure

0.008

No 109 72

Yes 9 22

Hypopharyngeal extension <0.001

No 111 70

Yes 7 21

T2 SI in cartilage <0.0001

Low 66 84

High 17 87

Intermediate 35 27
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DISCUSSION

In our study, the most important independent prognostic factor turned out 

to be intermediate T2 signal in cartilage as assessed on MR images. With 

T2-weighted MR images, it may be possible to accurately assess extension 

of the tumor into adjacent cartilages, showing tumor tissue in cartilage with 

an intermediate signal intensity similar to that of intralaryngeal tumor tissue. 

Consequently, T2-weighted MR images may be useful for assessing tumor 

invasion into cartilage. In initial reports by Becker et al. [11,19] and Zbaren 

et al. [20], it was thought that apparent inability to differentiate between non-

tumorous inflammatory changes and tumor by using MR imaging may lead to 

overestimation of neoplastic invasion. 

According to our study, abnormal MR imaging SI patterns in cartilage (thyroid, 

cricoarytenoid, and thyroid at anterior commissure), without distinguishing 

different SIs as seen on T2-weighted images, were correlated with the risk of 

tumor recurrence. Univariate analyses demonstrated that SI abnormalities of 

cartilages were significantly associated with local control, but in multivariate 

analysis these findings did not reach significance when compared with more 

specific T2-weighted MR SI. These findings are in agreement with a preliminary 

report that stated that abnormal cartilage as shown on MR imaging increases 

the risk on local tumor recurrence [14]. In other MR studies, tumor lesions 

have an increased risk of local failure after RT, especially when invasion of the 

thyroid cartilage is suggested [21]. 

In a previous CT study by Hermans et al. [5], invasion of cartilage was not 

found to be an important predictor of local recurrence. While CT may enable 

detection of cartilage invasion, it may also fail because of the large variability 

of ossification patterns in the laryngeal cartilages. However, on the basis of 

results from a well-performed MRI-histopathologic correlative study, Becker 

et al. recently showed that SIs may enable differentiation between a tumor 

and inflammatory tissue in cartilage as found on T2-weighted spin-echo MR 

images (personal communication, Minerva Becker, MD, October 7, 2004). 

These findings are in agreement with those of the present study in which MRI 

abnormalities classified as an intermediate T2 SI in cartilage similar to tumor SI 

were significantly associated with decreased local control.

The second most important prognostic factor in the present study was 

extension into the hypopharynx as assessed on MR imaging, which might be 

explained by a combination of large tumor volume and deep tissue extension. 

Hamilton et al. [9] reported that hypopharyngeal involvement of a tumor 

would be useful as a potential indicator of local control. However, Hamilton 

et al. also demonstrated a correlation between the tumor volume of T2- and 

T3-stage laryngeal glottic carcinoma and local control, however [9]. In our 
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study, MR imaging-determined tumor volume was significantly associated with 

local control in the univariate analysis, but in the multivariate analysis tumor 

volume was no longer an independent prognosticator. Both, intermediate T2 SI 

in cartilage and hypopharyngeal tumor extension were potential confounders 

for the association between tumor volume and local control. 

Another question arises regarding accurate volume measurement by using CT 

and/or MRI. In a study by Daisne et al. [22], tumor delineation at CT, MRI, and 

fluorine 18-fluorodeoxyglucose positron emission tomography was compared 

and validated with the macroscopic surgical specimen when available. In 

that study, the results showed that in hypopharyngeal and laryngeal cancer, 

tumor volume on CT and MR images were substantially overestimated when 

compared with the volume assessed by using the surgical specimens, owing to 

the presence of peritumoral infiltration.

Consequently, MR findings (i.e., hypopharyngeal extension and intermediate T2 

SI in cartilage, which may suggest cartilage invasion) may be effective predictors 

for outcome of glottic carcinomas after definitive RT. In most patients with 

glottic carcinoma, non-surgical organ preservation strategies are considered 

as best initial management approach. However, some selected subgroups of 

patients may have a higher risk to local failure than other patient groups. The 

results of our study showed that in patients with tumors with an intermediate SI 

pattern (suggesting cartilage invasion) in cartilages on T2-weighted MR images 

have a poor outcome with respect to local control, which was only 27% after 2 

years. On the other hand, the results also showed that inflammatory changes 

possibly defined as high T2 SI in cartilage indicate that the patients with these 

SI abormalities in cartilage should not automatically imply laryngectomy and 

could successfully be treated with non-surgical treatment modalities. 

One of the limitations of our study was that MR examinations were performed 

using different techniques (0.6- vs. 1.0-T MR machines, digitization of older 

films). However, in our opinion, this did not influence contrast between tumor 

tissue and surrounding tissue and therefore did not interfere with adequate 

diagnosis of the extent of tumor tissue. Furthermore, we could not perform 

a pathologic analysis because our whole patient population was treated with 

definitive radiation therapy.

The results of our study confirmed that T2-weighted MR images may be helpful 

for determining outcome of primary RT in glottic carcinoma. Intermediate T2 

SI in cartilage, which may suggest cartilage invasion, and hypopharyngeal 

extension of tumor predict a greater likelihood of local failure, whereas high 

T2 SI, which may suggest inflammatory tissue in cartilage, predicts a lower 

likelihood of local failure. A pathologic study would then determine whether this 

intermediate SI indeed represents a tumor.
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3
Has the degree of 
contrast enhancement 
with MR imaging in 
laryngeal carcinoma 
added value to anatomic 
parameters regarding 
prediction of response to 
radiation therapy?



ABSTRACT

Purpose: Our aim was to retrospectively investigate the prognostic significance 

of the degree of contrast enhancement in tumors and its additional value in 

previously considered MR imaging parameters with regard to local control of 

laryngeal cancer treated with radiation therapy (RT) alone.

Methods: Pretreatment MR images of 64 consecutive patients (54 men and 

10 women, 43-80 years of age) with supraglottic and glottic cancer were 

retrospectively reviewed on clinical and previously considered MR imaging 

parameters such as tumor involvement of specific laryngeal anatomic subsites, 

including laryngeal cartilages, tumor volume, extralaryngeal tumor spread, 

and, in addition, the degree of contrast enhancement. Clinical and MR imaging 

parameters were associated with regard to local control at 2 years using Cox 

regression model. Local control was defined as absence of primary tumor 

recurrence.

Results: When using a threshold of the mean average contrast enhancement 

of 77%, the 2-year local control rate in the groups of patients with a degree of 

enhancement below and above this threshold was 57% and 70%, respectively 

(p=0.3). Enhancement of tumor tissue in pre-epiglottic space (PES) was 

low, most probably due to its adipose tissue and poor vascular content, 

whereas tumor tissue involving paraglottic space (PGS) did enhance. Results 

of multivariate analysis indicated that the degree of contrast enhancement 

yielded the prognostic information (p=0.07) with 2 independent prognostic 

factors: primary tumor volume (p=0.007) and subglottic extension (p=0.002) 

with regard to local control. Using these previously mentioned 3 MR imaging 

parameters as potential risk factors, we defined 4 categories, resulting in 

the following local control rates respectively: 90% for the group without risk 

factors, 73% for the group with 1, 60% for the group with 2, and finally 0% for 

the group with 3 risk factors, which was significantly lower than the rates in 

previous risk groups (p<0.001). 

Conclusion:  PES has a lower degree of contrast enhancement than the PGS 

and may correlate with the worse outcome. Including a low degree of contrast 

enhancement as a parameter to primary tumor volume and subglottic extension 

may increase the predictive value of MR imaging for local outcome and may be 

helpful to identify a subset of patients whose tumors all recurred locally within 

2 years after primary RT.
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INTRODUCTION

The results of several studies present tumor enhancement patterns obtained 

by dynamic contrast-enhanced MR imaging as a promising method to assess 

response to cytotoxic therapy in various malignancies [1-6]. Moreover, previous 

studies in cancer treated with radiation therapy (RT) suggested a correlation 

between the dynamic enhancement pattern and tumor control that is consistent 

with the well-known dependence between tumor oxygenation and radiation 

response [2,6-8]. Tumors with higher mean dynamic enhancement values 

showed better blood and oxygen supply [6]. Clinical as well as experimental 

data suggested that hypoxia could influence prognosis as a result of decreased 

radiosensitivity [8]. Therefore, decreased enhancement may be associated 

with worse outcome in patients treated with RT. MR imaging parameters 

demonstrating vascularity may enable prediction of local control more effectively 

and, therefore, help to select patients who may benefit more from additional 

or more aggressive therapies [9]. We are unaware of imaging studies that 

investigated whether contrast enhancement in the primary lesion correlates 

with local control in laryngeal carcinoma. The previously considered MR imaging 

parameters, such as tumor involvement of specific laryngeal anatomic subsites, 

including laryngeal cartilages, tumor volume, and extralaryngeal tumor spread, 

have already been evaluated [10]. The main purpose of the present study was to 

retrospectively investigate the prognostic significance of the degree of contrast 

enhancement in tumors and its additional value in previously considered MR 

imaging parameters, with regard to local control of laryngeal cancer treated 

with RT alone.

MATERIALS AND METHODS

Patient population

The hospital charts of 130 patients treated with RT alone for squamous cell 

carcinoma of the larynx, between December 1994 and January 2002, were 

retrospectively reviewed. A minimal 24 months clinical follow-up after completion 

of RT was required. Out of these 130 patients, 64 (49%) were eligible for this 

study, including 54 men (84%; mean age, 64 years; range, 43-80 years) and 10 

women (16%; mean age, 60 years; range, 48-77 years). The major reasons for 

exclusion were <24 months follow-up after RT, patients with a previous history 

of laryngeal cancer or other malignant diseases in the head and neck region, 

and lack of qualifying MR imaging studies. Eighty-one patients were initially 

identified. However, contrast-enhanced images of 17 patients were omitted from 
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the study due to the difference in pulse sequences between pre-Gadolinium and 

post-Gadolinium axial T1-weighted MR images. All tumors were staged clinically 

according to the International Union Against Cancer recommendations [11] and 

originated in the supraglottic region (n=28) or the glottic region (n=36). This 

retrospective study was performed with the approval of our institutional review 

board; patient informed consent was waived by the review board because all 

images were acquired for clinical purposes and were considered as existing 

data documents. The pretreatment tumor characteristics are listed in Table 1. 

MR imaging

All images were obtained with 1.0T and 1.5 T MR imaging units (Impact and 

Vision; Siemens, Erlangen, Germany) with an anterior surface neck coil. Axial 

T1-weighted spin-echo images (310-800/15 ms [TR/TE]) were obtained before 

and after the intravenous administration of contrast material (0.1 mmol/kg of 

gadolinium diethylene triamine pentaacetic acid (Magnevist; Scheuring, Berlin, 

Germany) in all patients. We also generated proton-density (PD)-weighted and 

T2-weighted MR images in the axial plane (2200-4550/16-22 ms [TR/TE] for 

PD-weighted and 2200-4550/90-98 ms [TR/TE] for T2-weighted MR images) at 

Table 1: Pretreatment tumor characteristics (n = 64)
Variable No. of patients % Of total

T classification

T1 10 16

T2 30 47

T3 11 17

T4 13 20

N classification

N0 51 80

N1 7 11

N2 6 9

Vocal cord mobility (left side)

Normal 52 81

Impared 7 11

Fixed 5 8

Vocal cord mobility (right side)

Normal 56 87

Impaired 7 11

Fixed 1 2

Histopathology

Well differentiated 10 16

Moderately differentiated 43 67

Poorly differentiated 11 17
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each level corresponding with T1-weighted MR images. In most cases, a 4-mm 

section thickness was used (varied between 3 and 5 mm) with a 0.4-mm interslice 

gap, and the field of view was kept as small as possible, so that with a 256 X 256 

matrix, the images had a pixel resolution of 0.8 X 1.0 mm. The patients were 

instructed to breathe quietly and to refrain from coughing or swallowing.

All digital MR images were retrospectively reviewed and evaluated by 2 observers 

(in consensus) with, respectively, 13 and 4 years’ experience of head and neck 

MR imaging who were blinded to clinical outcome. MR parameters were assessed, 

including the primary tumor volume; the presence of supraglottic, glottic and/

or subglottic extension; invasion of pre-epiglottic space (PES) and/or paraglottic 

space (PGS); and abnormal signal intensity (SI)/destruction of cartilages adjacent 

to tumor tissue; extralaryngeal spread; and involvement of the hypopharynx. 

Tumor involvement to the hypopharynx was described as invasion of the lateral 

wall of the piriform sinus and postcricoid area. Special attention was directed 

at assessing the degree of contrast enhancement of primary lesions. The 

semiquantitative analysis of the degree of contrast enhancement was performed 

by using regions of interests (ROIs). The identically sized region of interest (32 

mm2) was placed within the tumor area on the level where the largest tumor 

mass was seen (on 1 representative level for each patient), and the mean SI was 

measured. In addition, the ROIs at the tumor mass were again placed on 1 or 2 

locations within the tumor. In case of gross extension of the tumor mass in the 

PES and/or PGS, these spaces were selectively examined by placing an ROI. The 

degree of contrast enhancement was calculated by using the following formula:

Degree of contrast enhancement (%) = [(SI Post-contrast - SI Pre-contrast) / SI Pre-contrast] * 100 

As a reference, the degree of contrast enhancement was also calculated for 

the sternocleidomastoideus muscle to explore if the reference tissue showed a 

constant level of enhancement.

From 1994, digital MR images were obtained directly. The tumor outlines 

were traced manually on T1-weighted MR images by one observer (R.Lj.) with 

the use of a computerized image-analysis tool that is available as part of the 

PACS (picture archiving and communication system) of our hospital (Centricity 

Radiology RA 600, Version 6.1; GE Healthcare, Milwaukee, Wis). The volume of 

the tumor was calculated in cubic centimeters by multiplying areas with section 

thickness and interslice gap, and then it was summarized over all sections in 

which the tumor was present.
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RT and follow-up

The definitive RT with daily fractions ranging from 2.0 to 2.5 Gy was started 

within a short time (mean, 43 days) after the MR imaging examination. Typically, 

the total radiation dose depended on the clinical T-classification and was 60 Gy 

for T1 lesions (2.5 Gy per fraction/5 times per week) and 70 Gy for T2 to T4 

lesions (2.0 Gy per fractions, 6 times per week).

The patients received regular surveillance in the outpatient clinic (i.e., every 

2 months in the first 2 years after completion of RT; every 3 months in the 

third year; and every 4-6 months thereafter, supplemented in case of suspect 

recurrence by direct laryngoscopy with biopsies). Imaging was not routinely 

performed. Local control was defined as absence of a recurrence at the primary 

site. Histologically proved local recurrences during follow-up were considered 

as local failures, to evaluate the efficacy of RT in local control. No patient was 

lost to follow-up. The minimum follow-up period was the follow-up ending either 

at local recurrence of the primary tumor or at last patient contact in 2 years. 

The mean follow-up time was 28 months (range, 4-93 months). 

Statistical analysis

The endpoint used in the statistical analyses was local control at 2 years. 

Local control was estimated by using the Kaplan-Meier method. Outcome was 

measured from the first day of radiation therapy to the date of local recurrence 

or the last date of follow-up. Using the mean value of degree of contrast 

enhancement as the threshold, we classified the patients into 2 groups. 

One-way analysis of variance (ANOVA) test was used to evaluate the statistical 

significance of the differences in the means of degree of contrast enhancement. 

The degree of contrast enhancement was also correlated with location of the 

primary tumor (supraglottis vs. glottis).

In the univariate analysis, the log-rank test was used to test differences 

between curves. We applied the Cox step-by-step proportional hazards 

regression model for multivariate analysis, in which the variables were tested 

for its significant impact on local control after RT. In the first step, the degree 

of enhancement was entered in the regression model and then clinical and MR 

imaging-determined variables were added one by one for possible confounding. 

The following variables were entered into the statistical model: sex (male vs. 

female), age (<63 years vs. >63 years), T classification (T1 vs. T2 vs. T3 vs. 

T4), N classification (N0 vs. N+), vocal cord mobility bilaterally (normal vs. 

impaired vs. fixed), primary tumor volume (0-4 cm3 vs. >4 cm3), supraglottic 

extension (no vs. yes), glottic extension (no vs. yes), subglottic extension (no 

vs. yes), PES invasion (no vs. yes), PGS invasion (no vs. yes), abnormal signal 

intensity of thyroid cartilage at the anterior commissure (no vs. yes), of cricoid 
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cartilage (no vs. yes), and of the remaining part of thyroid cartilage (no vs. yes), 

extralaryngeal spread (no vs. yes), hypopharyngeal extension (no vs. yes), 

and degree of contrast enhancement (low vs. high). Extralaryngeal extension 

of cricoid, thyroid, and thyroid at the anterior commissure was statistically 

classified as “not present” versus “present” in at least one of these structures. 

A value of p<0.05 was considered a significant difference. When using the 

selection procedure, one should avoid rigid application of a particular significance 

level. The significance level should not be too small, to guide decisions on 

whether to include or omit a term; a level of 10% is recommended [12], which 

was used for multivariate analysis. All statistical calculations were performed 

by using software (SPSS, Version 11.0; SPSS, Chicago, II).

RESULTS

MR imaging parameters

Pretreatment MR imaging parameters, regarding tumor location and extent, are 

listed in Table 2. The mean tumor volume of all cases was 7.4 cm3 (median, 4.0 

cm3; range, 0.28-47.5 cm3). 

Degree of contrast enhancement

The mean degree of contrast enhancement was 77% for tumor (median, 75%; 

range, 39-119%) and 22% for muscle, which served as a reference (median, 

20%; range, 2–46%) (Fig.1). The mean degree of contrast enhancement was 

Table 2: Tumor extension and abnormal SI in adjacent laryngeal cartilages 
Site Glottic Lesion 

(n = 36)
Supraglottic 

Lesion (n = 28)
Patients*

Glottis Primary location 22 22 (34)

Supraglottis 11 Primary location 11 (17)

Subglottis 16 9 25 (39)

PES 5 19 24 (37)

PGS 2 15 17 (27)

Thyroid cartilage at anterior commissure 14 6 20 (31)

Extralaryngeal extension at anterior commissure 2 3 5 (8)

Thyroid cartilage 6 7 13 (20)

Extralaryngeal extension at thyroid 1 2 3 (5)

Cricoid cartilage 5 5 10 (16)

Extralaryngeal extension at cricoid 0 1 1 (2)

Hypopharynx 2 10 12 (19)

*Data are numbers of patients affected by tumor extension at the site indicated. Numbers in 
parentheses are percentages of the total (n = 64 patients).
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76% (range, 45–119%) for supraglottic carcinoma and 77% (range, 39–113%) 

for glottic carcinoma; this difference was not statistically significant. On the 

basis of the degree of enhancement, patients were divided into 2 groups with 

the mean value used as a threshold at 77%. Thirty-six patients (56%) were 

classified as having a low degree of enhancement (below 77%, mean, 63%; 

median, 62%), and 28 patients (44%) were classified as having a high degree of 

enhancement (equal or above of 77%, mean, 95%; median, 93%). A significant 

correlation was found between these 2 groups (ANOVA test, p<0.001). Two 

representative cases of low- and high-enhancing tumors on MR images are 

illustrated in Figures 2 and 3.

There were 24 of 64 patients (37%) with tumor invasion to the PES and 17 

patients (27%) with tumor involving both the PGS and PES invasion. None of 

the patients had PGS invasion without PES invasion. In 17 patients with invasion 

both in PES and PGS, a significant difference regarding the degree of contrast 

enhancement was found between PES and PGS (p=0.006) (Fig.4). The mean 

degree of contrast enhancement was 55% for tumor in PES (n=24, median, 

55%; range, 15–95%) and 93% for tumor in PGS (n=17, median, 83%; range, 

64–161%). Areas of different signal intensities on MR images corresponded 

to tumor invasion to the PES or PGS as shown in Figure 5. When we used a 

threshold of the mean average enhancement of 77%, 17 of 24 patients (71%) 

with tumor in the PES and only 2 of 17 patients (12%) with tumor in PGS were 

sorted as patients with low-enhanced tumors.

Figure 1: The degree of contrast enhancement was calculated by using the following formula:
Degree of contrast enhancement (%) = [(SI Post-contrast - SI Pre-contrast) / SI Pre-
contrast] * 100. Comparison of the degree of contrast enhancement measured within the 
tumor (range, 39-119%) and normal tissue (range, 2-46%) on T1-weighted MR images 
(T1WIs) in 64 patients with laryngeal carcinoma. 
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Local control

A total number of 28 of 64 patients developed a local recurrence (44%). From 

these 28 patients, 18 patients had tumors with a low degree of enhancement 

(64%), whereas the remaining 10 patients (36%) had tumors with a high degree 

of enhancement. Nine of 17 patients with tumor invasion to the PES and PGS 

Figure 2: (left): Axial T1-weighted MR images (600/15ms [TR/TE]) before (A) and after (B) 
contrast administration. In this example the SI of the supraglottic mass increases from 312 
to 521 within tumor area (arrows), leading to a degree of contrast enhancement of (521-
312)/312=67%. The tumor was considered as a low-enhanced tumor, which locally recurred 
within 11 months after RT.

Figure 3: (right): Axial T1-weighted MR images (600/15ms [TR/TE]) before (A) and after 
(B) contrast administration show a supraglottic mass with the SI that increases from 
246 to 513, within tumor area (arrows). The degree of contrast enhancement was (572-
272)/272=110%. The tumor was considered as a high-enhanced tumor. Local recurrence 
was not documented within 24 months after RT.
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Figure 5: Axial T1-weighted MR images (500/15ms [TR/TE]) before (A) and after (B) 
contrast administration. In this illustration, the SI of the tumor mass at the right side on the 
false vocal cord level, involving the PES, increases from 228 to 445 within the tumor area 
and, involving the PGS, from 221 to 576 (arrows). The degree of contrast enhancement was 
95% for a tumor in the PES and 160% for a tumor in the PGS.

(53%) had a local recurrence. There were 7 patients with PES invasion without 

PGS invasion, of which 5 had a local recurrence (71%). 

In the univariate analysis, the only MR imaging-determined tumor parameters 

were significantly associated with local control, including primary tumor volume 

(p=0.002), PES invasion (p=0.05), and subglottic extension (p=0.001). The 

degree of contrast enhancement (low vs. high) was not significantly associated 

with local control (p=0.3) (Fig.6). 

Figure 4: Comparison of the degree of contrast enhancement measured within the tumor in 
PES (range, 15-95%) and tumor in PGS normal tissue (range, 64-161%) on T1-weighted MR 
images in 17 patients with laryngeal carcinoma. A statistical difference was found between 
these 2 spaces (p=0.006).
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Figure 6: Patients with low-
enhanced laryngeal tumor tissue 
(below 77%, dotted line, n=36) 
show poor prognosis (2-year local 
control rate, 57%) compared with 
high-enhanced laryngeal tumor 
tissue (equal or above 77%, solid 
line, n=28) (2-year local control 
rate, 70%).

Table 3: Final results of the multivariate analysis regarding local control
Variable Score Regression 

coëfficent
Hazard
ratio

95% CI P value

Primary tumor volume 0 = 0-4cm3; 1 = >4cm3 1.13 3.1 1.4, 7.1 0.007

Subglottic extension 0 = no; 1=yes 1.27 3.5 1.6, 7.9 0.002

Degree of enhancement 0 = high ; 1 = low 0.76 2.1 0.9, 4.9 0.07

Note.—CI indicates confidence interval.

The multivariate analysis (a statistical level of 10% was used) with regard to 

local control revealed that subglottic extension, primary tumor volume, and the 

degree of contrast enhancement were significantly associated with local control 

(Table 3). For none of the clinical characteristics entered in the multivariate 

model was such an association found.

To identify which patients are likely to fail RT, we evaluated the additional value 

of the degree of contrast enhancement above the other MR imaging parameters. 

First, we estimated the local control rates at 2 years by using the 2 other 

independent prognostic factors, large tumor volume and subglottic extension. 

Among patients with neither of these 2 factors, local control at 2 years was 

74% compared with 29% among those with both risk factors. When the low 

degree of enhancement was added to this multivariate model, 4 categories 

of patients could be defined by using 3 MR imaging risk factors (large tumor 

volume, subglottic extension, and degree of enhancement): 10 of 64 patients 

(16%) with no MR imaging risk factors, 24 patients (38%) with 1 MR imaging 

risk factor, 22 patients (34%) with 2 risk factors, and 8 patients with 3 MR 

factors (12%). The local control rates after 2 years in these 4 groups were 

respectively 90%, 73%, 60%, and 0% (p<0.001) (Fig.7). 
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DISCUSSION

This study was undertaken to investigate the additional value of the degree of 

contrast enhancement to predict local control among patients with laryngeal 

cancer treated with curative RT. The results revealed that the degree of contrast 

enhancement appeared to provide additional value for local control above large 

tumor volume and the subglottic extension. Consequently, it was possible to 

identify a subset of patients who all had local recurrence within 2 years after 

primary RT. Laryngeal tumors with higher contrast enhancement showed better 

local control than the tumors with lower contrast enhancement.

The prediction of local control after nonsurgical therapies is clinically relevant 

in the management of patients with laryngeal cancer. In patients in whom 

tumor control is unlikely to be achieved with RT, primary surgery could be a 

good alternative. All patients included in the present study were treated with 

radiation therapy as single technique. Forastiere et al. [13] reported the results 

of a prospective randomized study in which 547 patients with locally advanced 

and operable laryngeal cancer were randomly assigned to receive induction 

cisplatin plus fluorouracil followed by RT, RT with concurrent administration of 

cisplatin, or RT alone. At 2 years, the proportion of patients who had an intact 

larynx after RT with concurrent cisplatin (88%) differed significantly from the 

proportions in the groups given induction chemotherapy followed by RT (75%; 

p=0.005) or RT alone (70%; p<0.001). Moreover, locoregional control was 

also significantly better with RT and concurrent cisplatin than with induction 

cisplatin plus fluorouracil followed by RT or with RT alone. The patients included 

in our study received suboptimal nonsurgical treatment and that local control 

might have been better with the use of concomitant chemotherapy. However, 

Figure 7: Patients with 3 MR 
imaging-determined risk factors are 
at high-risk for local control (1-year 
local control rate, 0%). MR imaging 
risk factors are large tumor volume 
(>4 cm3), subglottic extension, and 
low degree of enhancement. No 
risk factors (n=10), 1 risk factor 
(n=24), 2 risk factors (n=22), 
3 risk factors (n=8). No factors 
versus 1 factor (p=0.6), no factors 
versus 2 factors (p=0.1), no factors 
versus 3 factors (p=0.001).
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the tumors of most patients included in our study were stage I and II (and 

not considered locally advanced) and even with the addition of concurrent 

chemotherapy during RT, local control in case of the presence of 3 MR imaging 

risk factors would probably still be very low, taking into account the local control 

rate of 0% with RT alone.

How can the results of this study be explained? Contrast-enhanced MR imaging 

causes an increase in signal intensity of strongly vascularized tissue, such as 

tumor tissue, due to the reduction of the T1 relaxation time [14]. In patients 

with poor MR imaging prognostic factors in our study, local recurrence occurred 

more frequently with a low degree of enhancement, suggesting poor vascular 

supply and resulting hypoxia, than in those with a high degree of enhancement, 

suggesting high vascular supply and better oxygenation and a lower tumor 

hypoxic fraction, which consequently results in relative radioresistance. Tumor 

microcirculation is believed to play an important role in the effective cytotoxic 

therapy of the cancer [15]. The oxygenation status of tumors, presumably 

related to the blood supply and microcirculation of the tumor (capillary 

attenuation), has been a well-known factor affecting the response of tumors to 

radiation [7,16-18]. As known, the increase in contrast enhancement in a tumor 

mass suggests that the vascular bed per unit of tumor volume had increased. 

Our data suggest that the blood supply and oxygenation may have improved in 

the remaining tumor cells. This hypothesis is supported by the study of Becker 

et al. [19], who investigated the relationship between tumor oxygenation and 

hemoglobin level among patients with squamous cell carcinoma of the head and 

neck. Tumor oxygenation was analyzed by using polarographic partial pressure 

of oxygen measurements. The data from this study strongly suggest that a low 

hemoglobin level contributes to an inadequate oxygenation of the tumor. These 

findings support the hypothesis of a relative radioresistance due to hypoxia 

resulting from less tumor blood supply.

Although our results suggest that the combined analysis is potentially valuable 

in predicting tumor control, our study has some limitations. The methodology 

of signal-intensity measurements may be limited because of potential errors 

related to the presumed heterogeneity of the tumor. Furthermore, there was 

certain variability in the enhancement of the muscle used as a reference, which 

may be the consequence of dynamic changes of contrast enhancement and 

might have a bearing on our results. Changes in contrast enhancement in 

muscular tissue are relatively low compared to changes in tumor tissue (Fig.1). 

In addition, our study is retrospective, and further investigation regarding 

dynamic contrast-enhanced MR imaging parameters should be performed.

The critical submucosal spaces inside the larynx are the PES and the PGS [20]. 

Tumors in PES and PGS enhance differently on T1-weighted MR images after 

the contrast administration. Tumor tissue within PES enhances at a low degree, 
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whereas tumor tissue involving the PGS enhances strongly. The pre-epiglottic 

space is known as poorly vascularized area, which mostly contains fat tissue 

[21]. The poor blood supply of the PES may cause hypoxia in tumor tissue and 

may explain its relative resistance to RT [22,23]. In accordance with previous 

studies, tumor involvement to the PES in supraglottic carcinoma is a strong 

independent prognostic factor for the tumor recurrence [10,24-26]. The low 

degree of contrast enhancement in this study may therefore be expected in 

patients with tumor involvement to the PES and may correlate with a poor 

prognosis (Fig.4). 

CONCLUSION

Combined information obtained from the MR imaging-related tumor parameters 

including enhancement pattern analyses appears to be a useful tool to predict 

local control among patients with laryngeal cancer treated with RT. Moreover, 

with the combination of 3 MR imaging-related independent risk factors such 

as large tumor volume, subglottic extension, and low degree of enhancement, 

it was possible to identify a subset of patients who all had recurrence within 2 

years after primary radiation therapy.
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ABSTRACT

Purpose: To evaluate retrospectively the prognostic significance of lymph node 

parameters assessed on pretreatment magnetic resonance (MR) images for 

development of distant metastases in patients with head and neck squamous 

cell carcinomas.

Materials and methods: Pretreatment MR images of 311 patients were 

retrospective reviewed for the presence of lymph nodes at specific neck 

node levels as well as the size and the presence of a number of lymph node 

characteristics including extranodal spread, central necrosis and number and 

volume of ipsi- and contralateral nodes. Of these patients, 174 (56%) had MRI-

positive nodes (defined as nodes with minimum axial diameter >8 and >4 mm 

for paratracheal level and retropharyngeal nodes).

Results:  The 2-year distant-metastasis free survival rate (DMFSR) for patients 

without MRI-positive nodes was 94% compared to 75% for those patients with 

MRI-positive nodes. In patients with MRI-positive nodes, results of multivariate 

analysis with the Cox regression model yielded statistical significance for 

presence of extranodal spread (ENS), detected on MRI, as the only independent 

prognostic factor associated with the 2-year DMFSR (p=0.002). Based on the 

analysis, three risk groups regarding the DMFSR could be identified. Low-risk 

group (DMFSR:94%) consisted of patients without MRI-positive nodes. 

Intermediate-risk group (DMFSR:81%) consisted of patients with MRI-positive 

nodes without ENS. High-risk group (DMFSR:59%) consisted of patients with 

MRI-positive nodes and ENS as shown on MRI (p<0.0001). Statistical separation 

for different tumor locations showed MRI-determined ENS (larynx: p=0.05; 

oropharynx: p=0.04; oral cavity: p<0.001), lowjugular/posterior triangle nodes 

(oropharynx: p=0.02), paratracheal nodes (larynx: p=0.03), and contralateral 

node volume >5 cm3 (larynx: p=0.03; oral cavity: p=0.02) to be significant 

predictors with regard to DMFSR. 

Conclusion: Especially patients with on MRI demonstrating extranodal spread 

and with suspicious nodes at lowjugular/posterior triangle (oropharyngeal 

cancer) or paratracheal level (laryngeal cancer), or with contralateral enlarged 

nodes (laryngeal and oral cavity cancer) are at high risk for developing distant 

metastases and this subset of patients might benefit from supplementary 

imaging screening (CT-chest, PET-scan). 
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INTRODUCTION

In head and neck squamous cell carcinomas (HNSCC) the lymph node 

involvement is an important prognostic factor and has major implications for the 

choice of treatment and influences local-regional recurrence and development 

of distant metastases [1,2]. The prevalence of distant metastases in HNSCC at 

autopsy (37-57%) is much higher than in clinical studies (4-26%) [3-5]. Patients 

with distant metastases are generally not considered curable and often receive 

only palliative treatment. 

Given the relatively low incidence of distant metastases at presentation, it is 

warranted to establish certain guidelines for establishing which patients should 

undergo evaluation for the presence of distant metastases. It is important to 

identify patients in whom more diagnostic tools (computed tomography-CT, 

positron emission tomography-PET, and magnetic resonance (MR) imaging) 

should be applied to detect distant metastases and to select patients who may 

theoretically benefit from novel adjuvant systematic therapy in the future. 

Nodal metastases are detected with imaging modalities on the basis of size, 

presence of non-contrast enhancing parts within lymph nodes caused by tumor 

necrosis, and extranodal tumor spread. Size is the most often used criterion for 

suspicion. As the size of normal lymph nodes varies according to the level in the 

neck, and because small metastatic deposits inside lymph do not always cause 

enlargement of a lymph node, it is very difficult to define optimal size criteria 

[6]. Van den Brekel found that 102 out of 144 (71%) metastatic lymph nodes in 

the neck had a minimal axial diameter smaller than 1 cm [6]. In contrast, the 

detection of necrosis and extranodal spread in patients with a primary head and 

neck tumor is a reliable criterion for lymph node metastases; it is unfortunately 

quite rare or not visible in small positive lymph nodes [7-10]. 

Until now, several studies have focused on the correlation between clinical or 

histopathologic staging of cervical node metastases and the development of distant 

metastases of HNSCC. A number of authors reported on risk factors significantly 

associated with development of distant metastases, such as a clinically palpable 

neck mass, multiple lymph nodes, large lymph node metastases, bilateral and 

lowjugular lymph node metastases, extranodal spread as assessed by histological 

examination, locoregional tumor recurrence and second primary malignancies 

[1,3,11,12]. As reviewed by Spector et al. [13] the highest incidence of distant 

metastases occurred more in hypopharyngeal than laryngeal carcinoma and was 

significantly related to more advanced initial tumor presentation.

However, to our knowledge no data are available with regard to the prognostic 

significance of MR imaging determined lymph node parameters in patients with 

HNSCC and their correlation with the development of distant metastases. This 
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may be of vital importance since many patients currently undergo non-surgical 

treatment. 

The main purpose of this study was first to evaluate the pretreatment MR 

imaging-determined parameters in the neck, as one of the prognostic factors 

for the development of distant metastases in patients with HNSCC, and second 

to identify possible high-risk groups of patients in the population as a whole 

and for different primary tumor locations who may benefit from an additional 

screening for distant metastases.

MATERIALS AND METHODS

Patient population

Patients included in this retrospective study were those who had pathologically 

proven head and neck squamous cell carcinoma or lymph node metastases from 

an unknown SCC and who had undergone pretreatment MR imaging that enabled 

adequate image interpretation. Patients with a previously treated carcinoma of 

head and neck or known distant metastases at the time of presentation were 

not included. Patients were treated between January 1994 and December 1999. 

Our local ethics committee does not require its approval or informed consent 

for retrospective review of patients’ records and images.

Three hundred eleven patients with a median age of 62 years, ranging from 32 

to 87 years, fulfilled these criteria. There were 239 male patients (77%; mean 

age, 62 years; median, 62 years) and 72 female patients (23%; mean age, 

61 years; median, 59 years). Tumors were located in the oral cavity in 12% 

(n=39), in the oropharynx 33% (n=103), in the larynx 51% (n=158), or in the 

hypopharynx 2% (n=6). In 2% of the cases (n=5), the patients had a lymph 

node squamous cell carcinoma from an unknown primary. The stage of disease 

was determined clinically according to the recommendations of the Union 

Internationale Contre le Cancer 1997 [14]. Tumor and treatment characteristics 

in the 311 patients are listed in Table 1. 

MR imaging

MR images were obtained with 1.0-T or 1.5-T MR system (Impact/Vision; Siemens 

Medical Solutions, Erlangen, Germany). MR imaging studies were performed by 

using an anterior surface neck coil. A multisection, two-dimensional Fourier-

transform spin-echo pulse sequence was used in all patients. In all patients, the 

imaging protocol included axial T1-weighted spin-echo MR imaging (repetition 

time msec/echo time msec, 300-780/15; section thickness, 3, 4 or 5 mm with 

1-mm intersection gap), axial intermediate-weighted (2200-4200/16-22) and 



C
h
a
p
te

r 4
D

ista
n
t m

e
ta

sta
sis w

ith
 M

R
 im

a
g
in

g
 in

 h
e
a
d
 a

n
d
 n

e
ck ca

rcin
o
m

a

87

axial T2-weighted (2200-4200/90-98) fast spin-echo MR imaging and contrast 

material-enhanced axial T1-weighted spin-echo imaging (300-780/15; section 

thickness, 3, 4 or 5 mm with 1-mm intersection gap) after a bolus injection 

of 0.1 mmol/kg of bodyweight Gd-DTPA  (Magnevist; Berlex, Wayne, NJ). 

Contrast-enhanced T1-weighted MR imaging with fat suppression (470-730/15) 

was performed in 68 patients. The field of view was kept as small as possible 

(200 x 200 mm). Acquisition times varied from 3 to 6 minutes. 

Follow-up

Patients were followed up at regular intervals by the clinicians, i.e., every 2 

months in the first 2 years after completion of the treatment and every 

4-6 months thereafter. As basis for data acquisition and analysis, we have 

defined the distant metastases as tumor spread to other organ systems: (1) 

nonlymphatic metastases to other organs, the most common being pulmonary 

Table 1: Tumor and treatment characteristics
Variable Number % Of 311

T – classification

T0 5 2

T1 53 17

T2 106 34

T3 94 30

T4 53 17

N – classificationa

N0 197 63

N1 46 15

N2 57 18

N3 11 4

Treatment of primary tumor

Surgery 17 5

Radiotherapy 153 49

Surgery and Radiotherapy 120 39

Radiochemotherapy 18 6

Refused treatment 3 1

Treatment of neck

Surgery 16 5

Radiotherapy 125 40

Surgery and Radiotherapy 112 36

Radiochemotherapy 17 6

No treatment 38 12

Refused treatment 3 1

T0: unknown primary tumor. a N-classification based on physical examination without 
knowledge of data obtained with US and/or MR imaging.
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parenchymal metastases (skin, bone, etc.) or (2) lymph node metastases to 

other than regional lymph nodes (abdominal, etc.). Routine radiographs of the 

chest were made yearly, supplemented by a CT scan of the thorax if suspicious 

was raised on the radiograph. Special investigations, such as bronchoscopy 

with sputum cytology, bone scanning, serum liver function tests, abdominal 

ultrasound scanning, and brain scans, were performed when indicated. The 

minimum follow-up period was 2 years. The mean follow-up time (for this 

review with treatment failure at distant sites or with last patient contact) was 

2.9 years (range, 7-85 months).

Evaluation of MRI-positive lymph nodes

The mean delay time between the MR study and the start of primary therapy 

was 24 days (median, 21 days). All pretreatment MR images were retrospectively 

reviewed and evaluated by 2 examiners in consensus, who were blinded to 

results of other clinical examinations, surgicopathological findings or clinical 

outcome. The lymph nodes were divided in six levels according to the American 

Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) [15], as follows: 

I submental and submandibular, II subdigastric, III midjugular, IV lowjugular, 

V posterior triangle and supra/infraclavicular level, and VI paratracheal level. 

Additionally, we evaluated the presence of retro(pharyngeal) lymph nodes and 

these formed a separate group.

We compared pretreatment MR imaging determined lymph node parameters 

and development of distant metastases. MRI-positive nodes were lymph nodes 

at levels I–V equal to or greater than 8 mm in minimum axial dimension; 

nodes less than 8 mm were considered as MRI-negative nodes and were not 

measured. The nodes located at paratracheal level and retropharyngeal nodes 

equally to or greater than 4 mm in smallest dimension were considered as MRI-

positive lymph nodes. Lymph node clusters at same level were considered to be 

one lymph node. 

A criterion for declaring extranodal spread (ENS) was a MRI-positive lymph 

node, with capsular contour irregularity and/or infiltration of adjacent planes. 

The presence of non-contrast-enhancing parts inside MRI-positive lymph node 

or irregular contrast enhancement was a criterion for declaring nodal necrosis.

The lymph node outlines were traced manually on T1-weighted MR images, 

with use of a computerized image analysis tool that is available as part of our 

hospital’s picture archiving and communication system (Centricity Radiology 

RA 600, version 6.1; GE Medical Systems). The volume of the lymph node was 

calculated in cubic centimeters by multiplying the value of the lymph node 

area in each section in which the lymph node was present by the sum of the 

section thickness and intersection gap and then summing the resultant values. 
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Stratified into categories, lymph node volume was compared to the presence of 

extranodal spread.

Statistical analyses

The distant-metastasis free interval was defined as the date of pretreatment MR 

imaging to the date of the first sign of distant metastases and was estimated 

with the Kaplan-Meier method. The log-rank test was used to test the statistical 

significance of differences between curves. Univariate and multivariate 

analyses using the Cox proportional hazards model were performed to identify 

determinants associated with the DMFSR (distant-metastasis free survival rate). 

Differences in the mean values between groups were tested with Student’s 

t-test or non-parametric tests where appropriate.

As the different MRI detected lymph node characteristics can only be assessed in 

the patients with MRI-positive lymph nodes (=MRI-LN positive group), the groups 

of patients without and with MRI-positive nodes (MRI LN-negative and positive 

groups) were analyzed separately in the statistical analyses. The DMFSR of 

patients in these groups was evaluated. In the subset of MRI-LN negative patients, 

the following variables were entered into the statistical model: patient sex (male 

versus female), age (0-62 versus >62 years), primary tumor location (oral cavity 

versus oropharynx versus larynx versus hypopharynx versus unknown primary) 

and T classification (T0 versus T1 versus T2 versus T3 versus T4). 

In group of patients with MRI-positive lymph nodes the following variables 

were entered in the multivariate model: patient sex, age, tumor location, T 

classification and lymph node parameters ipsilaterally and/or contralaterally 

(absent versus present): total number of lymph nodes at levels I-II-III, total 

number of lymph nodes at levels IV-V, number of lymph nodes at level VI, 

number of retro(pharyngeal) lymph nodes, extranodal spread, nodal central 

necrosis and classified total lymph node volume, separately ipsilateral and 

contralateral (<5 cm3 versus >5 cm3). P of less than 0.05 was considered to 

indicate a statistically significant difference. 

Prognostic model

The MR imaging factors that were identified as independent prognostic factors 

for DMFSR in the multivariate analysis were pooled in a prognostic model to 

assess a subset of patients with a possibly very poor outcome with regard to the 

DMFSR. Based on these risk factors, three prognostic groups were defined in the 

whole patient population. In addition, DMFSR of these three groups was estimated 

on the Cox proportional hazard model with correction for confounding factors. 

Moreover, to investigate whether the association between the independent 

outcome variables was modified by other variables (e.g., primary tumor site 
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and primary treatment), interaction terms were included in the univariate and 

multivariate model as well. The statistical analyses were performed using the 

SPSS/PC software package (version 11.0; SPSS, Chicago, III).

RESULTS

MRI-positive lymph nodes

The pretreatment MRI-positive nodes were detected in 174 out of 311 patients 

(56%). The distribution of these lymph nodes in the different neck levels is 

presented in Table 2. The mean lymph node volume of the MRI-positive nodes 

was 11.35 cm3 (median, 5 cm3; range, 0.3-122 cm3). A significant association 

was found between N classification and lymph node volume (analysis of 

variance, p<0.001) (Table 3). About 30 patients out of 174 patients (17%) had 

MRI-positive nodes bilaterally. The mean lymph node volume ipsilateral was 

10.5 cm3 (n=158; range, 0.3-120 cm3) and contralateral was 4.1 cm3 (n=76; 

range, 0.4-53.2 cm3). Ipsilateral, extranodal spread (ENS) was observed on 

Table 2. The number of cervical lymph nodes according to primary tumor location
Lymph nodes Tumor locations

Hypopharynx Oral 
cavity

Oropharynx Larynx Unknown 
primary

Total (%)

Ipsilateral

Level Ia 9 7 16 (7%)

Level II 3 23 66 51 4 147 (67%)

Level III 2 3 16 8 29 (13%)

Level IV 5 3 8 (4%)

Level V 2 2 (1%)

Level VI 1 1 1 6 9 (4%)

RP nodes 8 1 9 (4%)

Total 6 36 105 69 4 220

Contralateral

Level Ia 2 2 4 (4%)

Level II 1 9 25 26 1 62 (70%)

Level III 2 5 6 13 (15%)

Level IV 1 1 2 (2%)

Level V

Level VI 3 3 (3%)

RP nodes 5 5 (6%)

Total 1 13 41 33 1 89
a I: submental and submandibular level; II: subdigastric level; III: midjugular level; IV: 
lowjugular level; V: posterior triangle and supra/infraclavicular level; VI: paratracheal level; 
RP: (retro)pharyngeal nodes.
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MR imaging in 44 out of 158 patients (28%) and in 97 patients central necrosis 

was observed (61%). Contralaterally, in 5 out of 76 patients (7%) lymph nodes 

exhibited ENS and in 36 patients central necrosis was present (47%). Of the 

recurrences, local treatment failure occurred in 76 (24%) of 311 patients and 

18 patients (6%) developed a regional recurrence. A borderline significant 

association was found between locoregional control and distant metastases 

(p=0.06). 

Distant-metastases free survival rate (DMFSR)

Fifty-four patients (17%) out of 311 developed the distant metastases. Distant 

metastases were observed in the lung in 36 out of these 54 cases (67%), bone 

in 8 cases (15%), skin in 5 cases (9%), liver in 3 cases (5%), and brain in 2 

cases (4%). The DMFSR among patients with different primary sites differed 

significantly. The 2-year DMFSR among patients with laryngeal cancer was 

91% as compared to 80% among those with an unknown primary, 77% among 

patients with oropharyngeal cancer, 74% in oral cavity tumors, and 67% among 

patients with hypopharyngeal cancer (p=0.01). 

In the univariate analysis, a statistically difference was observed between the 

MRI-LN negative and the MRI-LN positive group. The DMFSR at 2 years in the 

MRI-LN negative group was 94% as compared to 75% in the MRI-LN positive 

group (p<0.0001). In the univariate analysis, the total lymph node volume 

ipsilaterally and the presence of ENS on MRI (ipsi- and contralateral) were 

significantly associated with the DMFSR (Table 4). 

In the multivariate analysis, ENS was the only independent predictor with 

regard to the DMFSR (hazard risk ratio (HR): 2.7; 95% CI: 2.1–7.0; p=0.002). 

No other independent prognostic factors were found. The representative cases 

of ENS as assessed on MR imaging are shown in Figs. 1-3.

Based on these results, 3 prognostic groups could be identified in the total 

patient population: (1) the low-risk group, i.e. 137 patients who were MRI-LN 

negative, (2) the intermediate-risk group, consisting of patients with MRI-

positive nodes without ENS (128 patients), and (3) the high-risk group, 

Table 3: Mean lymph node volume according to N classification
N - category Mean lymph node 

volume (cm3)
No. of patients 95% CI

N0 4.7 73 (3.3 - 6.2)

N1 7.0 42 (4.9 - 9.0)

N2 14.8 49 (11.5 - 18.5)

N3 61.2 10 (31.9 – 90.5)

Total 11.35 174 (8.7 - 14.0)

Note. –P value for correlation of N category with lymph node volume was <0.001.
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Table 4: Univariate analysis of MRI-LN positive group using Kaplan-Meier
Variable (174 patients, 44 events) No. of 

patients
2-year 

DMFSRa(%)
Survival 
Functionb

df Univariate 
P value

Sex 0.2 1 0.7
Male 135 77
Female 39 70

Age 0.2 1 0.6
0-62 years 106 77
>62 years 68 73

Tumor location 5.1 3 0.2
Oral cavity 28 63
Oropharynx 75 74
Larynx 60 81
Hypopharynx 6 79
Unknown 5 80

T classification 3.1 4 0.5
T0 5 80
T1 18 83
T2 49 81
T3 70 68
T4 32 76

Lymph nodes at levels I-II-IIIc 0.4 1 0.8
Not present 7 64
Present 167 75

Lymph nodes at levels IV-V 3.1 1 0.07
Not present 164 76
Present 10 58

Lymph nodes at level VI 0.3 1 0.5
Not present 165 76
Present 9 62

Retropharyngeal nodes 1.5 1 0.2
Not present 160 77
Present 14 60

Central nodal necrosis 2.8 1 0.09
Not present 65 83
Present 109 70

Extranodal spread 10.6 1 0.001
Not present 128 81
Present 46 59

Total lymph node volume ipsilateral 10.9 1 0.001
Not present 16 88
Present 158 74

Total lymph node volume contralateral 0.0 1 0.9
Not present 98 72
Present 76 74

a Numbers are percentages.
b Calculated with the long-rank test.
c I: submental and submandibular level; II: subdigastric level; III: midjugular level; IV: 
lowjugular level; V: posterior triangle level; VI: paratracheal level.
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consisting of patients with MRI-positive nodes with ENS (46 patients). Ten 

patients out of the low-risk group (7%), 25 out of the intermediate-risk group 

(19%) and 19 patients out of the high-risk group (41%) developed distant 

metastases. The 2-year DMFSR estimated according to Kaplan-Meier, in the 

high-risk group was only 59% that was significantly worse compared to the 

intermediate-risk (p=0.001) and low-risk group (p<0.0001) where the DMFSR 

was 81% and 94%, respectively (Fig. 4). 

Larynx

One hundred fifty-eight patients out of 311 patients (51%) had the laryngeal 

primary tumor. There were 131 male (83%) and 27 female (17%). Four patients 

were treated with surgery (2%), 28 patients (18%) with surgery combined with 

radiotherapy, 123 patients (78%) with irradiation alone, two patients (1%) with 

(chemo)radiation therapy, and one patient (1%) refused any kind of treatment. 

Fourteen patients (9%) underwent chemotherapy after the primary treatment. 

The 2-year DMFSR estimated according to Kaplan-Meier, in patients treated 

with surgery combined with RT was 70% that was significantly lower compared 

to patients treated with surgery (DMFSR:100%), with (chemo)radiation therapy 

(DMFSR:100%), and patients treated with irradiation alone (DMFSR:93%) 

(p=0.01). Seventeen patients (11%) developed the distant metastases. 

Figure 1: A 57 year-old patient with a 
T2N2a supraglottic laryngeal carcinoma 
treated with curative radiotherapy. Axial 
T1-weighted spin-echo (600/15) MR image 
depicting a lymph node with an irregular 
border (arrows) in the left subdigastric area, 
suspicious for extranodal spread of this 
node.

Figure 2: A 63 year-old patient with a 
T3N2b oropharyngeal carcinoma treated 
with chemoradiotherapy. Axial T1-weighted 
spin-echo (700/15) MR image shows a 
node with capsular contour irregularity and 
infiltration of adjacent planes, suspicious 
extranodal spread (arrows) in the right 
subdigastric area.
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Figure 3: A 50 year-old patient with a 
T3N2b oropharyngeal carcinoma treated 
with surgery combined with radiotherapy.
A Axial pre-gadolinium T1-weighted MR 

image obtained with a spin-echo pulse 
sequence (600/15) shows a lymph 
node with intermediate signal intensity 
at right side of subdigastric level with 
suspected extranodal spread (arrows) 
and central necrosis. A borderline node 
on left side at same level is depicted as 
well.

B Axial T2-weighted fast spin-echo 
(3000/98) MR image at corresponding 
level illustrates the lymph node with 
high signal intensity compared to axial 
T1-weighted MR image, suggestive of 
cystic degeneration or necrosis and 
obviously an irregular border. The lymph 
node on the left is shown with irregular 
signal intensity as well.

C Axial post-gadolinium T1-weighted 
spin-echo (600/15) MR image at 
corresponding level illustrates the lymph 
node with an irregular border. Within the 
node, there is tumor with widespread 
necrosis in the area corresponding to 
the low signal intensity area seen on the 
axial T1-weighted MR image. The lymph 
node on the left shows some irregularity 
in contrast enhancement as well and 
was proven to be tumor positive by 
US-guided FNAC.
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Results of the multivariate analysis were as follows: total number of lymph 

nodes at level VI (HR: 5.3; 95% CI: 1.1–25.4; p=0.03), contralateral lymph 

node volume > 5 cm3 (HR: 4.9; 95% CI: 1.2–20.5; p=0.03) and ENS (HR: 3.5; 

95% CI: 1.0–12.5; p=0.05) were found to be independent significant prognostic 

risk factors with regard to DMFSR. 

Oropharynx

About 103 out of 311 patients (33%) had the oropharyngeal primary tumor. 

There were 77 male (75%) and 26 female (25%). Nine patients were treated with 

surgery (9%), 61 patients (59%) with surgery combined with radiotherapy, 21 

patients (20%) with irradiation alone, 11 patients (11%) with (chemo)radiation 

therapy, and 1 patient (1%) refused any kind of treatment. Ten patients (10%) 

underwent chemotherapy after the primary treatment. The 2-year DMFSR 

estimated according Kaplan-Meier was not significantly different between the 

distinctive treatments of the primary tumor (surgery, 89%; surgery combined 

with RT, 77%; RT, 76%; (chemo)radiation therapy, 73%; p=0.6). Twenty-three 

patients (22%) developed the distant metastases. 

Results of the multivariate analysis yielded the significance of the following 

lymph node parameters: total number of lymph nodes at level IV-V (HR: 4.3; 

95% CI: 1.2–14.9; p=0.02) and ENS (HR: 2.4; 95% CI: 1.0–5.8; p=0.04) were 

found to be independent significant prognostic risk factors in association with 

the DMFSR. 

Oral cavity

Thirty-nine patients out of 311 patients (12%) had the primary tumor located in 

the oral cavity. There were 22 male (56%) and 17 female (44%). Three patients 
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were treated with surgery (8%), 28 patients (72%) with surgery combined with 

radiotherapy, four patients (10%) with irradiation alone and four patients (10%) 

with (chemo)radiation therapy. Six patients (15%) underwent chemotherapy 

after the primary treatment. According Kaplan-Meier, two-years DMFSR was not 

significantly different between the distinctive treatments of the primary tumor 

(surgery, 67%; surgery combined with RT, 71%; RT, 75%; (chemo)radiation 

therapy, 75%; p=0.9). Eleven patients (28%) developed distant metastases. 

In the multivariate analysis, contralateral lymph node volume > 5 cm3 (HR: 13.9; 

95% CI: 1.4–138.4; p=0.02) and ENS (HR: 10; 95% CI: 2.8–36.1; p<0.001) were 

found to be independent significant prognosticators with regard to DMFSR. 

Nodal necrosis was not found to be a significantly correlated with development 

of distant metastases both in the entire group and in the different subsites.

DISCUSSION

This retrospective study was performed on 311 patients with head and neck 

squamous cell carcinoma, in order to investigate the prognostic significance of 

pretreatment MR imaging of the lymph nodes of the neck for the development of 

distant metastases that may be readily accepted by clinicians, and be easily used 

for distant staging guidelines. Our results in the whole patient population yielded 

three distinctive prognostic groups (i.e., patients who were MRI-LN negative, 

patients with MRI-LN positive nodes without ENS and patients with positive 

nodes with ENS on MR imaging) with regard to the DMFSR, which enables the 

identification of a subset of patients at high risk for the development of distant 

metastases after initial treatment. In the high-risk groups, screening with 

supplementary techniques, including PET and CT-chest may be useful. Because 

most distant metastases arise in the lungs, CT-chest and PET-scan are probably 

the most optimal modalities to detect distant metastases [16]. Early detection 

may be of use in order to prevent local-regional treatment with considerable 

acute and late morbidity, such as concomitant chemoradiation and or extensive 

surgery with postoperative radiotherapy, particularly in case of extensive 

metastatic disease. In some cases, e.g. when only a solitary metastatic deposit 

is present, aggressive treatment of locoregional and metastatic disease may be 

an option and in some cases even curative. Also in these circumstances, early 

detection may be beneficial.

We will now discuss successively prognostic value of lymph node parameters 

at specific levels, the value of lymph node volume and the value of extranodal 

spread.

Leemans et al. [1] have stated that patients with three or more positive nodes 

were most at risk for having distant metastases. In this study, the number 
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of lymph nodes did not correlate significantly with the DMFSR. In a previous 

study of De Bree et al. [12], it was found that patients with four or more clinical 

lymph node metastases or lowjugular lymph node metastases had the highest 

incidence of distant metastases in head and neck carcinoma. In the present 

study, the analysis of the entire group showed a borderline significance of 

lymph nodes at levels IV (lowjugular) and V (posterior triangle). Subsequently, 

these lymph nodes were found to be significant predictive for the development 

of DMFSR in the subgroup of patients with oropharyngeal cancer. Detection 

of retropharyngeal nodes is beneficial in clinical practice, because metastases 

of these nodes are beyond the limits of neck dissection and suggest a very 

poor prognosis [17]. In the present study, in the entire group of patients with 

these nodes, no significant association was found with the DMFSR possibly due 

to limited number of patients with retropharyngeal nodes (5%). It is reported 

that paratracheal lymph node metastases carry a high risk for metastases to 

the mediastinum and distant sites [18]. The numbers of these lymph nodes in 

the entire group of study population was relatively low and not of statistical 

significance but well significant associated with the DMFSR in the patients with 

laryngeal carcinoma. 

Until now, no other study has evaluated the MR imaging-determined volumetry 

of lymph nodes regarding any patient outcome in HNSCC. Hermans et al. 

[19] have suggested a significant correlation between CT-determined nodal 

tumor volume (especially enlarged lymph nodes metastases >14.5 mL) and 

the likelihood of regional failure after definitive radiation therapy in tonsillar 

carcinoma. In the present study, the current findings of the measurements 

of lymph node volumes in the univariate analysis showed an association with 

the DMFSR that disappeared in the multivariate analysis in the entire study 

population of MRI-LN positive patients. Statistical separation that was defined on 

the basis of different tumor localization yielded a strong significant association 

with the DMFSR of contralateral lymph node volume > 5cm3 in oropharyngeal 

and in oral cavity carcinoma. 

In previous studies, the presence of ENS as assessed by histological examination 

was also associated with an increased risk of distant metastases [1,3]. Others 

showed that ENS can be assessed with MR imaging, especially macroscopic 

extranodal spread [20]. Yousem et al. [9] have reported that the accuracy of 

MR imaging for detecting ENS with T1-weighted images in patients with suspect 

malignant cervical lymphadenopathy was high, namely 78%-90%. Although it 

was previously thought that ENS occurred only in large nodes, it is known that 

ENS can occur also in 23% of nonenlarged nodes [21]. In this study, ENS of 

lymph nodes as assessed on MR imaging was the most significant predictor 

of the development of distant metastases, both in the entire study population 

as well as in separate groups according different tumor sites. These findings 
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suggest that the presence of ENS is more important than other lymph node 

parameters. 

As all patients were treated differently in our study population, the possibility 

whether the DMFSR may depend on the kind of loco-regional treatment was not 

significantly verified in our study. Layland et al. [22] reported no difference in 

survival between current approaches to treatment of the N0 neck in head and 

neck carcinoma. In univariate analyses of the present study, in which treatment 

was included as a variable, only patients with laryngeal cancer and treated 

with surgery combined with radiotherapy showed significantly association with 

very poor outcome. Patients treated with other modality did not prove to be 

relevant in these statistical analyses. However in our institution surgical treated 

patients are treated subsequently by radiation therapy, if histopathology shows 

extracapsular nodal spread. As a consequence this finding is clearly in accordance 

with our results, despite not performed histopathological correlations due to 

dissimilar number of lymph nodes determined with MR imaging or pathology. 

The association of different treatment modalities with the development of 

distant metastases may play a role, which should be investigated.

On the basis of our findings and the available literature, metastatic work-up 

in patients with low-risk disease, as we assessed a DMFSR of 94% at 2 years, 

may not be cost-effective and may therefore not be performed. In the high-

risk group, in which the risk to develop distant metastases was 41%, patients 

should be screened routinely and comprehensively for the detection of distant 

metastases. Regarding the intermediate group, in which the risk to develop 

distant metastases was assessed in our study on 19%, further study should be 

performed regarding the yield of radiological screening (CT-thorax) on distant 

metastases. If this yield is high enough, this patient group or a part of this 

patient group should also be screened. If not extensive screening should be 

restricted to the high-risk group of patients, in which at least one lymph node 

with extranodal spread is found.

CONCLUSION

Especially patients with on MR imaging demonstrating extranodal spread 

and with suspicious nodes at lowjugular/posterior triangle (in patients with 

oropharyngeal cancer), or paratracheal level (in patients with laryngeal cancer), 

or with contralateral enlarged lymph nodes (in patients with laryngeal and oral 

cavity cancer) are at high risk for developing distant metastases and this subset 

of patients should undergo screening for distant metastases.
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ABSTRACT

Purpose: To determine if pre-radiotherapy (RT) and/or post-radiotherapy 

magnetic resonance (MR) imaging can predict response in patients with 

laryngeal carcinoma treated with RT.

Materials and methods: Pre-and post-RT MR examinations of 80 patients were 

retrospectively reviewed and associated with regard to local control. Pre- RT MR 

imaging parameters such as tumor involvement of specific laryngeal anatomic 

subsites including laryngeal cartilages and post-RT changes, i.e., complete 

resolution of the tumor or focal mass /asymmetric obliteration of laryngeal 

tissue and signal pattern on T2-weighted images, were evaluated. Local control 

was defined as absence of a recurrence at the primary site for 2 years.

Results: Local control rates based on pretreatment MR findings were 73% for 

low pre-RT risk-profile and 29% for high pre-RT risk-profile patients (p=0.0001). 

Based on posttreatment MR findings, local control rates were 100% score 1, 

64% score 2, and 4% score 3 (p<0.0001). Using post-RT T2-weighted images, 

significant association was found between differences in signal pattern and 

local control: 77% hypointense, 54% isointense and 15% hyperintense lesion 

(p<0.001). Differences between means of delay of post-MRI examination were 

significantly associated with regard to local control (p=0.003); recurrent tumors 

followed 5 months after RT were detectable easily on MRI than recurrent tumors 

within 4 months after RT. Sensitivity, specificity, accuracy, negative and positive 

predictive values of post-RT score 3 were 96%, 76%, 83%, 98% and 66%.

Conclusion:  Pre- and post-RT MRI evaluation of the larynx can identify patients 

at high risk for developing local failure.
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INTRODUCTION

Imaging modalities like computed tomography (CT) and magnetic resonance 

(MR) imaging are increasingly used in follow-up of head and neck tumors. 

Promising results have also been achieved for differentiation between residual 

or recurrent head and neck tumors and postoperative or postradiation changes 

with diffusion-weighted echo-planar MR imaging [1]. However, the difference 

in pathology and type of treatment and postradiation changes would definitely 

affect the ADC value. The ability to provide an accurate pretreatment prediction 

of response may offer a possible opportunity to modify the initial treatment 

regimen to improve clinical outcome.

The preliminary studies suggest that with CT and MR imaging it is possible to 

identify patients treated with primary radiotherapy (RT) for squamous cell head 

and neck cancer that are at increased risk for local recurrence [2-11]. 

Residual or recurrent tumor after treatment can be difficult to detect by 

physical examination due to the radiation effects producing varying degrees of 

persistent mucositis, edema and fibrosis and cartilage necrosis. Approximately 

50% of patients with severe edema or necrosis following radiotherapy will have 

a recurrence [12]. The need for biopsy itself can present a dilemma as this 

may exacerbate postradiotherapy changes. Familiarization with the expected 

imaging changes following radiotherapy allows accurate evaluation of imaging 

studies and may prevent misinterpretation of posttreatment changes as 

recurrent disease. Baseline imaging studies done specifically for follow-up 

of the primary site are usually obtained 3 to 4 months after completion of 

radiotherapy [13,14]. Until now, most studies focused on posttreatment CT 

appearances of the irradiated larynx and indicated that post-RT CT evaluations 

can identify patients at increased risk for developing local recurrence and proved 

to be a better prognosticator than the pretreatment CT risk profiles [15-17]. 

The expected appearance of the irradiated larynx at MR imaging has received 

limited attention in the radiological literature [18]. Advantages of MR imaging 

include superior soft tissue contrast and exact delineation of tumor margins in 

arbitrary planes. Moreover, MR imaging may identify fibrosis showing low signal 

intensity (SI) in T1- and T2-weighted MR images, and consequently may allow 

differentiation between tumor and fibrosis [19,20]. On T2-weighted MR images 

signal intensity of tumors is generally higher than signal intensity of fibrosis 

[19,21,22]. 

The purpose of this retrospective study is to determine if pre-RT and/or post-RT 

MR imaging can predict the risk for local failure in patients with laryngeal 

carcinoma treated with irradiation alone or combined with chemotherapy. 
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MATERIALS AND METHODS

Patient selection

The hospital charts of 160 patients who underwent radiation therapy with 

curative intent for squamous cell carcinoma of the larynx between June 1995 

and May 2003 were retrospectively reviewed. At least 24 months of follow-up 

after completion of RT was required. Out of these 160 patients, 80 (50%) were 

eligible for this study, including 63 men (79%; mean age, 63 years; range, 39-82 

years) and 17 women (21%; mean age, 60 years; range, 45-71 years). The major 

reasons for exclusion were less than 24 months’ follow-up after RT, patients 

with a previous history of laryngeal cancer or other malignant diseases in the 

head and neck region, and lack of suitable MR imaging studies. Stage of disease 

in all patients was appraised clinically according to the UICC recommendations 

[23]. The institutional review board waived patient informed consent since all 

images were acquired for clinical purposes and were considered as existing 

data documents. The pretreatment tumor characteristics are listed in Table 1. 

Table 1: Pretreatment tumor characteristics (n = 80)
Variable Number of patients

Supraglottic site Glottic site % of total

T classification

T1 6 7

T2 12 32 55

T3 12 3 19

T4 8 7 19

N classification

N0 23 47 88

N1 8 1 11

N2 1 1

Vocal cord mobility (both sides)

Normal 23 19 53

Impaired 6 23 36

Fixed 3 6 11

Histopathology

Well differentiated 3 15 23

Moderately differentiated 22 26 60

Poorly differentiated 7 6 16

Undifferentiated 1 1

Primary treatment

Radiotherapy 22 46 85

Radiochemotherapy 10 2 15
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All patients were treated with primary radiation therapy with a mean total dose 

of 67 Gy (median, 70 Gy; range, 60-70 Gy) using 2.0 to 2.5 Gy per fraction. 

Twelve patients (15%) received neoadjuvant chemotherapy prior to radiation 

therapy.  Follow-up included indirect laryngoscopy at 2-month intervals in the 

first 2 years after finishing radiation therapy and every 4-6 months thereafter, 

supplemented in case of suspicion by direct laryngoscopy under anesthesia 

with biopsies if indicated. No patient was lost to follow-up. The follow-up period 

was designated as the total time of follow-up ending either at local recurrence 

or at last patient contact without local recurrence with a minimum of 2 years 

(mean follow-up time, 23.7 months; range, 4.5-107.7 months).

MR imaging 

MR imaging was performed with a 1.0-T or 1.5-T MR machine (Siemens-Impact or 

Vision, Erlangen, Germany). A neck surface coil (Medical Advances, Milwaukee, 

WI) was used for higher spatial resolution. Pre-RT MR images with standard 

spin-echo T1-weighted (repetition time ms/echo time ms, 310-800/15), fast 

T2-weighted (2200-4550/90-98), and contrast-enhanced T1-weighted images 

(310-800/15) were available. Post-RT MR images were obtained in a similar 

plane to that of the pre-RT non-contrast and contrast-enhanced images. Other 

technical factors included a slice thickness of 3-7mm with a 1-mm intersection 

gap, and each acquisition lasted approximately 2-5 minutes.

Two authors (JAC, RLJ) working in consensus, with respectively 13 and 4 years 

experience of head and neck MR imaging, who were unaware of the patients’ 

clinical findings retrospectively performed the imaging assessment of all MRI 

studies. On pre-RT MRI examinations, each tumor was assigned a low- or high-

risk profile for local failure after RT, based on previously determined specific CT 

and MR imaging parameters [2,11]. Patients with supraglottic carcinoma were 

considered to be at high risk if tumor invasion in the pre-epiglottic space in 

combination with abnormal signal intensity of thyroid adjacent to the anterior 

commissure and/or cricoid cartilage were present [2]. A high-risk profile was 

attributed to a glottic carcinoma if the tumor extended to the hypopharynx or 

if a tumor mass demonstrated an intermediate T2 signal in cartilage similar 

to tumor intensity [11]. In 14 patients the pretreatment MRI study was not 

available. Determination of the pretreatment risk profile in the patients who 

received RT combined with neoadjuvant chemotherapy was based on a MR 

imaging before initiation of chemotherapy. 

The post-RT MRI examinations were evaluated for changes using a three-

point score [15,16]: 1 = expected post-RT changes, i.e., complete resolution 

of the tumor at the primary site and symmetrically appearing laryngeal and 

hypopharyngeal tissues (Fig. 1); 2 = focal mass with a maximal diameter of less 
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than 1cm and /or asymmetric obliteration of laryngeal tissue planes (Fig. 2); 

3 = focal mass with a maximal diameter of more than 1cm, or less than 50% 

estimated tumor volume reduction (Fig. 3). According to preliminary experience 

with CT as imaging method [14-16], this post-RT MRI-scoring system can 

be similarly interpreted as: 1 = likely to achieve permanent local control, no 

evidence of disease; 2 = indeterminate, suspicious for local failure or treatment 

complication; 3 = indicated high likelihood of local failure. The MRI examinations 

used for analysis were performed as part of routine follow-up (n=51) or because 

of certain symptomatology, potentially indicating local recurrence (n=29).

The signal patterns of posttreatment changes were observed on the 

T2-weighted images of post-RT MRI examinations, but enhancement on post-

contrast T1-weighted images was evaluated if interpretation of T2 images 

was not optimal (Figs. 4-6). The MR imaging criteria for recurrent or residual 

tumor are an enlarging enhancing infiltrating mass that is of intermediate to 

high signal intensity on T2-weighted MR images [18,24]. Areas with very high 

signal intensity (equivalent to water) in T2-weighted images were regarded as 

necrosis and not included in this study. The hypointense areas were considered 

as fibrotic changes [18]. 

All 80 patients in this study had undergone at least one follow-up examination 

after radiation therapy. The 80 follow-up MR scans were obtained between 1 

and 16 months after completion of radiotherapy (in 7 patients more than 9 

months). The mean time between completion of radiotherapy and MRI was 5 

months (median, 4 months). 

Statistical analyses

The endpoint used in the statistical analyses was local control at 2 years. Intervals 

were measured from the first day of radiation therapy to the date of failure or the 

date of last follow-up. The Kaplan-Meier method was used to estimate curves and 

differences between curves we tested by means of the log-rank test. Calculation 

of risk ratios and simultaneous testing of pre-RT and post-RT MRI scores were 

performed by Cox proportional hazards analysis. In the analysis, post-RT MRI 

score was considered linearly related with the log (hazard). 

Tumor lesions on T2-weighted MR images after primary treatment were 

classified into three groups, hypointense, isointense/mixed and hyperintense, 

and were associated using Cox regression model with regard to local control. 

Differences in the means of delay of post-RT MRI examination were tested with 

a one-way analysis of variance.

The sensitivity, specificity, accuracy, and negative and positive predictive 

values of follow up MR imaging for detection of local failure (score of 3) were 

calculated.
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A p-value <0.05 was designated for determining significant differences. The 

SPSS version 11.0 (SPSS, Chicago, IL) software package was used for analysis.

RESULTS

The mean age at the time of radiotherapy was 63 years (range, 39-82 years). 

There were no statistically significant age-related differences between the male 

and female patients (Mann-Whitney test, p=0.3), which matched the sex ratio 

for laryngeal carcinoma.

A total number of 38 out 80 patients (48%) developed local recurrence, which 

was confirmed by histopathological examination. Six patients (6/12; 50%) were 

treated with chemoradiation and 32 patients (32/68; 47%) with irradiation 

alone. No significant difference was found between these two groups. Thirty-

four out of these 38 patients (89%) underwent salvage (partial) laryngectomy, 3 

patients refused salvage treatment, and 1 patient died suddenly after recurrent 

tumor was diagnosed. 

Pre-RT MRI risk profile 

In 66 out of 80 patients (83%) the pretreatment MR scans were available 

for review. The pretreatment MR imaging high-risk parameters, as defined 

in previous section, are illustrated in Table 2. There were 26 patients with 

supraglottic carcinoma (low-risk group, n=14; high-risk group; n=12) and 40 

Figure 1: Clinical stage T2 glottic carcinoma in a 63-year-old patient with low pre-treatment 
MR risk profile. (a) Pre-treatment axial T1-weighted MR image at the level of the true vocal 
cord shows a mass (arrow) with intermediate signal intensity in the left cord. (b) Image 
obtained 4 months post-RT (after radiation therapy) at the same level. There is complete 
resolution of the tumor (arrowheads). The laryngeal tissue appears symmetric and Post-RT 
MR score is 1. Local recurrence was not documented within 24 months after RT.

Pre-RT axial T1-weighted Post-RT axial T1-weighted
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patients with glottic carcinoma (low-risk group, n=24; high-risk group; n=16). 

Figure 7 illustrates local control stratified by pre-RT MRI risk profiles. At 2 years, 

the local control rate was approximately 73% in the low-risk group and 29% in the 

high-risk group, which was statistically significant (95%CI: 1.9-8.5; p=0.0001).

Figure 2: Clinical stage T1b glottic carcinoma in a 62-year-old patient with high pre-
treatment MR risk profile. (A) Pre-treatment axial T1-weighted MR image at the level of 
the true vocal cord shows a mass (arrow) with intermediate signal intensity in the left cord. 
(B) MR image at the same level, obtained at 7 months post-RT, shows that the tumor has 
regressed but there is asymmetric obliteration of the fatty tissue at the left side without 
obvious focal mass. Post-RT MR score is 2. There was no clinical evidence of disease.

Pre-RT axial T1-weighted Post-RT axial T1-weighted

a b

Figure 3: Clinical stage T3 supraglottic carcinoma in a 64-year-old patient with high pre-
treatment MR risk profile. (A) Pre-treatment axial T1-weighted MR image demonstrates a 
tumor mass (arrows) with intermediate signal intensity on the left and right sides. (B) MR 
image obtained 6 months after RT shows a focal mass (arrows) a maximal diameter greater 
than 1 cm in the original tumor bed. This image had MR score of 3. The patient developed a 
local failure at 9 months post-RT.

Pre-RT axial T1-weighted Post-RT axial T1-weighted

a b



C
h
a
p
te

r 5
P
re

- a
n
d
 P

o
st-ra

d
io

th
e
ra

p
y M

R
 im

a
g
in

g
 in

 la
ry

n
g
e
a
l ca

rcin
o
m

a

111

Post-RT MRI score

The follow-up MR images of 80 patients were recorded by using a three-point, 

post-radiation therapy changes scale, and results were as follows: (1) score = 

1, i.e., 21 patients with the complete remission after radiotherapy, 33 patients 

with score 2, and 26 patients with MR imaging indicating definite local failure 

(score = 3).

Figure 8 illustrates the local control stratified for post-RT MRI risk profiles. The 

local control rates at 2 years were 100% for score 1, 64% for score 2, and 4% 

for score 3, which was statistically significant (95%CI: 4.2-15.5; p<0.0001). The 

Figure 4: Clinical stage T2 glottic carcinoma 
in an 80-year old patient. Post-treatment axial 
T2-weighted MR image, obtained 11 months 
after RT, at the level of the true vocal cord 
demonstrates a tumor mass (arrowheads) 
with low signal intensity. The tumor was 
considered as a hypointense tumor, which did 
not locally recur within 24 months after RT.

Figure 5: Clinical stage T2 glottic carcinoma 
in a 78-year old patient. Post-treatment axial 
T2-weighted MR image, obtained 5 months 
after RT, at the level of the true vocal cord 
demonstrates a tumor mass (arrowheads) 
with low to intermediate to high signal 
intensity. The tumor was considered as 
an isointense/mixed tumor, which locally 
recurred within 9 months after RT.

Figure 6: Clinical stage T4 supraglottic 
carcinoma in a 65-year old patient. Post-
treatment axial T2-weighted MR image, 
obtained 3 months after RT, at the level of 
the false vocal cord shows a tumor mass 
(arrowheads) with high signal intensity. The 
tumor was considered as a hyperintense 
tumor, which locally recurred within 10 
months after RT.
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sensitivity, specificity, accuracy, and negative and positive predictive values 

of use of follow-up MRI examination for detection of local failure (post-RT MRI 

score 3) were 96% (25/26), 76% (41/54), 83% (66/80), 98% (41/42), and 66% 

(25/38), respectively.

Combination of pre-RT MRI risk profile and post-RT MRI score

In the group of patients classified as a low pretreatment risk profile (n=38), 

13 patients had posttreatment score 1 and showed no local recurrence, 

whereas 8 patients with posttreatment score 3 all failed locally. In the group 

with posttreatment score 2 (n=17), 4 local recurrences occurred (24%). Local 

control rates at 2 years were 100% for score 1, 60% for score 2, and 0 % for 

score 3 (HR 7.3; 95%CI: 3.9-6330.9; p<0.001).

In patients with a high pretreatment risk profile (n=28), 3 patients had 

posttreatment score 1 and none of these cases developed a local recurrence, 

whereas 15 patients with posttreatment score 3, 14 failed locally. In the group 

with posttreatment score 2 (n=10), six local recurrences occurred (60%). Local 

control rates at 2 years were 100% for score 1, 40% for score 2, and 7% for 

score 3 (HR 6.3; 95%CI: 1.2-6.8; p=0.01).

Table 3: Detection of local recurrence and post-RT MRI examinations (n=80)
Post-RT No local recurrence Local recurrence % of total

Score 1 21 0 26

Score 2 20 13 41

Score 3 1 25 33

Score 1 = likely achieved permanent local control; score 2 = indeterminate; score 3 = 
suspicious for local failure

Table 2: Pretreatment low-risk versus high-risk profile based MR imaging parameters 
Site Number of patients % of total

Supraglottis

Low-risk 14 17.5

High-risk PES + abnormal SI of thyroid at ant.comissure 6 7.5

PES + abnormal SI of cricoid 6 7.5

No data avalaible 6 7.5

Glottis

Low-risk 24 30

High-risk Intermediate T2 signal in cartilage 15 19

Hypopharyngeal extension 1 1

No data avalaible 8 10

PES=pre-epiglottic space involvement; SI=signal intensity;
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Post-RT MR imaging and local failure

Table 3 demonstrates the post-RT MRI examinations and disease status (failure 

vs. not failure). In 25 out of the 38 patients with local failure, the findings of 

the first follow-up MRI examination were classified as having a posttreatment 

score of 3. One patient without local failure had posttreatment score of 3 due 

to chondronecrosis and very pronounced edema at clinical examination treated 

with hyperbaric oxygen therapy. This patient remained free of local recurrence.

In 13 out of 38 patients with local failure, findings of first post-RT MRI 

examination were classified as a posttreatment score of 2. In four of these 

patients, an increase of the posttreatment MRI score from 2 to 3 occurred over 

time. In the other four of 13 patients, the follow-up MRI was only performed 

3-7 months after RT, and diagnosis of tumor recurrence was confirmed 1 to 5 

months later. 

None of the patients with a post-RT MRI score of 1 had a tumor recurrence at 

the time of follow-up MR imaging. 

In addition, in 10 out of 38 (26%) patients the local failure was first suspected 

on routine MR imaging (post-RT MRI score of 2 or 3). In six of these ten 

patients, these MRI-findings were confirmed within 2 months by histopathologic 

examination. In the remaining four patients, no immediate action was 

undertaken (not within 4 months after radiologic diagnosis) because of paucity 

of clinical symptoms or lack of suspicious findings was on direct laryngoscopy. 

From the entire patient population, 42 out of 80 patients were examined after 

irradiation with MRI between 1 and 10 months (mean, 3.8 months; median, 3.6 

months), and these had no evidence of disease; in 25 out of 80 patients the 

post-RT MR imaging showed clearly the residual disease suspected clinically 

with a mean delay of 7 months (median, 5.2 months). In the remaining 13 

out of 80 patients post-RT MR imaging did not indicate recurrent tumor, but 

these patients did developed a local failure with a mean delay for post-RT MRI 

examination of 5 months (median, 3.9 months). There was significant association 

between means of delay of post-MRI examination (test of variance, p=0.003).

Observed lesions on posttreatment T2-weighted MR images

In T2-weighted MR images after radiation therapy, 35 tumors were hypointense 

(44%), 25 isointense/mixed (31%), and 20 were hyperintense (25%) compared 

with the signal intensity of the contralateral side of the larynx. From the 38 

patients that recurred locally, 9 patients had hypointense tumor lesions (24%), 

12 patients had isointense (32%), and finally 17 patients had hyperintense 

lesions (45%). Figure 9 illustrates local control stratified by intensity on 

T2-weighted images after RT. At 2 years the local control rates were 77% for 

hypointense, 54% for isointense/mixed, and 15% for hyperintense lesions 

(95%CI: 1.7-4.1; p<0.001). 
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Figure 7: Patients with a high pre-
treatment MR risk profile showed poor 
prognosis (2-year local control rate: 29%) 
compared to patients with a low pre-
treatment MR risk profile (2-year local 
control rate: 73%).
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Figure 8:Patients with a post-treatment 
MR risk profile of 3 showed clearly poor 
prognosis (2-year local control rate: 4%) 
compared to patients with a post-treatment 
MR risk profiles of 1 and 2 (2-year local 
control rate: 100% and 64%, respectively).
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Figure 9: Patients with a hyperintense 
tumor mass on post-treatment T2-weighted 
MR image showed very bad prognosis 
(2-year local control rate: 15% compared to 
patients with a hypointense and isointense/
mixed tumor mass on post-treatment 
T2-weighted MR image (2-year local control 
rate: 77% and 54%, respectively).
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DISCUSSION

Monitoring the response to non-surgical treatment is one of the challenges 

in head and neck oncology today. Accurate evaluation of the response to RT 

by clinical examination may be hampered by posttreatment fibrosis, edema, 

inflammation, or scarring. According to our study, combined MR imaging before 

and after primary treatment may be helpful in evaluating response in laryngeal 

carcinoma treated by radiotherapy.

First, accurate pretreatment staging is essential for planning of optimal therapy 

for patients with laryngeal carcinoma, and data in this study provided valuable 

information for identifying patients at high risk for local recurrence. Around 

42% of patients were retrospectively identified as the high-risk pretreatment 

MRI group, which means that the primary treatment chosen in these patients 

may not have been optimal.

In this study, recurrence after radiotherapy may be detected in an early stage 

on MR imaging. Especially the identification of patients who are at high risk 

(post-RT MRI score 3) for local failure was highly significant with regard to 

local control. Only 1 out of 26 patients in the posttreatment score 3 group 

remained free of disease at the primary site and showed osteoradionecrosis, 

which mimicked tumor recurrence. Our results are consistent with CT studies 

that report 10% local control rate at 2 years for patients in score 3 group 

[15] and based on posttreatment CT-findings a high significance of predicting 

the likelihood of local control in laryngeal carcinoma [15-17]. Application of the 

post-RT MRI scoring system within the two pretreatment risk groups resulted 

in an additional separation within both groups into three risk groups for local 

recurrence. In patients with both a low and high pretreatment MRI risk profile, 

classification into the post-RT MRI score 1 group was an infallible sign and proved 

to be strongly predictive for local control. Three patients classified as high 

risk on pre-RT MRI risk profile with a favorable response to RT were identified 

on post-RT MRI as a score 1 group and had no evidence of residual disease. 

Moreover, eight patients with initially low pretreatment MRI risk profile were 

identified as poor responders by follow-up MRI examination, and these patients 

recurred locally. Consequently, post-RT MRI scoring system demonstrated 

to be a better prognosticator than pretreatment MRI risk profile. Lell et al. 

[18] have reported that the main criteria for recurrent/residual tumor in MR 

imaging was infiltrative mass with intermediate signal intensity on T1-weighted, 

high signal intensity in T2-weighted and enhancement after Gd-DTPA in 

T1-weighted MR images. They concluded that because of differences in aspect, 

MR imaging proved to be better than CT in characterizing recurrent lesions 

and in differentiation between scar tissue and local tumor failure. According 
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Engelbrecht et al. [20], the specificity of CT to detect recurrence was 76% and 

of MRI was 86%. MRI is reported to be more sensitive (92%) than CT (81%). 

The potential role of MR imaging in distinguishing tumor recurrence from 

radiation fibrosis on the basis of signal intensity on long repetition time (TR) 

/echo time (TE) (T2-weighted) pulse sequences for several head and neck 

carcinomas treated with radiotherapy has been described [21,25,26]. These 

studies conclude that tumors, that appeared hyperintense on T2-weighted MR 

images after radiation therapy, were significantly correlated with pathologic 

findings [25,26]. In accordance with previous studies, our results suggest 

that recurrent tumors may appear as a hyperintense mass after contrast 

administration in comparing with fibrotic changes after RT, which be seen 

as hypointense masses. However, the prolonged T2 value is not specific for 

tumor and may be seen in radiation edema or infection. Three patients with 

a hyperintense mass in our study, proved to be false positive. Ebner et al. 

[27] found that MR imaging was useful in distinguishing recurrent tumors in 

the female pelvis from posttreatment fibrosis in six patients. They emphasized 

that signal intensities from radiation changes vary with time; fatty replacement 

changes are seen, and abnormal soft tissue that has decreased T2-weighted 

signal intensity is suggestive of posttreatment scarring rather than recurrent 

tumor [18,19,27]. Arakawa et al. [28] also correlated MR imaging with pathology 

in 9 patients with tongue cancer who underwent radiation or chemotherapy or 

both before surgery, and suggested that dynamic and T2-weighted MR imaging 

were considerably superior to contrast-enhanced T1-weighted MR imaging in 

revealing tumor mass. Hyperintensity on T2-weighted MR imaging in recurrent 

tumors may be caused by increased intracellular water content of tumor cells 

and tumor edema.

CT findings of the laryngeal carcinoma within 3 to 6 months post-RT are reported 

to be often nonspecific [13,14]. In our study the first MR study is performed 

3-4 months after RT to evaluate the primary site, assuming no strong clinical 

suspicion of failure is present. MRI examination less than 4 months after the 

end of RT may be very helpful as a baseline, which may be useful to distinguish 

mass with complete remission. These findings suggest that in the posttreatment 

score 1 group additional MRI follow-up is actually not necessary, unless there is 

clinical suspicion of recurrence. Moreover, the results of our study showed that 

recurrence followed later than 5 months (median value) after RT were detectable 

more easily on MR imaging than tumor recurrence earlier than 4 months after 

RT. In accordance with our results, Lell et al. [18] reported that in the first 

3-4 months, edema, tumor necrosis, and acute or chronic inflammation lead to 

signal changes equivalent to tumor, but with long intervals, these changes are 

minimized and diagnosis is becoming more sufficient. Therefore the use of MR 

imaging for assessment of tumor recurrence within 4 months after the end of 
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radiation therapy may not be indicated. First post-RT MRI examination should be 

performed at 4 months after the end of RT. Progression of pathologic findings is 

strongly predictive of recurrence, such that an early MR imaging might lead to 

earlier detection of recurrence than those of clinical examination (26% of local 

failure in this study). Patients with “suspicious” post-RT MR study should be 

followed by imaging at regular intervals later than 4 months and therefore this 

might help any urge to biopsy prematurely. This approach is supported by data 

from FDG-positron emission tomography (PET) studies, showing that baseline 

exams before 4 months post-RT may not accurately reflect outcome, and that 

studies done at 4 months and later result in a more accurate prediction of 

outcome [29,30]. Keane et al. [31] supported routine reassessment with biopsy 

8-12 weeks after completion of radiation therapy to detect recurrence as early 

as possible. Results of this study suggest that use of post-RT MRI examination 

could reduce substantially the number of patients needing biopsy.

The follow-up imaging of laryngeal carcinoma patients treated with chemo-

radiotherapy generally shows no obvious difference from those treated with 

radiation therapy alone. It is important to note that, in this retrospective 

setting, no strict follow-up protocol with repeat MR studies was followed. 

Traditionally, the measurement of tumor volume has been widely used for 

evaluating response after oncologic therapy, and correlation with tumor 

control has been documented [32-34]. We did not include MR volumetric tumor 

evaluation after RT in our study due to factors contributing to apparent tumor 

radioresistance; it was very difficult to outline real tumor margins. Within the 

limitations of this retrospective study, it can be concluded that the manual drawing 

of the ROI area may result in some errors related to the operator’s experiences 

and obscure the tumor margin. Although our study is limited by no standard 

time for follow-up of patients after primary treatment and subjective criteria for 

the diagnosis of radiation change versus recurrent tumor (observed lesions on 

T2 images), there was good intraobserver and interobserver agreement.

CONCLUSION

In the evaluation of laryngeal carcinoma on post-RT MRI examinations, 

symmetric post-RT changes without detectable mass are strongly indicative of 

ultimate control at the primary site. When post-RT MRI shows a discrete mass or 

asymmetric post-RT changes at the primary site, the pre-RT MRI high-risk profile 

and hyperintense mass on T2-weighted images after radiation therapy should 

be suggestive for further work-up in patients. Follow-up MR study performed 4 

months or later after RT appears to be a reliable tool to refer a residual mass to 

scar tissue and is recommended in addition to careful clinical follow-up. 
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SUMMARY AND DISCUSSION

This summary and discussion will first deal with MR imaging parameters of 

the pretreatment supraglottic and glottic carcinoma, in particular with tumor 

volume, submucosal tumor tissue extent, and cartilage invasion for prediction 

of local recurrence after radiation therapy. In addition, the predictive value 

of MRI lymph nodes parameters in head and neck cancer for prediction of 

distant metastases is discussed. This is followed by a discussion regarding the 

predictive value of posttreatment MR imaging parameters for local recurrence 

after (chemo)radiation therapy.

Pre-treatment laryngeal cancer

Laser therapy, (chemo)radiation therapy (RT) and/or surgery (partial or total 

laryngectomy) are the modalities of choice for treatment of laryngeal carcinoma. 

The choice between these modalities is, among others, influenced by site and 

extent of the lesion. In small tumors, curative RT or endoscopic laser surgery 

(treatment modality with minimal thermal damage to the surrounding tissue) 

are the first choices of treatment. In case that tumor control is unlikely to 

be achieved with (chemo)radiation therapy, primary surgery could be a good 

alternative. Accurate assessment of the extent of the primary lesion is highly 

important in relation to the feasibility and application of irradiation treatment. 

Radiological techniques, such as CT and MR imaging, may provide additional 

information about the submucosal extent of the disease. The result of our 

statistical analyses shows that there are various MR imaging-determined tumor 

parameters of larynx and subsites of larynx which are significantly associated 

with local control. Our results show that by classification into low-risk, 

intermediate-risk and high-risk groups, based on the combination of prognostic 

MRI-determined parameters, it is possible to identify a subset of patients, who 

are less likely to be successfully treated with (chemo)radiation therapy and who 

may better be treated with alternative treatment, e.g. surgery. 

In an initial study on predictive value of MR imaging parameters in supraglottic 

carcinoma treated by radiation therapy (Chapter 1), univariate analysis showed 

that MR imaging-determined primary tumor volume, involvement of pre-

epiglottic space, abnormal signal intensity in thyroid cartilage and extralaryngeal 

extension beyond thyroid and/or cricoid cartilage were significant predictors of 

local recurrence rate. Multivariate analysis confirmed that tumor invasion of 

pre-epiglottic space, abnormal signal intensities in thyroid cartilage adjacent 

to the anterior commissure and in cricoid cartilage are strong predictors for 

poor local outcome in supraglottic carcinoma treated with definitive radiation 

therapy.
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In an initial study on the predictive value of MR imaging parameters in glottic 

carcinoma treated with RT (Chapter 2), univariate analysis showed that MRI-

determined parameters (such as primary tumor volume, submucosal tumor 

extent, abnormal signal intensity in cartilages, and extralaryngeal extension) 

were all significantly associated with worse local control, while T classification and 

vocal cord mobility were the only significant clinical parameters associated with 

local control. Multivariate analysis of clinical and radiologic parameters revealed 

that hypopharyngeal extension and intermediate T2 signal intensity (SI) in 

cartilage similar to tumor SI were independent prognostic factors with regard to 

local control. Intermediate T2 SI in cartilage, which suggests cartilage invasion, 

and hypopharyngeal extension of the tumor on MR images predict greater 

likelihood of local failure, whereas high T2 SI, which suggest inflammatory tissue 

in cartilage, was associated with lower likelihood of local failure.

In a more focused study of laryngeal carcinoma (both supraglottic and glottic) 

on the predictive value of the degree of contrast enhancement in tumors and 

its additional value in previously considered MR imaging parameters (Chapter 

3), we found that the level of tumoral contrast enhancement was positively 

related to local control rates. The local failure rate was significantly worse in 

tumors with a low degree of contrast enhancement than in those with a high 

degree of enhancement. The biological explanation might be that low contrast 

enhancement indicates poor vascular supply and subsequent tumor hypoxia, 

which in turn are associated with therapy resistance, especially in squamous cell 

head and neck cancer [1-4]. Our results of multivariate analysis confirmed that 

the degree of contrast enhancement yielded additional prognostic information to 

anatomic MRI-determined parameters with regard to local control in laryngeal 

carcinoma.

Tumor volume 

We found that MRI-determined tumor volume at presentation was not 

significantly associated with local control in both supraglottic and glottic tumors 

after curative RT. Similar results were found by other investigators using CT 

as imaging modality [5-7]. These authors did not find a significant relationship 

between CT-determined tumor volume and local control in multivariate analyses 

[6,7]. In contrast, Gilbert [8], Mancuso [9] and Mendenhall [10] showed that 

tumor volume as measured on CT images could stratify patients into high-

risk and low-risk groups with regard to local control after definitive radiation 

therapy. Presumably, the findings of these authors do not agree with our results 

because we have used more sensitive imaging characteristics, such as abnormal 

signal intensity in cartilage on MR imaging, which has shown to be a predictor 

of poor local outcome in laryngeal carcinoma [11-13]. 
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Intralaryngeal compartments

The critical submucosal spaces inside the larynx are the pre-epiglottic and 

paraglottic spaces [14]. Tumors in pre-epiglottic and paraglottic space enhance 

differently on T1-weighted MR images after the contrast administration: tumor 

tissue within pre-epiglottic space enhances at a low degree, whereas tumor 

tissue involving the paraglottic space enhances strongly. The results in our 

patient population with supraglottic carcinoma revealed a strong relationship 

between tumor involvement of the pre-epiglottic space and local tumor control 

probability (Chapter 1). The pre-epiglottic space is composed predominantly of 

fat, which has low attenuation on CT images and high signal intensity on MR 

images. According Giron et al. [15], both techniques have similar performance 

in the evaluation of the pre-epiglottic space. Fletcher and Hamberger [16] 

reported on the results of a study in 173 patients treated with primary radiation 

therapy for supraglottic carcinoma and concluded that the pre-epiglottic space 

is poorly vascularized. Based on their results, they suggested that the anoxic 

compartment of tumors penetrating this space must be substantial. This might 

explain the relatively higher resistance to radiation therapy (and higher cure 

rates with surgery) in such tumors [17]. In our study (Chapter 1), invasion 

of the pre-epiglottic space was the strongest independent predictor of local 

control of supraglottic carcinoma. The poor blood supply of the pre-epiglottic 

space may cause hypoxia in tumor tissue. Low degree of contrast enhancement 

on MR imaging may therefore be expected in patients with tumor involvement to 

pre-epiglottic space (Chapter 3) and may correlate with a poor prognosis.

Hamilton et al. [18] reported that the hypopharyngeal involvement of a tumor 

would be useful as potential indicator of local control in laryngeal cancer 

treated with RT. Moreover, they also showed a significant relationship between 

CT-determined tumor volume of T2- and T3-stage laryngeal glottic carcinoma 

and local control [18]. In our study on patients with laryngeal glottic cancer 

(Chapter 2), the second most important prognostic factor was extension into 

the hypopharynx as assessed on MR images, which might be explained by a 

combination of large tumor volume and deep tissue extension. Both intermediate 

T2 SI in cartilage and hypopharyngeal tumor extension were potential 

confounders for the association between tumor volume and local control. 

Cartilage involvement

MR imaging has been reported to be highly sensitive in depicting cartilage 

invasion and to be more accurate than CT [19,20]. In a preliminary study, tumor 

invasion of the cartilages, as shown by CT, was not found to be significant 

predictor of local recurrence [5]. CT may enable detection of cartilage invasion, 

but it may fail to enable detection of early cartilage invasion because of the 
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large variability of ossification patterns in the laryngeal cartilages. As reviewed 

by Castelijns et al. [21], abnormal MR signal intensity patterns in cartilage 

combined with large tumor volume were associated with worse prognosis. 

In our study, dealing with patients with supraglottic carcinoma (Chapter 1), 

a significant relationship was found between abnormal MR imaging signal 

intensity patterns in cartilages (thyroid, cricoarytenoid and thyroid at anterior 

commissure) and local outcome.

In initial reports by Becker et al. [22,23] and Zbaren et al. [24], it was thought 

that apparent inability to differentiate between non-tumorous inflammatory 

changes and tumor by using MR imaging may lead to overestimation of 

neoplastic invasion in laryngeal carcinoma. According to our study, abnormal 

MR imaging signal patterns in cartilage of laryngeal supraglottic carcinoma 

(thyroid, cricoarytenoid, and thyroid at anterior commissure) without 

distinguishing different signal intensities as seen on T2 images, were correlated 

with the risk for tumor recurrence. However, in glottic carcinoma, these MRI-

determined abnormal signal patterns in cartilage did not reach significance 

when compared with more specific T2-weighted MR SI. Becker et al. [25] 

recently showed that signal intensities may enable differentiation between 

neoplastic and inflammatory tissue in cartilage as found on T2-weighted spin-

echo MR images. They considered T2 signal higher than that of the adjacent 

tumor to indicate inflammation, and T2 signal similar to that of the adjacent 

tumor (with intermediate SI) as neoplastic invasion, which was compared with 

the histological reference standard. The proposed MR imaging criteria appear to 

enable improved differentiation of neoplastic cartilage invasion from peritumoral 

inflammation [25]. According to our results, the most important independent 

prognostic factor on glottic carcinoma turned out to be intermediate T2-signal 

in cartilage as assessed on MR images, which was significantly associated with 

worse local control (Chapter 2). Curtin described that this, more intermediate 

T2-signal, advanced into the typical pattern thought to indicate tumor, called 

“evil gray” and has a definite importance in the larynx but may apply to other 

areas as well; separating true tumor from a marginal inflammatory response 

when applied to the mandible or even skull base [26]. Comparing histological 

findings with preoperative imaging signal intensity patterns would be very 

difficult in many of these areas, but one can certainly compare the response 

to various therapies with the signal intensity patterns. The implications in 

potential surgical resections are obvious. However, a more precise demarcation 

of the gross tumor volume may allow a more confined and precise irradiation, in 

particular of the boost volume. 

MR sequences using fat saturation were not included in the MR imaging protocols 

of our retrospective studies. It is possible that the addition of such sequences 

might further enhance the signal intensity difference between inflammatory 
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and neoplastic cartilage changes. Application of strong weighted T2-weighted 

MR images enable better differentiation of neoplastic cartilage invasion 

from peritumoral inflammation. However, we did not evaluate this additional 

T2-weighted information regarding differentiation between tumor tissue and 

peritumoral infiltration in cartilage among patients with supraglottic carcinoma.

Until recently, the presence of clear cartilage invasion on CT or MR imaging was 

a relatively hard indication for total laryngectomy. It is incorrect to postulate 

that radiation therapy cannot cure a substantial number of lesions in which 

cartilage is involved; minimal cartilage involvement in patients with low-staged 

tumors does not imply a bad prognosis [11,12]. Subgroups of patients may 

have a higher risk of local failure than others. Imaging gives the opportunity 

to detect more limited degrees of cartilage involvement, and to evaluate the 

impact of this more limited involvement on treatment outcome. In Chapter 2 we 

showed that glottic tumors with intermediate signal intensity in cartilages on 

T2-weighted MR images (suggestive for cartilage invasion) have a rather poor 

outcome. The local control rate in these cases was only 27% after 2 years in 

comparison with 84% and 87% in cases of tumor with nonossified cartilage or 

not suspected cartilage invasion. These results may have impact on T staging, 

because neoplastic cartilage invasion changes the T stage. TNM staging system 

is, among others, developed for prognostic purposes. Regarding tumor extension 

in cartilages, the most recent revision in TNM classification guidelines [27,28] 

states that tumors with “thyroid cartilage erosion” and “through cartilage” 

would mean T3 and T4, respectively. We believe that MR imaging findings are 

therefore essential in the work-up for T staging of laryngeal carcinoma.

No conclusions can be drawn concerning extralaryngeal extension of the 

tumor beyond these cartilages, because of the limited number of patients with 

extralaryngeal abnormalities. The prognosis for patients with extralaryngeal 

extension at diagnostic imaging may be expected to be worse. Fiorella et 

al. [29] reported a high incidence of relapse of the tumor in the cases with 

extralaryngeal extension of T3 glottic carcinoma treated surgically. There was a 

significant correlation between decrease in survival rates and contemporaneous 

increase in peri-laryngeal extension of the tumor, even if microscopic [29].  

Nevertheless, this characteristic did not adversely affect the likelihood of 

local control in our patients, probably because such abnormalities are treated 

primarily with laryngectomy at our institution. 

Pre-treatment neck and distant metastases

Lymphatic metastasis is the most important mechanism in the spread of most 

head and neck squamous cell carcinomas (HNSCC). The presence of lymph node 

metastases determines to a great extent the chances of locoregional cure or 
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the development of distant metastases. In case of patient with already present 

distant metastases, there is generally no possibility of cure. Early detection 

may be of use in order to prevent local-regional treatment with considerable 

acute and late morbidity, such as concomitant chemoradiation and or extensive 

surgery with postoperative radiotherapy, particularly in case of extensive 

metastatic disease. In some cases, e.g. when only a solitary metastatic deposit 

is present, aggressive treatment of locoregional and metastatic disease may be 

an option and in some cases even curative [30]. Also in these circumstances, 

early detection may be beneficial.

In our retrospective study with 311 patients with HNSCC (Chapter 4), we 

investigated the prognostic significance of pretreatment MR imaging of cervical 

lymph nodes for development of distant metastases. This may be readily 

accepted by clinicians and be easily used for distant staging guidelines. We 

found that presence of lymphatic metastasis with extranodal spread (ENS) 

was the only independent prognostic factor. We were able to identify 3 distinct 

prognostic groups (i.e., patients without enlarged nodes, patients with enlarged 

nodes without ENS and patients with enlarged nodes with ENS on MR imaging); 

if confirmed prospectively this classification would enable the identification of 

a subset of patients at high risk for the development of distant metastases 

after initial treatment. Especially, our patients with enlarged lymph nodes at 

lowjugular/posterior triangle (oropharyngeal cancer) or at paratracheal level 

(laryngeal cancer), or with contralateral enlarged nodes (laryngeal and oral 

cavity cancer), and extranodal spread are at high risk for developing distant 

metastases and this subset of patients might benefit from supplementary imaging 

screening (CT-chest, PET-CT) [31]. The final results showed that extranodal 

spread of lymph node metastases as assessed on MR imaging was the most 

important prognostic factor for the development of distant metastases, both in 

the entire study population as well as in specific groups according to different 

tumor sites. These findings suggest that the presence of ENS is more important 

than other lymph node parameters, macroscopic ENS is more important than 

microscopic ENS [32].  Although it was previously thought that ENS occurred 

only in large nodes, it is reported that ENS can also occur in approximately 23% 

of non-enlarged nodes [33]. The presence of extranodal spread in metastatic 

nodes significantly affects treatment planning and prognosis of the patient with 

head and neck cancer. Recently, Kimura et al. [34] attempted to evaluate the 

predictive capability of MR imaging for the extranodal spread in the neck of 

109 patients. He found that nodal size (=short-axis diameter), shaggy margin 

(=irregular nodal margin on gadolinium-enhanced T1-weighted images), and 

flare sign criteria (=the presence of high SI in the interstitial tissues around 

and extending from a metastatic node on fat-suppressed T2-weighted images) 

were independent and significant MR imaging findings suggestive of extranodal 
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spread in the metastatic nodes. These authors obtained 77% sensitivity and 

93% specificity with the flare sign, 65% sensitivity and 99% specificity with the 

shaggy margin, and 80% sensitivity and 85% specificity with the size criterion 

(cut-off point=16 mm) [34]. Future studies should show and if the prognostic 

value of ENS, as defined with these more specified MRI criteria, will also be an 

important prognostic factor for the development of distant metastases. Intra- 

and interobserver variation in detecting of ENS should be investigated.

The detection of retropharyngeal lymph node metastases may have serious 

implications for choice of treatment. These lymph nodes are generally beyond 

the limits of neck dissection and suggest a very poor prognosis [35]. However, 

in our study, no significant association was found with distant metastases, which 

may be due to limited number of patients with retropharyngeal nodes (5%). 

It has also been reported that paratracheal lymph node metastases carry 

a high risk of metastases to the mediastinum and distant sites [36]. The 

numbers of these lymph nodes in the entire study population was relatively 

low and not of statistical significance (Chapter 4). In the subset of patients with 

laryngeal carcinoma the presence of paratracheal lymph node metastases was 

significantly associated with the development of distant metastases.

The metastatic work-up in patients with HNSCC by using the proposed MR 

imaging criterion for lymph node development may be useful for the development 

of a treatment plan. Patients with low-risk disease have a DMFSR (distant-

metastasis free survival rate) of 94% at 2 years (Chapter 4), and screening 

for distant metastases is unlikely to be cost-effective and may therefore not 

be performed. In the high-risk group as defined with the proposed MR nodal 

criteria (risk to develop distant metastases within 2 years of 41%), patients 

should be screened routinely and comprehensively for the detection of distant 

metastases. Radiation therapy was reported to improve survival of the patients 

with lymphatic metastasis with ENS compared with the ENS-positive patients 

who did not receive RT [37]. In addition, selective neck dissection instead 

of radical neck dissection could be a choice for patients with ENS-negative 

metastatic nodes [38].  

Post-treatment laryngeal cancer

Monitoring response during non-surgical treatment is one of the challenges in 

head and neck cancer today. Accurate evaluation of the response to (chemo)

radiation by clinical examination may be hampered by posttreatment fibrosis, 

edema, inflammation, or scarring. According to our study, combined MR imaging 

before and after primary treatment may be helpful in evaluating response in 

laryngeal carcinoma treated by radiotherapy. In the retrospective evaluation of 

80 patients with laryngeal carcinoma on post-RT MRI examinations in Chapter 
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5, symmetric post-RT changes without detectable mass (score 1) are strongly 

indicative for ultimate control at the primary site. When post-RT MRI shows 

discrete mass or asymmetric post-RT changes at the primary site, the pre-RT 

MRI high-risk profile and hyperintense mass on T2-weighted images are strong 

indicators for local failure after curative RT that requires further evaluation to 

exclude local recurrence. Especially the identification of patients who are at 

high-risk (post-RT MRI score 3=focal mass with a maximal diameter of more 

than 1cm, or less than 50% estimated tumor volume reduction) of local failure 

in our study was highly significant with regard to local control. Only 1 out of 

26 patients in the posttreatment score 3 group remained free of disease at the 

primary site and proved to have osteoradionecrosis mimicking tumor recurrence. 

Our results are consistent with CT studies that report 10% local control rate at 2 

years for patients in the score 3 group [39], and a high significance of predicting 

the likelihood of local control in laryngeal carcinoma [39,40]. Application of the 

post-RT MRI scoring system within the two pretreatment risk groups resulted 

in an additional stratification in either group into three subgroups at different 

risks of local recurrence. The post-RT scoring system was demonstrated to be a 

better prognosticator than the pretreatment MRI risk profile.

The potential role of MR imaging in distinguishing tumor recurrence from 

radiation fibrosis on the basis of signal intensity on long repetition time (TR) 

/echo time (TE) (T2-weighted) pulse sequences for several head and neck 

carcinomas treated with radiotherapy has been described [41-43]. In these 

studies tumors that appeared hyperintense on T2-weighted MR images after 

radiation therapy, were significantly correlated with pathologic findings [42,43]. 

Tomura et al. [43] showed that pretreatment T2-weighted imaging is feasible 

for differentiating viable from nonviable tumor tissue in irradiated carcinoma of 

the tongue. Changes in tumors induced by irradiation are caused by the direct 

effect of irradiation on the tumor cells, impairment of the blood supply, and 

fibrosis and hyalinization of the stroma. Radiation changes were histologically 

graded into four groups (I, minimal cellular changes; II, presence of cellular 

changes and partial destruction of the tumor; III, only nonviable tumor cells; 

IV, no tumor cells), and were compared with SI and the degree of contrast 

enhancement of the tumor on MR images [42]. However, the prolonged T2-value 

is not specific for tumor and may be seen in radiation edema or infection. Three 

patients with a hyperintense mass in our study (Chapter 5), proved to be false 

positive. Ebner et al. [44] found that MR imaging was useful in distinguishing 

recurrent tumors in the female pelvis from posttreatment fibrosis in six 

patients. They emphasized that signal intensities from radiation changes vary 

over time; fatty replacement changes are seen and abnormal soft tissue with 

decreased T2-weighted signal intensity is suggestive of posttreatment scarring 

rather than recurrent tumor [44-46]. The hyperintensity on T2-weighted MR 
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imaging in recurrent tumors may be caused by an increased intracellular water 

content of tumor cells and tumoral edema.

CT findings of the laryngeal carcinoma within 3 to 6 months post-RT are reported 

to be often nonspecific [47,48]. MRI examination less than 4 months after the 

end of RT may be very helpful as a baseline to distinguish mass and complete 

remission. The results of our study (Chapter 5) showed that recurrence followed 

later than 5 months (median value) after completing (chemo)radiation was 

detectable more easily on MR imaging than tumor recurrence earlier than 4 

months after treatment. Lell et al. [45] reported that in the first 3-4 months, 

edema, tumor necrosis, and acute or chronic inflammation may lead to signal 

changes equivalent to tumor, but that with long intervals, these changes 

minimized and distinguishing between tumor and post-RT changes became 

more effective. Progression of abnormal MRI findings is strongly predictive for 

recurrence, such that an early MR imaging might lead to earlier detection of 

recurrence than those of clinical examination (26% of local failure in this study). 

Patients with “suspicious” post-RT MR study should be followed by imaging at 

regular intervals, and any urge to biopsy prematurely could be avoided. The 

trauma caused by biopsies in irradiated tissue may initiate infection, further 

edema and failure to heal. Brouwer et al. [49] reported that 53% of the first 

direct laryngoscopes performed because of suspicion of recurrent laryngeal 

carcinoma after RT were negative. Baseline and follow-up post-treatment CT 

or MR imaging may improve detection of recurrent laryngeal carcinoma after 

(chemo)radiation. Hermans et al. [40] showed that follow-up CT, after an 

initial post-treatment CT, detected about 40% of local failures prior to clinical 

examination. Imaging should be sensitive enough to detect recurrence in a 

stage at which surgical salvage (total laryngectomy, in some circumstances 

partial laryngectomy) remains possible. Comoretto et al. [50] reported a higher 

accuracy of MR imaging with 92% than PET-CT with 86% in depicting residual 

and/or recurrent nasopharyngeal carcinoma. There were 5 patients with false-

negative tumor lesion on PET-CT of 63 patients compared to one patient with 

recurrent tumor lesion on MR imaging. These results are due to various factors 

such as use of dynamic contrast-enhanced MR study for detecting the fibrotic 

changes, less structural distortion due to new techniques of radiation therapy 

with relative sparing of surrounding areas, and additional MR information in 

assessing skull base involvement and intracranial infiltration [50]. The use of 

MR imaging for assessment of tumor recurrence during and after the end of 

(chemo)radiation therapy may be indicated. 
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FUTURE PERSPECTIVES

The largest area of potential improvement in head and neck imaging will likely 

come from other MRI-modalities, such as diffusion-weighted MRI (DW-MRI) and 

to a lesser extent from perfusion MRI, especially in the differentiation between 

tumor versus inflammation tissue, and between recurrent tumors versus 

posttreatment changes. DW-MRI is a non-invasive technique, which is able to 

evaluate the microenvironment of tissue by measuring water movement. Due 

to tumor proliferation, tumor regions have increased cellular density resulting 

in a reduction of diffusion of water through these regions. 

The potential use of DW-MRI for in vivo characterization of tissue in head and 

neck lesions was reported by Wang et al. [51] where was showed restricted 

water movement for malignant lesions, than for benign lesions in the head and 

neck. The heterogeneity of the head and neck region with numerous air-soft 

tissue interfaces is anatomically highly demanding region and makes DW-MRI 

in this region prone to non-interpretable imaging. Including echo planar (EPI)-

based parallel imaging to DW-MRI, blurring and chemical shift artifacts, and 

image distortion are reduced [51,52]. Potentially, DW-MRI may be useful for 

characterization of cervical lymph node metastases, to differentiate between 

persistent or recurrent tumor and treatment-induced tissue changes [53-55]. 

Vandecaveye et al. [56] evaluated DW-MRI as compared with turbo-spin-echo 

(TSE) MR imaging of 33 patients scheduled for surgical treatment of biopsy-

proved head and neck squamous cell carcinoma for the detection of nodal 

metastases. Their findings suggests that DW-MRI can be complementary to 

conventional MR imaging; quantification of diffusion weighted imaging enables 

the detection of subcentimeter nodal metastases, providing information that 

is additional to that generated with anatomic imaging; it cannot yet depict 

micrometastases smaller than 4 mm. This may lead to closer conformity 

between the radiation target volume and the regional tumor extent and 

thus potentially decrease treatment-induced side effects. DW-MRI may 

also be helpful for differentiation between neoplastic tissue and post-RT 

inflammatory or necrotic tissue as the differences in tissue microstructure, 

which are expected to create differences in proton mobility. Vandecaveye et 

al. [57] described the appearance of recurrent tumoral tissue on DW-MRI in 

patients presented for possible tumor recurrence in the larynx after radiation 

therapy for squamous cell carcinoma (SCC). They demonstrated that diffuse 

hyperintensity on the apparent diffusion coefficient (ADC) maps in the normal 

soft tissues of the larynx correlated with expected post-therapeutic alterations, 

such as inflammation and interstitial edema, promoting free movement of 

protons. Contrary, detected hypointense lesions on the ADC map, contrasting 

with the surrounding tissue, were histologically proven recurrent SCC. Further 
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studies are needed to validate the reproducibility and diagnostic accuracy of 

the technique and the image interpretation are required before DW-MRI of head 

and neck SCC can be used as routine in the clinic.  

Another promising modality for differentiation between tumoral and non-

tumoral disease after completing (chemo)radiation treatment of head and 

neck cancer may be perfusion MRI. To our knowledge, reports on this topic 

are scarce. The usefulness of dynamic maneuvers has increased with the 

improvement in temporal and spatial resolution that allow good delineation of 

small moving structures like laryngeal structures; this could provide important 

information about the local extent of tumor [58]. The measurements of tumor 

perfusion assessed with dynamic CT have been shown to be helpful in predicting 

response to radiation therapy as well as induction chemotherapy in head and 

neck cancer [59-61]. CT perfusion (CTP) provides the unique ability to non-

invasively quantify the microvascular blood flow of tissue.  The results of these 

studies confirm the hypothesis that less-perfused tumors respond poorly to 

radiotherapy and/or chemotherapy. More recent developments have resulted in 

more biologically targeted therapy, with newer chemotherapy agents targeted 

to specific proteins overexpressed by certain tumors. These advances announce 

the age of  “individualized therapy” with specific treatment regimes ‘designed’ 

to treat each individual tumor’s unique biological characteristics. The next, 

and some would argue the most important step, is to attempt to determine 

a tumor’s response during treatment. Biological imaging information, such as 

that obtained with CT/MRI perfusion or MRI diffusion techniques, can predict 

if a tumor is less likely to respond to certain non-surgical organ preservation 

therapy and has the potential for increasing local control and overall survival 

with less complications.

The fusion of PET and CT has already proven to be more accurate for the 

detection of malignancy in the head and neck. PET-MRI is a new promising 

multi-modality imaging device successfully studied by Judenhofer et al. [62] as 

a new approach for functional and morphological imaging.
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NEDERLANDSE SAMENVATTING

In dit proefschrift is de voorspellende waarde van magnetic resonance imaging 

(MRI)-parameters voor het optreden van een lokaal recidief larynxcarcinoom of 

het optreden van uitzaaiingen op afstand bij hoofd-hals tumoren, onderwerp van 

studie. Dit zal leiden tot een betere indicatiestelling wat betreft therapiekeuze.

Larynxcarcinoom

Jaarlijks wordt bij meer dan 2000 patiënten in Nederland een hoofd-halstumor 

gediagnosticeerd. De behandelingskeuze tussen een in opzet curatieve bestraling 

en laryngectomie is vooral gebaseerd op de klinische en radiologische stagering. 

In geval van een laryngectomie (niet larynxsparende behandeling) kunnen 

mogelijkheden tot communicatie, ademhaling en slikken in ernstige mate 

gestoord raken met blijvende gevolgen voor het psychosociaal functioneren. 

Ingeval van laag-gestageerde tumoren (T1, T2) wordt veelal gekozen voor 

larynxsparende therapie; ingeval van hoog-gestageerde tumoren voor 

chirurgie. Vooral bij het in opzet-curatief bestraalde kleine larynxcarcinoom (evt. 

in combinatie met chemotherapie) is vroegtijdige opsporing van een recidief 

van belang, omdat dan soms nog een larynxsparende operatieve behandeling 

(partiële laryngectomie) mogelijk is. Bij larynxsparende behandeling is er echter 

ook een hoge kans op een lokaal recidief; 15% bij het vroegste stadium tot 

50% bij een uitgebreid carcinoom. Het MRI-beeld van de larynx na radiotherapie 

heeft tot nu toe beperkte aandacht in de radiologische literatuur gekregen in 

vergelijking met reeds wel publiceerde CT studies. 

Afstandsmetastasen

Indien zich uitzaaiingen hebben voorgedaan bij een patiënt met kanker 

kan in het meeste gevallen niet meer van genezing sprake zijn en richt de 

behandeling zich op palliatie. In uitzonderlijke gevallen is het soms mogelijk 

om tot chirurgische verwijdering van uitzaaiingen over te gaan, wat een zekere 

overlevingswinst geeft. Ook dan is het belangrijk om een eventuele uitzaaiing 

zo vroeg mogelijk op te sporen. 

Er is echter onduidelijkheid over de effectiviteit van screenend onderzoek naar 

uitzaaiingen op afstand zowel met betrekking tot de doelgroep als de uitvoering. 

Screenend disseminatieonderzoek is niet effectief indien het bij iedere patiënt 

wordt uitgevoerd. Omdat de kans op uitzaaiingen op afstand toeneemt met 

het stadium, neigt men er toe om alleen te screenen bij patiënten met een 

uitgebreide hoofd-hals tumor, die meestal met behulp van een combinatie van 

uitgebreide chirurgie en radiotherapie (RT) behandeld gaan worden. Het is 

duidelijk dat er een relatie bestaat tussen grootte, locatie van kliermetastase 

enerzijds en de kans op uitzaaiingen op afstand. 
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MRI-onderzoek wordt routinematig in vrijwel alle belangrijke hoofd-hals 

centra in Nederland uitgevoerd bij een groot aantal van deze tumoren. Het 

MRI-onderzoek levert veel informatie over grootte, uitbreiding van primaire 

tumor, aanwezigheid van lymfekliermetastase, en veranderingen van de 

tumor voor, tijdens en na primaire behandeling, waarvan het klinisch belang 

nu nog onvoldoende duidelijk is. Bovendien zijn er sinds korte tijd “post-

processing” technieken, zoals het opmeten van tumor volumina, beschikbaar 

gekomen. Wat betreft de voorspellende waarde van een aantal MRI parameters 

(zoals uitbreiding in kraakbeenderen, pre-epiglottische ruimte, m.vocalis, 

tumorvolume, extralaryngeale uitbreiding) spreken de resultaten in de literatuur 

elkaar soms tegen. Deze studies zijn echter gebaseerd op lage patiënten 

aantallen en maken veelal gebruik van computer tomografie (CT) techniek, 

welke door lagere weke-delen contrast minder diagnostische mogelijkheden 

heeft. Diagnostiek speelt vooral een cruciale rol bij het vaststellen van het beleid 

en de daaruit voortvloeiende gevolgen voor de patiënt met hoofd-halstumor. 

Op basis van betrouwbare diagnostiek, middels CT en MRI beeldvorming, 

kan met meer zekerheid aangetoond worden welke patiënten wel en welke 

niet in hoge risico groep komen voor het optreden van recidief. Dit kan een 

vermindering van de psychische belasting van de patiënt betekenen. Ook 

kunnen dan onnodige onderzoeken en invasieve ingrepen worden voorkomen 

en daarom kosten worden bespaard. Er is behoefte is aan goede pre-operative 

non-invasive screeningsmethodes voor detectie van afstandmetastasen. Dit 

ter voorkoming van het onnodig verrichten van grote mutilerende operatieve 

ingrepen, die van invloed zijn op de kwaliteit van leven van de patiënten.

In Hoofdstukken 1,2 en 3 wordt onderzocht of pre-RT MRI gebruikt kan 

worden om de kans op lokale tumorcontrole te voorspellen bij patiënten met 

een bestraald glottisch en supraglottisch carcinoom. Lokale controle wordt 

gedefinieerd als de afwezigheid van een lokaal recidief in bepaalde tijd. Voor 

iedere primaire tumor werd een tumorvolume berekend, en MRI gerelateerde 

tumor parameters gedetecteerd zoals endolaryngeale en extralaryngeale tumor 

uitbreiding, een abnormaal signaal intensiteit in de kraakbeenderen (t.p.v. 

anterior commissure, cricoarytenoid gewricht en overige delen cart. thyroidea). 

Bij combinatie van tumorvolume en MRI gerelateerde tumor parameters bleken 

er drie te onderscheiden risicogroepen te bestaan met een laag, gemiddeld en 

hoog risico op een lokaal recidief. 

In Hoofdstuk 1 wordt de voorspellende waarde van abnormaal signaal intensiteit 

in kraakbeenderen geëvalueerd in 84 patiënten met een supraglottisch 

carcinoom. Patiënten met supraglottisch carcinoom en met op MRI tumor 

invasie van de pre-epiglottische ruimte en abnormaal signaal intensiteit van 

cart. thyroidea grenzend aan commissura anterior en/of cart. cricoidea hadden 
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een hoger risico van 65% voor lokaal recidief na curatieve bestraling in vijf 

jaar. Patiënten zonder pre-epiglottische tumor uitbreiding of abnormaal signaal 

intensiteit in de kraakbeenderen hadden een laag risico van 11% voor een 

recidief tumor. 

In Hoofdstuk 2 wordt de abnormale signaal intensiteit in de kraakbeenderen 

geëvalueerd op T1- en T2-gewogen MRI beelden in 118 patiënten met 

een glottisch carcinoom. De interpretatie van signaal intensiteit (SI) in de 

kraakbeenderen op T2-gewogen MRI beelden was gedefinieerd als volgt: laag 

T2 SI werd gescoord als niet-verbeend kraakbeen, intermediaire T2 SI met 

signaal intensiteit gelijk aan signaal van intralaryngeal tumor weefsel, werd 

gescoord als tumorweefsel, en hoog T2 SI met signaal intensiteit hoger dan 

signaal van de primaire tumor, werd gescoord als inflammatoir weefsel. In 

combinatie met andere MRI tumor parameters, zoals eerder genoemd, konden 

3 risicogroepen van patiënten met toenemende kans op een lokaal recidief 

gedefinieerd worden. Intermediair T2 signaal in kraakbeen verdacht voor 

tumor invasie en hypopharyngeal tumor uitbreiding waren de meest ongunstige 

voorspellers voor het optreden van een lokaal recidief bij patiënten met een 

glottisch carcinoom. Patiënten met intermediair T2 SI in het kraakbeen gelijk 

aan het signaal intensiteit van de tumor hadden 73% kans op een lokaal 

recidief in twee jaar (ten opzichte van laag T2 SI en hoog T2 SI met 13% 

en 16% respectievelijk) na in opzet curatieve bestraling. Dit lijkt een goede 

prognostische MRI parameter te zijn voor glottisch carcinoom voor evaluatie 

van tumor invasie in het kraakbeen.

In Hoofdstuk 3 wordt naast tumor volume en tumor uitbreiding ook de 

voorspellende waarde van de mate van tumoraankleuring, zoals gemeten 

op MRI scans, als radiologische parameter geëvalueerd. De behandeling van 

sommige tumoren schiet te kort ten gevolge van hypoxie in de tumor. Voorlopige 

studies suggereren dat de radiosensitiviteit van tumor door toename van 

tumorvascularisatie en daarmee tumoroxygenatie kan worden verbeterd. In 

dit onderzoek wordt de additionele waarde van de mate van tumoraankleuring 

in 64 patiënten met glottisch en supraglottisch carcinoom boven al bekende 

MRI tumor parameters onderzocht en de correlatie met het ontstaan van een 

lokaal recidief wordt bestudeerd. Er wordt geëvalueerd of patiënten met een 

gering aankleurende tumor (<77%) op MRI meer kans hadden op lokaal recidief 

vergeleken met patiënten met een sterk aankleurende laryngeale tumor. In 

combinatie met andere MRI tumor parameters zoals primaire tumor volume 

en subglottische tumor uitbreiding, de mate van aankleuring was een goede 

prognostische MRI parameter voor het optreden van een lokaal recidief. 

Hierdoor worden alle patiënten met een recidief tumor na in opzet curatieve 

bestraling in twee jaar geïdentificeerd. Bovendien uitbreiding van tumor in de 

pre-epiglottische ruimte, welke voornamelijk uit vetweefsel bestaat en weinig 
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gevasculariseerd is, en daardoor gering aankleurend is op MRI. Dit lijkt een 

ongunstige prognostische betekenis te hebben.

Hoofdstuk 4 beschrijft de evaluatie van een diagnostische strategie welke leidt tot 

een betere indicatiestelling ten aanzien van uitvoeren van aanvullend onderzoek 

voor detectie van afstandsmetastasen. Indien op grond van de predictieregels, 

bestaande uit relevante MRI-parameters, de kans op metastasen op afstand 

hoog is, zal aanvullend onderzoek (CT thorax, PET-scan, etc.) nodig zijn om 

eventuele aanwezigheid van metastase op te sporen. Wanneer op basis van 

deze predictieregels de kans op afstandsmetastase gering geacht wordt, zal 

aanvullend onderzoek op dat moment niet nodig zijn en kan de beoogde therapie 

uitgevoerd worden. Dit deel van het onderzoek richt zich op 311 patiënten met 

larynx, mondholte en pharynxtumoren, die kans hebben op uitzaaiingen op 

afstand. Door combinatie van verschillende MRI lymfeklierparameters (grootte, 

locatie, lymfeklier volume, centrale necrose en extra-nodale tumorgroei) 

kon een verdeling in drie patiëntencategorieën verkregen worden met een 

toenemend risico op het krijgen van afstandsmetastasen. De lymfeklieren 

op MRI in de hals met korteas diameter van ≥8mm in levels I-V of korteas 

diameter van ≥4mm in paratracheaal level of retropharyngeal gelegen zijn als 

vergrote lymfeklieren gedefinieerd. Na een follow-up van twee jaar hadden 

patiënten zonder positieve MRI lymfeklieren (= lage risicogroep) een kans 

van 6% op afstandsmetastasen; patiënten met positieve MRI lymfeklieren en 

zonder extra-nodale tumorgroei (= intermediaire groep) hadden een kans van 

19%, terwijl 41% van de patiënten met positieve MRI lymfeklieren en extra-

nodale tumorgroei (= hoge risicogroep) kans op ontstaan van uitzaaiingen 

op afstand hadden. De aanwezigheid van extra-nodale tumorgroei blijkt een 

sterke risicofactor voor het ontstaan van afstandsmetastasen. Geconcludeerd 

wordt dat indien curatieve behandeling (bestraling, chirurgie) wordt overwogen 

bij patiënten met een N+ stadium of bij vergrote lymfeklieren laag in de hals 

en patiënten met extra-nodale tumorgroei gezien op MRI, een aanvullende 

screening op afstandsmetastasen is geïndiceerd. 

Hoofdstuk 5 betreft een onderzoek naar de rol van pre-en post-RT MRI bij het 

voorspellen van de kans op lokale controle bij 80 patiënten met een bestraald 

larynx carcinoom. Op basis van de pre-RT MRI werd aan iedere primaire tumor 

een hoog of laag risicoprofiel voor het ontwikkelen van een lokaal recidief na 

bestraling toegekend. De post-RT MRI scans werden met een drie-punts post-RT 

MRI score beoordeeld op veranderingen tengevolge van de bestraling (score 1= 

normale veranderingen na bestraling, score 2= focale massa met een maximale 

diameter van <1cm en/of asymmetrische obliteratie van de endolaryngeale 

weke delen, en score 3= focale massa met een maximale diameter van >1cm 
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of <50% geschatte afname van tumor volume). Gebaseerd op evaluatie van 

post-RT MRI scans was de lokale controle twee jaar na bestraling: 100% 

voor score 1, 64% voor score 2, en 4% voor score 3. Bij combinatie van het 

post-RT MRI-scoringsysteem met de twee pre-RT risicogroepen ontstond in 

beide groepen een verdeling in drie patiëntencategorieën met een toenemend 

risico op het krijgen van een lokaal recidief. Hierdoor was het mogelijk om 

patiënten te detecteren die een laag pre-RT risicoprofiel hadden en ongunstig 

reageerden op bestraling. Ook werden patiënten geïdentificeerd die een hoog 

pre-RT risicoprofiel hadden en gunstig reageerden op bestraling. Geconcludeerd 

wordt dat zowel met pre-RT MRI risicoprofielen als met post-RT MRI evaluatie 

patiënten geïdentificeerd kunnen worden die na bestraling voor larynxcarcinoom 

een hoog risico hebben op het ontwikkelen van een lokaal recidief.  
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kennen, met wereldwijde bekendheid en veel (inter)nationale contacten. 

Bedankt voor het vertrouwen en de mogelijkheid om onder jouw begeleiding 

het onderzoek te mogen doen.
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