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Abstract
Objective: : Squamous cell carcinomas (SCC) are a number of di�erent types of cancer that result from squ-
amous cells. These cells form on the surface of the skin, on the lining of the respiratory and digestive tracts 
etc. To evaluate SCC and frequencies of their localizations based on the �ndings of �uorine-18-�uorode-

18oxyglucose ( F-FDG) positron emission tomography/computed tomography (PET/CT). Subjects and Met-
18hods: This study included 343 consecutive patients with SCC who were sent for the F-FDG PET/CT. Inclu-

sion criteria were: Pathohistologically veri�ed SCC; absence of malignancy of any other localization, as well 
18as absence of infection; and glycemia ≤11mmol/L. Results: The pathological �ndings on F-FDG PET/CT 

18were present in 86% of patients. There was statistically signi�cant di�erence in the �nding of F-FDG PET/ 
CT in relation to gender (P>0.006). The disease was more often present in women. The most common locali-
zations of disease were: lungs (70%), vagina/cervix (18%), gastrointestinal tract (18%), head and neck (5%). 
Highest maximum standardized uptake value (SUVmax) levels were seen in the lungs 11.78±8.38, vagi-
na/cervix 11.21±8.10, and head and neck area 6.32±3.96. Conclusions: Fluorine-18-FDG PET/CT can be in-
formative in evaluation of SCC. Disease is present usually in women, although it is the same pathohistolo-
gical type of disease, di�erent organs accumulate this radioactive contrast di�erently.
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Introduction

Squamous cell carcinomas (SCC) develop on the surface of the skin, as well as the in-
terior surfaces of the oral cavity (lips, tongue, throat, tonsils), the nasal cavity, sinuses, 
and lacrimal ducts and glands. They stretch down into the larinx, esophagus and 

lungs but can be found in many other locations such as cervix, anus and bladder [1].
The incidence of the disease is variegated and depends on its localization. Thus, cuta-

neous SCC represents 20% to 50% of skin cancers and is present in 2.4 million of people all 
over the world [2]. Head and neck SCC is the sixth most common cancer worldwide, usu-
ally found in men. In 2018 there were 890,000 new cases and 450,000 deaths, however the 
incidence continues to rise and is anticipated increase of 30% by 2030 [3].

The annual incidence rate of lung squamous cell carcinoma is 12.1-35.5 per 100,000 in-
dividuals [4]. Taking into account these frequencies, it is clear that SCC is a widespread en-
tity which requires adequate detection for the purpose of timely treatment.

Despite di�erent localization, disease has similar microscopic patothistological presen-
tation. Squamous cell carcinomas are caused by a variety of factors that can alter the DNA 
in cells. Skin localization tends to be caused by excess UV radiation exposure. Lung, oral, la-
ryngeal, bladder and cervical cancers are often connected to smoking or tobacco use. 
Tonsil cancers and those found on the back of the tongue tend to be associated with HPV, 
especially in younger people [5-7].

Researchers have identi�ed mutations in many genes in people with SCC. Nevertheless, 
it is not yet clear what role most of these mutations play in the development or progres-
sion of cancer. Data show, that proteins produced from several genes associated with SCC, 
(TP53, NOTCH1, CDKN2A) function as tumor suppressors [8]. In mutations this cells are 
growing and dividing too rapidly or in an uncontrolled way. This tends to make them more 
responsive to immunotherapy.

Cutaneous form of the disease is easily accessible and can be detected by a simple 
dermatological examination. Surgical excision can eradicate disease with low likelihood of 
recurrence and metastasis [2]. Non cutaneous forms of disease are harder to detect. Fre-
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quently diagnostic procedures such as computed tomo-
graphy (CT), magnetic resonance (MR), positron emission 
tomography (PET)/CT are indicated for precise staging in 
these situations. 

18Fluorine-18-�uorodeoxyglucose ( F-FDG) PET/CT is a 
well-known diagnostic procedure in oncology. It is useful 
both for initial staging, assessment of an adequate biopsy 
site, and for evaluation of the therapeutic e�ect [9, 10]. The 
aim of this work was to determine the frequency of SCC in 
our population and to assess the usefulness of PET/CT in the 
evaluation of this disease.

Subjects and Methods

Study population
This study included 350 consecutive patients with SCC car-

18cinoma who were sent for the F-FDG PET/CT examination 
to the National PET Center, Clinical Center of Serbia in the 
period from January 2016 to May 2019 in order to evaluate 
disease activity and spreadness. The main criteria for inclu-
sion in this study were: Histolopathologically veri�ed squ-
amous cell carcinoma and absence of other malignancy, as 
well as absence of infection; and glycemia ≤11mmol/L. 

Seven patients were excluded due to the presence of 
other malignancy and �nal study included 343 patients 
(150 women and 193 men), with mean age 65.6±9.2. 

This work was done in accordance with the ethical prin-
ciples of the Helsinki Declaration and written consent was 
obtained for all participants who were included in the fol-
low-up. Study was approved by the Ethics committee of the 
Faculty of Medicine, Center of Nuclear Medicine University 
of Belgrade, (IRB 668/6; 19.4.2018.). 

Data Acquisition, Reconstruction, and Image Ana-
lysis

18The F-FDG PET/CT scan was performed on a 64-slice hybrid 
PET/CT scanner (Siemens Biograph, Siemens Medical Solu-
tions USA Inc., Ho�man Estates, Illinois, USA). The patients 
fasted for 8 hours before receiving an intravenous injection 

18of F-FDG at a dose of 5.5MBq/kg. Positron emission tomo-
graphy/CT acquisition (imaging) began 60 minutes after in-
travenous injection. A three-dimensional half body PET scan 
(6-7 bed, 3min/bed) and a low-dose CT was performed. Mul-
tidetector CT had the following characteristics: voltage 120 
kV, with automatic "real-time" voltage height modulation 
(CareDose4D with a basal level of 45mA); slice thickness 
5mm; pitch 1.5; rotation time 0.5s. Computed tomography, 
PET (attenuation corrected) and PET/CT fusion images were 
processed on a SYNGO SIEMENS workstation (Syngo 
MMWP, Siemens AG, Berlin and Munich, 2008, Germany). 

For data analysis, we used fusion PET/CT and PET and CT 
cross sections (transverse, coronal and sagittal) as well as the 
maximum intensity projection (MIP). These were analyzed visu-
ally: after the exclusion of physiological zones of the enhanced 

18accumulation of F-FDG and zones caused by in�ammation 
and infection, the remaining zones with the enhanced uptake 

18of F-FDG were interpreted as positive �ndings. The accumu-

18lation of F-FDG was quantitatively analyzed as the maximum 
standardized value of radiopharmaceutical uptake (SUVmax), 
using the cut-o� �2.5. Maximum SUV was calculated as the 
concentration of activity at the end of the recording that was 
corrected for individual body weight and dose of intrave-nously 

18injected F-FDG: SUVmax=tissue activity (count/pixel/ 
18second)×calibration factor/dose of intravenously injected F-

FDG (MBq/kilogram of body weight) [9, 10]. 
18The follow-up F-FDG PET/CT examination was perfor-

med under the same conditions as the �rst one, in terms of 
administering the same amount of radiopharmaceuticals, 
the same time period and the method of acquisition, recon-
struction and image analysis. Fluorine-18-FDG PET/CT ima-
ges were interpreted by two independent physicians (nuc-
lear medicine specialists). If there was a discrepancy bet-
ween these �ndings, the �nal judgment was obtained by 
their consensus.

Statistical Analysis
2The x  test was performed to assess the di�erence between 

gender, disease localization and FIGO staging and SUV max 
level. The di�erence between localization of primary tumor, 

2gender and age were also obtained with x  test. Mc Nemar 
test was used where appropriate (where the number of pati-
ents in the subgroup localization was less than �ve). 

Determination of the di�erence between the value of 
SUVmax during the �rst and follow-up examination was 
performed using the Paired Sample T test.

A Cox proportional hazard model (univariate and multiva-
riate analysis) was done to determine whether age, gender, 
primary localization of disease and SUVmax a�ected the di-
sease outcome.  

Kaplan-Meier analysis, with Long rank test was used, to 
determine how the localization of the disease, age, gender, 
SUVmax can a�ect progression free survival (PFS) in pati-
ents with SCC.  

The results of continuous numerical variables are presen-
ted as values o  f arithmetic mean±standard deviation (SD), 
while P value less than 0.05 was considered statistically sig-
ni�cant.

Results

Characteristics of the study population are presented in the 
Table 1. Out of 343 patients who were sent for disease evalu-

18ation on the F-FDG PET/CT, pathological �ndings were pre-
sent in 308/343 patients (89%). The most common localiza-
tions of disease were lungs (69%), gynecological localization 
(10%) and head and neck (5%). Rare localizations were gas-
ter and penis, and were present in one patient each. How-
ever, di�erent localizations had di�erent SUV max accumu-
lation. The most intense radiopharmaceutical localization 
was lungs (68.7±6.6), intestines (15.1±5.5) and esophagus 
(15.8±5.5), Table 1, Figure 1.

There was statistically signi�cant di�erence between gen-
2der and disease localization (x  test, P<0.001). Men usually 

had SCC in the lungs, head and neck (Figure 2), while women 
had SCC in gynecological localizations (Figure 3). 

9
93 Hellenic Journal of Nuclear Medicine     May-August 2023•   www.nuclmed.gr100

Original Article



9
93Hellenic Journal of Nuclear Medicine     May-August 2023•   www.nuclmed.gr 101

Original Article

Figure 1.Fluorine-18-FDG PET/CT in anal canal SCC disseminated into the retroperitoneal mass and lymph nodes.

18Table 1. The most common disease localizations found on positive F-FDG PET/CT examination.

Primary site of disease SUV max (averidge)     Age (averidge) Male Female

Head and neck 9.8±7.2 66.6±8.6 12 2

Lungs 68.7±6.6 12.4±8.7 146 66

Esophagus 15.8±5.5 60.7±8.6 2 5

Gaster 10.0±0 64 1 0

Intestines 15.1±5.5 61.1±8.1 2 7

Cervix uteri 8.6±8.4 57.3±11.0 0 62

Bladder 11.0±4.3 50.7±8.3 1 2

Penis 7.8±0 39 1 0

Lung SCC was usually spread in mediastinal lymph nodes 
(76%) and cervical lymph nodes (14%). Head and neck SCC 
gave metastases in cervical lymph nodes (62%), lungs (18 
%), mediastinal lymph nodes (10%), bone (8%) and axillar 
lymph nodes (2%).

Our study population with pathological gynecological 
18�ndings on F-FDG PET/CT had di�erent stages based on 

the International Federation of Gynecology and Obstetrics 
(FIGO) cervical cancer classi�cation. Thus 7 patients had sta-
ge I, 29 patients stage II, 14 patients stage III and 6 patients 

with stage IV of cervical cancer. 
Assessment of distant areas showed active metastatic 

disease usually in the pelvic lymph nodes (41%) and retro-
peritoneal lymph nodes (34%). Lung metastasis was pre-
sent in 18% of patients, while bone metastases were pre-
sent in 11%. Liver was a�ected with this malignant process 
in 5% of patients, similarly to inguinal lymph nodes. There 
was no signi�cant statistical di�erences between FIGO sta-
ging and SUV max (P>0.05).



Figure 2. Fluorine-18-FDG PET/CT in patient with head and neck SCC (primary tumor is localized in the right nasal cavity).

Among sub-localization (head and neck, lungs, esopha-
gus) there were no di�erence in frequency of active disease 
among gender and age, except intestinal SCC, which was 
more frequent in patients older than 65yrs (P=0.003, Mc 
Nemar test).

Fifty one patient (28 men and 23 women, mean age 65.2± 
1810.5 years) came for a follow-up F-FDG PET/CT examina-

tion, which was held 15.312.9 months after the �rst one. The 
presence of the disease was observed in 44/52 patients 
(88%), but there was no statistically signi�cant decrease in 
the SUVmax value compared to the previous examination 
(7.9±1.1, 7.8±1.0) (P>0.05). Progression of disease was seen 
in 30%, remission in 36% (Figure 4, Figure 5), while statio-
nary �ndings were present in 34%. 

Figure 3. Fluorine-18-FDG PET/CT in patient with SCC in the uterus, accompanied with retroperitoneal lymphadenopathy.
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18Figure 4. Baseline F-FDG PET/CT in patient with lung SCC (active disease in paraaortic lymph node conglomerate and in the soft tissue mass).

A multivariate analysis of Cox regression analysis showed 
that SUVmax was an independent predictor of a worse 
progression free survival (PFS), (HR 0.953, 95% CI 0.91-1.00; 
P  0.05) (Table 2). Other variables: age, gender, etc. had no 
e�ect on the disease outcome.

Based on the Kaplan-Meier survival analysis (Long rank 
test) it was observed that disease localization was associ-

ated with PFS (P<0.001). Patients with head and neck and 
lung SCC had shorter PFS than patients with other 
localizations (cervical cancer). Also, women had longer PFS 
than men, unrelated to the localization of the disease (Long 
rank test, P=0.02).

Age and high SUV max were not associated with PFS (P> 
0.05). Figure 6, Figure 7.

18Figure 5. Follow-up F-FDG PET/CT shows partial remission in patient with previous lung SCC, treated with chemotherapy.



18Figure 6. Kaplan-Meier curves for PFS strati�ed by presence of di�erent localization of SCC on F-FDG PET/CT (Long rank test, P<0.001).

Table 2. Univariate and multivariate Cox regression models predicting progression free survival in 343 patients with SCC.

Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age 1.01 0.99-1.04 0.39 1.01 0.97-1.04 0.71

Gender (male vs. female) 1.75 0.94-3.28 0.08 1.36 0.62-2.95 0.44

SUV max 0.99 0.95-1.02 0.51 0.95 0.91-1.00 0.04

Primary localization of disease 0.94 0.86-1.01 0.12 0.96 0.86-1.00 0.40

SUVmax 2* 1.02 0.99-1-05 0.18 1.03 0.99-1.07 0.12

Locally advanced disease

* SUV max on the follow-up examination

Discussion

Squamous cell carcinomas include a wide range of condi-
tions caused by malignant alteration of epidermal keratino-
cytes. It can be roughly divided into cutaneous and non-cu-
taneous forms of the disease. Cutaneous is very widespread, 
with European age-standardized incidence from 9 to 96 per 
100,000 male inhabitants and 5 to 68 per 100,000 female in-
habitants [11]. This form of cancer is slow-growing, it rarely 
metastasizes, usually only in tumors larger than 2cm. 

On the other hand, the non-cutaneous type is diverse, of-
ten metastasizes and can occur in various locations (oral ca-
vity, nasal cavity, larynx, lung, uterus, and bladder). There-
fore, its symptomatology and incidence varies. Its evalu-

18ation requires complex diagnostic procedures including F-
FDG PET/CT. 

Fluorine-18-FDG PET/CT is non-invasive procedure that 
allows quantitative assessment of biochemical and functi-
onal processes. Fluorine-18-FDG accumulation in tissue is 
proportional to the amount of glucose utilization. Increased 
consumption of glucose is a characteristic of most cancers,
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Figure 7. Kaplan-Meier curves for PFS in patients with SCC strati�ed by gender (Long rank test, P>0.02).

18thus F-FDG PET/CT has a pivotal role in cancer imaging, as-
sisting diagnosis, staging and restaging, following therapy 
and surveillance [9, 10].

18In our study population F-FDG PET/CT revealed active 
malignant disease in 89% of patients with SCC. Disease was 
usually found in lungs, cervix, head and neck.

Fluorine-18-FDG PET/CT has improved diagnosis and sta-
ging of SCC lung cancer, since it detected unsuspected ex-
trathoracic metastases in patients otherwise deemed po-
tentially resectable [12-14]. In our study population disease 
was spread in two third of patients in mediastinal lymph no-
des (76%) and in smaller percentage in cervical lymph nodes 

18(14%). In this way F-FDG PET/CT can decrease the number 
of mediastinoscopies in patients with inconclusive results 
[12, 13].  

18Literature shows that F-FDG PET/CT is also extremely 
useful in evaluation of head and neck SCC tumors, especially 
since primary location of SCC remains occult in 60%-80% of 
patients, after extensive diagnostic workup [15, 16]. Evalu-
ation of this region can be especially challenging with other 

18diagnostic procedures. However, F-FDG PET/CT with sensi-
tivity of 93.3%-100%, and speci�city (55.6%) seems to be 
able to cope with these obstacles [17].

In our study population with head and neck SCC cervical 
lymph node metastasis were present in 62% of patients, 
lung metastasis in 18%, mediastinal lymph nodes metasta-
sis in 10%, while bone metastasis were seen in 8%. Axilar 
lymph node metastasis was rare and present in 2% of pati-
ents.

Our results show that even all patients had SCC, di�erent 
18localizations of primary tumor, had di�erent F-FDG uptake. 

18The highest F-FDG uptake was lungs, esophagus and intes-
tines. Results from Sunnetciohlu at al. (2015) show that SUV 
max can be signi�cantly di�erent between SCC and adeno-
carcinoma. It is signi�cantly higher in SCC when compared 
to adenocarcinoma [12].

It appears that more aggressive neoplasms or neoplasms 
with poorer prognosis demonstrate higher levels of glucose 
transporter expressions on the cell membrane of tumor cells 

18and thus indicate a higher level of F-FDG accumulation [18, 
12].

One of the tumors with high accumulation of radiophar-
maceuticals was esophageal SCC cancer. It has poor prog-
nosis and high mortality rate, and is unfortunately usually 
diagnosed in advanced stages [19]. Our results are concor-
dant with those �ndings. This cancer was spread in mediasti-
nal lymph nodes (45%), cervical lymph nodes (42%) and 
lungs (13%).

In clinical practice glucose metabolic activity helps to pre-
dict prognosis, and is useful tool as an indicator of residual 
tumor burden before surgery in SCC. Feng at al. (2022) sug-
gest that follow-up SUV max was helpful for predicting di-
sease free survival and overall survival. Their results show 
that SUV max ≥3 was poor prognostic factor for esophageal 
SCC [19].

Our results show that SUV max was an independent 
predictor of PFS (HR 0.953, 95% CI 0.91-1.00; P0.05). Other 
variables (age, gender) had no e�ect on the disease out-
come. Also, localizations such as: lungs, head and neck had 
worse PFS than others (Long rank test, P<0.001).

In our study population SCC had signi�cantly di�erent 
localizations among genders. Thus men had SCC in lungs, 
head and neck, while women had active disease in gyne-
cological localizations (cervical cancer).

Cervical cancer is important as second most frequently 
diagnosed and third leading cause of cancer death among 
women. The staging of this neoplasm is based on FIGO 
classi�cation. FIGO includes characteristics of the primary 
lesion, lymph node and distant dissemination [20]. How-
ever, FIGO has low accuracy in predicting therapy response 
and survival, especially among patients with advanced-
stage cancer disease. Fluorine-18-FDG PET/CT has capacity



to detect recurrent disease, through increased tissue meta-
bolism, which precedes the appearance of morphological 
changes and is recommended for the evaluation of lymph 
nodes and distant metastasis [21, 22].

In our study population cervical cancer was present in 62 
patients. Disease was usually spread into the retroperitoneal 
(38%) and pelvic lymph nodes (41%). Lung (18%), bone (11%) 
and liver (5%) metastases were also present. Majority of pati-

18ents had more than one sight of active disease on the F-FDG 
PET/CT. FIGO II and III were the most frequent in our patients. 
Maximum SUV result and FIGO were in good correlation. Ot-
her authors suggest di�erent ways how to increase accuracy 
in detecting recurrence in SCC cervical cancer. Sookha et al. 

18(2018) found that combining F-FDG PET/CT with tumor 
markers (SCC Ag and CEA) predicts relapse with 100% accu-
racy and 100% negative predictive value. This can be useful in 
detection of early recurrence in treated cervical cancer with 
unexplained elevation of serum tumor markers [23].

Despite accuracy and wide utility of PET parameters, there 
are controversies which metabolic parameters are good for 
prognosis of cervical cancer patients. Some studies recom-
mend SUVpeak, other metabolic tumor volume (MTV), total 
lesion glycolysis (TLG) and some SUV max [24-26]. 

We have used the most common PET parameter-SUVmax. 
Evaluation of SUVmax is related with tumor aggressiveness. 
It depends from necrosis and tumor size [12, 18]. The incre-
ase in the tumor size was also correlated with more glucose 

18transporter-1 expression, leading to increased F-FDG up-
take. Our results show that localizations with higher 
SUVmax, had worst PFS. Also, women had better survival, ir-
respective to localizations of disease (Long rank test, P= 
0.02). On the other hand women had usually cervical cancer, 
which had less SUVmax uptake, and thus seems less aggres-
sive than lung and head and neck cancer. 

Follow-up examination revealed the presence of the dise-
ase in 88% of patients, without signi�cant decrease in the 
SUVmax value compared to the �rst examination (7.9±1.1, 
7.8±1.0) (P>0.05). Progression of disease was seen in 30%, 
remission in 36% and stationary �ndings in 34% of patients. 
It is possible that the follow-up period was insu�cient, and 
di�erent localizations have in�uenced various results. 

18Despite the predictive variables and high sensitivity, F-
FDG PET/CT has some shortcomings. It is expensive, not 
available in wide use. It has limited role in anatomical detec-
tion of small lesions (<5mm) [15, 27]. Also evaluation of so-
me localizations (etc.tonsils) due to presence of physiolo-
gical uptake or tissue manipulation is challenging [27, 28].

This study had some limitations. The small response to the  
18follow up F-FDG PET/CT  examination is a consequence of 

the fact that mostly referred patients were treated in the 
Clinical center of Serbia, while the percentage of patients 
who live and are treated in smaller towns of our country is 

18small. Also, evaluation of other predictive F-FDG PET/CT 
parameters (MTV, TLG) was not possible in this study, since 
the lack of software capabilities to calculate those parame-
ters. Future multicenter studies should evaluate this topic.

18In conclusion, F-FDG PET/CT detected SCC in 308/343 pa-
tients (89%). Disease was usually present in lungs, head and 
neck in men, while cervical cancer was the most frequent 
among women. Di�erent localizations had di�erent 

SUVmax accumulation. The most intense sights were lungs 
and esophagus. Patients with these localizations had worst 
PFS. Maximum SUV was independent predictor of PFS. Thus 
women with cervical SCC had lower average SUVmax and 
better survival. Majority of patients had widespread disease, 
thus on the follow up progression of disease was seen in 
30%, remission in 36% and stationary �ndings in 34%.
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