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ABSTRACT 

The Feasibility of 
18

F-FDG-PET as a Prognostic Factor  

for Paranasal Sinus Malignancy 

 

Jeong Hun Seol 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Chang-Hoon Kim) 

 

 

 

 

This study was designed to assess whether tumor uptake of 
18

F-

fluorodeoxyglucose (FDG) positron emission tomography (PET) expressed as 

the maximum standardized uptake value (SUVmax) can be used to predict 

survival in subjects with paranasal sinus malignancy. Furthermore, a prognostic 

SUVmax was determined by univariate and bivariate analyses. 

We enrolled 42 consecutive subjects with a histological diagnosis of squamous 

cell carcinoma in paranasal sinus malignancy from January 2005 through 

October 2011, into a retrospective institutional imaging trial. Thirty-eight 

subjects (90.5%) underwent a baseline FDG-PET scan before curative treatment 

and were eligible for analysis. 

A total of thirty-eight subjects with paranasal sinus malignancy undergoing 

PET/CT imaging in the initial stages were assessed separately for a potential 

correlation between SUVmax and T-staging, histological grading, and overall 
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survival. Log-rank testing revealed a significant correlation between overall 

survival and histologic grading (p=0.046); and there was some correlation 

between SUVmax and histologic grading, it was that the histologic grading was 

poorer, the SUVmax was higher (p=0.446). ROC curve was identified for cutoff 

value of SUVmax as prognostic factor by Youden index. And We compared the 

low tumor of SUVmax group with high tumor of SUVmax group divided by 

cutoff value of SUVmax. It was assumed that in the high SUVmax group, a 

high T stage value had a greater association with poorer outcomes than a low T 

stage value (p=0.035). We did find a significant correlation between SUVmax 

and disease control, and mortality (p=0.003, p<0.001). 

In our study, it is concluded that subjects with higher tumor FDG uptakes 

should be considered for a more aggressive treatment approach. 
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I. INTRODUCTION 

Many different staging methods for squamous cell carcinoma of the head and 

neck (HNSCC) have been described over the last two decades. Clinical staging 

includes panendoscopy and different imaging modalities, such as computed 

tomography (CT) or magnetic resonance imaging (MRI), which are both available 

at most institutions. Combined functional and morphological imaging, such as 
18

F-

fluorodeoxyglucose (FDG) positron emission tomography (PET)/CT for staging of 

HNSCC has recently shown promising results.
1-4

 In addition to conventional 

morphological imaging using CT and MRI, PET scanning allows for the non-

invasive study of tumor physiology.
5
 There is a correlation between FDG uptake 

and the level of intracellular metabolic tumor activity, which in turn may be 

associated with active proliferation, invasion, and incidence of loco-regional as 

well as distant metastases.
6
 The maximum standardized uptake value (SUVmax) is 

most commonly used to quantify the amount of FDG uptake within a region of 

interest since the measurement is standardized for injected activity, body weight, 
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and decay time. Consequently, the potential correlation between SUVmax and 

several factors including T-staging, histological tumor differentiation, and local 

control, is of interest in HNSCC. Thus, analyses of metabolic parameters that are 

independent of morphologic changes are expected to present an important 

opportunity to predict individual tumor behavior. This study was designed to 

evaluate the prognostic value of 18F-FDG PET in subjects with paranasal sinus 

malignancy before treatment. 
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II. MATERIALS AND METHODS 

 1. Subjects 

We retrospectively reviewed the charts of all subjects who had presented for 

initial treatment of paranasal sinus malignancy with a histologically confirmed 

diagnosis of squamous cell carcinoma between January 2005 and October 2011. 

A total of 38 subjects with a confirmed histology and previously untreated 

paranasal sinus malignancy underwent FDG-PET/CT for initial staging. 

Each case was staged according to the 2010 American Joint Committee on 

Cancer (AJCC) TNM staging system.
7
 Subjects presenting with distant metastatic 

disease (M1) were excluded. The distribution of TNM stages in the 38 patients 

was as follows: stage I in 1 patient, stage II in 1, stage III in 16, and stage IV in 20. 

This retrospective analysis was conducted according to the ethical guidelines of 

the institutional review board. 
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2. Histological grading 

The histological work-up of the primary tumor was performed according to the 

guidelines of the Swiss Society of Pathology. All specimens were sectioned along 

the greatest diameter and paraffin-embedded. Whole sections were stained with 

hematoxylin–eosin, thus two surfaces per biopsy were available. The specimens 

were subdivided into well differentiated, moderately differentiated, and poorly 

differentiated groups. 
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3. Imaging protocol 

A combined PET/CT inline system (Discovery LS or Discovery ST, GE 

Healthcare) was used for this study. This device integrates a PET scanner (DSTe 

GE Healthcare, Milwaukee, WI, USA) with a multi-slice helical CT (16 slice; GE 

Healthcare) and permits the acquisition of co-registered CT and PET images in the 

same session. Subjects fasted for at least 4 h prior to scanning, which started 60 

min after the injection of a standard dose of approximately 350 MBq of FDG. All 

subjects were examined in the supine position with arms up. The CT scan was 

acquired during free shallow breathing. In the normal expiratory position, the 

following parameters were used: 140 kV, 80 mA, 0.5 s tube rotation, 4.25-mm 

section thickness, and a scan length of 867 mm with a 22.5 s scan time. 

Acquisition of the FDG PET scan was started immediately after the CT with an 

emission time of 3 min per table position, resulting in a total scan time of 18 min 

for six table positions from the head to the pelvic floor. CT data was used for 

attenuation correction. PET images were reconstructed using a standard two-

dimensional iterative algorithm (ordered subset expectation maximization 

[OSEM]). 
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4. SUVmax analysis 

A board-certified physician in nuclear medicine and radiology with six years 

experience in reading combined FDG-PET/CT in head and neck cancer subjects 

determined the SUVmax retrospectively. SUVmax was calculated using a 

commercially available workstation (Advantage Workstation, software version 4.4, 

GE Healthcare). Before measurement, a rhinologic physician determined the 

correct localization of the primary tumor retrospectively, based on knowledge of 

the intraoperative/invasive procedures performed after the PET/CT scan. A region 

of interest (ROI) was defined on screen that included the FDG uptake related to 

the primary tumor on multiple consecutive image sections. The value of the single 

voxel with the highest activity within this ROI was used for calculation of 

SUVmax. The software provides this value automatically. All values were 

normalized to the lean body mass (LBM) of the subject. The use of LBW instead 

of body weight has been shown to be less dependent on the body habitus of the 

study population. 
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5. Statistical analysis 

This study analyzed the following endpoints: the correlation between SUVmax 

and survival time, and the potential correlation between SUVmax and histological 

grading, treatment strategy, and disease control. The Kaplan-Meier method and 

log-rank test were applied to calculate overall survival rates between histologic 

grading groups. The Mann-Whitney U test was used to assess the potential 

correlation of SUVmax in the survival group and non-survival group. P-values < 

0.05 were considered significant. 

Bivariate and univariate Cox proportional hazards analyses were performed for 

primary tumor SUVmax and each of the other individual tested risk factors. We 

also determined the cut-off value of SUVmax between the survival group and non-

survival group using a receiver operation characteristic (ROC) curve. And we 

applied Cochran’s and Mantel-Haenszel method for prognostic effect with T-

staging and SUVmax. All calculations were carried out using SPSS version 18.0 

for Windows (SPSS Inc, Chicago, IL, USA). 
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III. RESULTS 

 1. Clinical parameters 

Between 2004 and 2011, a total of 42 subjects were evaluated using FDG-PET/CT 

for previously untreated paranasal sinus malignancy. Two subjects were excluded 

because of missing PET data, and two subjects were excluded because the primary 

tumor was not FDG avid on PET imaging (one subject suffered from a T1 lesion, 

one subject suffered from a T2 lesion). Finally, 38 subjects remained for 

evaluation. There was a male predominance (n = 30, 78.9%), and the mean age 

was 54.42 years (standard deviation ± 11.36 years, range 29–83 years)(Table 1). 

 

Table 1. Subject characteristics 

Gender No. of subjects
1
 SUVmax

2
 Survival length (mo)

2
 Age (yrs)

2
 

Male 30 (78.9) 9.80±5.41 (3.8-26.6) 21.27±18.49 (1-68) 54.90±11.74 (29-83) 

Female 8 (21.1) 9.11±4.72 (3.9-16.9) 30.50±16.66 (5-54) 52.63±10.34 (38-70) 

Total 38 (100) 9.66±5.22 (3.8-26.6) 23.21±18.30 (1-68) 54.42±11.36 (29-83) 

 

1
 Data are the number of subjects with percentages in parentheses. 

2
 Data are means ± SD, with the range in parentheses. 
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 2. Correlation between histological grading and overall survival with SUVmax 

Out of the 38 primary tumors, 4 (10.5%) were well-differentiated, 20 (52.6%) 

were moderately differentiated, and 14 (36.8%) of paranasal sinus malignancy 

were found to be poorly differentiated (Table 2). The well differentiated and 

moderately differentiated groups had significantly better five-year overall survival 

than the poorly differentiated group in log-rank testing (Fig. 1). The five-year 

overall survival for subjects by histologic grade was 75.0%, 75.0%, and 28.6%, 

respectively (p=0.046). 

The median survival times for subjects in the well differentiated, moderately 

differentiated, and poorly differentiated groups were 31.25±19.52 months (range, 

6–49 months), 24.10±19.62 months (range, 1-68 months), and 19.64±16.36 

months (range, 1–57 months), respectively. However, the difference in mean 

SUVmax for each group was not statistically significant (p=0.446). 
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Table 2. Histologic grading characteristics 

Histologic grading No of subjects
1
 SUVmax

2
 Survival time (mo)

2
 

Well differentiated 4 (10.5) 7.58±3.34 (3.9-12.0) 31.25±19.52 (6-49) 

Moderate differentiated 20 (52.6) 9.78±6.19 (3.8-26.6) 24.10±19.62 (1-68) 

Poorly differentiated 14 (36.8) 10.09±4.19 (5.1-18.7) 19.64±16.36 (1-57) 

Total 38 (100) 9.66±5.22 (3.8-26.6) 23.21±18.30 (1-68) 

 

1
 Data are the number of subjects with percentages in parentheses. 

2
 Data are means ± SD with the range in parentheses. 
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Fig. 1. Five-year overall survival of histologic grading groups. The graph shows 

Kaplan-Meier disease-free survival probabilities for histologic grading. There 

were 3, 15 and 4 subjects that were disease-free for each histologic grading 

category, respectively, at the end of the follow-up period. 
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3. Cutoff value of SUVmax as a prognostic factor 

The most discriminate cutoff SUVmax value for prognosis proved to be 9.0, 

which corresponds to 75.0% sensitivity and 81.8% specificity on the receiver 

operation characteristic (ROC) curve (Fig 2). It was evaluated by Youden index 

(index=0.568). Therefore, an SUV of 9.0 was used as the cutoff value in 

subsequent analyses, although the value was not statistically significant (p=0.061). 

 

 

Fig. 2. The receiver operation characteristic (ROC) curve for the SUVmax cutoff 

value. A positive actual status is death and the area of the 95% confidence interval 

covers between 0.732 and 0.973. An SUVmax of 9.0 has 75.0% sensitivity and 

81.8% specificity in this study. 
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4. Disease outcome according to clinical factors 

We divided the subjects into two groups: subjects with a SUVmax less than 9.0 

(low tumor SUVmax) and subjects with an SUVmax of 9.0 or greater (high tumor 

SUVmax). In the group of subjects with a low tumor SUVmax, high T stage value 

had a greater association with poorer outcomes than a low T stage value (p=0.035). 

But in the group of subjects with a high tumor SUVmax, the trend was not found 

(p=0.686). It meant that high SUVmax effected more poorer outcomes with or 

without high T-staging. The group of subjects with a high tumor SUVmax (12/17 

deaths) were associated with poorer outcomes than those with a low tumor 

SUVmax (4/21 relapses) (p=0.114). A high T stage (11/20 relapses) was also 

associated with a poorer outcome than a low T stage (5/18 relapses); however, the 

difference was not statistically significant (Table 3; p=0.112). 
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Table 3. Probability of mortality according to T Stage in the low SUVmax and 

high SUVmax groups 

SUVmax_group T-staging 

Mortality 

p-value Alive
1
 Dead

1
 

SUVmax < 9.0 T3 11 0 0.035
*
 

 T4 6 4  

SUVmax ≥ 9.0 T1-3 2 5 0.686
*
 

 T4 3 7  

(p=0.114
**

) 

 

1
 number of subjects 

*
 Fisher’s exact test 

**
 Cochran’s and Mantel-Haenszel test 
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5. Univariate and bivariate analyses for SUVmax 

Nonparametric testing using the Kruskal–Wallis test showed an insignificant 

correlation (p=0.360) between SUVmax and T-staging (Table 4). We found a 

statistically significant correlation between SUVmax and disease control and 

mortality using the Mann-Whitney U test; however, there was no significant 

correlation between SUVmax and treatment. 

In Cox proportional hazards analyses, SUVmax, T-staging, and histologic 

grading were found to be significant independent predictors of disease-free 

survival at five years, whereas subject age and treatment strategy were not 

identified as significant prognostic factors for disease-free survival (Table 5). 
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Table 4. Clinical characteristics and correlations between SUVmax and T-staging, 

and disease control, mortality and treatment 

 

1
 Data are the number of subjects with percentages in parentheses. 

2
 Data are means ± SDs with the range in parentheses. 

3
 NED: No evidence of disease 

*
 Kruskal-Wallis test 

**
 Mann-Whitney U test 

Characteristics 

No of 

subjects
1
 SUVmax

2
 p-value 

T-staging    

T1 1 (2.6) 15.40 0.360
*
 

T2 1 (2.6) 9.00  

T3 16 (42.1) 8.18±3.74 (3.9-17.6)  

T4 20 (52.6) 10.59±6.13 (3.8-26.6)  

Disease control    

NED
3
 group 15 (39.5) 6.80±1.95 (3.9-9.8) 0.003

**
 

Recurrence group 23 (60.5) 11.52±5.85 (3.8-26.6)  

Mortality    

Live group 22 (57.9) 7.01±2.11 (3.8-10.9) < 0.001
**

 

Dead group 16 (42.1) 13.31±6.04 (6.8-26.6)  

Treatment    

Surgery 21 (55.3) 9.03±4.60 (3.8-18.7) 0.311
**

 

Chemoradiotherapy 17 (44.7) 10.44±5.96 (3.9-26.6)  
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Table 5. Cox proportional hazards analyses for local control and disease-free 

survival at five years 

 

Abbreviations: B, Cox regression coefficients; SE, standard error; CI, confidence 

interval; WD, well differentiated; MD, moderately differentiated; PD, poorly 

differentiated; Op, operation; CRTx, Chemoradiotherapy 

Characteristics B SE p-value Hazard ratio 

95.0% CI 

Lower Upper 

SUVmax 

<9.0/≥9.0 1.721 0.641 0.007 5.590 1.593 19.623 

T-staging 

T1-3 / T4 1.511 0.681 0.026 4.533 1.193 17.224 

Histologic grading 

WD, MD/PD 1.263 0.544 0.020 3.537 1.217 10.277 

Age 0.005 0.022 0.821 1.005 0.963 1.048 

Treatment strategy 

 Op/CRTx 0.562 0.573 0.963 1.754 0.571 5.392 
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IV. DISCUSSION 

FDG-PET/CT is an essential tool for initial staging in advanced HNSCC. Many 

important questions, such as the feasibility of SUVmax as a prognostic factor in 

paranasal sinus malignancy, can be answered at the time of diagnosis using FDG-

PET.
2
 Studies published in the last few years have shown a growing tendency to 

take into account tumor metabolic information when planning treatment for 

HNSCC and predicting a subject’s outcome.
8
 The transport kinetics of FDG in 

tumors is largely unknown but some explanation for the in vivo observations 

regarding tumor FDG uptake in the fasting state and hyperglycemia can be made 

on the basis of current knowledge of Glut expression in malignant tissues.
9
 

The aim of this study was to assess the correlations between different clinical and 

pathological parameters and SUVmax. In other previous studies these parameters 

may play an important role in confirming or refuting the latest theories that suggest 

FDG uptake of the primary tumor is related to treatment response and survival in 

HNSCC.
10-13

 SUVmax is the most widely used parameter for measuring metabolic 

tumor activity in oncologic FDG-PET/CT imaging. According to Machtay et al., a 

low SUVmax of the primary tumor was significantly associated with longer 

disease-free survival after radiotherapy of HNSCC in a series of 60 subjects.
6
 On 

the contrary, Suzuki et al. found no correlation between SUVmax and treatment 

outcome in HNSCC after radiotherapy in a series of 45 subjects.
14

 

Therefore, in order to elucidate the role of SUVmax and its possible predictive 

value for therapy response, the aim of this retrospective analysis was to assess 
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potential correlations between SUVmax and different clinical and pathological 

parameters at initial staging in paranasal sinus malignancy subjects. The results of 

our study also show that the group of subjects with a high tumor SUVmax (≥9.0) 

had a poorer outcome than those with a low tumor SUVmax (< 9.0). In the group 

of subjects with a low tumor SUV, a high T stage was moderately associated with 

a poorer outcome compared with a low T stage (p=0.035), but in the group of 

subjects with a high tumor SUV, there is no significant difference between a high 

T stage and a low stage (p=0.686) suggesting that the combination of a high tumor 

SUVmax and a high T stage may be predictive of lower overall survival after 

initial treatment. 

The potential value of FDG PET in predicting outcomes in head and neck cancer 

has been described in previous clinical studies. Minn et al. reported that a primary 

tumor SUV greater than 9.0 predicted an advanced clinical stage, low histologic 

grade of differentiation, and poor overall disease survival in 37 subjects with head 

and neck cancer.
15

 In another study, a tumor SUV greater than 10.0 predicted 

significantly inferior overall survival after surgery or definitive radiation therapy 

in 58 subjects.
16

 

Our findings confirm those of previous studies by showing significantly inferior 

local control and overall survival in subjects with a primary tumor SUVmax of 9.0 

or greater, although treatment was heterogeneous in our study. However, treatment 

heterogeneity cannot explain this result because both SUVmax subgroups were 

well balanced in this regard: 9 versus 12 subjects in the surgery group and 8 versus 
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9 in the chemoradiotherapy group, for the high and low SUVmax subgroups, 

respectively. 

To predict the clinical response to treatment, the dynamic FDG PET has been 

applied to several tumors, including head and neck cancer.
15

 It has been concluded 

that the rate of tumor glucose metabolism could be a meaningful predictor of 

treatment response, although dynamic PET and kinetic analysis are complicated 

and time consuming for both the subjects and physicians in routine clinical work. 

The measurement of SUVmax is a simple and widely used method with good 

reproducibility and is highly correlated with kinetic parameters.
17

 However, when 

SUVmax is applied, there is no definite, reliable cutoff for prognoses. This study 

is limited to squamous cell carcinoma of paranasal sinus malignancy, although 

other studies have included subsites of head and neck cancer.
18

 

Some limitations of this study need to be mentioned. The small sample size 

limited an accurate assessment of the sensitivity and specificity of SUVmax. 

Further studies are needed to confirm the possible value of SUVmax as a 

predictive factor of prognostic outcome. 
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V. CONCLUSION 

Our study showed that high FDG uptake in head and neck cancer is significantly 

associated with poor outcomes. We also found the clinical utility of continuous 

tumor SUV to be a significant and independent prognostic factor. In addition, the 

combination of a high SUV and high T stage may be predictive of poorer 

outcomes after initial treatment. Therefore, a more aggressive treatment approach 

should be considered for tumors with high FDG uptake. 
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18

F-Fluorodeoxyglucose (FDG) positron emission tomography (PET) 에서 

관측한 maximum standardized uptake value (SUVmax)가 부비강암 환자에 

있어, 예후를 예측하는 인자로 유용한지를 알아보기 위한 연구이다. 

2005년 1월부터 2011년 8월까지 치료받은 부비동 악성종양 환자 중 

편평세포암으로 진단받은 42명의 환자를 대상으로 후향적 조사를 

통해 진행하였으며, 이중 38명(90/5%) 의 환자들이 치료 전 FDG-

PET를 검사하였고, 연구에 합당한 대상이었다. 

38명의 부비동 악성종양 환자를 대상으로 SUVmax와 T-병기, 

조직학적 분화도, 생존률과의 상관관계를 분석하였다. 이중 생존률과 

조직학적 분화도 사이에 log rank test 상 유의한 상관관계가 있는 반면 

(p=0.046), SUVmax와 조직학적 분화도 사이에는 분화도가 낮을수록 

평균 SUVmax 값이 증가하는 추세를 보였으나, 통계학적으로 유의한 

차이는 없었다 (p=0.446). 또한 T-병기와 SUVmax 사이에서도 

통계학적으로 유의한 차이는 없었으나 (p=0.360), SUVmax 와 재발유무, 

생존유무와는 각각 유의미한 차이가 있었다 (p=0.003, p<0.001). 또한 

Cox 비례위험 분석에서도 각각 SUVmax 가 위험인자로 통계학적으로 

유의미한 결과를 보였다 (p=0.007). 따라서 SUVmax 값이 높을 수록, 

또한 T-병기가 높을 수록 나쁜 예후를 예측해 볼 수 있었다 ( p=0.114). 

따라서 환자가 치료 전 시행한 FDG PET에서 SUVmax 가 높을수록 
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나쁜 예후인자임을 시사하기에 좀더 적극적인 치료 방향을 고려해 

보아야 하겠다. 
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