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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.  

L-[1-11C]-tyrosine PET in patients with laryngeal carcinomas : comparison of standardized uptake value and protein synthesis rate
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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

L-[1-11C]-tyrosine PET in patients with laryngeal carcinomas : comparison of standardized uptake value and protein synthesis rate
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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. 

L-[1-11C]-tyrosine PET in patients with laryngeal carcinomas : comparison of standardized uptake value and protein synthesis rate
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