
 

 

 University of Groningen

Clinical applications of L-[1-11C]-tyrosine PET in laryngeal cancer
 de Boer, Jurjan Rudolf

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2007

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
de Boer, J. R. (2007). Clinical applications of L-[1-11C]-tyrosine PET in laryngeal cancer. [Thesis fully
internal (DIV), University of Groningen]. [s.n.].

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/2ff99d93-0ad3-43ca-a7b2-d7fc84802285


CLINICAL APPLICATIONS OF L-[1-11C]-TYROSINE PET IN LARYNGEAL CANCER



The research project described in this thesis was performed at the Department 

of Othorhinolaryngology and Head and Neck Surgery and the PET Center of the 

University Medical Center Groningen.

Publication of this thesis was fi nancially supported by:

Prof. dr. Eelco Huizinga Stichting 

GlaxoSmithKline

Siemens Nederland bv

ComCare Medical bv

Gyrus ACMI

Atos Medical

Artu Biologicals bv

Laservision Instruments bv

ABN Amro

Schoonenberg Hoorcomfort

Beltone Nederland bv

Hoorcomfort 

Veenstra Instruments

Het Service Kantoor

Daleco Pharma bv

Carl Zeiss bv

Bayer Healthcare bv

Internet:

http://irs.ub.rug.nl/ppn/298875527

Graphic design:

Staal en Duiker bno, Haren

Graphics cover:

Geja Duiker, Jurjan de Boer, ”Hygeia”

Printing:

Grafi sche Industrie De Marne bv 

Publisher:  

University Library Groningen

ISBN:   

97-890-3672-9680

97-890-3672-9673 (electronic version)  

Copyright © 2006 Jurjan de Boer, Haren



RIJKSUNIVERSITEIT GRONINGEN

Clinical applications of L-[1-11C]-tyrosine PET 

in laryngeal cancer

PROEFSCHRIFT

ter verkrijging van het doctoraat in de

Medische Wetenschappen

aan de Rijksuniversiteit Groningen

op gezag van de 

Rector Magnifi cus, dr. F. Zwarts,

in het openbaar te verdedigen op

woensdag 7 maart 2007

om 16.15 uur

door

Jurjan Rudolf de Boer

geboren op 9 september 1964

te Drachten



Promotores:

 Prof. dr. F.W.J. Albers

 Prof. dr. W. Vaalburg 

Copromotores:

 Dr. B.F.A.M. van der Laan

 Dr. J. Pruim

Beoordelingscommissie:

 Prof. dr. R.A. Dierckx

 Prof. dr. C.R. Leemans

 Prof. dr. J.L.N. Roodenburg

ISBN: 97-890-3672-9680

 97-890-3672-9673



5

Clinical applications of 

L-[1-11C]-tyrosine PET 

in laryngeal cancer

Jurjan R. de Boer



Paranimfen:

Prof.dr. Y.M. Pinto

Drs. E.R. de Vries

Aan mijn ouders

Voor Edwina, Rutger en Hannah



CONTENTS

Chapter 1 Introduction 9

Chapter 2 Carbon-11 Tyrosine PET for visualization and  21

 protein synthesis rate assessment of 

 laryngeal and hypopharyngeal carcinomas.

Chapter 3 L-[1-11C]-tyrosine PET in patients with laryngeal  33

 carcinomas: comparison of standardized 

 uptake value and protein synthesis rate.

Chapter 4 Therapy evaluation of laryngeal carcinomas  47

 by Tyrosine PET.

Chapter 5 Prediction of survival and therapy outcome  65

 with 11C-tyrosine PET in patients with 

 laryngeal carcinomas.

Chapter 6  PET with L-[1-11C]-tyrosine in relation to  79

 histopathology of laryngeal carcinomas.

Chapter 7 Summary and conclusions 95

 Nederlandse Samenvatting 101

 Dankwoord 107

   





Chapter 1

Introduction



INTRODUCTION

Squamous cell carcinoma of the larynx comprises approximately 2% of all malignant 

tumors. In head and neck cancer, laryngeal carcinoma has the highest incidence of all newly 

diagnosed patients. The incidence of laryngeal carcinomas varies largely throughout the 

world. In South American countries as Brazil and Argentina the incidence is 19.9/105/yr, 

whereas in the United States and France estimated rates are 12.5/105/yr and 11.4/105/yr 1, 

respectively. Japan has the lowest incidence rates with 1.8/105/yr. With approximately 690 

new cases in the Netherlands, the annual incidence is 8 per 100.000 persons 2. The age of 

patients with primary laryngeal cancer ranges between 50-70 years. Female patients tend 

to be 5-10 years younger on fi rst presentation of the disease. In the last decade, the male:

female ratio has changed from 20:1 to almost 10:1.  Location of laryngeal tumors is on the 

vocal cords (glottic) in 2/3 of the cases, in approximately 1/3 of the cases above the vocal 

cords (supraglottic), and in less than 3% under the vocal cords (subglottic).

Hypopharyngeal cancer occurs less frequent than laryngeal cancer and has an 

annual incidence of 1.3 per 100.000 persons 2 in the Netherlands. Predisposing factors 

for both laryngeal and hypopharyngeal carcinomas are abuse of tobacco and alcohol, 

although the importance of alcohol in the etiology of laryngeal cancer remains unclear 3.

CURRENT PROCEDURES AND LIMITATIONS IN HEAD AND NECK ONCOLOGY

Accurate assessment of primary tumor extent and metastatic lymph node involvement 

is essential for both planning and evaluation of therapy. To diagnose squamous cell 

carcinomas of the head and neck region, several diagnostic modalities are used in clinical 

practice. Physical examination, including indirect laryngoscopy and palpation of cervical 

lymph nodes, endoscopy under general anaesthesia, biopsies of all suspect areas and 

computed tomography (CT) or magnetic resonance imaging (MRI), ultrasound (US) 

and ultrasound guided fi ne needle aspiration (UsgFNAC) are the standard diagnostic 

procedures in a patient suspected of having a head and neck tumor. 

In spite of all current diagnostic modalities, several clinical problems exist in 

detection and staging of primary and metastatic lesions, in the optimal choice of therapy 

of primary tumors, in the evaluation of response to therapy and in the detection of residual 

or recurrent disease. These clinical problems are outlined below.

Detection 

Physical examination

The fi rst step in the assessment of primary tumors of the head and neck region is inspection 

of all mucosa lining of the upper aerodigestive tract by indirect laryngoscopy. However, 
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visual interpretation of suspected tumor tissue is not very accurate since some parts of the 

mucosa are not properly visualized in this way. Consequently, direct laryngoscopy under 

general anaesthesia is required. 

The neck is examined for possible lymph node metastases by palpation, but the 

drawback of this procedure is the high overall error rate 4.

Direct laryngoscopy and tissue sampling

During direct laryngoscopy, which is performed under general anaesthesia, information 

about tumor size and superfi cial tumor extension of all subsites is obtained and biopsies 

are taken from suspect areas for histological investigation. Sampling of tissue from the 

macroscopic most malignant part of the tumor is of the utmost importance. Unfortunately, 

in squamous cell carcinomas of the larynx and hypopharynx, intratumor heterogeneity 

occurs whereas only a small part of the tumor is biopsied and histologically studied. 

Biopsies from a non-representative area of the tumor can therefore result in a histological 

sampling error. Some laryngeal tumors even have submucosal growth and can be missed 

by biopsy, resulting in false negative histological results 5. 

Although laryngoscopy obtains superior information about superfi cial tumor 

extension, no information is obtained about tumor infi ltration in surrounding or deeper 

tissues, cartilage destruction or lymph node metastases.

Radiological imaging

Advanced imaging techniques such as computed tomography (CT) or magnetic 

resonance imaging (MRI) can assess tumor extension in surrounding tissues. Although 

CT and MRI have improved detection and staging of head and neck tumors, the ability 

of these techniques to delineate primary and metastatic lesions accurately is limited 6, 

due to the fact that CT and MRI monitor primary tumors and lymphogenic metatases by 

size and structural changes in anatomy. Primary tumors that do not distort tissue planes, 

lymphogenic metastases that are not enlarged and small tumors may not be detected by 

CT or MRI. On the other hand, soft tissue swelling by infl ammation or edema, infl ammation 

around tumor tissue, and enlarged reactive lymph nodes can be interpreted as viable 

tumor tissue 7.

Presence of lymphogenic metastases in the neck can be assessed by several 

radiological imaging modalities. MRI, CT, ultrasound (US) and US guided fi ne needle 

aspiration (USgFNAC) have improved the overall error rate of palpation. Still the error rates 

for CT range from 7.5% to 28%, and for MRI 16% is reported 4,8. Diff erentiation between 

malignant and benign lesions with US has not been possible until the introduction of 

FNAC. However, the accuracy of this technique depends strongly on the skills of the 

investigator 9.
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Staging

All previously mentioned modalities are used also for assessing the accurate stage of 

head and neck tumors. Staging is described using the TNM classifi cation developed by 

the American Joint Committee on Cancer (AJCC) and the International Union Against 

Cancer (UICC) 10,11. In laryngeal and hypopharyngeal squamous cell carcinomas the T-stage 

(Tumor) refers to the local extent of the tumor and ranges from T1 to T4. In contrast to 

tumors outside the head and neck region in which T-staging is determined by tumor size, 

T-staging of laryngeal and hypopharyngeal squamous cell carcinomas depends mainly on 

the location of the tumor in diff erent anatomical subsites of the larynx and hypopharynx, 

and vocal cord fi xation. N-stage (Nodus) refers to the presence of regional lymphogenic 

metastases in the neck and ranges from N0-N3 and the M-stage (Metastasis) refers to the 

absence (M0) or presence (M1) of distant metastases. 

The TNM classifi cation system serves as a guideline in the management of 

squamous cell carcinomas of the larynx and hypopharynx. The TNM classifi cation system 

allows for exchange of data between oncological centers and makes statistical analysis 

of groups of patients possible. Until now the TNM classifi cation system is the only proven 

independent factor predicting treatment outcome of laryngeal and hypopharyngeal 

cancer 12. Nevertheless, it has its limitations in planning therapy of an individual patient 
13. Despite a similar T-classifi cation, individual tumors may diff er greatly in the response to 

(radio)therapy. The factors infl uencing this unpredictable clinical behaviour and decreased 

radiocurability are generally unknown. 

Therapy  

In general, the curative therapy options for carcinomas of the head and neck are surgery, 

radiotherapy (RT), a combination of both or a combination of chemotherapy and 

radiotherapy. Treatment with CO
2
 -laser evaporation or photodynamic therapy is restricted 

to a very small group of superfi cial growing tumors. The best choice of treatment of 

patients with laryngeal and hypopharyngeal carcinoma is still under investigation and 

depends on curability, functional ability after treatment and low complication risk.

Most small tumors (T1, T2 and small volume T3) are usually treated by RT in daily 

irradiation sessions for fi ve to seven weeks for a total absorbed tumor dose of 70 Gy 14-

16,18. For a selected minority of patients, restricted surgical procedures such as hemi- or 

supraglottic laryngectomies are possible. All these treatment options allow preservation 

of laryngeal function, including the voice, and therefore quality of life. 

Patients with advanced bulky lesions (T3 and T4) will undergo a total laryngectomy 

with or without a partial pharyngectomy 16-19. For these patients preservation of the 

laryngeal function is not possible. In some centers, treatment of advanced tumors is 

performed by RT alone or RT in combination with chemotherapy, with salvage surgery 
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(total laryngectomy) reserved for local recurrence 19. Unresectable tumors are currently 

treated by RT in combination with chemotherapy.

In the middle stages (T3 glottic laryngeal, T2 and T3 supraglottic laryngeal and T2 

hypopharyngeal cancer) the optimal choice between RT alone or surgery with or without 

postoperative RT, remains under debate and investigation 14-16. Surgery will remove the 

entire tumor,  but also the laryngeal function. RT allows preservation of the voice, but if 

irradiation fails and results in tumor recurrence, salvage surgery is the only therapeutic 

option left. The patient still loses the laryngeal function, has endured a total RT course 

on the head and neck region and has a increased risk of developing complications after 

salvage surgery due to diminished recovery capacity of irradiated tissue 20.

Therapy evaluation

Another clinical and radiological problem emerges once treatment has been given. There 

are no techniques available which can monitor the response of tumor tissue during and 

after therapy adequately. Frequent clinical follow-up, direct laryngoscopy, and CT or MRI 

are the current tools to evaluate therapy response.

Previous mentioned radiological problems for detection and staging of head and 

neck tumors with CT or MRI also occur during therapy evaluation. Diff erentiation between 

tumor recurrence or residual tumor on one hand, and post-treatment tissue reactions 

(infl ammation, edema, necrosis, fi brosis and scarring) on the other, is often diffi  cult. 

These factors limit the sensitivity and specifi city of interpretation of anatomical imaging 

modalities, such as CT and MRI 21,22.

Detection of residual or recurrent tumor

In up to 50% of the patients with laryngeal or hypopharyngeal cancer, residual or recurrent 

disease occurs after radiotherapy 12,19. In patients suspected of residual or recurrent 

disease, laryngoscopy under general anaesthesia and CT/MRI are performed. During 

laryngoscopy, visual diff erentiation can be diffi  cult between post-treatment edema, soft 

tissue swelling and recurrent tumor tissue. Biopsies of suspect areas, for confi rmation of 

residual or recurrent disease, may reveal false-negative results by missing viable tumor. 

Deep or repeated biopsies may be needed to detect submucosal tumor growth, but 

should be performed with caution since the capacity of irradiated tissue to recover is 

diminished 20.

Despite all current diagnostic modalities, the overall survival of patients with squamous cell 

carcinomas of the larynx and hypopharynx has not increased over the last four decades. 

Each of previous mentioned limitations in diagnosing, staging and monitoring patients 

with laryngeal and hypopharyngeal cancer may cause either over- or undertreatment 
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with consequent eff ect on morbidity and survival. Therefore, for improvement of therapy 

strategy and treatment results, imaging techniques which are able to delineate primary 

and metastatic lesions accurately and which can identify persistent and recurrent disease 

may be of great value.

POSITRON EMISSION TOMOGRAPHY

Nuclear medicine techniques have introduced a diff erent kind of information as compared 

to conventional radiological imaging techniques as CT, MRI or US. In nuclear medicine, 

intraveneously administered radioactive radiopharmaceuticals are used to obtain an image 

of the distribution of the radiopharmaceutical in the human body, whereas radiological 

techniques are based on diff erential absorption of radiation of an external source. In 

the past decades the development of new radiopharmaceuticals and the improvement 

of equipment for imaging in nuclear medicine has contributed to a more functional 

approach in clinical oncology. Because no direct relation exists between size of tumors 

and the number of viable malignant cells, and since metabolic alterations may precede 

structural alterations, metabolic tumor imaging techniques may become additional in the 

management of malignancies. 

In conventional nuclear medicine, the radionuclides which have an established 

role in clinical oncology are Technetium-99m (99mTc), Gallium-67 (67Ga), Thallium-201 (201Tl) 

and Iodine-131 (131I). These single photon γ-radiation emitting radionuclides, bound to 

a so-called ”biomolecule”, use a specifi c aspect of tumor pathophysiology and tumor 

biochemistry for diagnostic tumor localization. A gamma camera is used to detect the 

radiation, and distribution images are obtained. Limitations of conventional nuclear 

medicine are the relatively low resolution images and the diffi  culty for quantifi cation of 

the amount of radioactivity per volume unit. Both these drawbacks relate to the physical 

properties of the radio-isotopes used.

Positron Emission Tomography (PET) is the latest development in nuclear 

medicine and has already established a substantial potential for applications in clinical 

oncology. PET diff ers from conventional nuclear medicine in the use of positron emitting 

radionuclides, and the technique allows more accurate visualization and quantifi cation of 

metabolic processes in vivo. 

Positron emission

In contrast to conventional nuclear medicine, PET uses radio-isotopes that emit positrons. 

Of the elements known in nature, many have isotopes with a relative shortage of neutrons, 

or - in other words - an abundance of positive charge in the nucleus. This shortage makes 

the nucleus unstable, with stability being restored if a negative charge is caught (electron 

capture), or a positive charge is expelled (positron emission). A positron is to be seen 
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as a particle with the same weight as an electron, but with a positive charge. Positrons 

travel a short distance in tissue before annihilating with an electron, converting their 

mass into energy, according to Einstein’s formula E=mc2 and abiding the physical laws 

of conservation of energy and of impulse. This creates two 511 keV-photons (gamma 

radiation) moving in opposite directions under an angle of 180° (fi gure 1). The most 

frequently used radio-isotopes applied in PET are Carbon-11 (11C), Nitrogen-13 (13N), 

Oxygen-15 (15O) and Fluorine-18 (18F).

Figure 1. 

A positron emitted from a positron emitting radionuclide, travels a short distance before 

annihilation with an electron. The energy and impulse the annihilation produces are translated 

in the creation of two 511 keV-photons (γ radiation) moving in directions under an angle of 

180°. Emitted photons can be absorbed by detectors of the PET camera, which surround the 

patient as detector rings. If the capture of a photon by two opposite detectors coincides within 

20 nsec., the signal is caused by annihilation.

PET imaging

PET imaging is performed by a PET camera which makes use of the fact that the two 

annihilation photons have a fi xed energy and are emitted into opposite directions. 

Emitted photons can be absorbed by detectors in the PET camera. Each detector has 

connection to many opposite detectors. If the capture of a photon by two opposite 

detectors coincides within 20 nsec., the signal is caused by annihilation. The line at which 

this annihilation has taken place (“coincidence line”) is then known, and owing to the 

multitude of these coincidence lines in combination with mathematical reconstruction 

algorithms, the distribution of annihilation in the fi eld of view can be reconstructed into 

an image. And since the radio-isotope is linked to a biomolecule, the image represents 

also the distribution of the radiopharmaceutical in the body. This feature of dedicated PET 

cameras, which surround the patient as a ring of multiple detectors, makes it possible to 

record the quantity and spatial location of the positron emitter within the body. 

Positron emission scanning can be performed statically and dynamically. Static 
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scanning is performed in one position for a fi xed time, starting at a certain time after 

injection of a tracer. Usually scanning starts after the tracer level in tissue has reached a 

plateau phase. A static scan monitors metabolic tumor activity at one specifi c moment, 

and is well suited for visualization of the activity in three dimensions (transaxial, coronal 

and sagittal).

Dynamic scanning is performed in several successive images starting at the time 

of injection. The activity in tissues can be followed in time and from the images, time-

activity curves can be obtained. In addition, (arterial) blood samples can be taken at fi xed 

time intervals. By combining the data from tissue and blood in a kinetic model, metabolic 

(tumor) processes can be quantifi ed.

PET applications

In clinical oncology imaging, the role of PET is rapidly increasing. Most PET tumor imaging 

has been performed with the radiopharmaceutical 2-[18F]-fl uoro-2-deoxy-D-glucose 

(FDG), a glucose analogue. One of the many biochemical alterations of tumor cells is an 

increased glucose metabolism, and FDG as radiotracer for tumor metabolism has already 

established several applications in PET imaging of cancer 23,24. 

In head and neck oncology, FDG-PET can provide important information in 

staging primary tumors 25 including nodal staging in the neck 26,27 and assessment of distant 

metastases and second primaries 28,29. Also in the detection of unknown primary cancer 
25,30, recurrent disease 28,31,32, and in the evaluation of therapy 26, FDG-PET has proven to be 

more accurate compared with conventional imaging modalities. In quantitative studies, 

FDG-PET may provide an independent prognostic factor for survival of patients with head 

and neck cancer 32,33.

However, FDG is a tracer with a high sensitivity but its specifi city is relatively low 

due to the uptake in tissues with increased glucose metabolism other than malignancies. 

For instance, increased FDG uptake is described in infl ammatory tissues, benign lesions, 

biopsy sites, tonsil tissue, salivary glands and post-irradiation tissues 34.

 An increase of amino acid metabolism in malignant tumor cells is another 

biochemical alteration present in tumor cells 35. Amino acid tracers probably will be more 

specifi c because amino acids play a minor role in the metabolism of infl ammatory cells 

as compared to FDG 36. The majority of the amino acid PET studies have been performed 

with L-[methyl-11C]methionine (MET) 36,37. The preference for this tracer is the result of the 

easy and reliable chemical synthesis. In humans, no accumulation of MET was found in 

focal infl ammatory tissues and uptake by macrophages and necrotic tissue is negligible. 

However, methyl-labeled methionine refl ects amino acid transport rather than protein 

synthesis and is also involved in other metabolic pathways, such as transmethylation and 

polyamine synthesis. The complicated metabolism of methionine has made it impossible 

to construct a precise metabolic model and therefore absolute quantifi cation is not 

possible.

Chapter 1
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L-[1-11C]-Tyrosine (TYR), a carboxyl-labeled amino acid tracer, appears to be a 

more appropriate compound to determine protein synthesis activity in tumor tissue 38.  

Due to the relatively simple pathway of TYR, kinetic modelling has been constructed, and 

absolute quantifi cation by calculation of the Protein Synthesis Rate (PSR) is possible. The 

TYR-PET model has been developed and validated in animal experiments and patients 

studies 36,39-42 and may be of interest in the management of patients with squamous cell 

carcinomas of the head and neck.

PURPOSE OF THE THESIS

The purpose of this thesis is to investigate the feasibility of PET with L-[1-11C]-Tyrosine 

(TYR-PET) for clinical use in squamous cell carcinomas of the larynx and hypopharynx. 

The emphasis of the clinical studies is given on in vivo tumor analysis, visualization 

and quantifi cation, detection, evaluation of therapy, and prognosis of laryngeal and 

hypopharyngeal carcinomas.

The aims of this thesis are:

(1) To establish the value of TYR-PET in metabolic tumor imaging and quantifi cation 

of squamous cell carcinomas of the larynx and hypopharynx.

(2) To assess the diagnostic accuracy (sensitivity/specifi city) of TYR-PET compared to 

conventional diagnostic modalities.

(3) To establish the potential of TYR-PET for monitoring therapy in laryngeal and 

hypopharyngeal carcinomas.

(4) To establish the prognostic value of TYR-PET. 
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INTRODUCTION

Advanced imaging techniques such as computed tomography (CT) and magnetic 

resonance imaging (MRI) have improved staging of head and neck tumors as compared 

to clinical examination. However, the ability of CT and MRI to delineate primary and 

metastatic lesions accurately is limited 1, due to the fact that they monitor primary tumors 

and lymph node metastases solely on the basis of size and structural changes. Primary 

tumors that do not distort tissue planes, and unenlarged lymph nodes infi ltrated with 

tumor cells may not be detected by these modalities. 

Consequently, there is room for improvement by application of modalities 

other than anatomical imaging techniques. Positron emission tomography (PET) is a 

functional imaging modality that enables in vivo determination of tissue metabolism 

and pathophysiology and therefore also of tumor metabolism. The potential of PET for 

diagnosis of cancer and monitoring the response to treatment is now widely accepted.

In PET studies in oncology,  2-[18F]-fl uoro-2-deoxy-D-glucose (FDG) is the most 

frequently used radiopharmaceutical, its application being based on increased glucose 

uptake in tumor cells due to increased glycolysis 2. Although FDG-PET has proven to be 

a reliable method for the detection of head and neck tumors 3-6 and a variety of other 

malignancies 7, the use of FDG has some disadvantages. Uptake of FDG is not specifi c 

to malignant tissue, and therefore the most signifi cant drawback is the relatively low 

specifi city, due to false positive results caused by accumulation of FDG in infl ammatory 

tissue, reactive lymph nodes and biopsy sites 8. 

As an alternative, radiopharmaceuticals for imaging of other metabolic processes 

have been developed. It has been demonstrated that amino acid uptake in tumor tissue 

is high as compared with that in normal tissue, owing to increased protein synthesis 
9. Furthermore, amino acids play a minor role in the metabolism of infl ammatory cells 

compared with FDG 10. The majority of the amino acid PET studies have been performed 

with L-[methyl-11C]-methionine (MET). However, construction of an accurate metabolic 

model for this tracer is almost impossible since MET is involved in several metabolic 

pathways. Accumulation of substantial amounts of nonprotein metabolites in tumor 

tissue makes correct quantifi cation of protein synthesis rather diffi  cult 11. 

More appropriate compounds to determine protein synthesis activity in tumor 

tissue are carboxyl-labeled amino acids, such as L-[1-11C]-tyrosine (TYR) 12. The main 

metabolic pathway of TYR is irreversible owing to incorporation of 11C into protein, 

and further metabolism generates 11CO
2
. This compound is rapidly cleared from tissue 

to plasma and expired from the lungs into air, and therefore 11CO
2 

 does not contribute 

substantially to the 11C-radioactivity in tumor tissue as measured by PET. Based on the 

pathway of TYR, a quantitative method to determine the protein synthesis in tumors with 

TYR was developed by Willemsen et al. 13. Using a dynamic scanning protocol and the 

determination of plasma concentrations of TYR and metabolites, the Protein Synthesis 
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Rate (PSR) can be calculated.  Visualization of several types of malignant tumors and 

quantifi cation of their PSRs has been succesfully performed with TYR-PET 13-16.

The aim of the present study was to investigate the feasibility of use of TYR-PET 

for visualization of laryngeal and hypopharyngeal carcinomas and in vivo quantifi cation 

of the Protein Synthesis Rate (PSR). 

MATERIALS AND METHODS

Patients

Patients with histologically proven squamous cell laryngeal or hypopharyngeal 

carcinoma were eligible for this study.  Patients were clinically staged according to the 

International Union Against Cancer primary tumor (T), regional nodes (N) and metastasis 

(M) classifi cation system (UICC, 1997) 17, based on physical examination of head and 

neck, endoscopic examination under general anaesthesia, biopsies of all suspicious 

areas of the upper aerodigestive tract and CT imaging. In contrast with other tumors in 

the head and neck region, in which T-staging is determined by size, staging of laryngeal 

and hypopharyngeal carcinoma mainly depends on localization in diff erent anatomical 

subsites and vocal cord fi xation. The study was approved by the Medical Ethics Committee 

of the Groningen University Hospital and written informed consent was obtained from all 

patients.

PET

A dynamic TYR-PET study was performed in all patients at least two weeks after biopsy 

(median 18 days; range 15-27 days). TYR was produced via a modifi ed microwave induced 

Bücherer-Strecker synthesis 18. Synthesis time was 40 minutes, including high performance 

liquid chromatography (HPLC) purifi cation and testing for sterility, with a radiochemical 

purity of more than 99%. 

The PET images were acquired using an ECAT 951/31 PET camera (Siemens/CTI, 

Knoxville, Tenn.). This device has a 56-cm-diameter patient aperture and acquires 31 

planes simultaneously. The axial fi eld-of-view is 10.8-cm and the resolution is 6 mm full-

width of half-maximum (FWHM). The head of the patient was fi xed in a position with the 

Frankfurter horizontal plane (line between the external meatus acusticus and the lower 

orbital rim) making an angle of 110° with the horizontal bed position. Patients fasted for 

at least 8 hr (except for water and their usual medication) before the study. 

A venous canula was placed in the antecubital vein of the forearm for injection 

of TYR. In the radial artery of the contralateral arm an arterial canula was placed under 

local anaesthesia. Before injection of TYR, a 20-min transmission scan was obtained to 

correct for photon attenuation by body tissues in the imaged area. TYR was administered 

intravenously over a 1-min period. The injected dose varied from 144 to 400 MBq (median 
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370 MBq). Dynamic scanning with 16 time frames was performed from the time of injection 

to 50 min post injection at the level of the tumor. The protocol included ten 30-sec images, 

three 5-min images and three 10-min images. Simultaneously, arterial blood samples were 

taken at set time points (at 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2.25, 2.75, 3.75, 4.75, 7.5, 12.5, 

17.5, 25, 35 and 45 minutes after injection) in order to assess TYR plasma time-activity 

curve, 11CO
2
 concentration and other 11C-labeled metabolites by radio-HPLC 13.

Data analysis

PET acquisition data were reconstructed using fi ltered back-projection by a 0.5 cycle/pixel 

Hann fi lter to obtain transaxial images which were displayed applying standard ECAT 

software.

 To determine tumor PSR, a region of interest (ROI) was placed in the plane with 

most intense uptake at the site of the tumor as observed at visual analysis, using a 70% 

threshold of maximum intensity. The tissue time-activity curve obtained from this ROI and 

the plasma-input data (MBq/ml TYR corrected for 11CO
2
 and 11C-labeled proteins) were used 

to calculate PSR in nanomoles per millilitre tumor tissue per minute (nmol/ml/min) using 

a modifi ed Patlak analysis 13. By visually masking nontumor regions with physiologically 

high uptake of TYR (e.g. salivary glands), these regions were prevented from contributing 

to the average tumor time-activity curve. For every patient a background (B) PSR was 

calculated from the right trapezius muscle, because calculations of normal laryngeal or 

hypopharyngeal tissue were not reliable in patients with large tumors or metastatic lymph 

nodes located close to normal laryngeal or hypopharyngeal tissue. 

Statistical analysis

To compare the PSR in tumor tissue with that in nontumor (background) tissue, the 

Wilcoxon test was used. A  p-value < 0.05 was considered to be statistically signifi cant.

RESULTS

Patients

Thirty-one patients (2 women, 29 men; age range 44-80 years; median age 62 years) with 

a clinical diagnosis of laryngeal or hypopharyngeal carcinoma participated in the study. 

In all 31 patients, complete clinical examination, including CT imaging and histological 

confi rmation of squamous cell carcinoma, was performed (Table 1). The diameter of all 

tumors was larger than 15 mm. TYR-PET studies were performed before defi nitive therapy 

in all cases. 
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Table 1

Patient characteristics

 Characteristics     Number  

 

 Men      29

 Women        2

 Primary site

  Larynx    

   -glottic    15

   -supraglottic   12

   -transglottic     1

  Hypopharynx      3

 Primary tumor 

  T1       3

  T2     19

  T3       5

  T4       4

 Lymph nodes

  N0     26

  N1       2

  N2       3

  N3       0

 UICC stage

  I       3

  II     15

  III       6

  IV       7

UICC = International Union Against Cancer (1997)

PET data

Visual analysis

All 31 primary malignancies were visualized as a hotspot (Fig. 1). Among the fi ve patients 

with lymph node metastases (N1 in two, N2 in three) clinically staged by physical 

examination and CT (UICC 1997), the N2 cases were clearly identifi ed by TYR-PET, but no 

hot spots were visualized in the N1 patients. The parotid, submandibular and sublingual 

glands showed increased uptake in all cases. 
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Figure 1.  

Coronal, transaxial and sagittal TYR-PET images of a patient with a T2N0 supraglottic laryngeal 

carcinoma. (A = tumor; B = parotid glands).

Quantifi cation

The plasma tyrosine levels ranged from 0.031-0.089 mmol/L, which is within normal values 

for our laboratory and in accordance with values reported in the literature. The median 

PSR of normal (background) tissue was 0.51 nmol/ml/min, the values ranging from 0.22 

to 0.89 nmol/ml/min. The median PSR of all tumors was 2.06 nmol/ml/min (range 0.72-

6.96 nmol/ml/min), which was signifi cantly higher (p<0.001, Wilcoxon) than the PSR of 

normal tissue (Fig. 2). The ratio between tumor PSR and background PSR ranged from 1.24 

to 7.82 (median 4.65). No inconsistency was found between the quantitative values and 

visualization of the tumors.

 

Figure 2.

PSR values of primary tumor tissue (median 2.06; range 0.72-6.96 nmol/ml/min) and 

background (nontumor) tissue (median 0.51; range 0.22-0.89 nmol/ml/min). The horizontal 

lines denote the median values.
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DISCUSSION

This is the fi rst study to evaluate the clinical application of L-[1-11C]-tyrosine (TYR) in 

squamous cell carcinoma of the larynx and hypopharynx. It was demonstrated that 

laryngeal and hypopharyngeal tumors can be clearly visualized with TYR, thereby 

confi rming previous results in other types of malignancy imaged with the same tracer 
16. High uptake of TYR in squamous cell carcinoma of the larynx and hypopharynx and 

persistent low uptake in background tissue were found. In all patients we found TYR 

accumulation in the parotid, submandibular and sublingual glands. These nontumor 

areas with physiologically increased uptake had clear contours and were well separated 

from the primary tumors. Therefore, masking the salivary glands by visual interpretation 

could easily be performed. 

2-[18F]-fl uoro-2-deoxy-D-glucose (FDG) is the most frequently used radiotracer 

in clinical oncology. FDG-PET is used for detection, staging and restaging of many 

types of cancer, but also for therapy evaluation and diff erentiation between malignant 

and benign lesions 7. In head and neck tumors, FDG has proven to be a highly sensitive 

tumor tracer 3-6. However, Strauss reviewed the diff erentiation of malignant and benign 

lesions with FDG, and indicated that specifi city of FDG-PET is low 8, owing to other causes 

of increased glucose metabolism in tissues. This signifi cant drawback of relatively low 

specifi city is caused by false positive results due to accumulation of FDG in infl ammatory 

tissue, reactive lymph nodes and biopsy sites. Collateral uptake of FDG in infl ammatory 

tissues can cause a problem in primary tumors of the upper aerodigestive tract, which 

are usually associated with local infl ammation around the tumor. In the head and neck 

region, increased uptake is also found in salivary glands, tonsil tissue, muscle tissue of the 

larynx and neck, benign laryngeal papilloma and the base of the tongue 19. Although FDG-

PET has improved diagnostic accuracy for recurrent head and neck cancer as compared 

with conventional imaging modalities 20, clinical problems still arise in the diff erentiation 

between tumor recurrence and posttreatment infl ammation. In FDG studies including 

approximately 10 to 15 patients with head and neck tumors, sensitivity for detection of 

residual or recurrent tumor ranged from 88% to 100%, while specifi city could be as low 

as 43% 5,21,22. In more recent FDG-PET series with larger number of patients, sensitivity 

ranged from 50% to 100% and specifi city from 83% to 95% 23,24. Only one study, by Wong 

et al. 25, reported sensitivity and specifi city of 100% for FDG-PET in detection of recurrent 

tumor. In preclinical studies, Kubota et al. 26 investigated FDG uptake in mouse tumors 

with microautoradiography and found that 29% of the glucose utilization took place in 

nontumor macrophages which were situated in the necrotic areas of the tumor. Fischbein 

et al. 27 stated that it is unlikely that a nonspecifi c tracer of metabolic activity such as FDG 

will be able to diff erentiate tumor from infl ammation with complete accuracy. 

Increased protein metabolism in cancer cells and amino acid utilization into 

protein is another feature of malignancy. Since the replacement of a carbon atom by 11C  
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28, nearly all amino acids have been radiolabeled to study potentional imaging properties. 

For reasons of ease of synthesis, biodistribution and formation of radiolabeled metabolites 

in vivo, mainly MET and TYR have been studied clinically.  More recently, artifi cial amino 

acids such as L-3-[18F]fl uoro-alpha-methyl-tyrosine (FMT) and O-2-[18F]fl uoroethyl-L-

tyrosine (FET) for PET and L-3-[123I]iodo-alpha-methyl-tyrosine (IMT) for single-photon 

emission tomography (SPECT) have been studied 11,29.

The most frequently used radiolabeled amino acid in PET is L-[methyl-11C]-

methionine (MET). In the central nervous system, the clinical applications of MET are 

well established. The evaluation of primary brain tumors is signifi cantly enhanced 

by MET in comparison to FDG 30. Other extracranial tumor types have demonstrated 

increased uptake of MET and correlations have been found between high MET uptake 

and proliferative activity 31. Autoradiography confi rmed MET uptake predominantly 

in viable tumor cells, with low uptake in macrophages and other cells 32. The Turku 

University group has extensively investigated head and neck cancer with MET-PET 33-35. 

They found good uptake of MET, and reported a sensitivity of 91%-97% for detection of 

the primary head and neck tumors. Although several types of head and neck tumors were 

studied, only a few laryngeal and hypopharyngeal malignancies were included. With the 

increasing application of MET, the number of reports of nontumoral uptake of MET are 

growing, and specifi city may be lower than previously suggested by in vitro studies 11. 

Furthermore, methyl-labeled methionine is involved in several metabolic pathways, such 

as transmethylation and polyamine synthesis and is converted in S-adenosyl methionine. 

This may lead to the accumulation of nonprotein metabolites in tumor tissue 11,36. The 

complicated metabolism of methionine has made it impossible to construct a precise 

metabolic model, and therefore quantifi cation of protein synthesis is rather diffi  cult.

It has been demonstrated that carboxyl-labeled amino acids, such as TYR, appear 

to be more appropriate compounds with which to determine protein synthesis activity 

in tumor tissue 12. At our institute, TYR-PET was used to develop a method to determine 

the protein synthesis in tumors, and this model has been successfully applied in animal 

and human studies to visualize diff erent tumors and to assess the PSR 13-16. In this study, 

we found a sensitivity of 100% of TYR-PET for detection of laryngeal and hypopharyngeal 

squamous cell carcinoma. Preclinical studies by Daemen et al. decribed better correlations 

between TYR uptake and tumor growth rate than were found for FDG 37. In our experience, 

TYR is less avidly metabolized by infl ammatory cells and therefore TYR-PET seems useful 

in the evaluation of response to therapy. Recurrent brain tumors have been depicted by 

TYR with a sensitivity of 92% and specifi city of 67% 15. High specifi city (100%) of TYR-PET 

was decribed by Van Ginkel et al. 38 in the evaluation of therapy on soft tissue sarcomas 

and skin cancer. Kole et al. 16 reported high uptake of TYR, and as a consequence high 

PSR, in various types of malignancy and low uptake in benign lesions. They also found 

TYR more accurate in predicting mitotic rate and proliferation, especially after treatment. 

Therefore, they concluded that TYR may be a more favourable tracer for monitoring 
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therapy than FDG 39. Because the main focus of the present study was the feasibility of 

using TYR-PET in laryngeal and hypopharyngeal tumors, future studies are required to 

address the specifi city of TYR-PET and to compare these results with FDG-PET. 

Visualization of tumors by PET is hampered by the lack of anatomical details, and 

therefore the acquired images must be compared with corresponding CT or MRI sections. 

Future CT-PET cameras, merging anatomical information from CT with metabolic PET 

images, may overcome this problem. Another drawback of TYR-PET was encountered in 

this present study. Detection of tumors depends on the diff erence between the intensity 

of signal from the tumor and that from the background. Consequently, false-negative 

results may occur when there is a low tumor signal or a high background signal. In all 

patients increased uptake was observed in the parotid, submandibular and sublingual 

salivary glands. Therefore, TYR will not be suitable for detection of salivary tumors. 

Uptake in salivary glands may also impair the detection of metastatic lymph nodes in 

head and neck tumors, as was probably the case in two patients with N1 fi ndings in the 

neck. However, another explanation for failure of TYR-PET to visualize hot spots in these 

patients may have been technical limitations and partial volume eff ects; because of these 

factors, PET is not suited to the depiction of small lesions and therefore small lymph node 

metastases may not be detected. 

In this study, quantifi cation of the metabolic rates of the malignancies and 

normal tissue showed a signifi cant diff erence between the PSR of tumor tissue and that 

of background tissue in all patients. Partial volume eff ects did not have a substantial 

infl uence on the assessment of PSR because of the size of all the tumors. However, no 

additional information was provided by quantifi cation over visualization alone in the 

detection of primary malignancies. Therefore, in vivo quantifi cation of tumor metabolism 

by assessment of PSR, requiring arterial cannulation, seems not to be necessary for the 

detection of previously untreated tumors. On the other hand, absolute quantifi cation 

and determination of PSR with dynamic TYR-PET may be of value for the purpose 

of assessing (early) therapy response and detection of tumor recurrence. The use of 

quantifi cation of tumor activity by dynamic TYR-PET for therapy evaluation is currently 

under investigation.

In conclusion, L-[1-11C]-Tyrosine PET is potentially a clinically useful imaging 

modality for visualization of laryngeal and hypopharyngeal squamous cell carcinoma. 

Quantifi cation of in vivo metabolic tumor activity by assessment of the Protein Synthesis 

Rate (PSR) was possible with a dynamic scanning procedure. The PSR of all primary tumors 

was signifi cantly higher (p<0.001) than the PSR of background tissue.
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INTRODUCTION 

With the advent of 18F-fl uoro-2-deoxy-D-glucose (FDG) as radiopharmaceutical, positron 

emission tomography (PET) has evolved from an interesting research tool to a clinically 

important instrument, especially for diagnosing cancer. However, this important 

development has focused predominantly on visual analysis of the images obtained and, 

consequently, another important feature of PET, the potential to quantify metabolic and 

pathophysiologic parameters in vivo, has remained relatively unexplored. Quantifi cation 

has not increased diagnostic power of FDG as much as expected at the onset, which may 

have lead to overlooking the feasibility of quantitative PET. Because of the properties of 

positron decay, it is possible to correct photon attenuation by means of a transmission 

scan. In the fi eld of oncology, this unique property of PET may be important for therapy 

evaluation. 

PET data can be translated into quantitative terms either by applying kinetic 

models or by calculating the standard uptake value (SUV), also called the diff erential 

absorption ratio. Kinetic analyses of PET require analysis of the radiopharmaceutical’s 

disappearance from the blood and uptake in the target tissue – for example, the tumor. 

Consequently, elaborate protocols with dynamic scanning must be applied and arterial 

cannulation is often needed to obtain blood samples for the tissue input function. Such 

protocols are patient unfriendly and, therefore, often replaced by the calculation of a SUV. 

This calculation only requires a short attenuation-corrected static scan without blood 

sampling and is therefore less stressful for the patient. However, several shortcomings of 

the SUV have been reported 1,2. Traditionally the SUV has been calculated on the basis of 

body weight (SUV
BW

), but several authors have introduced the use of SUVs based on lean 

body mass (SUV
LBM

) 3 or body surface area (SUV
BSA 

) 4. No particular advantage of the one 

over the other has been established, although FDG-PET studies appear to indicate that 

SUV
LBM

  is preferred to SUV
BW

. 

The use of amino acids as radiotracers was advocated by several authors because 

of the relatively low specifi city of FDG. In contrast to glucose, amino acids are less avidly 

metabolized in infl ammatory tissue, which may be advantageous when applying PET 

for therapy evaluation 5,6. When using PET with L-[1-11C]-tyrosine (TYR), quantifi cation of 

protein synthesis of tumor tissue is possible by calculation of the protein synthesis rate 

(PSR) 7. The relationship between calculated PSR, obtained via kinetic modelling, and the 

SUV values as mentioned above (SUV
BW

, SUV
BSA

 and SUV
LBM

 ) is still largely unknown. To 

estimate the correlation between the PSR and the SUV, and to determine the feasibility 

of noninvasive TYR-PET in head and neck oncology, we studied a relatively homogeneous 

group of patients to avoid confounding problems of diff erent tumor types. We also 

explored whether the use of a new SUV formula (SUV
QI

 ) based on the Quetelet index (QI) 

showed a better correlation with the PSR than SUV
BW

, SUV
BSA

 or SUV
LBM

.
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MATERIALS AND METHODS

Patients

Patients with histologically proven laryngeal squamous cell carcinoma who were 

candidates for radiotherapy, surgery, or both, were eligible. Tumors were clinically staged 

according to the International Union Against Cancer primary tumor (T), regional nodes 

(N) and metastasis (M) classifi cation system (UICC,1997) 8, including physical examination 

of head and neck, endoscopic examination under general anaesthesia, biopsies of all 

suspicious areas of the upper aerodigestive tract, and CT imaging. The study was approved 

by the Medical Ethics Committee of the Groningen University Hospital. Written informed 

consent was obtained from all subjects. Patients fasted for at least 8 hr before the study 

commenced, but they were allowed to drink water and to use their normal medication. 

PET data acquisition

Dynamic TYR-PET studies were performed on all patients and PET images were acquired 

using an ECAT 951/31 PET camera (Siemens/CTI, Knoxville, TN). This device has a 56-

cm-diameter patient aperture and acquires 31 planes simultaneously. The axial fi eld 

of view is 10.8 cm and the resolution is 6-mm full width of half maximum (FWHM). The 

head of the patient was fi xed with the Frankfurter horizontal plane (line between the 

external meatus acusticus and the lower orbital rim) making an angle of 110° with the 

horizontal bed position.  TYR was produced via a modifi ed microwave induced Bücherer-

Strecker synthesis 9. Synthesis time was 40 minutes, including high performance liquid 

chromatography (HPLC) purifi cation and testing for sterility. The radiochemical purity was 

> 99%. A venous cannula was placed in the anticubital vein of the forearm for injection of 

TYR. In the radial artery of the contralateral arm, an arterial canula was placed under local 

anesthesia. Before injection of TYR, a 20 min transmission scan was obtained to correct for 

photon attenuation. The nonradiolabeled tyrosine concentration was assessed in plasma 

taken shortly before TYR was administered intravenously over a 1 min period. A median 

dosis of 346 MBq (range 163-400 MBq) of TYR was injected. Dynamic scanning with 16 

time frames was performed from the time of injection to 50 min after injection at the level 

of the tumor. The protocol included ten frames of 30 seconds, three frames of 5 minutes 

and three frames of 10 minutes. Arterial blood sam-ples were taken simultaneously at set 

time points in order to assess the TYR plasma time-activity curve, 11CO
2
 concentration and 

other 11C-labeled metabolites by radio-HPLC 7.

Protein Synthesis Rate (PSR)

PET images were displayed applying standard ECAT software. To obtain tumor PSR, a 

region of interest (ROI) was placed in the plane with most intense uptake at the site of the 

tumor as observed at visual analysis, using a 70% threshold of maximum intensity. The 

tissue time-activity curve obtained from this ROI, together with the plasma-input data 
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(MBq/ml TYR corrected for 11CO
2
 and 11C-labeled plasma proteins), were used to calculate 

PSR in nanomoles per milliliter tumor tissue per minute (nmol/ml/min) using a modifi ed 

Patlak analysis 7. By masking nontumor regions with physiologically high uptake of TYR 

(e.g., salivary glands), spillover from these regions to the average tumor time-activity 

curve was prevented. 

Standardized Uptake Values (SUV)

All SUVs were calculated from the summed data obtained of the last three frames (20-50 

min postinjection). SUVs were calculated  by dividing tissue activity (MBq/ml) by injected 

dose (MBq) that was based on BW (SUV
BW

 ), BSA (SUV
BSA

 ), LBM (SUV
LBM

 ) or QI (SUV
QI

 ). The 

emperical equations are described below:

Body surface area (BSA) was substituted for patient weight in the formula for SUV, yielding 

BSA - corrected SUV (SUV
BSA

):

BSA was calculated by the formula of Mosteller et al. 10:

LBM - corrected SUV (SUV
LBM

) was substituted for patient weight in kg in the formula for 

SUV, yielding:

The formula of Zasadny and Wahl 3 was used to calculate the lean body mass (LBM):
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Quetelet index (QI) or body mass index (BMI) was calculated for each patient with the 

following formula 11:

The equation of the QI - corrected SUV (SUV
QI

) follows:

Statistical analysis

Correlation coeffi  cients between SUVs and PSR were calculated using the two-tailed 

Pearson test. The Wilcoxon test was used to compare the PSR in tumor tissue to nontumor 

(background) tissue. P < 0.05 was considered to be statistically signifi cant.

RESULTS

Patients

Twenty-four patients with clinically and histological proven squamous cell carcinoma of 

the larynx (1 woman, 23 men; age range 49-85 yr; median age 61 yr) participated in this 

study. Tumor classifi cation of the included subjects was 12.5% T1, 66.7% T2, 8.3% T3 and 

12.5% T4. Three patients had lymph node metastases (2 N2 and 1 N1). Patient and tumor 

characteristics are given in Table 1. Plasma tyrosine levels of all patients (range 32-80 

nmol/l) were within normal ranges.

Quantitative analysis

The behaviour of TYR (time-activity curves and metabolism) in squamous cell carcinomas 

of the larynx was consistent with previously published results 7. In particular, SUV values 

changed very little over the 20- to 50-min period after injection. All malignant tumors, 

including the three metastases, were clearly visualized with TYR-PET (Fig. 1). Quantitative 

values of PSR and SUVs are listed in Table 1. The median PSR was 1.64 nmol/ml/min (range 

0.72-4.16 nmol/ml/min) for the malignant tumors and diff erred signifi cantly (p<0.001) from 

the PSR of nontumor (background) tissue (median 0.48; range 0.22-0.77 nmol/ml/min). 

The median SUV
BW

 , SUV
BSA

 , SUV
LBM

 and SUV
QI

 of tumor tissue were 4.04 (range 1.42-7.34), 

1.02 (range 0.44-1.95), 2.87 (range 1.31-5.52) and 1.39 (range 0.52-2.67), respectively.

Signifi cant  correlations (p<0.001; two-tailed Pearson test) were observed between 

PSR and SUV corrected for BW (r=0.87), BSA (r=0.87), LBM (r=0.90) and QI (r=0.84). Figure 2 

shows the linear curve fi ts for the relationship between the PSR and the SUVs.  
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Table 1

Patient characteristics, TNM stage and L-[1-11C]-tyrosine PET data

Patient  TNM PSR SUV
BW

 SUV
BSA

 SUV
LBM

  SUV
QI

(no/sex/age)

1.     M, 60 T1N0M0 0.72 1.42 0.44 1.31 0.57

2.     M, 58 T1N0M0 0.89 1.60 0.51 1.49 0.52

3.     M, 72 T1N0M0 1.14 2.43 0.60 1.74 0.74

4.     M, 85 T2N1M0 2.50 5.21 1.15 3.13 1.72

5.     M, 69 T2N0M0 1.62 4.46 1.01 2.89 1.50

6. M, 73 T2N0M0 2.06 3.79 1.00 2.84 1.29

7. M, 64 T2N0M0 2.19 3.23 0.93 2.47 1.27

8. M, 70 T2N0M0 1.44 1.85 0.47 1.39 0.56

9. M, 69 T2N0M0 0.87 2.29 0.65 1.66 0.82

10. M, 59 T2N0M0 1.58 3.55 0.91 2.73 1.16

11. M, 49 T2N1M0 1.51 2.91 0.75 2.27 1.04

12. M, 49 T2N0M0 1.61 4.07 0.98 2.90 1.59

13. M, 61 T2N2M0 2.48 5.49 1.28 3.47 1.99

14. M, 64 T2N0M0 1.95 4.26 1.03 2.94 1.55

15. M, 81 T2N0M0 1.14 4.22 1.05 2.92 1.40

16. M, 56 T2N0M0 3.14 5.47 1.33 3.99 1.81

17. F,  63 T2N0M0 1.35 4.00 1.09 2.37 1.64

18. M, 58 T2N0M0 1.43 2.19 0.53 1.55 0.79

19. M, 49 T2N0M0 2.28 4.20 1.20 3.50 1.38

20. M, 71 T3N0M0 3.52 5.56 1.35 3.89 1.78

21. M, 85 T3N2M0 2.32 5.43 1.04 3.66 2.14

22. M, 59 T4N0M0 1.38 3.45 1.05 2.85 1.30

23. M, 65 T4N0M0 4.16 7.37 1.95 5.52 2.67

24. M, 66 T4N0M0 2.81 5.52 1.48 4.19 1.94

Median  1.64 4.04 1.02 2.87 1.39

Range   0.72-4.16 1.42-7.34 0.44-1.95 1.31-5.52 0.52-2.67

PSR = protein synthesis rate; SUV
BW

, SUV
BSA

 , SUV
LBM

 , SUV
QI

 = standardized uptake values 

corrected for body weight (BW), body surface area (BSA), lean body mass (LBM) and Quetelet 

index (QI).
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 Figure 1. 

Transaxial CT and TYR-PET 

scans of a patient with T2 N2 

M0 supraglottic laryngeal 

carcinoma (patient 13). Tumor 

(1) and metastatic lymph node 

(2) are clearly visualized. Note 

relatively low uptake of TYR in 

central necrosis of the lymph 

node.

DISCUSSION

Quantifi cation of in vivo metabolic and pathofysiologic processes is an important feature 

of oncologic PET and is commonly used to diff erentiate between malignant and benign 

lesions and to assess the effi  cacy of therapy. Most clinical PET studies are performed with 

FDG, the application of which is based on the increased glucose uptake in tumor cells due 

to increased glycolysis 12. FDG-PET has proven to be a sensitive method for detection of a 

variety of malignancies 13 including head and neck tumors 14,15. However, uptake of FDG 

is not tumor specifi c, and accumulation of FDG in infl ammatory tissue before and after 

therapy may cause problems in diff erentiation with viable tumor tissue 16. 

To provide an alternative to this, radiopharmaceuticals for imaging other
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Figure 2. 

Linear curve fi ts for relationship between PSR and SUV
BW

 , SUV
BSA

 , SUV
LBM

 and SUV
QI 

. Signifi cant  

correlations (p<0.001; two-tailed Pearson test) were observed between PSR and SUV corrected 

for BW (r=0.87), BSA (r=0.87), LBM (r=0.90) and QI (r=0.84).

metabolic processes have been developed. During the proliferation of malignant cells, 

increased amino acid metabolism is demonstrated due to a changed permeability of the 

tumor membrane, increased amino acid transport and high protein synthesis (PSR) 17. 

Mainly L-[methyl-11C]-methionine (MET) and  L-[1-11C]-tyrosine (TYR) have been studied 

clinically for reasons of ease of synthesis, biodistribution,and formation of radiolabeled 

metabolites in vivo. More recently, artifi cial amino acids such as L-3-[18F]fl uoro-alpha-

methyl-tyrosine (FMT) and O-2-[18F]fl uoroethyl-L-tyrosine (FET) for PET and L-3-[123I]iodo-

alpha-methyl-tyrosine (IMT) for SPECT have been studied 17,18. The most frequently used 

amino acid tracer in clinical PET is MET and the clinical applications of MET have been 

thoroughly investigated in a variety of tumors 19. Lindholm et al. studied head and neck 

cancer with MET-PET 20 and found good uptake of MET, resulting in high sensitivities. 
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Quantifi cation studies using MET have been performed, but the complicated metabolism 

of methionine has made it impossible to construct a precise metabolic model. MET 

is involved in several metabolic pathways, such as transmethylation and polyamine 

synthesis and is converted to S-adenosyl methionine, which may lead to the accumulation 

of nonprotein metabolites in tumor tissue 17,21. Although correlations between the infl ux 

constant (K
i
), as determined by the Patlak model 22, and SUV were signifi cant (r=0.84-0.90), 

the protein synthesis rate (PSR) can not be measured with MET and PET.

Carboxyl-labeled amino acids, such as TYR, appear to be more appropriate 

compounds to determine protein synthesis activity in tumor tissue 23. In our study, 

laryngeal squamous cell carcinoma could be adequately visualized by TYR, thereby 

confi rming results in other types of malignancy imaged with the same tracer 24. The PSR of 

all tumors was signifi cantly higher than the background PSR. Absolute quantifi cation is the 

most precise method to analyse tumor metabolism; however, the disadvantages are that 

a prolonged dynamic PET study to calculate a time-activity curve and arterial cannulation 

with repeated blood sampling to obtain the plasma input function are required. In search 

for less constraining methods, Kole et al. 24 found good correlations (r=0.83-0.94) when 

comparing SUV and PSR methods in breast cancer patients using TYR-PET. However, in 

a study on various tumor types they found only weak correlations (r=0.76) between the 

PSR and the SUV 23. Consequently, correlations appear to diff er between various types 

of tumors; thus, correlations between PSR and SUV may have to be established in every 

diff erent tumor type. The simplicity of the SUV approach, the absence of cannulation with 

repeated blood sampling, and the shorter data acquisition time make it an attractive 

method for routine clinical use. However, Hamberg et al. 1 and Keyes 2 have described 

important factors that can cause wide variability in SUV using FDG-PET that cannot be 

controlled and have not been considered in most reported studies. These factors may also 

infl uence the SUV determination in TYR-PET studies. 

The fi rst source of variability is body composition and habitus because 

conventional SUV normalizes for body weight. In our experience we found a much lower 

uptake of TYR in fat tissue compared with other tissues; therefore, diff erences in body 

composition are a source of variability between patients 25. Corrections for this eff ect 

have been proposed 3,4 and were performed in this study by calculating SUVs based on 

BSA, LBM and QI. In this study the results showed good correlations between the SUVs 

and the quantitative values (PSR). No signifi cant diff erences were found between the 

correlations of the three calculated SUVs (SUV
BW

, SUV
BSA

  and SUV
LBM

) and the PSR; however, 

a slightly higher correlation coeffi  cient of SUV
LBM

 makes this method preferable, which is 

in accordance with the fi ndings of Kole et al. 25. Correction of the SUV by Quetelet index 

(QI) was introduced  because the QI is widely used for assessment of obesity or cachexia 26 

and can be calculated relatively simply in comparison with the LBM formula. Although the 

correlation between the PSR and the SUV
QI

  was good (r= 0.84), the SUV based on the QI 

did not prove a more reliable measure of tumor metabolic activity than the SUV
LBM

.
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Keyes 2 also stated that, because of recovery coeffi  cients and partial volume 

eff ects, the SUV method would not be suitable for tumors smaller than twice the resolution 

of the imaging system, which means smaller than approximately 2 cm diameter. Although 

the T1 lesions in our study were smaller than 2 cm diameter, correlations between SUVs 

and PSR values did not change by inclusion of T1 lesions. Placement and calculation of a 

region of interest (ROI) would appear to be another factor infl uencing SUV. Kessler et al. 
27 emphasized that placing a large ROI around an object and averaging the counts within 

the region change the measured value because counts from the edge of the object are 

reduced due to spillover from surrounding tissues. They stated that the ROI method should 

only be used to calculate the maximum pixel value within a ROI. However, the absolute 

maximum pixel value (single pixel) may be unreliable, because of statistical variation of 

the value of a single pixel. To assess a balance between the signal-to-noise ratio and the 

unbiased estimation of the present activity, we determined average pixel values in the ROI 

with the most intense TYR uptake in the tumor using a 70% threshold. 

Another major eff ect on the SUV was mentioned by Lindholm et al. 28. When using 

FDG-PET, the plasma glucose level at the time of the study infl uences the quantitative 

values. Although most patients are studied in the fasting state, uncorrected intrasubject 

and intersubject variations in plasma glucose levels can have highly signifi cant eff ects 

on measured SUVs. The infl uence of plasma amino acid levels on the quantitative values 

would appear to be less important as described by Kole et al. for TYR 25 and Lindholm et 

al. for MET 29.

According to Fischman and Alport 30 , a major problem using the SUV in FDG-PET 

is that the uptake of FDG in tissues generally does reach a plateau within 90 minutes after 

injection. Scans obtained at usual imaging times of 45-60 min postinjection are subject 

to great variability. Standardization of the time between tracer administration and data 

acquisition could reduce the variability. However, with TYR this problem is avoided because 

TYR uptake reaches a relative plateau already after 20 minutes and the SUV measurement 

can be performed earlier.

Recently, Huang 31 discussed the variability of SUV and mentioned the 

assumptions and approximations on which the validity of SUV is dependent. Stability 

of the lumped constant (LC), an indicator of diff erence in uptake effi  ciency of the cell 

between the tracer and its nonradiolabeled counterpart, is such an important assumption 

in the model of Sokoloff  et al. 32. Because FDG uptake goes through two limiting steps 

and uptake effi  ciency between FDG and glucose is diff erent, the stability of the LC may 

be questionable. When using 11C-labeled amino acids as tumor tracer, no variability in LC 

will occur because the used tracers and their nonradiolabeled counterparts are chemically 

identical and their uptake will not be diff erent.

Although the number of subjects included in this study is limited, the absence of 

major drawbacks of the SUV calculations with TYR and the strong correlations between the 

SUVs and the PSR values observed in this study off er the possibility of using noninvasive 
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TYR-PET for detection of primary laryngeal carcinoma. With the SUV method, plasma 

input function and, therefore, arterial cannulation, are not required, scanning time can 

be reduced, and less elaborate calculations are required. For clinical use of TYR-PET a 

short acquisition time is preferable and this may become possible by application of SUV 

determination. Although the optimal time point for SUV measurement depends on the 

technical aspects of the PET camera and the reconstruction software, in our experience, 

a 10 minute static scan starting 20 minutes after TYR injection is suffi  cient. Whether the 

noninvasive method is equally objective as the absolute quantifi cation method to monitor 

the eff ect of treatment and to compare intrasubject and intersubject values is currently 

under investigation.

CONCLUSIONS  

High correlations (r=0.84-0.90) were found between the PSR values and the SUVs 

for laryngeal squamous cell carcinoma using dynamic TYR-PET. The best correlation 

coeffi  cient was observed for the relationship between PSR and SUV
LBM

. Clinical application 

of noninvasive TYR-PET is feasible in head and neck tumors, and determination of the SUV 

is a reliable method for quantifi cation of the metabolic activity of a tumor. 
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INTRODUCTION

Treatment of laryngeal squamous cell carcinomas consists primarily of radiotherapy, 

either as single therapy or in combination with surgery. Radiotherapy is preferred over 

surgery based on the preservation of laryngeal function, including the voice, and therefore 

preserving quality of life. However, radiotherapy may cause a variety of acute and chronic 

tissue eff ects and anatomic distortion such as fi brosis, edema, infl ammation and scarring 
1. The chronic eff ects can last up to 1½ years after primary treatment before diminishing 

in severity. Post-treatment surveillance consists of frequent physical examinations, 

indirect laryngoscopy, and in case of clinical suspicion, radiological imaging (CT/MRI) and 

endoscopic examination under general anesthesia with biopsies of suspicious areas. 

Local recurrent disease occurs in up to 50% of patients with T2-T3 laryngeal 

squamous cell carcinomas 2, and in approximately 90% of the cases, this recurrence 

will develop within the fi rst 2 years after radiotherapy. Diff erentiation between therapy 

induced tissue changes and residual or recurrent disease by clinical examination or 

conventional imaging is diffi  cult in the coinciding period after treatment. The fi ndings 

on CT and MRI are often equivocal in the diff erentiation of benign posttreatment reactive 

tissue reactions versus viable tumor 3.

Only histology obtained by biopsy proves residual or recurrent disease but may 

cause false-negative results by missing submucosal tumor growth 4. Deep or repeated 

biopsies under general anaesthesia are often needed but should be performed with 

caution, because the capacity of irradiated tissue to recover is diminished 5, and voice 

quality may be compromised. Because of these diagnostic limitations, delay in detection 

of local recurrent disease may occur, with consequent eff ects on survival and morbidity 6. 

Therefore, non-invasive methods for accurate assessment of therapy response and early 

detection of recurrence will probably be an important tool for everyday clinical practice. 

Positron emission tomography (PET) is a functional imaging modality that enables 

determination of tissue metabolism and pathophysiology in vivo and, therefore, of tumor 

tissue metabolism. In contrast to CT and MRI, PET is not hampered by anatomical or structural 

changes, because it refl ects metabolism and alterations therein. The glucose analogue 2-

[18F]-fl uoro-2-deoxy-D-glucose (FDG) is the most widely used radiopharmaceutical in PET. 

FDG is an indicator of tumor metabolism based on increased glycolysis in tumor cells 7. 

The application of FDG-PET is successful for a variety of malignancies 8, including primary 

head and neck cancers and metastatic cervical lymph nodes 9,10. Unfortunately, FDG also 

accumulates in infl ammatory tissue, which may cause false-positive results 11. In the fi rst 

1½ year after radiotherapy, this signifi cant drawback may reduce the specifi city of FDG-

PET 12.  Consequently, a search for alternative and more specifi c tracers is ongoing.

Amino acids are less avidly metabolized by infl ammatory cells and therefore 11C-

labeled amino acids were introduced as radiotracers 13,14. It was also demonstrated that 

amino acid uptake in tumor tissue is high compared with normal tissue because of an 
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increased protein synthesis 15. Of the amino acids available (both native and artifi cial), 

methyl-labeled 11C-methionine (MET) is the most frequently used, mainly because of 

the relative ease of synthesis. However, the position of the 11C-label does not allow for 

quantitative studies 14. In contrast, L-[1-11C]-tyrosine (TYR), a carboxyl-labeled amino acid, 

is an appropriate compound to determine protein synthesis activity in tumor tissue.16 By 

using a dynamic scanning procedure, calculation of the Protein Synthesis Rate (PSR) of 

tumor tissue is possible. TYR-PET has been successfully used in detection and quantifi cation 

of a variety of primary and recurrent tumors 17-20.

The primary aim of this study was to investigate the potential of dynamic TYR-

PET for therapy evaluation in patients with laryngeal cancer. The diagnostic accuracy for 

detection of residual or recurrent disease was analyzed and compared to conventional 

methods. Also, diff erent methods for quantifi cation of metabolic activity after primary 

radiotherapy of laryngeal carcinomas were assessed and compared. 

PATIENTS AND METHODS

Patients  

Nineteen patients, 2 women and 17 men (median age 59; range 45-81 years), with T2-T3 

laryngeal squamous cell carcinomas suitable for defi nitive radiotherapy were included 

(Table 1). All patients underwent physical examination of the head and neck, TNM-

staging (UICC,1997) 21 including laryngoscopy under general anaesthesia and biopsies 

of suspicious areas, and CT imaging before fi nal therapy. Primary laryngeal tumors were 

localized in the glottic area in 58% (n = 11) and in the supraglottic area in 42% (n = 8). All 

but one patient had T2 disease, and three patients had lymph node metastases (N1 in two, 

N2 in one). In addition to the current diagnostic modalities, dynamic TYR-PET imaging 

(PET1) was performed before defi nitive therapy, according to the procedure outlined in 

the following.

All patients received megavoltage radiation with a conventional fractionation 

schedule to a total absorbed tumor dose of 70 Gy, 2 Gy per fraction, fi ve fractions weekly.

Three months after radiotherapy, all patients had a second TYR-PET scan (PET2). 

If residual disease was suspected clinically, additional CT imaging and biopsy verifi cation 

of disease status were performed. Residual tumor was diagnosed if persistent disease was 

confi rmed within six months after radiotherapy.  

The minimal follow-up period after the fi rst TYR-PET was 29 months (range 29-

52 months). If recurrent tumor was clinically suspected during follow-up, a third TYR-PET 

scan (PET3) and additional CT and biopsy were indicated. Persistent or increased edema; 

impaired vocal cord mobility; local ulceration; and/or persistent complaints of pain, 

otalgia, and swallowing problems were reasons for suspecting local recurrence. Recurrent 
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disease was diagnosed if progression of disease was confi rmed histologically later than 

six months after radiotherapy. If residual or recurrent disease was confi rmed by biopsy, 

patients were scheduled for total laryngectomy.

The study protocol was approved by the Medical Ethics Committee of the 

Groningen University Hospital, and written informed consent was given by each patient.

Table 1

Patient and tumor characteristics

 Characteristics    Number  

  Men     17
 Women       2
 Primary site larynx   
   -glottic   11
   -supraglottic    8
 
 Primary tumor
  T2    18
  T3      1
 Lymph nodes
  N0    16
  N1      2
  N2      1
  N3      0
 UICC stage
  I      0
  II    15
  III      3
  IV      1

UICC = International Union Against Cancer (1997) 

CT imaging

CT scans were performed on a Volume Zoom CT scanner (Siemens, Erlangen, Germany). 

Intravenous contrast was given in all studies as bolus of 100-120 ml. Transverse 5-mm 

consecutive sections were obtained from the mastoid tip to the clavicles. CT scans were 

considered positive for malignancy in case of an abnormal mass with enhancement or in 

case of soft tissue increase compared with previous CT scans. Sensitivity and specifi city of 

CT for detection of residual or recurrent disease were calculated.

TYR-PET 

In all 19 patients, dynamic TYR-PET studies were performed at the time points outlined 

previously. TYR was produced by means of a modifi ed microwave-induced Bücherer-

Strecker synthesis 22 with a radiochemical purity greater than 99%. Studies were acquired 

using an ECAT 951/31 PET camera (Siemens/CTI, Knoxville, TN). This device has a 56-cm-
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diameter patient aperture and acquires 31 planes simultaneously over a 10.8-cm axial 

fi eld of view. 

Patiënt refrained from food intake for at least eight hours before the investigation, 

but were allowed to drink noncaloric beverages and to use their normal medication. 

A venous canula was placed in the anticubital vein of the forearm for injection of TYR. 

The injected dose varied from 144 to 377 MBq (median 366 MBq). An arterial canula 

was inserted under local anesthesia into the radial artery of the contralateral arm for 

sampling arterial blood during data acquisition. The head of the patient was fi xed with the 

Frankfurter horizontal plane (line between the external meatus acusticus and the lower 

orbital rim), making an angle of 110° with the horizontal bed position. Before sampling, 

the nonradioactive tyrosine concentration in plasma was assessed. In the arterial blood 

samples,  plasma activity of TYR, 11CO
2
 and 11C-protein levels were measured by radio-

HPLC 16.

A transmission scan to correct for photon attenuation by body tissues in the 

imaged area was obtained immediately before the emission scan. Dynamic scanning with 

16 time frames was performed from the time of injection to 50 min  after injection at the 

level of the tumor. The protocol included ten frames of 30 sec, three frames of 5 min and 

three frames of 10 min. Image data were backprojected using a 0.5 cycle/pixel Hann-fi lter, 

which yielded a resolution of 6 mm full-width-of-half-maximum (FWHM).

PET data

Visual analysis 

PET images were displayed in coronal, sagittal and transaxial projections on a computer 

display using standard ECAT software and interpreted independently by two experienced 

physicians. Visual analysis was graded as positive when high TYR uptake was observed as 

a focal hot spot on a nonphysiological location. Otherwise, the image was interpreted as 

negative for malignancy. Sensitivity and specifi city of TYR-PET for detection of residual or 

recurrent disease were calculated. 

Quantitative analysis

Absolute quantifi cation was performed by assessment of tumor PSR. The PSR was obtained 

by placing a region of interest (ROI) in the plane with most intense uptake at the site of 

the tumor as observed at visual analysis, using a 70% threshold of maximum intensity. The 

tissue time-activity curve obtained from this ROI, together with the plasma-input data 

(MBq/ml TYR corrected for 11CO
2
 and 11C-labeled plasma proteins) were used to calculate 

PSR in nanomoles per milliliter tumor tissue per minute (nmol/ml/min) using a modifi ed 

Patlak analysis 16. By masking nontumor regions with physiologically high uptake of TYR 

(e.g., parotid glands), spillover of these regions to the average time-activity curve was 

prevented. 
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To compare absolute quantifi cation and semiquantitative methods, Standardized 

Uptake Values (SUV) were calculated from the summed data obtained from the last three 

frames (20-50 min after injection). SUVs were calculated  by dividing tissue activity (MBq/

ml) by injected dose (MBq) based on BW (SUV
BW

) or LBM (SUV
LBM

).23 In addition, the tumor-

to-nontumor ratio (T/N) was calculated.

Statistical analysis

The quantitative values of tumor tissue compared to the corresponding normal tissue were 

analyzed by the Wilcoxon test. Mann-Whitney U test was used to compare diff erences in 

PSR, SUV, PSR
T/N

 and T/N. Correlations between quantitative values were evaluated by the 

two-tailed Pearson test. In these tests, a p-value of < 0.05 was considered to be statistically 

signifi cant.

RESULTS

Pretreatment results

Nineteen TYR-PET studies were performed before defi nitive radiotherapy (Table 2). All 

histologically proven laryngeal carcinomas were depicted by TYR-PET and CT. The PSR of 

tumors ranged from 0.87 to 3.30 nmol/ml/min (median 1.95 nmol/ml/min), which diff ered 

signifi cantly (p<0.001, Wilcoxon) from the PSR of normal tissue (median 0.51; range 0.22-

0.77). The median SUV
BW

 (range 1.85-5.88), SUV
LBM

 (range 1.39-3.99) and T/N-ratio (range 

2.20-5.81) were 4.20, 2.89 and 4.33, respectively. Signifi cant correlations (p<0.001) were 

observed between PSR and SUV
BW

 (r = 0.76) and SUV
LBM

 (r = 0.82). 

Evaluation of response to radiotherapy

A second TYR-PET scan (PET2), performed three months after irradiation for evaluation 

of therapy, was possible in 15 of the 19 patients (Table 2). Four patients did not complete 

follow-up because of patient-related reasons. Of the remaining fi veteen patients, 7 were 

suspected of having residual disease by physical examination at the time of scanning. In 

addition to the second TYR-PET scan, CT imaging and biopsies during laryngoscopy under 

general anaesthesia were performed in these 7 cases. Of the patients without clinical 

suspicion of residual disease by physical examination (n = 8), only a second TYR-PET scan 

was performed.  

Visual analysis

Of the 7 patients clinically suspected of having residual disease, TYR-PET was positive in 4 

cases. Residual disease was histologically confi rmed in these four patients, and therefore 
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Table 2

Results of Physical examination, Computed Tomography, Histology and Positron Emission 

Tomography before radiotherapy, 3 months after radiotherapy (RTX) and during follow-

up.

Patient Pretreatment Posttreatment  Follow-up Outcome

nr/sex/age PE CT PA PET PSR PE CT PA PET PSR PE CT PA PET PSR

1/M/79 + + + + 2.50 NA

2/M/44 + + + + 2.40 NA

3/M/68 + + + + 1.62 + + - - 0.72 NED

4/M/64 + + + + 2.06 - - 0.64 + - + + 0.93 Recurrent

5/M/68 + + + + 2.19 - - 0.60 + - - - 0.64 NED

6/F/60 + + + + 2.68 + + - + 0.93 + + + + 0.83 Residual

7/M/64 + + + + 1.44 - - 0.74 NED

8/M/66 + + + + 0.87 - - 0.49 NED

9/M/54 + + + + 1.58 - + 0.55 + + + + 1.40 Recurrent

10/M/46 + + + + 1.51 - - 0.68 NED

11/M/45 + + + + 1.66 + - + + 1.29 Residual

12/M/56 + + + + 2.48 NA

13/M/59 + + + + 1.95 - - 0.57 NED

14/M/65 + + + + 3.30 + - - + 1.34 + + + + 1.85 Recurrent

15/M/77 + + + + 1.14 NA

16/M/52 + + + + 3.14 + - - - 0.76 + + - - 0.82 NED

17/F/59 + + + + 1.35 - - 0.88 NED

18/M/54 + + + + 1.43 + - - - 0.93 NED

19/M/46 + + + + 2.28 + + + + 2.42 Residual

Abbreviations: + or - : presence or absence of cancer by investigation modality; PE = Physical 

Examination; CT = Computed Tomography; PA = Pathology; PET = Positron Emission 

Tomography; PSR = Protein Synthesis Rate (in nmol/ml/min); NA = Not Available; NED = No 

Evidence of Disease

the scans were scored as true-positives. The three negative TYR-PET scans were scored 

true-negative, because repeated biopsies by laryngoscopy under general anesthesia 

maintained negative, and progression of disease was not found during follow-up.

 Of the 8 patients without clinical suspicion of residual disease, seven TYR-PET 

scans were negative and one was positive. TYR-PET proved to be true-positive in this case 

because within six months after radiotherapy, progression of disease was histologically 

confi rmed. The seven TYR-PET examinations assessed negative for residual tumor, and for 

which confi rmatory biopsies were not performed, were all scored true-negatives, because 

progression of disease did not occur within six months after radiotherapy. 

A sensitivity and specifi city of 100% for TYR-PET in determination of tumor status after 

radiotherapy was calculated. Positive and negative predictive values were also 100%. 

Sensitivity and specifi city were 80% and 70% for physical examination and 50% and 67% 

for CT, respectively.
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Quantitative analysis

Quantitative PET analysis was performed on all 15 posttreatment TYR-PET scans (Table 

3). The median PSR of all subjects was 0.74 nmol/ml/min (range 0.49-2.42 nmol/ml/min) 

after therapy, which was a signifi cant decrease (p<0.001) when compared to pretreatment 

PSR. Signifi cant decreases (p<0.001) were also observed in SUV
BW

 , SUV
LBM

  and T/N-ratio. 

No correlation was found after radiotherapy between PSR and SUV
BW

, and only weak 

correlation (r = 0.56) between PSR and SUV
LBM

.

Table 3  

Quantitative PET analysis preradiotherapy and postradiotherapy. 

Median and range of PSR, SUVs and T/N-ratio of TYR-PET before radiotherapy (PET1) and 

3 months after radiotherapy (PET2). Values of true-positive (TP) and true-negative (TN) 

scans 3 months after radiotherapy are listed.

Pretreatment PET (PET1) Posttreatment PET (PET2)

Median (Range) Median (Range)

PSR 1.95 (0.87-3.30) 0.74 (0.49-2.42)  (a)

            TP                1.29 (0.55-2.42)  (1)

            TN                0.70 (0.49-0.93)          

SUV
BW

4.20 (1.85-5.88) 2.36 (1.20-3.55)  (b)

            TP                2.67 (2.36-3.55)  (2) 
            TN                2.17 (1.20-2.53)

          
SUV

LBM
2.89 (1.39-3.99) 1.56 (0.94-2.82)  (c)

            TP                2.05 (1.71-2.82)  (3) 
            TN                1.52 (0.94-1.84)

          
T/N-ratio 4.33 (2.20-5.81) 1.61 (0.69-3.82)  (d)

            TP                2.89 (2.01-3.82)  (4) 
            TN                1.43 (0.69-1.68)

          

Signifi cant diff erences in pre- and posttreatment  (a) PSR (p<0.001), (b) SUV
BW 

(p<0.001), 
(c) SUV

LBM
 (p<0.001) and (d) T/N-ratio (p<0.001).

Diff erences between TP and TN are (1) p=0.057, (2) p=0.013, (3) p=0.003 and (4) p=0.001

If quantitative values of residual disease and benign posttherapy tissue were 

compared, no signifi cant diff erences in PSRs (p=0.057) were found between true-positive 

(median 1.29; range 0.55-2.42) and true-negative scans (median 0.70; range 0.49-0.93). 

However, SUV
BW

 (p=0.013), SUV
LBM

 (p=0.003) and T/N-ratio (p=0.001) diff ered signifi cantly 
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between true-positive and true-negative scans (Table 3). Only in the T/N-ratio values were 

no overlap between true-positive and true-negative scans observed (Fig. 1).
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Figure 1. 

L-[1-11C]-Tyrosine uptake 3 months after radiotherapy (PET2) in residual and  benign 

posttreatment tissue presented as PSR, SUV
BW

 ,SUV
LBM

 and T/N-ratio.

Detection of recurrent tumor

After the second TYR-PET, patients had clinical follow-up for at least 26 months. During 

this follow-up period, six patients were suspected of having recurrent disease. CT imaging, 

biopsies and a third TYR-PET scan (PET3) were performed in all six cases (Table 2). 

Visual analysis

TYR-PET scans were positive for recurrent disease in four patients, which were all 

histologically confi rmed. The two other PET scans were negative, and in these cases no 

evidence of disease was found during follow-up (at least 12 months after PET3). Therefore, 

sensitivity and specifi city of TYR-PET for detection of recurrent primary tumor are 100% 

(positive and negative predictive values, 100%). Sensitivity and specifi city of CT in detecting 
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recurrent malignancy were 75% and 50%, respectively, with one false positive and one 

false negative result. Physical examination proved 100% sensitive, but 0% specifi c. Figure 

2 shows an example of consecutive TYR-PET scans of a patient with good response to 

radiotherapy after 3 months but recurrent disease within 18 months after treatment.

Figure 2. 

Consecutive TYR-PET scans of a T2 N0 laryngeal carcinoma (patient 4) with increased uptake 

pretreatment (PET1), good response to radiotherapy after 3 months (PET2), but recurrent 

disease 18 months after therapy (PET3).

Quantitative analysis

In all six patients with suspicion of recurrent disease, quantitative analysis was performed. 

Median and range of PSR, SUV and T/N-ratio are mentioned in Table 4. Although statistical 

analysis was not valid because of the limited number of patients with recurrent disease, 

in true-positive PET scans a higher PSR (median 1.17; range 0.83-1.85) was measured as 

compared with true-negative scans (median 0.73; range 0.64-0.82). These diff erences were 

also found between true-positive and true-negative values of SUV
BW

, SUV
LBM

 and T/N-ratio 

(Table 4). No overlap was observed between true-positive and true-negative values in all 

quantitative methods (Fig. 3).

DISCUSSION

Monitoring the response to radiotherapy is one of the major challenges in head and 

neck oncology. After irradiation, evaluation for residual or recurrent disease by physical 

examination and conventional imaging may be hampered by posttreatment fi brosis, 

edema, infl ammation or scarring. These factors limit the sensitivity and specifi city of 

interpretation of anatomical imaging modalities, such as CT and MRI 3. 

PET, which assesses abnormal metabolic activity of tumors rather than anatomical 

changes, avoids some of the diffi  culties inherent in examining the posttreatment head 

and neck. The feasibility of FDG-PET in the identifi cation of viable tumor in head and neck 

after treatment has been extensively studied. FDG-PET showed comparable or better 

sensitivity and specifi city than CT or MRI for detection of locoregional recurrence. A study 

by Bailet et al.9 in which PET and MRI were used to evaluate 10 patients within 4 months 

after radiotherapy, showed a distinct superiority of PET over MRI. Anzai et al.24 found 
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sensitivities and specifi cities of 88% and 100% for FDG-PET, and 25% and 75% for CT/MRI, 

respectively, in 12 patients with a history of recurrent head and neck carcinoma. 

In most FDG studies that included 10 to 15 patients, sensitivity for detection of residual

Table 4  

Quantitative analysis of recurrent disease. 

Median (range) of PSR, SUVs and T/N-ratio of TYR-PET scans three months after radiotherapy 

(PET2) and during follow-up (PET3) are listed, subdivided in true-positive (TP) and true-

negative (TN) values for PET3.

Posttreatment PET (PET2)
(3 months after RTX)

Follow-up PET (PET3)

Median (Range) Median (Range)

PSR 0.74 (0.49-2.42)  0.88 (0.64-1.85)

            TP                1.16 (0.83-1.85)  

            TN                0.73 (0.64-0.82)

SUV
BW

2.36 (1.20-3.55)  3.03 (1.34-4.77)

            TP                3.36 (2.70-4.77)
            TN

          
               1.84 (1.34-2.33)

SUV 
LBM

            
   
            TP
            TN

1.56 (0.94-2.82)
          

2.26 (0.97-2.70)
               
               2.46 (2.08-2.70)
               1.34 (0.97-1.71)

T/N-ratio 1.61 (0.69-3.82)  2.71 (0.82-3.92)

            TP                3.53 (2.16-3.92)
            TN                          1.15 (0.82-1.47)

or recurrent tumor ranged from 88% to 100%, while specifi city could be as low as 43% 
10,25,26. More recent FDG-PET series with larger number of patients reported sensitivities 

ranging from 50% to 100% and specifi cities from 83% to 95% 27,28. Only one study reported 

sensitivity of 100% and specifi city of 100% for FDG-PET compared with 75% and 80 % for 

CT/MRI in detection of recurrent tumor 29.

The variation in specifi city of FDG-PET is caused by the number of false-positive 

results after irradiation because of the increased glucose metabolism in tissues other 

than malignancies. Several authors reported false-positive fi ndings in their series in 

which histopathologic examination showed chronic postradiation infl ammation changes 

without evidence of recurrence 24,28,30. In a preclinical study the FDG uptake in mouse 

tumors was investigated with microautoradiography, and it was found that twenty-nine 
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percent of the glucose utilization took place in nontumor macrophages that were located 

in the necrotic areas of the tumor 31. Strauss et al. reviewed the diff erentiation of malignant 

and benign lesions by FDG-PET and confi rmed the relatively low specifi city of FDG 11. 

Amino acids were introduced as radiopharmaceuticals in order to provide an 

alternative to this, and demonstrated high uptake in tumor tissue due to an increased 

protein synthesis 15. In contrast to glucose, amino acids are less avidly metabolized 

in infl ammatory tissue, which may be advantageous when applying PET for therapy 

evaluation 13,14.
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Figure 3. 

Tracer uptake in recurrent and benign posttreatment tissue during follow-up (PET3) presented 

as PSR, SUV
BW

 ,SUV
LBM

 and T/N-ratio.

The most frequently used radiolabeled amino acid is L-[methyl-11C]-methionine 

(MET). The Turku University group has extensively investigated head and neck cancer with 

MET-PET. A therapy evaluation study by Lindholm et al. including 15 patients, demonstrated 

signifi cant diff erences in SUVs between complete responders to radiotherapy and patients 

with persistent disease 32. However, in the study by Nuutinen et al., no diff erences were 

observed after treatment between quantitative values of responding and relapsing patients 
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33. Furthermore, it was demonstrated that quantifi cation of protein synthesis with MET is 

rather diffi  cult. MET is involved in several metabolic pathways, such as transmethylation 

and polyamine synthesis, and is converted in S-adenosyl methionine. This may lead to the 

accumulation of nonprotein metabolites in tumor tissue. The complicated metabolism 

of methyl-labeled methionine has made it impossible to construct a precise metabolic 

model with consequent eff ect on quantifi cation 14,34.

Carboxyl-labeled amino acids, such as L-[1-11C]-tyrosine (TYR), seem to be more 

appropriate compounds to assess protein synthesis activity in tumor tissue 35. TYR-PET 

has been successfully used in the detection and quantifi cation of PSR in various primary 

and recurrent tumors and proved superior to FDG in some studies 16-18,20,36. Van Ginkel et 

al. used TYR-PET successfully to evaluate the eff ect of chemotherapy in patients with soft 

tissue sarcomas and skin cancer. High sensitivity (82%) and specifi city (100%) of TYR-PET 

were found in detection of relapsing disease. Signifi cant diff erences in PSR values were 

observed between patients with complete, partial or no response to therapy 19. 

In this study, TYR-PET was highly sensitive and highly specifi c for tumor status 

after radiotherapy and also for detection of residual or recurrent disease. These fi gures 

proved favorable in comparison to CT imaging and physical examination. We observed 

no false positive or false negative results by TYR-PET performed three months after 

completion of radiotherapy. In FDG-PET studies, false negative results were described in 

scans performed earlier than four months after radiation therapy 25. The predictive values 

of TYR-PET three months after radiotherapy and during follow-up were all 100%. The 

high positive predictive value is useful in early detection of residual or recurrent disease. 

In the evaluation of response three months after therapy, the sensitivity of biopsies for 

confi rmation of residual disease was 50%, if a follow-up of six months for presence or 

absence of tumor was considered. Repeated biopsies were necessary in two patients 

before residual tumor was proven. TYR-PET proved to be more sensitive for detection of 

residual disease in comparison with histological confi rmation by biopsy. 

Although the high positive and negative predictive values make TYR-PET a 

strong diagnostic tool in monitoring response to therapy and early detection of recurrent 

tumor, the number of cases and the variance in tumor stage are limited. Assessment of 

the accuracy of TYR in a larger group of patients with laryngeal carcinomas is necessary, 

because non-tumoral uptake of amino acids has been described 14. Future studies have 

to determine whether the sensitivity, specifi city and negative predictive value of TYR-PET 

may prevent unnecessary diagnostic procedures that result from indeterminate clinical or 

imaging fi ndings in patients treated for squamous cell carcinomas of the head and neck. 

Absolute quantifi cation was performed in this study by determination of PSR. 

Three months after treatment, signifi cant decrease in PSR was found of all tumors 

compared to pretreatment PSR. However, near signifi cant (p=0.057) diff erences in PSR 

values were observed between residual disease and benign posttherapy tissue. Overlap 

of PSR values was found in two cases (Fig. 1). 

Although determination of PSR is the most preferable form of quantifi cation, it 
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requires elaborate protocols with dynamic scanning and arterial cannulation to obtain 

blood samples for the tissue input function. Such protocols are cumbersome for the 

patient and therefore often replaced by the relatively simple calculation of SUV. This 

calculation only requires a short attenuation-corrected static scan, without blood sampling 

and therefore is more patient friendly. In this study, quantifi cation of tumor activity by 

SUV
BW

, SUV
LBM

 and T/N-ratio was performed. Signifi cant diff erences were found between 

residual disease and benign posttherapy tissue in SUV
BW

 (p=0.013), SUV
LBM

 (p=0.003) and 

T/N-ratio (p=0.001). Only the T/N-ratio showed no overlap in values and diff erentiation 

could be determined between benign tissue (T/N-ratio < 2.0) and residual disease (T/N-

ratio > 2.0). After treatment, only weak correlations were observed between PSR and the 

semiquantitative methods. Although we do not have a plausible explanation for this, 

the strong discrimination capacity of SUVs or T/N-ratio make them useful methods for 

quantifi cation during evaluation of therapy.

Quantifi cation of recurrent disease during follow-up was also performed by 

calculation of PSR, SUV
BW

, SUV
LBM

 and T/N-ratio. Although no statistical analysis was 

possible, all four methods demonstrated distinct diff erences between benign lesions and 

recurrent disease, and no overlap in values was found. Further investigations have to be 

performed to reveal the most accurate quantifi cation method for tumor recurrence.

Because we found no diff erences in visual analysis and quantitative analysis by PSR, 

SUV
BW

, SUV
LBM

 or T/N ratio, visual interpretation of TYR-PET seems a suffi  ciently adequate 

method to assess residual or recurrent disease. However, some studies demonstrated that 

due to radiotherapy, tumor and background tissues are likely to change in metabolic rate 

and visual discrimination may become diffi  cult 37,38. In such cases quantitative methods may 

prove more accurate than visual interpretation, although our study does not confi rm this 

statement. In equivocal PET scans, diff erentiation between benign posttherapy tissue and 

viable tumor on quantitative values may prove advantageous. Furthermore, quantifi cation 

of tumors may have prognostic value which is currently under investigation.

CONCLUSIONS

TYR-PET is a powerful diagnostic imaging modality in the evaluation of response to therapy 

and detection of recurrent disease in laryngeal squamous cell carcinomas. Although the 

number of patients was limited, PET proved more sensitive (100%) and specifi c (100%) 

than conventional imaging and FDG-PET for detection of residual or recurrent disease. 

The high positive predictive value of TYR-PET is useful in early detection of residual or 

recurrent disease. 

In evaluation of therapy, absolute quantifi cation by PSR gave similar results as 

quantifi cation by SUV
BW

, SUV
LBM

 and T/N ratio. However, no diff erences in quantitative 

analysis and visual analysis were observed in this study, and therefore visual interpretation 

of TYR-PET scans seems suffi  ciently adequate for therapy evaluation.
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INTRODUCTION

Primary treatment of squamous cell carcinomas of the larynx consists of radiotherapy, 

surgery or a combination of these modalities 1. The optimal choice of therapy depends 

mainly on the stage, type and location of the tumor as assessed by clinical and 

morphological examination. Although tumor stage is the only independent factor 

predicting the treatment outcome of laryngeal cancer 2, the TNM classifi cation has 

limitations in the management of a particular patient with head and neck cancer. Individual 

tumors with a similar clinical stage diff er greatly in the response to radiotherapy. The 

factors infl uencing this unpredictable clinical behavior and decreased radiocurability are 

generaly unknown. Despite the large number of histopathologic and biological studies 

that have been performed, no morphologic or cytologic markers are currently available 

to predict outcome in head and neck cancer. A reliable method for assessing the clinical 

behavior and predicting the radiosensitivity of a tumor would assist in selection of the 

optimal treatment and evaluation of prognosis. 

Metabolic activity is suggested to be related to the behavior of disease. Tumor 

metabolism can be determined in vivo by positron emission tomography (PET), in 

which radiopharmaceuticals labeled with positron-emitting nuclides are used to assess 

metabolic and pathophysiological processes. The most widely used radiopharmaceutical 

in PET is the glucose analogue 2-[18F]-fl uoro-2-deoxy-D-glucose (FDG), an indicator of 

tumor metabolism based on increased glycolysis in tumor cells. In head and neck tumors, 

FDG-PET has demonstrated a correlation between tracer uptake and prognosis 3. However, 

FDG proved not to be a tumor specifi c radiotracer because it accumulates also in benign 

lesions and infl ammatory tissues and may cause false-positive results 4. Consequently, a 

search for alternative and more specifi c tumor tracers is ongoing. The carboxyl-labeled 

amino acid L-[1-11C]-tyrosine (TYR) is less avidly metabolized by infl ammatory cells and 

has proved to be a reliable tracer in detection and quantifi cation of head and neck tumors 
5. TYR is an appropriate compound for quantifi cation of protein synthesis rate (PSR) in 

tumor tissue 6 and has been successfully used in quantifi cation of a variety of primary and 

recurrent tumors 7-9.

The aim of the study was to evaluate whether quantitative TYR-PET has predictive 

value for survival and therapy outcome in patients with primary squamous cell carcinomas 

of the larynx.

MATERIALS AND METHODS

Patients

Thirty-four patients (3 women, 31 men; age range 44-81 yrs; median age 58 yrs) with 

newly diagnosed and histologically confi rmed laryngeal squamous cell carcinoma 

Chapter 5

66



67

were included in this prospective study. Tumors were clinically staged according to the 

International Union Against Cancer primary tumor (T), regional nodes (N) and metastasis 

(M) classifi cation system (UICC, 1997) 10, which includes physical examination of the head 

and neck, endoscopic examination under general anaesthesia, biopsies of all suspected 

areas of the upper aerodigestive tract, and CT imaging. The study was approved by the 

medical ethics committee of the Groningen University Hospital, and written informed 

consent was obtained from all subjects. In addition to the current diagnostic modalities, 

dynamic TYR-PET imaging was performed before defi nitive therapy. 

Curative therapy was planned according to the type, location and stage of the 

disease. Twenty patients received defi nitive megavoltage radiotherapy with a conventional 

fractionation schedule to a total absorbed tumor dose of 66-70 Gy, 2 Gy per fraction, fi ve 

fractions weekly. The other fourteen patients underwent total laryngectomy, including 

neck dissection in seven subjects. All operated patients received additional radiotherapy 

to the tumor. The dosage was 60-70 Gy and was given in 30-35 fractions.

After radiotherapy and surgery, patients were followed up at 3-month intervals 

in the fi rst 2 years, and at 6-month intervals in the following three years. Follow-up was 

calculated from the time of the TYR-PET study, and the median follow-up time was 40 

months (range 5-60 months). If residual or recurrent disease was clinically suspected during 

follow-up in patients treated with radiotherapy, additional CT and biopsy were performed 

to verify disease status. Persistent or increased edema, impaired vocal cord mobility, local 

ulceration, or persistent complaints of pain, otalgia, or swallowing problems, were reasons 

for suspecting progression of disease. If residual or recurrent disease was confi rmed by 

biopsy, patients were scheduled for total laryngectomy.

PET

Dynamic TYR-PET studies were performed on all patients at least two weeks after biopsy 

(median 16 days; range 15-29). TYR was produced via a modifi ed microwave induced 

Bücherer-Strecker synthesis 11. The synthesis time was 40 minutes, including high 

performance liquid chromatography purifi cation, with a radiochemical purity of more 

than 99%. 

The PET images were acquired using an ECAT 951/31 PET camera (Siemens/CTI). 

This device has a 56-cm-diameter patient aperture and acquires 31 planes simultaneously. 

The axial fi eld-of-view is 10.8 cm and the resolution is 6 mm in full width of half maximum. 

The head of the patient was fi xed in position with the Frankfurter horizontal plane (line 

between the external acoustic meatus and the lower orbital rim) making an angle of 110° 

with the horizontal bed position. Patients fasted for at least 8 hours (except for water and 

their usual medication) before the study. 

A venous canula was placed in the antecubital vein of the forearm for injection 

of TYR. In the radial artery of the contralateral arm an arterial canula was placed under 

local anaesthesia to allow for rapid blood sampling. Before injection of TYR, a 20 min 
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transmission scan was obtained to correct for photon attenuation by body tissues in the 

imaged area. TYR was administered intravenously over a 1-minute period. The injected 

dose varied from 144 to 400 MBq (median 369 MBq). Dynamic scanning with 16 time 

frames was performed from the time of injection to 50 minutes post-injection at the level 

of the tumor. The protocol included ten 30-second images, three 5-minute images and 

three 10-minute images. Arterial blood samples were taken simultaneously at set time 

points (at 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2.25, 2.75, 3.75, 4.75, 7.5, 12.5, 17.5, 25, 35 and 

45 minutes after injection) in order to assess the TYR plasma time-activity curve, 11CO
2
 

concentration and other 11C-labeled metabolites by radio-HPLC 6. The plasma tyrosine 

levels ranged from 0.031 to 0.090 mmol/L, which is within the reference range for our 

laboratory and in accordance with values reported in the literature.

Data analysis

PET acquisition data were reconstructed using fi ltered backprojection and a 0.5 cycle/

pixel Hann-fi lter to obtain transaxial images which were displayed by applying standard 

ECAT software.

 To determine primary tumor PSR, a region of interest was placed in the plane 

with most intense uptake at the site of the tumor as observed at visual analysis, using a 

70% threshold of maximum intensity. The tissue time-activity curve obtained from this 

region of interest, together with the plasma-input data (MBq/ml TYR corrected for 11CO
2
 

and 11C-labeled proteins) were used to calculate PSR in nanomoles per milliliter tumor 

tissue per minute (nmol/ml/min) using a modifi ed Patlak analysis as published earlier 
6. By visually masking nontumor regions with physiologically high uptake of TYR (e.g., 

salivary glands), these regions were prevented from contributing to the average tumor 

time-activity curve. Also, less elaborate semiquantitative analyses were performed by 

calculating standardized uptake values (SUV) and estimating tumor-to-nontumor ratio 

(T/N) to compare absolute quantifi cation (PSR) with semiquantitative methods. The SUV 

based on bodyweight (SUV
BW

) was defi ned as the tumor tissue activity (MBq/ml) in a 

region of interest, as measured by PET, divided by the injected dose (MBq) per kilogram 

bodyweight. In addition, nontumor uptake was assessed from the right trapezius muscle 

and the T/N-ratio could be calculated. SUV
BW

 and T/N-ratio were calculated from the 

summed data obtained of the last three frames (20-50 min after injection) to create a 

single scan.

Statistical analysis

Cumulative survival was assessed by using the product-limit method of Kaplan-Meier 

and the log-rank test was used to compare survival between the groups. The relative 

importance of prognostic factors was analyzed using the Cox proportional hazard model. 

The Mann-Whitney U test was used to compare diff erences in PSR between the groups. All 

p-values were two-tailed and p < 0.05 was considered to be statistically signifi cant. 
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Table 1

Patient characteristics

 Characteristics     Number  

  Men      31

 Women        3

 Primary site

  Larynx    

   -glottic    16

   -supraglottic   17

   -transglottic     1

 Primary tumor 

  T1       3

  T2     18

  T3       5

  T4       8

 Lymph nodes

  N0     24

  N1       3

  N2       7

  N3       0

 UICC stage

  I       3

  II     15

  III       5

  IV     11

UICC = International Union Against Cancer (1997)

RESULTS

In thirty-four patients with primary squamous cell carcinomas of the larynx, a dynamic 

TYR-PET was performed before defi nitive treatment. The patient characteristics and clinical 

data are listed in Table 1. To summarize, 47% glottic, 50% supraglottic and 3% transglottic 

laryngeal carcinomas, all with tumor diameters larger than 1.5 cm, were included in the 

study. The T-stage contained three T1, eightteen T2, fi ve T3 and eight T4 primary tumors.

 In the qualitative evaluation of TYR-PET studies, all 34 primary malignancies were 

identifi ed correctly (Fig. 1). There were no false-negatives results. Of the ten patients with 

lymph node metastases (N1 in three, N2 in seven) clinically staged by physical examination 

and CT, the N2 and one N1 patients were clearly identifi ed by TYR-PET. In the two other 
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clinically staged N1, metastases were not adequately visualized by PET, but neither 

cytological nor histological confi rmation was performed in either of these subjects. The 

parotid, submandibular and sublingual glands showed high uptake in all cases. 

PET results, treatment modalities and follow-up are listed in Table 2. The tumor 

PSR ranged from 0.72-6.96 nmol/ml/min, with a median of 2.01 nmol/ml/min. The median 

SUV
BW

 and T/N-ratio of tumor tissue was 4.22 (range 1.42-7.34) and 4.64 (range 1.69-9.09), 

respectively. In six patients only SUV and T/N-ratio could be calculated, due to the absence 

of arterial canulation for technical reasons. 

Figure 1. 

Transaxial CT and TYR-PET scans of a patient 28, with T3 N0 supraglottic squamous cell 

carcinoma (1), show increased TYR uptake in the tumor.

Cumulative survival was assessed between patients with tumor PSR equal to or higher 

than the median (PSR≥2.0) and those with tumor PSR lower than the median (PSR<2.0). 

The median was the most optimal cut-off  value and demonstrated an insignifi cant 

diff erence in outcome (p=0.07) between both groups (Fig. 2). 

When patients treated with primary radiotherapy (n=20) were evaluated separately, a 

signifi cant diff erence (p=0.03) was found in survival rate between patients with tumor 

PSR equal to or higher than the median (5-yrs survival rate 30%) and those with tumor PSR 

lower than the median (5-yrs survival rate 73%). Figure 3 shows the cumulative survival 

curves (Kaplan-Meier) of the two groups. The median PSR values of the high PSR group 

and the low PSR group were 2.38 nmol/ml/min (range 2.06-3.30 nmol/ml/min) and 1.39 

nmol/ml/min (0.72-1.95 nmol/ml/min), respectively. A tumor PSR higher than the median 

tended to be related to poor survival. No marked diff erences in clinical factors were present 

between the two groups (Table 3), except for a small diff erence in histological grade. The 

low PSR group contained more highly diff erentiated tumors, but in multivariate analysis 

tumor grade had no independent infl uence on survival. 
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Table 2

PET results, treatment, and follow-up data 

Patient TN PSR SUV T/N Therapy Follow-up

(no./sex/age)    (months)

     

  1. M 60 T4N0 4.16 7.34 9.09 OP + RT NED at 32 mo 
  2. M 43 T3N0 2.40 4.60 5.81 OP + RT NED at 73 mo
  3. M 67 T2N0 2.16 4.46 4.73 RT DOD at 9 mo
  4. M 81 T3N2 2.32 5.43 4.88 OP + RT DOD at 32 mo
  5. M 69  T1M0 1.14 2.43 2.42 RT NED at 35 mo
  6. M 76 T2N0 1.14 4.22 4.79 RT DOD at 24 mo
  7. M 55 T1N0 0.89 1.60 1.81 RT NED at 40 mo
  8. M 70 T4N2 NA 3.95 3.73 OP + RT DOD at  8 mo
  9. M 54 T2N0 1.58 3.55 4.69 RT  REC at 8 mo   
      DOD at 32 mo
10. M 50 T4N2 NA 6.25 7.32 OP + RT  NED at 46 mo
11. M 56 T1N0 0.72 1.42 1.69 RT NED at 56 mo
12. M 66  T2N0 0.82 2.29 4.23 RT NED at 69 mo
13. F 58 T2N0 1.35 4.23 5.40 RT DOD at 44 mo
14. M 55 T4N0 1.38 3.45 3.70 OP + RT DOD at 20 mo
15. M 54 T2N0 1.43 2.59 2.33 RT NED at 56 mo
16. M 75 T4N2 NA 6.95 7.20 OP + RT DOD at 15 mo. 
17. M 64 T2N0 1.44 1.85 3.01 RT NED at 70 mo
18. M 43 T2N1 1.51 2.91 2.20 RT NED at 67 mo
19. M 44 T2N0 1.66 4.07 3.21 RT REC at 8 mo   
      NED at 66 mo
20. F 52 T4N0 NA 3.87 4.71 OP + RT NED at 45 mo 
21. M 59 T2N0 1.95 4.26 4.96 RT NED at 64 mo 
22. M 63 T2N0 2.06 3.79 3.90 RT REC at 14 mo
      DOD at 25 mo
23. M 68 T2N0 2.19 3.23 3.33 RT  DOD at 40 mo
24. M 46 T2N0 2.28 4.20 4.67 RT REC at 7 mo
      NED at 56 mo
25. M 56 T2N2 2.48 5.49 4.89 OP + RT NED at 65 mo
26. M 57 T3N2 NA 4.68 6.26 OP + RT NED at 47 mo 
27. M 79 T2N0 2.50 5.21 4.22 RT DOD at 19 mo
28. M 63 T3N0 2.62 6.61 6.46 OP + RT DOD at 10 mo
29. M 59 T2N1 2.68 5.88 5.08 RT REC at 17 mo  
      DOD at 42 mo
30. M 63 T4N0 2.81 5.52 5.48 OP + RT NED at 42 mo
31. M 52 T2N0 3.14 5.47 4.48 RT NED at 59 mo
32. M 65 T2N0 3.30 5.21 4.66 RT  REC at 12 mo
      DOD at 35 mo
33. M 53 T3N0 3.75 4.82 4.54 OP NED at 33 mo

34. M 61 T4N2 NA 3.92 3.68 OP + RT NED at 49 mo

PSR = protein synthesis rate; SUV = standardized uptake value; T/N = tumor-to-nontumor 

ratio; RT = radiotherapy; OP = surgery of the primary site and/or neckdissection; OP + RT = 

surgery with postoperative radiotherapy; NED = no evidence of disease; REC = recurrent 

disease; DOD = dead of disease; NA = not available.
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Figure 2. 

Cumulative survival of patients with T1-T4 laryngeal carcinomas (n=34). Diff erences between 

patients with tumor PSR equal to or higher than the median (2.0 nmol/ml/min) and patients 

with tumor PSR lower than the median are demonstrated (p=0.07).

 Similarly, the survival of patients with higher than median SUV
BW

 (≥4.22) and 

higher than median T/N-ratio (≥4.64) diff ered signifi cantly (p<0.05) from patients with 

lower than median uptake values. When the quantitative parameters were corrected for 

age in a multivariate analysis (Cox proportional hazard model), only the PSR (p=0.049, RR 

4.2, 95% confi dence interval, 1.0-17.2) had independent infl uence on survival.

In the group of patients treated with primary surgery, no diff erences were found 

in survival times between the group with higher, or the group with lower than median 

quantitative values.

When pretreatment PSR was used for the evaluation of therapy outcome after 

radiotherapy, no signifi cant diff erences (p=0.08) were observed between PSR values in 

patients with recurrent disease (median 2.17 nmol/ml/min; range 1.58-3.30 nmol/ml/min) 

and patients without recurrence (median 1.47 nmol/ml/min; range 0.72-3.14 nmol/ml/

min) during follow-up. In the search for a cut-off  value, diff erences in recurrence rates 

between patients with higher than median PSR (recurrence rate 50%) and smaller than 

median PSR (recurrence rate 17%) were observed, but PSR was not a predictive factor of 

recurrent disease in univariate analysis.
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Figure 3. 

Survival curves (Kaplan-Meier) of patients with laryngeal carcinomas treated with primary 

radiotherapy (n=20). Signifi cant diff erences (p=0.03) are demonstrated between patients 

(n=9) with tumor PSR equal to or higher than the median (2.0 nmol/ml/min) and patients 

(n=11) with tumor PSR lower than the median.

DISCUSSION

Choosing the optimal treatment for an individual patient with squamous cell carcinoma 

of the head and neck is a challenge because of the unpredictable clinical behavior of 

this malignancy. TNM classifi cation is the only independent prognostic value, but has 

limitations in the management of a particular patient with laryngeal cancer 12. In patients 

with T2, T3 and small T4 laryngeal carcinomas, a more accurate way of determining which 

will and which will not have a total response to curative radiotherapy is needed to help 

with selection of the therapy and evaluation of prognosis. As we were interested in gaining 

insight into the prognosis of laryngeal carcinomas based on TYR uptake, we also included 

T1 patients.

When using FDG-PET to study untreated head and neck tumors Minn et al. 3  found that 

high FDG uptake was associated with poor prognosis. This fi nding suggests that FDG-

PET may predict survival in head and neck cancer. Previous studies on other tumors 

suggested that a relatively low FDG uptake before therapy indicates a good response to
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Table 3

Patient characteristics according to median PSR (2.0 nmol/ml/min)

 

            PSR< median       PSR≥ median 

 Characteristic  ( n = 11)   ( n = 9)

  Sex 

  Male  10   8

  Female    1   1

 Age (yrs)

  ≤ 64    6   4

  > 64    5   5

 Type

  Glottic    7     6

  Supraglottic   4     3

 Primary tumor 

  T1    3     0

  T2    8     9

 Lymph nodes

  N0  10     7

  N1    1   1

  N2    0   0

 UICC stage

  I    3   0

  II    8   7

  III    0    1

  IV    0     1

 Histological grade

  G1    5     2

  G2    4     5

  G3    1     1

  Gx    1     1

UICC = International Union Against Cancer 10

the subsequent treatment and high FDG uptake indicates a poor response 13,14. However, 

the drawbacks of FDG for monitoring therapy, such as the accumulation of the tracer in 

benign tumors and infl ammatory tissue, have led to the application of other radiotracers 
4. 
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L-[methyl-11C]-methionine (MET) is the most frequently used radiolabeled amino 

acid, and head and neck cancer has been extensively investigated with MET-PET 15,16. In a 

recent study on the prediction of clinical outcome by MET-PET, no relationship was found 

between the calculated SUV and the length of survival 17. Methyl-labeled methionine is 

involved in several metabolic pathways, such as transmethylation and polyamine synthesis, 

and is converted in S-adenosyl methionine, potentially leading to the accumulation of 

nonprotein metabolites in tumor tissue 18. The complicated metabolism of methionine 

has made it impossible to construct a precise metabolic model, and quantifi cation with 

this radiotracer is therefore rather diffi  cult if not impossible. Lindholm et al. 17 suggested 

that more specifi c PET tracers, such as TYR, are needed for basic studies on cancer biology. 

They stated also that since TYR uptake is related to PSR, investigation of the association 

between tumor TYR uptake and prognosis in head and neck cancer would be of interest. 

Recently, the feasibility of TYR-PET for detection and quantifi cation of PSR of squamous 

cell carcinoma of the larynx and hypopharynx has been demonstrated 5. 

Nearly all amino acids have been radiolabeled to study potential imaging 

characteristics, but mainly MET and TYR have been studied with regard to the ease of 

synthesis, biodistribution and formation of radiolabeled metabolites in vivo. More 

recently, artifi cial amino acids such as L-3-[18F]fl uoro-alpha-methyl-tyrosine (FMT) and O-

2-[18F]fl uoroethyl-L-tyrosine (FET), L-3-[123I]iodo-alpha-methyl-tyrosine (IMT), 

1-aminocyclopentane carboxyl acid (ACPC), α-aminoisobutyric acid (AIB),  [18F]fl uoro-

L-phenylalanine and [11C-methyl]-alpha-aminoisobutyric have been studied 18. Special 

interest should be taken on artifi cial tyrosine analogues, like FET, which demonstrate 

results comparable to MET. FET is not metabolized and not incorporated into proteins, and 

therefore is suggested to refl ect amino acid transport rate rather than protein synthesis 
19.

In the present study, a signifi cant relationship was observed between TYR uptake 

and survival in patients with laryngeal carcinomas treated with radiotherapy. A PSR, SUV
BW

 

and T/N-ratio higher than median values correlated with poor prognosis, and quantitative 

values of individual tumors may therefore predict radiocurability. TYR-PET may have a 

future role in therapy strategy in laryngeal cancer, in particular for planning radiotherapy. 

However, for clinical practice, recurrence of disease after radiotherapy is also of interest. 

Because we demonstrated no statistically signifi cant diff erence (p=0.08) between PSR 

values of patients with and patients without recurrent disease, the predictive value of 

PSR for disease recurrence remains unclear. The small number of recurrences (n=6) in this 

study could be a possible explanation for this observation, and future investigations are 

necessary to assess whether PSR has value for predicting disease recurrence. 

Our study included patients with diff erent tumor stages, but all tumors were 

larger than 1.5 cm. in diameter. Because this diameter is more than twice the resolution 

of the PET camera, the infl uence of partial volume eff ects and underestimation of TYR 

uptake in smaller lesions, seems negligible in our series.

Prediction of survival and therapy outcome with 11C-tyrosine PET in patients with laryngeal carcinomas 



76

The dispersion of quantitative values of the two groups is, however, a matter of 

concern, and larger series of patients are needed to assess the optimal cutoff  value of 

TYR-PET for therapy planning. Furthermore, we did not observe a diff erence in survival for 

patients with larger tumors treated by surgery, suggesting the infl uence of other factors 

on metabolic tumor activity.  

Although tracer uptake in head and neck tumors and other malignancies may 

be assessed in a simple, qualitative way, our study supports quantitative tumor activity 

evaluation that adds additional information not available with other modalities. Although 

PSR was the only independent prognostic factor in multivariate analysis, we observed 

comparable results in predicting survival between PSR and SUV
BW

 in univariate analysis. 

SUV calculations are preferable to absolute quantifi cation (PSR) because of the absence of 

arterial sampling and the reduction in scanning time. These qualities would also improve 

the applications of TYR-PET and other amino acid tracers for clinical routine use. Whether 

pretreatment SUV is an independent predicting factor has to be investigated in larger 

series. 

In this study, we observed a small diff erence in histological grade between the two 

groups of patients who underwent radiotherapy. TYR-PET of in vivo tumor metabolism is 

currently under investigation - as is the in vitro biological activity of laryngeal carcinomas 

as refl ected by tumor grade, number of mitosis and amount of proliferating cells - to 

evaluate the association between histopathological parameters and PSR.  

CONCLUSIONS

Predicting the survival of patients undergoing radiotherapy for laryngeal squamous cell 

carcinomas is feasible through the use of TYR-PET to quantify tumor uptake of tracer 

before treatment. Survival diff ered signifi cantly between patients with TYR uptake equal 

to or higher than the median and those with tumor TYR uptake lower than the median. 

Multivariate analysis proved that PSR was an independent predictor of survival, but PSR 

was not a distinct predictor of disease recurrence. However, pretreatment quantitative TYR-

PET may have an additional role in the planning of therapy of squamous cell carcinomas 

of the head and neck.
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INTRODUCTION

Clinical staging and therapy planning of laryngeal tumors is based on the TNM classifi cation 

concerning tumor size and extension and metastatic spread to cervical lymph nodes or 

other organs. It has been shown that tumor stage is the only independent prognostic 

variable in head and neck tumors, despite an intensive search for other pathological and 

biological predictive factors 1. However, tumors with similar clinical stage may respond 

to therapy diff erently 2, indicating that morphological parameters used in the TNM 

classifi cation are not suffi  cient for an accurate estimation of individual treatment outcome 

and prognosis. 

The behavior of disease is suggested to be related to the metabolic activity of 

tumors. In vitro, the metabolic activity is assessed by histological parameters as mitotic 

activity, proliferation and diff erentiation. Although high mitotic rate, high proliferation and 

loss of diff erentiation represent aggressive tumor growth in general, these parameters have 

not been included in the routine staging or therapy planning of laryngeal carcinomas. 

In the past years it has been shown that tumor metabolism can be determined 

in vivo by positron emission tomography (PET), in which radiopharmaceuticals labeled 

with positron-emitting nuclides are used to assess metabolic and pathophysiological 

processes. The glucose analogue 2-[18F]-fl uoro-2-deoxy-D-glucose (FDG) is the most widely 

used radiopharmaceutical in PET and the application of FDG-PET has been successful for a 

variety of malignancies 3, including primary head and neck cancers and metastatic cervical 

lymph nodes 4,5. Relations between in vivo glucose consumption as measured by FDG-PET 

and in vitro tumor grade have been described for diff erent tumor types 6. In head and neck 

tumors, the relations between metabolic FDG uptake and histopathologic parameters 

were controversial in several studies 7-9. Furthermore, FDG is not tumor specifi c, due to 

accumulation in benign lesions and infl ammatory tissues 10.

Amino acids are less avidly metabolized by infl ammatory cells and therefore 11C-

labeled amino acids were introduced as radiotracers 11. Uptake of amino acids in tumor 

tissue is high, due to an increased protein synthesis 12. Methyl-labeled 11C-methionine 

(MET) is the most frequently used amino acid, mainly due to the relative ease of synthesis. 

However, the position of the 11C-label does not allow for quantitative studies 11. L-[1-11C]-

tyrosine (TYR), a carboxyl-labeled amino acid, is an appropriate compound to determine 

protein synthesis activity in tumor tissue and by using a dynamic scanning procedure, 

quantifi cation of the Protein Synthesis Rate (PSR) of tumor tissue is possible 13. TYR-PET has 

been successfully used in detection and quantifi cation of diff erent primary and recurrent 

tumors, including head and neck malignancies 14-18.

The aim of the current study was to investigate the presence of relations between 

in vivo tumor metabolism using TYR-PET and in vitro biological activity of laryngeal 

carcinomas as refl ected by tumor grade, number of mitoses and amount of proliferating 

cells.
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MATERIALS AND METHODS

Patients

TYR-PET was performed in twenty-fi ve patients, 22 men and 3 women, with a histologic 

diagnosis of squamous cell carcinoma of the larynx (Table 1). Tumors were clinically 

staged by physical examination of head and neck, endoscopic examination under 

general anesthesia, biopsies of all suspicious areas of the upper aerodigestive tract and 

CT imaging according to the TNM classifi cation system (UICC, 1997) 19. Median age at the 

time of diagnosis was 64 years (range 46-80 yr). The locations of the twenty-fi ve tumors 

were 40% glottic, 56% supraglottic  and 4% transglottic. The diameter of all tumors was 

larger than 15 mm.

Table 1

Patient and tumor characteristics

  Characteristics     Number  

   Men      22

  Women        3

  Primary site

   Larynx    

    glottic    10

    supraglottic   14

    transglottic     1

  Primary tumor 

   T1       1

   T2     12

   T3       6

   T4       6

  Lymph nodes

   N0     19

   N1       1

   N2       5

   N3       0

  Histological grade

   G1       9

   G2     10 

   G3       6

  UICC stage

   I       1

   II       9

   III       5

   IV     10 

UICC = International Union Against Cancer (1997)
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The TYR-PET study was approved by the medical ethics committee of the Groningen 

University Hospital and written informed consent was obtained from all subjects. 

Curative therapy was planned according to the type, location and stage of the 

disease. Thirteen patients received defi nitive megavoltage radiotherapy with a conventional 

fractionation schedule to a total absorbed tumor dose of 66-70 Gy, 2 Gy per fraction, fi ve 

fractions weekly. Surgery was performed in 12 patients by total laryngectomy, including 

neck dissection in six subjects. All operated patients received additional radiotherapy to 

the tumor dose of 60-70 Gy  in 30-35 fractions.

Histological examination

In all patients, histological diagnosis was made on haematoxilin-eosin stained paraffi  n 

sections, with or without additional immuno histological stains, of tumor tissue obtained 

by diagnostic biopsy during endoscopy. The squamous cell carcinomas were graded 

according to the UICC grading system 19 (Table 1). Of the twelve patients who underwent 

total laryngectomy, histological comparison between the larynx specimen and the 

biopsies was performed to determine possible sampling errors. 

 The percentage of mitotic fi gures was counted in ten fi elds on haematoxilin-

eosin stained paraffi  n sections. Proliferating cells were detected using the monoclonal 

antibody MIB-1 (DAKO, Glostrup, Denmark), which recognises an epitope of the Ki-67 

antigen. Ki-67 is a nuclear antigen present in all parts of the cell cycle except for the G-

zero phase of the cell cycle (G0), in which cells are withdrawn from the cell cycle, and 

the early Gap 1 phase (G1), the phase of the cell cycle before the start of DNA synthesis. 

Immunohistochemistry was performed on paraffi  n sections (4 μm) according to a method 

modifi ed from Shi et al. 20. Briefl y, after heating on a hot plate, slides were dewaxed in 

xylene and rehydrated in serial ethanol washes (100%, 96% and 70%). After one night 

heating at 80 oC in 0.1 M Tris/HCl buff er solution pH=9.0, peroxidase was blocked using 

0.3% H
2
O

2. 
Subsequently, the slides were incubated with the MIB-1 antibody in 1% BSA/

PBS (pH=7.4) for 1 hour at room temperature in a humidifi ed chamber. The primary 

antibody was detected with a rabbit antimouse (DAKO, Glostrup, Denmark) peroxidase 

labeled secondary antibody diluted in 1:50 + 1% human serum (type AB) followed by 

incubation with goat antirabbit conjugated peroxidase diluted in 1:50 +1% human serum 

(type AB). 3.3-diaminobenzidine tetrahydrochloride (Sigma, St. Louis, USA) with imidazole 

(Merck KgaA, Darmstadt, Germany) in PBS was used as the chromagen according to the 

manufacturer’s instructions. After counterstaining with Mayer’s haematoxylin, the slides 

were dehydrated through graded alcohols and mounted with coverslips.

For determining the percentage of mitotic cells and the Ki-67 labelling index 

(LI), we used ocular micrometry on a microscope by using an eyepiece grid at x400 

magnifi cation. Ten fi elds were randomly selected throughout histologically viable tumor 

areas. Endothelial cells, infl ammatory cells and necrosis were excluded. The number of 
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mitotic fi gures and the Ki-67 positive nuclei was then divided by the total number of 

nuclei in each of the ten fi elds to calculate the percentage of dividing and proliferating 

cells per fi eld. The percentage of mitotic cells and the Ki-67 LI was defi ned as the mean of 

the indices of the ten fi elds.

PET

Dynamic TYR-PET studies were performed in all twenty-fi ve patients. TYR was produced 

via a modifi ed microwave induced Bücherer-Strecker synthesis 21. Synthesis time was 40 

minutes, including high performance liquid chromatography (HPLC) purifi cation and 

testing for sterility, with a radiochemical purity over 99%. 

The PET images were acquired using an ECAT 951/31 PET camera (Siemens/CTI, 

Knoxville, TN). This device has a 56-cm-diameter patient aperture and acquires 31 planes 

simultaneously. The axial fi eld-of-view is 10.8-cm and the resolution is 6 mm full width of 

half maximum (FWHM). The head of the patient was fi xed in a position with the Frankfurter 

horizontal plane (line between the external meatus acusticus and the lower orbital rim) 

making an angle of 110° with the horizontal bed position. Patients fasted for at least 8 hr 

(except for water and their usual medication) before the study. 

A venous canula was placed in the antecubital vein of the forearm for injection of 

TYR. In the radial artery of the contralateral arm an arterial canula was placed under local 

anaesthesia. Before injection of TYR, a 20 min transmission scan using a 68Ge/68Ga-source  

was obtained to correct for photon attenuation by body tissues in the imaged area. TYR 

was administered intravenously over a 1 min period. The median injected dose was 368 

MBq (range 144-399 MBq). Dynamic scanning with 16 time frames was performed from 

the time of injection to 50 minutes post-injection at the level of the tumor. The protocol 

included ten 30-seconds images, three 5-minutes images and three 10-minutes images. 

Simultaneously, arterial blood samples were taken at set time points in order to assess 

TYR plasma time-activity curve, 11CO
2
 concentration and other 11C-labeled metabolites 

by radio-HPLC 13. The plasma tyrosine levels were assessed and ranged from 0.031-0.087 

mmol/L, which is within normal values for our laboratory and in accordance with values 

reported in the literature.

PET data analysis

PET data were reconstructed using fi ltered backprojection by a 0.5 cycle/pixel Hann-fi lter 

to obtain transaxial images which were displayed applying standard ECAT software.

 To determine tumor PSR, a region of interest (ROI) was placed in the plane with 

most intense uptake at the site of the tumor as observed at visual analysis, using a 70% 

threshold of maximum intensity. The tissue time-activity curve obtained from this ROI, 

together with the plasma-input data (MBq/ml TYR corrected for 11CO
2
 and 11C-labeled 

proteins) were used to calculate PSR in nanomoles per milliliter tumor tissue per minute 

(nmol/ml/min) using a modifi ed Patlak analysis 14. By visually masking nontumor regions 
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with physiologically high uptake of TYR (e.g. salivary glands), these regions were prevented 

from contributing to the average tumor time-activity curve. 

Semiquantitative analyses were also performed by calculation of standardized 

uptake values (SUV) and estimation of tumor-to-nontumor ratio (T/N) to compare absolute 

quantifi cation (PSR) with semiquantitative methods. The SUV based on bodyweight (SUV
BW

) 

was defi ned as the tumor tissue activity (MBq/ml) in a ROI, as measured by PET, divided by 

the injected dose (MBq) per kilogram bodyweight. In addition, nontumor uptake (N) was 

assessed from the right trapezius muscle and the T/N-ratio could be calculated. SUV
BW

 and 

T/N-ratio were calculated from the summed data obtained of the last three frames (20-50 

min postinjection) to reconstruct one static scan.

Statistical analysis

To quantify the degree of correlation between PET results and histological parameters, 

a two-tailed Spearman test (non-parametric parameters) or Pearson test (parametric 

parameters) correlation analysis was performed. Comparison of the histological grading 

between the larynx specimen and the biopsy was assessed by a Spearman test. One-way 

analysis of variance (ANOVA) was used to assess diff erences between grading groups. A  

p-value of <0.05 was considered to be signifi cant.

RESULTS

In the qualitative evaluation of TYR-PET studies, all 25 primary malignancies were identifi ed 

correctly (Fig. 1). The tumor PSR ranged from 0.87 to 6.96 nmol/ml/min (median 2.32 

nmol/ml/min). The median SUV
BW

 and T/N-ratio of tumor tissue were 4.62 (range 1.85-

7.34) and 4.85 (range 2.33-9.09), respectively. In one patient, only SUV and T/N-ratio could 

be calculated, due to the absence of arterial canulation for technical reasons. 

Figure 1. 

TYR-PET scan of a patient with a T2 N0 supraglottic laryngeal 

squamous cell carcinoma.

UICC grading showed 9 well diff erentiated (G1), 10 moderately diff erentiated (G2), 

and 6 poorly diff erentiated (G3) tumors (Table 1). Glottic laryngeal carcinomas contained 

mainly high diff erentiated tumors (56% G1), whereas 76% of the supraglottic tumors were 

moderately (G2) or poorly (G3) diff erentiated. The mean PSR values for G1, G2 and G3 

tumors were 1.91 nmol/ml/min (range 1.14-3.75), 2.60 nmol/ml/min (range 0.87-6.96) and 

3.49 nmol/ml/min (1.62-5.12), respectively (Fig. 2a). Statistical analysis (one-way ANOVA) 

could not demonstrate signifi cant diff erences in PSR values (p=0.083) between G1, G2 or
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Figure 2. 

Tumor grade (G1= well diff erentiated; G2= 

moderately diff erentiated and G3= poorly 

diff erentiated) versus  protein synthesis rate 

(PSR) (Figure 2a), standardized uptake values 

(SUV
BW

) (Figure 2b) and tumor-to-nontumor 

ratio (T/N) (Figure 2c) as measured by PET of 

laryngeal and hypopharyngeal carcinomas. 

Mean values are refl ected as horizontal lines 

in each grading group. A tendency  (p=0.083) 

was observed between PSR values and grade.

G3 tumors. Diff erences in SUV and T/N-ratio between the diff erent grading groups were 

not signifi cant either (Fig. 2b and 2c). When supraglottic tumors were evaluated separately, 

the mean PSR values for G1, G2 and G3 tumors were 1.55 nmol/ml/min (range 1.23-2.32), 

2.60 nmol/ml/min (range 2.40-2.81) and 4.69 nmol/ml/min (4.16-5.12), respectively (Fig. 

3). Although statistical analysis was not valid because of the limited number of patients, 

an association exists between increase of metabolic activity and loss of diff erentiation in 

tumors.

Mitotic activity ranged from 0.06-4.3% with a median value of 0.56%. No 

correlations were observed between the mitotic activity and PSR, SUV
BW 

or T/N-ratio as 

measured by PET (Fig. 4). 
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Figure 3. 

Protein synthesis rate (PSR) as measured by 

TYR-PET versus tumor grade of supraglottic 

squamous cell carcimomas.

Figure 4. 

In vitro mitotic activity versus in vivo protein 

synthesis rate (PSR) as measured by TYR-PET. 

No signifi cant correlation (p=ns) could be 

found.

Darkly stained positive nuclei were clearly distinguished from negative nuclei (Fig. 5). Ki-67 

LI varied from 8% to 69% with a median percentage of 24%. No correlation was observed 

between the percentage of cells in proliferation and PSR, SUV
BW 

or T/N-ratio (Fig. 6).  

Figure 5. 

Monoclonal antibody MIB-1 stained tissue sections of a supraglottic tumor (20x; fi gure 5a, 

and 200x; fi gure 5b, respectively) showing a low amount of proliferating cells. All dark nuclei 

express Ki-67 and have entered the cell cycle.
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DISCUSSION

The current study was set up to assess a relation between in vivo metabolic activity of 

laryngeal squamous cell carcinomas as measured by TYR-PET and in vitro biological 

parameters as determined by histopathological techniques. 

 The growth rate of tumors, and therefore metabolic activity, is an essential feature 

in their malignant potential. In histopathology, the malignancy grade is associated with 

the aggressiveness of growth. Although loss of diff erentiation in tumors results in a less 

effi  cient and therefore higher use of energy, and higher mitotic rate and proliferation 

activity require more energy, a clear correlation between histologic parameters and tumor 

metabolism has not been demonstrated. 
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Figure 6. 

Protein synthesis rate (PSR) as measured by TYR-PET versus proliferation activity. The correlation 

between PSR and the Ki-67 labeling index (LI) was not signifi cant.

PET versus histological grade

In FDG studies, a relation between histological grade and glucose uptake has been 

controversial. In patients with soft-tissue sarcomas 22, non-Hodgkin lymphomas 23 and 

brain tumors 24 FDG uptake was related to histological grading. However, a discrepancy 

between FDG uptake and grading was described in patients with head and neck cancer. 

In a FDG study on thirty-seven patients with diff erent head and neck tumors, Minn et al. 

described a strong association between high FDG uptake and low or moderate histological 

grade 9. However, in several other studies on head and neck tumors, no clear correlations 

were found 8,10,25. Correlations between histological grade and MET uptake were found in 

brain, lung and uterine cancer 26, but not in patients with head and neck carcinomas 27.

 TYR-PET studies for comparison with histological grading have been performed 

in brain and soft tissue sarcomas. Brain tumors demonstrated no correlations between 

histological grading and TYR uptake 15,28. In soft-tissue sarcomas, Kole et al. described 

a moderate correlation (r=0.58) between PSR and grade 29, while Plaat et al. could not 

confi rm this result 30. 

Prediction of survival and therapy outcome with 11C-tyrosine PET in patients with laryngeal carcinomas 
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In the present study with a small number of patients, the quantitative metabolic 

values did not diff er signifi cantly between the tumor grades, although a tendency (p=0.083) 

appears to be present. The diff erences were even more evident when supraglottic tumors 

were evaluated separately, suggesting a relationship between in vivo metabolic activity 

and tumor aggressiveness. Distiction between glottic and supraglottic tumors was made 

because of heterogeneity of laryngeal carcinomas. Although there is no overwelming 

evidence to support the view that tumors from diff erent sites of the larynx have intrinsic 

biological diff erences, supraglottic tumors do tend to be more moderately and poorly 

diff erentiated than glottic tumors 31. This is in accordance with the results of our study. 

PET versus proliferation and mitosis

High proliferative activity in tumors indicates that a high proportion of tumor cells has 

entered the cell division cycle (G1, S and G2 phases), whereas a high mitotic rate implies 

that a large number of cells is in the fi nal phase of the cell cycle (M phase). Proliferation 

and mitosis are markers of the biological behavior of malignant tumors 32. In patients with 

intracranial tumors and bronchial carcinomas, FDG uptake was shown to be related to 

proliferative activity 29. In head and neck tumors the results were not conclusive. Initial 

studies by Minn et al. 6 revealed a relation between glucose metabolism and proliferation 

of head and neck tumors based on DNA fl ow cytometry data. They suggested that the 

increase in glucose utilization in head and neck tumors is mainly needed for nucleic acid 

synthesis. However, in a FDG and fl ow cytometry study by Haberkorn et al., no linear 

correlation between FDG uptake and proliferation index was found 7. Only when the head 

and neck tumors were separated in groups with high and low FDG uptake, correlations 

could be demonstrated. These data suggest that other factors contribute to the uptake of 

FDG in tumors. Also in vitro studies using FDG-PET produced contradictive results. Higashi 

et al. found that FDG uptake did not correlate with proliferative activity, but strongly related 

to the number of viable tumor cells 8. A recent study using Ki-67 labeling demonstrated a 

correlation with FDG uptake and proliferation kinetics in head and neck tumors 33, which 

is in contrast to previously reported results 9.

 The outcome from studies comparing FDG and MET uptake with histopathological 

parameters are not conclusive either. Whereas Minn et al. 34 found that MET uptake 

represented proliferative activity and FDG was a marker of cell viability, the opposite 

conclusion was reached by Kubota et al. 35.

Studies comparing mitotic and proliferative activity with TYR uptake have been 

performed in brain and soft tissue sarcomas. In two studies of patients with various brain 

tumors, no correlation was found between proliferation and PSR, as measured with TYR-

PET 14,28. Two studies on soft tissue sarcomas demonstrated correlations between PSR 

and proliferation, but in only one study a relationship was observed with mitotic rate 
29,30. In the present study on patients with laryngeal carcinomas, no correlations were 

observed between mitotic rate or proliferative activity as measured by Ki-67 labeling and 

quantitative TYR-PET values. 
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Several diff erent explanations should be considered for the inconsistency in 

observations of the diff erent TYR-PET studies. Due to a restricted research setting of PET 

studies and the relatively low incidence of head and neck tumors, the number of patients 

is necessarily limited and heterogeneous. Furthermore, neoplasms diff er in heterogeneity 

on the cellular level, and may also be macroscopically heterogeneous, due to diff erences 

in distribution of cell populations, vascular structures, stroma and necrotic tissue. Schmidt 

et al. have demonstrated that tissue heterogeneity can have signifi cant eff ects on the 

quantitative parameter values 36. The diff erences in TYR-PET observations between brain 

tumors, soft tissue sarcomas and head and neck carcinomas may be caused by inter- and 

intratumor heterogeneity.

Also, in analyzing the relationship between tracer uptake and histological 

parameters, the intratumor heterogeneity of squamous cell carcinomas of the larynx 

may cause sampling errors in the histological evaluation. The TYR uptake, based on a 

standardized ROI analysis, encompasses the entire tumor, whereas histological parameters 

are evaluated on a representative tissue sample. Sampling errors were reduced by 

analyzing randomly selected microscopic areas within the tumor sample. Although we 

found relatively high correlations (r=0.87) between grading of the samples of the larynx 

specimen and the biopsies in the present study, sampling errors may still have occurred 

and have infl uenced the relations between histological parameters and PET results.

Cell proliferation has been demonstrated to increase in almost all tumors and 

is often measured by immunostaining the Ki-67 protein. However, several reports 

demonstrated that Ki-67 does not have prognostic value in predicting therapy outcome 

of head and neck tumors 31. The limited number of patients and the heterogeneity of the 

tumors was often mentioned as explanation for these results, but it can also be argued 

that Ki-67 is not the optimal parameter for assessment of tumor growth of head and neck 

tumors. Furthermore, proliferative activity does not seem to have a signifi cant relationship 

to histopathological grading in head and neck tumors 37. This could explain the fact that 

in the present study a relation was observed between TYR uptake and grade, but not 

between TYR uptake and proliferative activity. In vivo metabolic activity of tumors has 

been suggested to be related to the behavior of the disease, and in head and neck tumors, 

FDG uptake was demonstrated to be a prognostic factor 9. Our results suggest that in 

vivo metabolic activity using TYR-PET refl ects tumor aggressiveness since an association 

was observed between TYR uptake and tumor grade, but not with proliferation or mitotic 

activity of laryngeal squamous cell carcinomas. Further investigation of histopathological 

and biological parameters in larger series of patients with laryngeal carcinomas is essential 

for assessment of future applications of TYR-PET. On the other hand, the development 

of future histopathological tumormarkers may reveal other relationships between 

histopathology and PET.

PET with L-[1-11C]-tyrosine in relation to the histopathology of laryngeal carcinomas
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CONCLUSIONS

In the present study the relationships between in vivo tumor metabolism using TYR-

PET and in vitro biological activity as refl ected by tumor grade, mitotic and proliferative 

activity of laryngeal squamous cell carcinomas, were investigated. An association was 

found between TYR uptake and tumor grade, but not with the number of mitoses or 

the amount of proliferating cells measured by Ki-67 immunostaining. These results may 

suggest a relation between in vivo TYR uptake and aggressiveness of tumor growth.
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Chapter 7

Summary and conclusions



SUMMARY

Squamous cell carcinomas (SCC) of the larynx have the highest incidence of all newly 

diagnosed patients with head and neck cancer. Accurate assessment of primary tumor 

extent and metastatic lymph node involvement is essential for optimal treatment of SCC. 

Current diagnostic procedures for detection and staging of primary and metastatic lesions, 

for evaluation of response to therapy and for detection of residual or recurrent disease, 

are performed by several modalities. These include physical examination, laryngoscopy 

under general anaesthesia, biopsies of all suspect areas and computed tomography (CT) 

or magnetic resonance imaging (MRI), ultrasound (US) and ultrasound guided fi ne needle 

aspiration (UsgFNAC). Despite all these modern diagnostic modalities, the overall survival 

of patients with laryngeal or hypopharyngeal carcinomas has not increased over the last 

four decades. The current modalities have limitations in accurately detecting primary and 

residual/recurrent disease. These limitations may cause either over- or undertreatment 

with consequent eff ects on morbidity and survival.

Positron emission tomography (PET) is a functional imaging modality that 

enables determination of tissue metabolism and pathophysiology in vivo, and therefore 

of tumor tissue metabolism. In contrast to CT and MRI, PET is not hampered by anatomical 

or structural changes since it refl ects metabolism and alterations therein. Investigating 

the feasibility of PET with L-[1-11C]-tyrosine (TYR-PET) for clinical use in SCC of the larynx 

and hypopharynx is the purpose of this thesis. In Chapter 1, SCC of the larynx and 

hypopharynx are discussed in terms of epidemiology and current diagnostic procedures 

including its limitations. The aims of the thesis conclude Chapter 1.

Chapter 2 described the fi rst published study on the clinical applications of TYR-PET in 

SCC of the larynx and hypopharynx. This feasibility study investigated the visualization 

of SCC of the larynx and hypopharynx by dynamic TYR-PET, and quantifi cation of tumor 

activity by assessment of the Protein Synthesis Rate (PSR). In contrast to static scanning, 

in which the scanning procedure is performed in one position for a fi xed time, starting at 

a certain time after injection of a radiopharmaceutical, dynamic scanning is performed 

in several successive images starting at the time of injection. The activity in tissues and 

blood can be followed in time and from the dynamic images time-activity curves can be 

obtained. Absolute quantifi cation of metabolic tumor processes can be calculated by 

using these parameters in a kinetic model.

It was demonstrated that laryngeal and hypopharyngeal tumors can be clearly 

visualized with TYR, and a high sensitivity (100%) for detection of this malignancies was 

found. 

In the quantifi cation of tumor metabolism, the carboxyl-labeled amino acid TYR appears 

to be an appropriate compound to determine protein synthesis activity in laryngeal 

and hypopharyngeal tumor. Quantifi cation of the metabolic rates of the malignancies 
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and normal tissue, showed a signifi cant diff erence between the PSR of tumor tissue and 

background tissue in all patients. 

However, no additional information was obtained by quantifi cation over 

visualization alone in detection of primary malignancies. Therefore, in vivo quantifi cation 

of tumor metabolism by assessment of PSR using dynamic TYR-PET, seems not to be 

necessary in detection of previously untreated tumors. 

Given the ability of dynamic TYR-PET for quantifi cation of increased protein synthesis in 

tumor tissue in vivo, we have compared this method with several other, less elaborate, 

quantifi cation methods in Chapter 3.  For quantifi cation of the protein synthesis rate (PSR), 

arterial cannulation with repeated blood sampling to obtain the plasma input function, 

and a dynamic TYR-PET study to calculate a time-activity curve, are necessary. In most PET 

studies, the standardized uptake value (SUV) method is used to quantify tumor activity. 

SUV can be calculated without repeated arterial blood sampling and prolonged scanning 

time, as required for determination of PSR, and is therefore less stressful for the patient. 

The relationship between PSR and SUV is largely unknown and diff erent factors can cause 

wide variability in SUV. To determine the feasibility of noninvasive PET in head and neck 

oncology, the comparison of the absolute quantifi cation method (PSR) with four diff erent 

SUV methods (uncorrected SUV (SUV
BW

); SUVs corrected for body surface area (SUV
BSA

); for 

lean body mass (SUV
LBM

) and Quetelet index (SUV
QI

 )) was performed. 

High correlation between the quantitative values (PSR) and the SUVs were 

described which off er the possibility to use noninvasive TYR-PET for reliable quantifi cation 

of the metabolic tumor activity in primary laryngeal carcinomas.

One of the major problems in head and neck oncology is determination of tumor status 

after radiotherapy. Physical examination and conventional imaging by CT and MRI do not 

always accurately diff erentiate between residual or recurrent tumor and post treatment 

infl ammation, fi brosis, edema or scarring. In Chapter 4, the accuracy and diagnostic value 

of TYR-PET for therapy evaluation of laryngeal carcinomas were discussed. We evaluated 

tumor response measurements with TYR-PET and conventional imaging (CT) in nineteen 

patients with laryngeal carcinomas. PET and CT studies were performed before defi nitive 

treatment. For determination of tumor status, a second TYR-PET scan was performed 

three months after radiotherapy. After treatment, sensitivity and specifi city of TYR-PET for 

discrimination between residual tumor and benign post treatment tissue changes were 

both 100%, and for CT, 50% and 67%, respectively.

During the minimal follow-up period of 29 months, 6 patients had clinical suspicion 

of recurrent disease. In these six cases, a third TYR-PET, CT imaging and biopsies were 

performed. For detection of recurrent tumor during follow-up, sensitivity and specifi city 

of TYR-PET were also 100%, and CT, 75% and 50%, respectively. We demonstrated that 

TYR-PET is an accurate imaging modality for therapy evaluation in detection of residual 
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and recurrent disease with higher sensitivity and specifi city for discrimination of tumor 

status compared with conventional imaging.

Choosing the optimal treatment for an individual patient with squamous cell carcinoma 

of the larynx is a diffi  cult challenge because of the unpredictable clinical behavior of 

this malignancy. The optimal choice of therapy depends mainly on the stage, type and 

location of the tumor as assessed by clinical and morphological examination. Although 

tumor stage is the only independent factor predicting treatment outcome of laryngeal 

cancer, the TNM classifi cation has limitations in the management of a particular patient 

with head and neck cancer. Individual tumors with a similar clinical stage diff er greatly in 

the response to radiotherapy. The factors infl uencing this unpredictable clinical behavior 

and decreased radiocurability are generally unknown. Despite the large number of 

histopathologic and biological studies that have been performed, there are currently no 

morphologic or cytologic markers available to predict outcome in head and neck cancer. 

A reliable method for assessing the clinical behavior and predicting the radiocurability of 

tumors would assist in therapy strategy and prognostic value. In Chapter 5, we evaluated 

whether quantitative PET using TYR has predictive value for survival and therapy outcome 

in patients with primary SCC of the larynx.

Cumulative survival was compared between patients with tumor PSR equal to 

or higher than the median (2.0 nmol/ml/min) and those with tumor PSR lower than the 

median and was found not to be signifi cantly diff erent (p=0.07). When the radiotherapy 

group was evaluated separately, the diff erence in survival was signifi cant (p=0.03; 5-yrs 

survival, 30% vs. 73%) and high TYR uptake correlated with poor prognosis. In multivariate 

analysis, PSR was an independent predictive factor for survival. Because no signifi cant 

diff erence (p=0.08) was found between patients with or without recurrence, no predictive 

value of PSR for disease recurrence could be demonstrated.

Therefore, prediction of survival of patients undergoing radiotherapy for 

laryngeal squamous cell carcinoma is feasible primarily by using dynamic TYR-PET to 

quantify metabolic tumor activity before treatment and may be of value for treatment 

strategy. The dispersion of quantitative values of the two groups is, however, a matter of 

concern, and larger series of patients are needed to assess the optimal cut-off  value of 

TYR-PET for therapy planning. Furthermore, we did not observe a diff erence in survival for 

patients with larger tumors treated by surgery, suggesting the infl uence of other factors 

on metabolic tumor activity.  

The behavior of malignancies is suggested to be related to metabolic activity of tumors. 

Mitotic activity, proliferation rate and diff erentiation are in vitro histological parameters 

of metabolic activity. In vivo, tumor metabolism can be assessed by PET. Chapter 6 

described the relations between in vivo tumor metabolism using TYR-PET and in vitro 

biological activity as refl ected by tumor grade, mitotic and proliferative activity of laryngeal 

squamous cell carcinomas. 
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Twenty-eight patients with histologically confi rmed laryngeal carcinomas 

underwent dynamic TYR-PET before receiving defi nitive therapy. Diff erent methods 

for quantifi cation of tumor activity were performed: assessment of protein synthesis 

rate (PSR), calculation of standardized uptake value (SUV) and estimation of tumor-to-

nontumor (T/N) ratio. All tumors were graded according to the UICC grading system, 

the percentage of mitotic fi gures was determined and proliferating cells were detected 

by immunostaining the Ki-67 protein. In the mean values of well diff erentiated (G1), 

moderately diff erentiated (G2) and poorly diff erentiated (G3) tumors, a relation was found 

between TYR uptake and grade, suggesting a relation between in vivo metabolic activity 

and tumor aggressiveness. No correlations were observed between mitotic activity or 

percentage of cells in proliferation and diff erent quantifi cation methods as measured by 

PET.

CONCLUSIONS AND FUTURE PERSPECTIVES

This thesis describes the fi rst applications of TYR-PET in patients with SCC of the larynx and 

hypopharynx. We have demonstrated that TYR-PET is a reliable method for detection of 

laryngeal and hypopharyngeal carcinomas, and, by using a dynamic TYR-PET protocol, in 

vivo quantifi cation of metabolic tumor activity is feasible by assessment of the PSR (chapter 

2). In untreated laryngeal carcinomas, noninvasive quantifi cation methods (SUV) can be 

used instead of the absolute quantifi cation method (PSR) (chapter 3).  TYR-PET proved 

to be an accurate imaging modality for therapy evaluation with higher sensitivity and 

specifi city for discrimination of tumor status after treatment compared with conventional 

imaging (chapter 4). Pretreatment quantifi cation of tumor activity may have prognostic 

value for SCC treated by radiotherapy (chapter 5). Between in vitro biological activity and 

in vivo metabolic activity, a relation exists in PSR and tumor grade (chapter 6).

Although future investigations are necessary to assess the exact clinical 

applications of TYR-PET in head and neck tumors, PET has already an established value for 

clinical oncology in enlarging our knowledge of metabolic tumor processes. 

To predict the future of an imaging modality such as PET, the technical 

improvements in the other imaging modalities also need to be taken into account. These 

modalities will be evolving with improved resolution, faster acquisition, and improved 

injectable contrast. Although all of these other modalities will improve technically over 

time, their basic physical principles for image formation will not change: computed 

tomography (CT) will rely on attenuation of x-ray photons by tissue density, ultrasound 

(US) will rely on the refl ection of high frequency sound waves on tissue planes, and 

magnetic resonance imaging (MRI) will rely on radio-frequency signals from tissues in a 

magnetic fi eld. The basic principles of PET will continue to be based on the detection of 

photons emitted from the patient. 

However, the potential variety of radiopharmaceuticals or radiotracers which may 
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be developed in the future, can off er interesting possibilities for diagnosis and therapy 

evaluation. Some disadvantages of TYR-PET may be overcome by the development of 

future radiopharmaceuticals. The necessity of a cyclotron for the production of TYR and 

therefore reduced distribution capacity, the prolonged dynamic scanning time and arterial 

canulation for quantifi cation may limit future applications. Possible solutions may be found 

in new or other radiolabeled amino acids. Special interest should be taken on artifi cial 

amino acids such as 1-aminocyclopentane carboxyl acid (ACPC), α-aminoisobutyric 

acid (AIB),  [18F]fl uoro-L-phenylalanine and [11C-methyl]-alpha-aminoisobutyric and 

on artifi cial tyrosine analogues, as L-3-[18F]fl uoro-alpha-methyl-tyrosine (FMT) and O-

2-[18F]fl uoroethyl-L-tyrosine (FET), L-3-[123I]iodo-alpha-methyl-tyrosine (IMT). Also the 

proliferation tracers like [18F]-fl uoro-deoxy-L-fl uorothymidine (FLT) and [11C]-choline are 

considered to be potential tracers.

The continuing development of new and specifi c diagnostic and therapeutic 

tracers is one of the unique adaptive features of nuclear medicine and PET, which will 

maintain its role in clinical imaging and medicine. As some nuclear medicine procedures 

become obsolete because of competing imaging modalities, new tracers with better or 

diff erent biological characteristics will evolve.
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SAMENVATTING

Maligne tumoren van de larynx en hypopharynx (“keelkanker”) zijn de zesde meest 

voorkomende type kankers van het hele lichaam, en de meest voorkomende maligniteiten 

van het hoofd-hals gebied. Wereldwijd wordt deze diagnose bij ongeveer 500.000 nieuwe 

patiënten per jaar gesteld; in Nederland zijn er per jaar tussen de 700 - 800 nieuwe 

patiënten. 

 De behandeling van larynx- en hypopharynxtumoren bestaat uit radiotherapie, 

chemotherapie, chirurgie of een combinatie van deze behandelingen. Van de hele groep 

patiënten met een larynx- of hypopharynxcarcinoom is de gemiddelde 5-jaars overleving 

ongeveer 50%.

 Om voor deze patiëntenpopulatie tot een optimale behandelingsstrategie te 

komen is het van groot belang om exacte informatie te verkrijgen over de uitgebreidheid 

van de tumor en over de aanwezigheid van eventuele lymfekliermetastasen in de hals. 

Om dit te kunnen bepalen wordt gebruik gemaakt van diverse onderzoeksmethodes. Er 

vindt uitgebreid lichamelijk onderzoek plaats met beoordeling van de mond-keelholte 

en palpatie van de hals ter beoordeling van eventuele metastasen. Onder algehele 

anaesthesie wordt een laryngoscopie verricht om de oppervlakkige uitbreiding van de 

tumor te beoordelen, en waarbij tevens enige biopten worden genomen om de mate van 

maligniteit door histologisch onderzoek (“microscopisch weefselonderzoek) te bepalen. 

Daarnaast wordt radiologisch onderzoek verricht bestaande uit een CT of MRI scan ter 

beoordeling van diepere uitbreiding van de tumor in omliggende weefsels in de hals 

en voor eventuele lymfekliermetastasen. Deze onderzoeksmethodes worden tevens 

gebruikt ter evaluatie van de behandeling en voor het beoordelen van een eventueel 

tumorrecidief. 

Ondanks deze moderne onderzoeksmethodes is de algehele overleving van 

patiënten met een larynx- of hypopharynxcarcinoom de afgelopen decennia niet gestegen. 

Mogelijk hangt dit samen met de beperkingen van de huidige onderzoeksmethodes en is 

men op zoek naar andere modaliteiten die additionele informatie kunnen verschaff en.

Een nieuwe vorm van diagnostiek in de oncologie is Positron Emissie Tomografi e (PET). 

PET is een onderzoeksmethode die het mogelijk maakt om activiteit van metabolismen 

in het lichaam visueel weer te geven in een scan. PET maakt hiervoor gebruik van radio-

actieve isotopen welke gekoppeld worden aan bouwstenen voor bepaalde metabolismen. 

Deze gekoppelde producten worden radio-tracers genoemd. Door toediening van deze 

radio-tracers in het bloed zal in gebieden in het lichaam waar een verhoogde metabole 

activiteit aanwezig is – bv. in een tumor waarbij een verhoogd metabolisme aanwezig is 

als gevolg van toegenomen celdelingen – hoge radio-activiteit (“hot-spot”) gedetecteerd 

worden door de PET scan. Naast het visualiseren van deze radio-activiteit is het tevens 

mogelijk deze activiteit te kwantifi ceren met PET.
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 Dit proefschrift beschrijft de onderzoeken die zijn verricht naar de mogelijkheden 

van PET voor larynx- en hypopharynxcarcinomen gebruik makend van de radio-tracer L-

[1-11C]-tyrosine (TYR).

In Hoofdstuk 2 wordt het onderzoek beschreven waarbij voor het eerst de radiotracer TYR 

wordt gebruikt voor PET onderzoek bij larynx- en hypopharynxcarcinomen. Tyrosine is 

een aminozuur dat in ons lichaam gebruikt wordt voor de eiwitsynthese. Bij kanker in het 

hoofd-halsgebied zal er door verhoogde celdelingen in de tumor tevens een verhoogde 

eiwitsynthese zijn en dus ook een toegenomen aminozuur opname in de cellen ontstaan. 

Door deze verhoogde opname van aminozuren zal ook het radio-actieve TYR verhoogd 

worden opgenomen. 

 Deze studie onderzocht de mogelijkheid om larynx- en hypopharynxtumoren 

te visualiseren met TYR-PET en tevens te beoordelen of de activiteit van deze tumoren 

te kwantifi ceren was met behulp van de bepaling van de Protein Synthesis Rate 

(PSR; eiwitsynthesesnelheid). Bij dit onderzoek werd aangetoond dat alle larynx- en 

hypopharynxtumoren duidelijk konden worden gevisualiseerd met TYR-PET. Daarnaast 

was kwantifi ceren van de tumoractiviteit goed mogelijk en werd een signifi cant verschil 

gevonden tussen de activiteit van tumorweefsel en normaal weefsel.

Hoewel het kwantifi ceren van de tumoractiviteit met behulp van de PSR methode goed 

mogelijk bleek, wordt in Hoofdstuk 3 beschreven of er met andere, minder bewerkelijke, 

kwantifi catietechnieken vergelijkbare resultaten kunnen worden behaald. 

Om de PSR te kunnen bepalen is het noodzakelijk om herhaaldelijk arterieel bloed te 

verkrijgen via een infuus, en dient tevens de PET scan op vaste tijdstippen te worden 

herhaald. In de meeste PET studies met andere radio-tracers wordt voor kwantifi ceren 

gebruik gemaakt van de Standardized Uptake Value (SUV) methode. Hiervoor zijn geen 

arteriële bloedmonsters nodig en tevens geen verlengde scanningstijd, waardoor het 

onderzoek minder belastend is voor de patiënt.

De SUV methode kan weer op verschillende manieren berekend worden, waarbij 

we in dit onderzoek vier verschillende SUV methodes (SUV
BW

, SUV
BSA

 , SUV
LBM 

en SUV
QI

) 

hebben vergeleken met de PSR. Uit het onderzoek bleken er hoge correlaties te bestaan 

tussen de PSR en de diverse SUV methodes, wat de mogelijkheid geeft de tumoractiviteit 

van primaire onbehandelde larynxcarcinomen te kwantifi ceren met niet-invasief TYR-PET 

onderzoek.

De voorgaande twee onderzoeken toonden aan dat we primaire larynxcarcinomen 

goed kunnen visualiseren en ook de tumoractiviteit kunnen kwantifi ceren. De grootste 

klinische problemen in de hoofd-halsoncologie zijn echter niet zozeer het diagnosticeren 

van de primaire onbehandelde tumoren en halskliermetastasen, alswel de problemen 

die ontstaan in het traject nadat de patiënt behandeld is. Na therapie kan het soms 
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moeilijk zijn om met de huidige onderzoeksmethodes en radiologisch onderzoek (CT/

MRI) onderscheid te maken tussen recidief kwaadaardig tumorweefsel of goedaardige 

weefselveranderingen die zijn ontstaan door de behandeling (bv. ontsteking, oedeem, 

littekenweefsel of verbindweefseling).

 Het onderzoek naar de mogelijkheden van TYR-PET voor therapie-evaluatie van 

behandelde larynxcarcinomen wordt in Hoofdstuk 4 besproken. In het eerste deel van het 

onderzoek worden de resultaten van TYR-PET en CT vergeleken voor de beoordeling van 

de tumorstatus 3 maanden na behandeling met radiotherapie. Patiënten kregen zowel 

vlak voor behandeling als 3 maanden na behandeling een TYR-PET scan. De sensitiviteit 

en specifi citeit voor onderscheidend vermogen tussen tumorresidu (“resttumor”) en 

goedaardige weefselveranderingen na behandeling, waren voor TYR-PET beide 100% en 

voor CT respectievelijk 50% en 67%.

 Na behandeling blijven alle patiënten 5 jaar onder controle (“follow-up”) om 

eventuele recidief tumoren tijdig te kunnen identifi ceren. Ook in deze periode kan 

het lastig zijn recidief tumorweefsel te onderscheiden van goedaardige weefsel. In het 

tweede deel van het onderzoek wordt de bruikbaarheid van TYR-PET in de follow-up 

beschreven. Bij klinische verdenking om een recidief tumor werd opnieuw een TYR-PET 

scan vervaardigd naast de huidige onderzoeksmodaliteiten. Ook hierbij bleek een hoge 

specifi citeit en sensitiviteit van TYR-PET voor het aantonen van recidief tumorweefsel 

(beide 100%) ten opzichte van CT, respectievelijk 75% en 50%. Hieruit kan geconcludeerd 

worden dat TYR-PET een goede, en misschien wel betere, onderzoeksmethode is voor 

therapie evaluatie in het aantonen van residu of recidief tumorweefsel ten opzichte van 

de huidige onderzoeksmethodes.

Hoewel we met de huidige onderzoeksmodaliteiten veel informatie verkrijgen over de 

locatie, de grootte, de uitbreiding en het type kwaadaardigheid van de tumor en op basis 

van die gegevens ook een keuze maken voor de behandeling, blijkt dit vaak niet voldoende 

om daarmee het beloop van de genezing en de overleving te kunnen voorspellen. 

 In Hoofdstuk 5 wordt het onderzoek met TYR-PET beschreven naar de 

voorspellende waarde van de PSR van primaire onbehandelde larynxcarcinomen op de 

uitkomst van de overleving en de behandeling van patiënten met deze aandoening. Uit 

de resultaten blijkt dat bij de groep patiënten met een larynxcarcinoom die behandeld zijn 

met alleen radiotherapie er een signifi cant verschil in overleving bestaat tussen patiënten 

met een hoge tumor PSR en patiënten met een lage tumor PSR. Daar de patiëntengroep in 

dit onderzoek relatief klein is dient eerst uitgebreider onderzoek plaats te vinden alvorens 

uitspraken over de klinische toepasbaarheid van TYR-PET bij het voorspellen van de 

overleving en de therapie uitkomsten voor larynxcarcinomen kunnen worden gedaan.

Het gedrag van kwaadaardige tumoren wordt mede toegeschreven aan de metabole 

activiteit van de tumoren. Bij histologisch weefselonderzoek in een laboratorium (“in 
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vitro”) kan via microscopische technieken de mitotische (“celdeling”) activiteit, de 

proliferatiesnelheid en de diff erentiatie van de tumoren worden beoordeeld, welke 

parameters zijn voor metabole activiteit op cellulair niveau. Aan de andere kant geeft PET 

metabole activiteit van tumoren in het lichaam weer (“in vivo”). In Hoofdstuk 6 wordt het 

onderzoek beschreven over de relatie van in vivo tumormetabolisme gebruik makend van 

TYR-PET en in vitro histologisch onderzoek van  larynxcarcinomen. Hoewel de resultaten 

een geringe relatie laten zien tussen de mate van diff erentiatie van de tumoren en de 

PSR waarden, en daardoor tussen de mate van groeiaggressiviteit van de tumoren en 

metabole activiteit, werden er geen statistisch signifi cante uitslagen gevonden.

Met deze thesis hebben we in diverse deelonderzoeken de bruikbaarheid van TYR-PET 

voor larynx- en hypopharynxcarcinomen beschreven. Hoewel toekomstig onderzoek 

de exacte klinische toepasbaarheid van TYR-PET in de hoofd-halsoncologie zal moeten 

beoordelen heeft PET al voor diverse andere tumoren een gevestigde additionele waarde 

in de klinische oncologie verworven door informatie te verschaff en over de metabole 

tumorprocessen. Voor het gebruik van TYR bij PET onderzoek gelden echter een aantal 

kanttekeningen. Voor de productie van TYR dient gebruik te worden gemaakt van een 

cyclotron, welke samen met de relatieve korte halfwaardetijd van TYR, slechts beperkte 

distributie mogelijkheden geeft en daardoor reductie in toepasbaarheid. Tevens zijn het 

relatief lange scanningstraject en het gebruik van een arterieel infuus nadelen van de 

toegepaste methode. 

 Desalniettemin is het van groot belang dat de ontwikkeling van nieuwe radio-

tracers voor diverse metabole systemen van tumoren wordt voortgezet. Als gevolg van de 

ontwikkeling van nieuwe specieke en sensitieve diagnostische en therapeutische tracers 

zal PET een prominente positie verwerven binnen de klinische oncologie.
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eindresultaat hebben geleid en zullen leiden. Daarnaast ben ik je dankbaar voor de 

gedegen opleiding tot KNO-arts die ik onder jouw leiding heb mogen genieten.

Prof. dr. W. Vaalburg, beste Wim. Hoewel een promovendus die niet op je eigen afdeling 
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jullie eeuwige vriendschap. Yigal, ik heb lang zitten twijfelen of ik je titelatuur er wel 

neer wilde zetten, want het geeft duidelijk weer dat jij eerder hoogleraar in de Medische 

Wetenschappen bent geworden dan ik doctor. Maar de trots won toch van de jaloezie. 

Ronnay, ...ja, dit is het einde van de “eeuwige studie”.

Mijn ouders, broer en zus. Lieve pap en mam. Jullie nooit afl atende vertrouwen en 

onvoorwaardelijke steun in alles wat ik tot nu toe gedaan heb zijn van onschatbare waarde 

en hebben me gemaakt tot wat ik nu ben. Dank dat jullie mijn ouders zijn.

Lieve Gerco en Wilma, als oudere broer en zus vraag je je regelmatig af wat de jongste van 

het stel nu weer allemaal aan het doen is. Het is gelukkig allemaal redelijk goed gekomen, 

mede dankzij jullie aanwezigheid.

Rutger en Hannah. “Yoek” en “Pien”, niets is te vergelijken met jullie en uit het diepst van 

mijn hart ben ik dankbaar dat jullie er zijn.

Mijn Grote Liefde. Allerliefste Edwina, dagelijks verbaas ik me nog dat schoonheid en liefde 

zo sterk in een persoon vertegenwoordigd kunnen zijn. Het is een eer je man en maatje te 

mogen zijn.

“Do you remember the twenty-fi rst night of september………”.

Jurjan de Boer

Haren, december 2006

109

Dankwoord



110



“Horas non numero nisi serenas”

111



112


