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Abstract
Objectives: To investigate the effects of glut polymorphisms on 18Fluorine-fluorodeoxyglucose (18F-FDG) uptake rates.
Methods: The 18F-FDG positron emission tomography/computed tomography images and mass lesion metabolism standard uptake value 
maximum (SUV

max)
 results of the patients were evaluated. Glucose transporter protein-1 (GLUT-1)-XbaI G>T (rs2754218) and HaeIII T>C (rs1385129) 

polymorphisms and their effects on 18F-FDG uptake rates were investigated using DNA obtained from peripheral blood.
Results: When the Xbal G>T genotype distribution of the patients was examined, the Xbal G/G genotype was found to be 87%, the Xbal G/T 
genotype 12%. The XbaI T/T phenotype was detected in only one patient (1%). In the HaeIII T>C genotype distribution, the HaeIII C/C genotype 
was found as 54%, the HaeIII T/C genotype as 31%, and the HaeIII T/T genotype as 15%. When the Xbal and HaeIII genotypes were examined 
together, the number of polymorphic genotypes was significantly higher in the lung and bronchial tumor groups compared to other cancer types. 
Conclusion: The presence of polymorphism in at least one of the two gene regions, in the lung-bronchial tumor group and the high SUV

max
 value 

in this patient group, may indicate a change in the involvement rates.
Keywords: Glucose transporter protein-1 polymorphism, 18Fluorine-fluorodeoxyglucose, positron emission tomography imaging, glucose 
transporter protein-1-XbaI G>T (rs2754218), HaeIII T>C (rs1385129)

Öz
Amaç: Glut polimorfizmlerinin 18Flor-florodeoksiglukoz (18F-FDG) alım oranları üzerindeki etkisinin araştırılmasıdır.
Yöntem: Hastaların pozitron emisyon tomografisi/bilgisayarlı tomografi görüntüleri ve kitle lezyon metabolizması standart alım değeri maksimum 
(SUV

maks
) sonuçları değerlendirildi. Periferik kandan alınan DNA ile hastalarda glikoz taşıyıcı protein-1 (GLUT-1)-XbaI G>T (rs2754218) ve HaeIII T>C 

(rs1385129) polimorfizmleri ve 18F-FDG tutulum oranlarına etkileri araştırıldı.
Bulgular: Hastaların Xbal G>T genotip dağılımına bakıldığında, Xbal G/G genotipi %87; Xbal G/T genotipi %12 olarak bulundu. Xbal T/T fenotipi 
sadece 1 hastada (%1) tespit edildi. HaeIII T>C genotip dağılımında, HaeIII C/C genotipi %54; HaeIII T/C genotipi %31; HaeIII T/T genotipi %15 
olarak bulundu. Xbal ve HaeIII genotipleri birlikte incelendiğinde, polimorfik genotip sayısının akciğer ve bronşiyal tümör gruplarında diğer kanser 
tiplerine göre anlamlı derecede yüksek olduğu görülmüştür. 

Address for Correspondence: Aylin Köseler, Pamukkale University Faculty of Medicine, Department of Biophysics, Denizli, Türkiye 
E-mail: akoseler@pau.edu.tr ORCID ID: orcid.org/0000-0003-4832-0436

Received: 10.12.2024 Accepted: 09.03.2025 Publication Date: 03.05.2025

Cite this article as: Kısaarslan M, Adalı Y, Aydın VK, Berberoğlu Y, Yüksel D, Köseler A. The effect of GLUT-1-XbaI G>T and HaeIII T>C polymorphisms on 
18F-FDG uptake rates. Mol Imaging Radionucl Ther. 2025;34:90-96.

1Pamukkale University Faculty of Medicine, Department of Biophysics, Denizli, Türkiye
2Pamukkale University Faculty of Medicine, Department of Nuclear Medicine, Denizli, Türkiye

 Melih Kısaarslan1,  Yasemin Adalı1,  Veli Kaan Aydın1,  Yasemin Berberoğlu1,  Doğangün Yüksel2,  Aylin Köseler1

GLUT-1-XbaI G>T ve HaeIII T>C Polimorfizmlerinin 18F-FDG Alım Oranları Üzerindeki 
Etkisi

The Effect of GLUT-1-XbaI G>T and HaeIII T>C Polymorphisms 
on 18F-FDG Uptake Rates

https://orcid.org/0009-0004-8535-0540
https://orcid.org/0000-0002-6314-4816
https://orcid.org/0000-0001-8371-6239
https://orcid.org/0000-0003-4226-674X
https://orcid.org/0000-0003-0983-2834
https://orcid.org/0000-0003-4832-0436


Mol Imaging Radionucl Ther 2025;34:90-96

91

Kısaarslan et al. Glut polymorphisms on 18F-FDG Uptake Rates

Introduction 

Glucose transporter protein-1 (GLUT-1) is the most widely 
distributed GLUT isoform in the human body. It is expressed 
on the surface of almost all types of cells. Glucose transport 
via GLUT-1 is driven by a gradient across the cell membrane. 
Glucose transporters comprise a family of facilitative 
transporters that are divided into three classes. GLUT-1 is 
a member of class 1 and is highly expressed in glomeruli, 
mesangial cells, endothelial cells, and podocytes. It is also 
insulin-independent (1). 

The GLUT-1 gene (SLC2A1) (rs841853) is located on 
chromosome 1p34.2 and contains 10 exons and 9 introns. 
Single nucleotide polymorphisms are variations in DNA 
sequence that occur when a single nucleotide in the 
genome differs between members of a species. This small 
variance in DNA sequence can affect the development of 
certain diseases or the response to pathogens, drugs, or 
other agents. Accordingly, single nucleotide polymorphisms 
of the GLUT-1 gene, located on chromosome 1p35-p31.3, 
are known to have potential functional effects on diabetic 
nephropathy, vascular calcifications, renal carcinoma risk, 
and the uptake of 2-(18F) 18Fluorine-fluorodeoxyglucose 
(18F-FDG) related to cancer risk (2).

Positron emission tomography/computed tomography 
(PET/CT) imaging, which detects the glucose analog 18F-FDG, 
provides the opportunity to obtain both anatomical and 
metabolic information about a tumor. 18F-FDG accumulates 
in tumor cells because rapidly growing cancer cells have 
the ability to increase glucose metabolism. A positive 
correlation has been shown between tumor 18F-FDG uptake 
and tumor aggressiveness (3).

GLUT-1 is a key rate-limiting molecule in the transport and 
metabolism of glucose in cancer cells. It is also expressed 
in several human carcinomas. The upregulation of GLUT-
1 suggests that it plays a crucial role in tumor biology. 
Therefore, it is hypothesized that increased expression 
of GLUT-1 in human carcinomas indicates improved 
metabolism and energy utilization, as well as more 
aggressive behavior. High protein expression of GLUT-1 
has been observed in most urothelial carcinomas, which is 
related to tumor stages and grades, as well as poor tumor 
differentiation prognosis (4). The uptake mechanism and 
biochemical pathway of 18F-FDG have been extensively 

studied both in vitro and in vivo. The transport of 18F-FDG 
across the cell membrane via glucose transport proteins 
and intracellular phosphorylation by hexokinase has been 
identified as key steps (5). 
18F-FDG PET/CT is an imaging modality capable of detecting 
functional tumor tissue. This is made possible by the 
increased glucose metabolism characteristic of tumors. 
Images obtained through this method are superimposed 
with CT images, allowing for both visual and quantitative 
assessment, thus providing anatomical and metabolic 
information about the tumor.

The standardized uptake value (SUV) in tumor tissue 
is adjusted for the given dose and the patient’s weight, 
reflecting the average activity. 18F-FDG enters the cell via 
facilitated diffusion with the help of GLUT transporters (6). 
It is then phosphorylated by the enzyme hexokinase into 
18F-FDG-6-phosphate, leading to its accumulation within 
the cell. Cancer cells exhibit increased GLUT-1 expression. 
Polymorphisms can influence gene expression and 
protein function (7). This study aimed to investigate the 
impact of GLUT-1-XbaI G>T (rs2754218) and HaeIII T>C 
polymorphisms on 18F-FDG uptake. 

Materials and Methods

Data Sampling

Our study included patients who applied to Pamukkale 
University Faculty of Medicine, Department of Nuclear 
Medicine, PET/CT unit for 18F-FDG oncological whole-body 
PET/CT due to malignancy investigation. These patients had 
a preliminary diagnosis or were diagnosed with cancer, had 
not received any treatment, and were going to undergo 
18F-FDG PET for the first time. Patients with a definite 
pathological diagnosis of cancer constituted the study group. 
The control group will consist of those reported as normal 
on the 18F-FDG PET/CT study or those reported as benign by 
pathology, even if there are abnormal uptake findings.

This study included 100 patients and 100 healthy 
individuals in the control group. PET/CT images of the 
patients were evaluated to assess mass lesion metabolism 
and the presence of metastatic foci. This was a prospective 
case-control study, and its protocol was approved by the 
Pamukkale University Non-Interventional Clinical Research 

Öz
Sonuç: Akciğer-bronşiyal tümör grubunda hastalardaki iki gen bölgesinden en az birinde polimorfizmin olması ve bu hasta grubunda SUV

maks
 

değerinin yüksek olması tutulum oranlarında bir değişikliğe işaret edebilir.
Anahtar kelimeler: Glikoz taşıyıcı protein-1, 18Flor-florodeoksiglukoz, pozitron emisyon tomografisi görüntüleme, glikoz taşıyıcı protein-1-XbaI G>T 
(rs2754218), HaeIII T>C (rs1385129)
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Ethics Committee (number: E-60116787-020-5047, date: 
05.01.2021). All procedures carried out on patients were 
in accordance with the Helsinki Declaration.

18F-FDG PET/CT Procedure

All patients were instructed to fast for 4 hours prior 
to the intravenous administration of 18F-FDG. Before 
18F-FDG injection, the blood glucose levels of all patients 
are checked, and 3.7 MBq/kg 18F-FDG is administered 
intravenously to patients with blood glucose levels below 
160 mg/dL. Whole-body PET/CT scans were acquired 
approximately 45-60 minutes after injection using a PET/CT 
unit (Gemini TF TOF PET/CT; Philips, Cleveland, OH, USA). 
The system consists of a full-ring dedicated PET scanner 
and a 2-slice spiral CT scanner.

The imaging protocol involved patient preparation 
with 1,500 mL of water-based oral contrast agent, and 
intravenous injection of 140 mL of contrast medium 
(Ultravist 300; Schering AG). A CT scan (100 mA at 130 kV) 
was acquired first, followed by a PET scan (3 dimensions, 
emission time, 4-6 min/bed position depending on body 
weight). A pulmonary gating technique in both PET and 
CT scans was used to avoid artifacts caused by breathing. 
Standardized uptake value was determined in tumor tissue 
as a measure of 18F-FDG uptake using a region of interest 
technique. PET images, non-contrast low-dose CT images, 
and PET/CT fusion images are examined with visual and 
semiquantitative SUV

max 
values.

GLUT-1 Genotyping

DNA samples were isolated from the peripheral blood 
of the patients immediately before the PET/CT scan and 
stored at -20 °C. GLUT-1-XbaI G>T (rs2754218) and HaeIII 
T>C (rs1385129) polymorphisms were determined from 
the extracted genomic DNA using the standard phenol-
chloroform method. The primers used in both polymerase 
chain reaction amplification and DNA sequencing are listed 
in Table 1 (4,8). 

Statistical Analysis

This study utilized a power analysis to determine the 
required sample size, aiming for a medium-high effect size 
(f=0.4), with 95% confidence and 90% power.  As a result of 

the analysis, it was found that at least 84 participants were 
needed for the patient group. To account for a possible 
15% loss of data, 100 patients were included in the study, 
while the control group was also formed with 100 patients. 
Data analysis was performed using SPSS 25 software. 
Continuous variables were presented as mean ± standard 
deviation, while categorical variables were presented 
as counts and percentages. Genotype data frequency 
analysis was employed to determine the distribution of 
patient genotypes. One-way ANOVA was used to compare 
differences among more than two independent groups 
when the assumptions for parametric tests were met. The 
Mann-Whitney U test was used for group comparisons 
when parametric assumptions were not met. Spearman 
correlation analysis was used to examine the relationships 
between continuous variables. Fisher’s exact test was 
used to assess differences between categorical variables. 
A p-value of less than 0.05 was considered statistically 
significant for all analyses.

Results

The DNA sequence analysis results of the GLUT-1 Xbal 
G>T(rs2754218) polymorphism are shown in Figure 1.

The DNA sequence analysis result of the GLUT-1 HaeIII T>C 
(rs1385129) polymorphism is shown in Figure 2.

When the Xbal G>T genotype distribution was examined, 
the Xbal G/G genotype was seen at a rate of 87%, and 
the Xbal G/T genotype was seen at a rate of 12%. The 
Xbal T/T genotype was detected in only 1 patient (1%). 
In the HaeIII T/C genotype distribution, C/C genotype was 
detected at 54%, T/C genotype at 31%, and T/T genotype 
at 15% (Table 2).

SUV
max 

Primer values   were determined as 11.65±12.7 in the 
melanoma group, 11.09±5.48 in the lung-bronchial tumors 
group, 10.73±3 in the urogenital tumors group, 2.15±4.8 
in the gastrointestinal system (GIS) tumors group, and 
5.26±2.19 in the breast cancer group. PET/CT images and 
SUV

max
 values of the patients with lung-bronchial cancer 

diagnosis are shown in Figure 3 (Table 3).

When the cancer types were examined according to the 
system in which the cancer was seen, the patient group 
was divided into subgroups as melanoma, lung-bronchial 

Table 1. PCR and DNA sequencing primers

Primers PCR product

GLUT-1 G>T (rs2754218) F: 5’-TGC AAC CCA TGA GCT AAC AA-3’
R: 5’-GAA CCC AGC ACT CTG TAG CC-3’

305 bp

GLUT-1 T>C (rs1385129) F: 5’-CTC CCA GAC ACG CCT ATA ACA GT-3’
R: 5’-GGC TGG TGT CCA TAA GCC AAC G-3’

173 bp

PCR: Polymerase chain reaction, GLUT-1: Glucose transporter protein-1
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tumors, urogenital tumors, GIS tumors, breast cancer 
and other. While the Xbal G/G genotype was found in all 
patients with melanoma, urogenital tumors, GIS tumors, 
breast cancer, and other cancer subgroups, the Xbal 
G/G, G/T, and T/T genotypes were seen in lung-bronchial 
tumors. In melanoma and urogenital tumors, the HaeIII 
C/C genotype was seen, while in other tumor types, all 
genotypes were detected (Table 4). 

In addition, Xbal and HaeIII genotypes were evaluated 
together, and the relationship between cancer types and 

both genotypes was examined. It was shown that the 
number of polymorphic genotypes was significantly higher, 
especially in the lung and bronchial tumor group, compared 
to other cancer types.

The relationship between Xbal and HaeIII genotypes, and 
SUV is shown in Table 5. The genotypes with the highest 
SUV

max
 values were identified to be Xbal G/G and HaeIII 

C/C and Xbal G/T and HaeIII T/T.

Finally, Table 6 demonstrates the age distribution of the 
patients, revealing a mean age of 57.8 years with a range 
between 20 and 87 years. Table 7 presents the gender 

Figure 3. PET/CT images of patients with lung-bronchial cancer
PET/CT images of a 70-year-old male showing the left lung. SUV

max
: 7.56. 

(Xbal G>T genotype: G/G; HaeIII T>C genotype: C/C)
B: PET/CT images of a 53-year-old male on the right lung. SUV

max
: 10.37. 

(Xbal G>T genotype: G/T; HaeIII T>C genotype: T/C)
PET/CT: Positron emission tomography/computed tomography, SUV

max
: Maximum 

standardized uptake value

Figure 2. Y indicates that the C>T nucleotide change in the sequence 
analysis was inherited in a heterozygous form

Figure 1. K indicates that the G>T nucleotide change in the sequence 
analysis is inherited in heterozygous form

Table 2. Genotype distributions of patient and control 
groups

Patients genotype 
n (%)

Control genotype 
n (%)

GLUT-1 Xbal G>T 
(rs2754218)

G/G 87 (87%)
G/T 12 (12%)
T/T 1 (1%)

G/G 87 (87%)
G/T 13 (13%)

GLUT-1 HaeIII T>C 
(rs1385129)

C/C 54 (54%)
T/C 31 (31%)
T/T 15 (15%)

C/C 48 (48%)
T/C 42 (42%)
T/T 10 (10%)

GLUT-1: Glucose transporter protein-1

Table 3. Cancer types and SUV
max

 results of PRIMARY tumor

Type of cancer SUV
max 

(mean ± 
standard deviation)

Melanoma 11.65±12.7

Lung-bronchial tumors 11.09±5.48

Urogenital tumors 10.73±3

GIS tumors 2.15±4.8

Breast cancer 5.26±2.19

Other 9.75±5.38

SUV
max

: Maximum standardized uptake value, GIS: Gastrointestinal system

Table 4. Cancer types and GLUT-1 genotype result

GLUT-1 Xbal 
G>T (rs2754218) 
genotype n (%)

GLUT-1 HaeIII T>C 
(rs1385129) genotype 
n (%)

Melanoma
G/G 4 (100%)
G/T
T/T

C/C 4 (100%) 
T/C 
T/T 

Lung-bronchial 
tumors

G/G 24 (64,86%)
G/T 12 (32,43%)
T/T 1 (2,70%)

C/C 10 (27,77%) 
T/C 15 (41,66%) 
T/T 

Urogenital 
tumors

G/G 17 (100%)
G/T
T/T

C/C 17 (100%)
T/C
T/T

GIS tumors
G/G 15 (100%)
G/T
T/T

C/C 11 (73,33%)
T/C 4 (26,67%)
T/T

Breast cancer
G/G 16 (100%)
G/T
T/T

C/C 8 (34,78%)
T/C 6 (26,09%)
T/T 9 (39,13%)

Other
G/G 11 (100%)
G/T
T/T

C/C 4 (25%)
T/C 6 (37,5%)
T/T 6 (37,5%)
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distribution, indicating that 46% of the patients were female 
and 54% were male. Table 8 summarizes the distribution 
of patients’ diagnoses based on International Classification 
of Diseases codes, with lung-related abnormalities (R91) 
being the most common diagnosis (22%).

Discussion

PET/CT, a non-invasive imaging technique widely accepted 
worldwide, provides exceptional benefits in oncology 
patient follow-up, helping to reduce mortality and 
morbidity in cancer patients. The level of 18F-FDG uptake, 
which generally reflects tumor aggressiveness, indicates 
viable tumor tissue and increased glucose metabolism. 
The accumulation of 18F-FDG in tumors demonstrates the 
known natural behavior of tumors.

The most commonly used radiopharmaceutical in PET/CT 
is 18F-FDG, a glucose derivative. 18F-FDG, a glucose analog, 
is taken up by living cells in the first step of the normal 
glucose pathway. It is used in cancer diagnosis due to the 
increased glycolytic activity in neoplastic cells. The rate of 
glucose metabolism is consistent with the rate of 18F-FDG 
uptake.

Glucose transporters, chiefly GLUT-1, play critical roles 
in the import and metabolism of glucose and auxiliary 
substrates (9,10,11). and are significantly overexpressed in 
many cancers, including brain, breast, cervical, colorectal, 

cutaneous, endometrial, esophageal, hepatic, lung, oral, 
ovarian, pancreatic, prostate, and renal cancers. The cellular 
uptake mechanism of 18F-FDG has been studied both in 
vitro and in vivo. Studies have shown that polymorphisms 
in the GLUT-1 transporter protein affect the cellular uptake 
of 18F-FDG. These polymorphisms have been identified as 
GLUT-1-XbaI G>T (rs2754218), HpyCH4V A>T (rs710218), 
and HaeIII T>C (rs1385129). Polymorphisms in the GLUT-1 
gene have been associated with increased 18F-FDG uptake, 
accelerated tumor growth, and breast cancer. 

Numerous studies have investigated the influence of the 
GLUT-1-XbaI G>T polymorphism (rs2754218) on 18F-FDG 
uptake, with a primary focus on various cancer types. 
Relevant studies have reported the association between 

Table 5. Association between Xbal and HaeIII genotypes 
and SUV

max
 values of PRIMARY tumor

Genotype SUV
max

 mean ± 
standard deviation

Xbal G/G & HaeIII C/C 10.89±5.85

Xbal G/T & HaeIII T/T 10.65±6.75

Xbal G/T & HaeIII T/C 9.54±5.02

Xbal T/T & HaeIII T/T

Xbal G/G & HaeIII T/T 4.28±3.48

Xbal G/G & HaeIII T/C 6.81±2.67

SUV
max

: Maximum standardized uptake value

Table 7. Characteristic analysis of the patient (gender)

Gender n %

Female 46 46%

Male 54 54%

Table 6. Characteristic analysis of the patient (age)

n Mean SD Min. Max.

Age 100 57.8 13.37 20 87

SD: Standard deviation, Min.: Minimum, Max.: Maximum, n: Number

Table 8. Patients’ diagnosis statement

ICD 
code Diagnosis description n %

C04 Base of tongue CA 1 1.00

C09 Tonsil CA 1 1.00

C15 Esophagus CA 1 1.00

C16 Stomach CA 1 1.00

C18 Colon CA 4 4.00

C21 Anus and anal canal CA 1 1.00

C22 Liver and intrahepatic bile duct CA 1 1.00

C25 Pancreas CA 4 4.00

C32 Larynx CA 7 7.00

C34 Bronchus and lung CA 8 8.00

C38 Heart, mediastinum and pleura CA 1 1.00

C43 Skin malignant melanoma 4 4.00

C45 Mesothelioma 1 1.00

C49 Connective and soft tissue CA 1 1.00

C50 Breast CA 16 16.00

C53 Cervix uteri CA 3 3.00

C54.1 Endometrium CA 1 1.00

C56 Ovary CA 1 1.00

C61 Prostate CA 1 1.00

C62 Testis CA 1 1.00

C64 Kidney CA (excluding renal pelvis) 7 7.00

C67 Bladder CA 2 2.00

C80 Malignant neoplasm, unspecified site 7 7.00

D37.4 Colon, uncertain behavior neoplasm 1 1.00

K62 Other diseases of anus and rectum 1 1.00

M79 Other soft tissue disorders 1 1.00

R91 Lung, diagnostic A.B 22 22.00

ICD: International Classification of Disease, CA: Cancer
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the societal T allele and high 18F-FDG in ethnic studies, 
claiming that this allele could increase the capability for 
glucose transport and hence increased tumor activity. 
Conversely, the investigations on GLUT-1 HaeIII T>C 
polymorphism have not been exhaustive, and some studies 
have speculated that the C allele may be related to lower 
18F-FDG uptake (9,11,12).

In our study, the Xbal G/G genotype was observed in 87% 
of the patients, while the Xbal G/T genotype was found in 
12%. Only one patient (1%) had the XbaI T/T genotype. 
For the HaeIII T>C genotype distribution, the HaeIII C/C 
genotype was detected in 54%, HaeIII T/C genotype in 
31%, and HaeIII T/T genotype in 15%.

The genotype distributions in both gene regions varied 
according to cancer types (p=0.0001). There was no 
statistically significant difference in SUV

max
 values between 

the Xbal and HaeIII genotypes (p-values: p=0.89 and 
p=0.541, respectively). Cancer types were categorized 
based on the affected system, the patient group was 
divided into subgroups: melanoma, lung and bronchial 
tumors, urogenital tumors, GIS tumors, breast cancer, and 
others. All patients in the melanoma, urogenital tumors, 
GIS tumors, breast cancer, and other cancer subgroups had 
the Xbal G/G genotype. However, in lung-bronchial tumors, 
the Xbal G/T genotype was observed at a rate of 32.43%.

XbaI and HaeIII genotypes were evaluated together 
to examine their relationship with cancer types was 
observed that the number of polymorphic genotypes was 
significantly higher in the lung-bronchial tumor group 
compared to other cancer types. Particularly, patients in 
the lung-bronchial tumor group had mutations in at least 
one of the two gene regions.

However, 18F-FDG uptake intensity varies depending 
on tumor histopathology. While epidermal and 
adenocarcinomas, such as small cell lung cancer, show a 
high degree of uptake, tumors like bronchoalveolar and 
carcinoid tumors, which have dense mucinous content 
or are slow-growing, may not show pathological levels of 
18F-FDG uptake. 

This study investigated the relationship between GLUT-1 
polymorphisms (specifically GLUT-1-XbaI G>T and HaeIII 
T>C), 18F-FDG uptake rates, and cancer types. Here’s a 
breakdown of the findings: 

Genotype Distribution Varies by Cancer Type: The 
distribution of GLUT-1-XbaI G>T and HaeIII T>C genotypes 
differed significantly among various cancer types. Notably, 
the Xbal G/T genotype was more prevalent in lung-
bronchial tumors compared to other cancer types.

No Significant Difference in SUV
max

 values Based on 
Genotype Alone: No statistically significant difference 

was found in SUV
max 

values when comparing groups based 
solely on Xbal or HaeIII genotypes.

High Prevalence of Polymorphisms in Lung and 
Bronchial Tumors: A significantly higher number of patients 
with lung-bronchial tumors exhibited polymorphisms in at 
least one of the two GLUT-1 gene regions compared to 
other cancer types.

Conclusion

Though the study has failed to establish a proper correlation 
between specific genotypes and SUV

max
 values, a high 

prevalence of GLUT-1 polymorphisms in lung-bronchial 
tumor patients with high SUV

max
 values may highlight a 

possible relation, requiring further research. There is a 
complex relationship between genetic variation, glucose 
metabolism, and uptake of 18F-FDG in cancer.

Potential Consequences: Further studies will be needed 
to unravel the consequences of such results. If, in the 
near future, more associations between GLUT-1 variations 
and 18F-FDG uptake in specific cancers are developed, 
then this would imply the following: a) Personalized 
medicine: Treatment strategies could be developed with 
a focus on the unique properties of each individual’s 
genome. b) Diagnostic precision: It could allow for more 
accurate interpretation of 18F-FDG PET/CT scans for 
certain malignancies. c) Drug development: Interference 
with GLUT-1 may also represent a potential therapeutic 
approach for drugs under development.
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Abstract
Objectives: This study aims to evaluate the effectiveness and role of telomere length measurements in leukocytes, plasma free cell DNA (cfDNA), 
and biopsy cells, along with technetium-99m (Tc-99m) methoxyisobutylisonitrile (MIBI) scintigraphy, as non-invasive methods for diagnosing 
malignant thyroid lesions.
Methods: Data from 128 patients, who underwent ultrasound, Tc-99m MIBI scintigraphy, and fine-needle biopsy with a preliminary diagnosis 
of malignant thyroid nodules, were analyzed. In 98 patients, telomere lengths in leukocytes (from blood), cfDNA (from plasma), and biopsy cells 
were measured using the quantitative polymerase chain reaction method, and the relative telomere/single copy gene (T/S) ratio was calculated. 
Based on cytological examination results, patients were categorized into three groups: malignant, benign, and suspicious. Group differences were 
analyzed using the Kruskal-Wallis and Chi-square tests, and correlations between variables were examined with Spearman correlation analysis.
Results: The sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of Tc-99m MIBI scintigraphy for diagnosing 
malignant thyroid nodules were 64.70%, 79.16%, 29.72%, 83.51%, and 67.96%, respectively. While these results align with the literature, the 
positive predictive value was notably lower. No significant differences were observed in telomere lengths (T/S ratios) in leukocytes, plasma, or 
tissue between the groups.
Conclusion: Tc-99m MIBI scintigraphy demonstrates reasonable diagnostic accuracy for identifying malignancy in thyroid nodules. Contrary to 
limited reports, telomere length measurements may not be a reliable method for predicting thyroid malignancy. Larger studies are needed to 
further explore these findings.
Keywords: Thyroid cancer, technetium-99m methoxyisobutylisonitrile scintigraphy, cell DNA, liquid biopsy, circulating tumor DNA, telomere

Öz
Amaç: Bu çalışma, lökositlerde, plazma serbest hücre DNA’sında (cfDNA) ve biyopsi hücrelerinde telomer uzunluğu ölçümleri ile teknesyum-99m 
(Tc-99m) metoksiizobütilizonitril (MIBI) sintigrafisinin, kötü huylu tiroid lezyonlarının teşhisinde non-invaziv yöntemler olarak etkinliğini ve rolünü 
değerlendirmeyi amaçlamaktadır.
Yöntem: Malign tiroid nodülleri ön tanısı konulan ve ultrason, Tc-99m MIBI sintigrafisi ve ince iğne biyopsisi uygulanan 128 hastanın verileri analiz 
edilmiştir. Doksan sekiz hastada, lökositlerde (kandan), cfDNA’da (plazmadan) ve biyopsi hücrelerinde telomer uzunlukları kantitatif polimeraz 
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zincir reaksiyonu yöntemiyle ölçülmüş ve göreceli telomer/tek kopya gen (T/S) oranı hesaplanmıştır. Sitolojik inceleme sonuçlarına göre hastalar; 
kötü huylu, iyi huylu ve şüpheli olmak üzere üç gruba ayrılmıştır. Gruplar arası farklar Kruskal-Wallis ve ki-kare testleriyle analiz edilmiş, değişkenler 
arasındaki korelasyonlar Spearman korelasyon analizi ile değerlendirilmiştir.
Bulgular: Tc-99m MIBI sintigrafisinin kötü huylu tiroid nodüllerini teşhis etmedeki duyarlılık, özgüllük, pozitif öngörü değeri, negatif öngörü değeri 
ve doğruluk oranları sırasıyla %64,70, %79,16, %29,72, %83,51 ve %67,96 olarak bulunmuştur. Bu sonuçlar literatürle uyumlu olmakla birlikte, 
pozitif öngörü değerinin belirgin şekilde düşük olduğu gözlemlenmiştir. Lökosit, plazma veya doku örneklerindeki telomer uzunlukları (T/S oranları) 
açısından gruplar arasında anlamlı bir fark bulunmamıştır.
Sonuç: Tc-99m MIBI sintigrafisi, tiroid nodüllerinde malignitenin tespitinde makul bir tanısal doğruluk sunmaktadır. Ancak sınırlı raporlara rağmen, 
telomer uzunluğu ölçümlerinin tiroid malignitesini öngörmede güvenilir bir yöntem olmayabileceği anlaşılmaktadır. Bu bulguların daha kapsamlı 
çalışmalarla araştırılması gerekmektedir.
Anahtar kelimeler: Tiroid kanseri, teknesyum-99m metoksi izobütilizonitril sintigrafi, hücre DNA’sı, sıvı biyopsi, dolaşan tümör DNA’sı, telomer

Introduction

It is crucial to determine the functional status of the 
detected thyroid nodules and whether they are malignant. 
For this purpose, thyroid function tests, ultrasound (US) 
findings, and scintigraphic evaluations are conducted on 
patients (1,2).

Although thyroid function tests provide valuable 
information about the functional status of the thyroid 
gland and nodules, they do not indicate the presence of 
malignancy. US imaging can assess the size, echogenicity, 
structure, presence of micro- and macro-calcifications, 
margin irregularity, peripheral halo, shape, and vascularity, 
of nodules. Among these features, hypoechogenicity, 
microcalcifications, and irregular margins are the 
characteristics most strongly associated with malignancy 
(3,4,5). Additionally, thyroid US can evaluate the presence 
of pathological lymph nodes in the neck or signs of invasion 
in surrounding tissues. However, no US finding alone is 
sufficiently sensitive and specific for detecting malignancy 
(5).

Another method used to assess the malignancy 
potential of thyroid nodules is thyroid scintigraphy. In 
thyroid scintigraphy with technetium-99m (Tc-99m) 
methoxyisobutylisonitrile (MIBI), uptake rates and washout 
levels can provide insights into the presence of malignancy 
in nodules (6). Tc-99m MIBI is a tracer used to detect 
P-glycoprotein (Pgp) function and inhibition in vivo, which 
is associated with the multidrug resistance mechanism in 
tumors. The multidrug resistance (MDR1) Pgp affects the 
uptake of MIBI in tumor cells, making it a preferred agent 
for differentiating benign from malignant thyroid nodules 
(6). Studies have shown that the likelihood of malignancy 
increases in hypofunctioning nodules with MIBI uptake, 
while nodules without uptake are generally benign. In 
another study, 35% of nodules showing uptake with Tc-
99m MIBI were found to be malignant (7).

In recent years, liquid biopsy has emerged as an important 
innovation in distinguishing between benign and 

malignant thyroid nodules (8). Liquid biopsy enables the 
non-invasive detection of biological markers, such as cell-
free DNA (cfDNA) released by tumors, in body fluids like 
blood. cfDNA can provide crucial insights into the presence 
of malignancies. These biomarkers reflect the genetic 
characteristics and mutations of the tumor, and can be used 
for cancer diagnosis, prognostic evaluation, monitoring 
treatment response, and determining those at high risk 
(9,10). Telomeric DNA lengths are a significant parameter 
in cancer biology, as changes in telomere length have 
been shown to be associated with tumor formation and 
progression. Telomeres are protective structures located 
at the ends of chromosomes that delay cellular aging 
and apoptosis. The majority of cancer cells express the 
enzyme telomerase, which lengthens telomeres, granting 
the cells immortality. In particular, the telomerase enzyme 
is upregulated in many malignancies, including thyroid 
cancer. Therefore, telomere length and telomerase activity 
are being explored as potential biomarkers for cancer 
diagnosis. The release of cfDNA into the bloodstream is 
related to increased cell death and tumor microcirculation 
associated with cancer cells. However, it has also been 
shown that cfDNA can increase in other conditions, such 
as trauma, inflammation, and myocardial infarction, so 
the specificity of cfDNA measurements for cancer must be 
interpreted with caution (11,12).

Traditional methods used to detect malignancy in thyroid 
nodules, such as fine-needle aspiration biopsy (FNAB), are 
invasive techniques. However, since these methods take 
samples from only specific parts of the tumor tissue, they 
may not fully reflect tumor heterogeneity (13,14). This can 
lead to ambiguous or uncertain results.

For these reasons, our study aims to investigate the 
diagnostic accuracy and role of non-invasive methods, 
including Tc-99m MIBI scintigraphy and telomere length 
measurements (a form of liquid biopsy), in detecting 
malignant thyroid lesions.
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Materials and Methods 

Study Population

A total of 128 patients were included in the study, who 
underwent Tc-99m MIBI thyroid-tumor scan scintigraphy at 
the nuclear medicine clinic due to suspected malignancy, 
FNAB in the endocrinology clinic, and cfDNA and telomere 
length measurements in blood, plasma, and biopsy samples 
in the medical genetics laboratory. While all patients 
underwent scintigraphy and biopsy, telomere lengths were 
measured in 98 of them. Patients with thyroiditis and 
insufficient biopsy material were excluded from the study. 

The groups were formed based on the Bethesda 
classification (I: Non-diagnostic/unsatisfactory, II: Benign 
(colloid and follicular cells), III: atypia of undetermined 
significance/follicular lesion of undetermined significance 
(AUS/FLUS) (follicular or lymphoid cells with atypical 
features), IV: Suspicious for malignancy, VI: Malignant).

Patients with a Bethesda Class I diagnosis were excluded 
from the study. Those with a Bethesda Class II diagnosis 
were categorized as the benign group. Patients in Bethesda 
Classes III, IV, and V were grouped into the suspicious 
group. Lastly, those with a Bethesda Class VI diagnosis 
were classified as the malignant group. 

All participants were informed about the study prior to 
the collection of blood and biopsy samples, and they were 
included after obtaining signed consent forms. This study 
received ethical approval from the Çanakkale Onsekiz Mart 
University Rectorate Clinical Research Ethics Committee 
(date: 12/03/2020, decision no: 2020-04).

Technetium-99m Methoxyisobutylisonitrile 
Scintigraphy

The Tc-99m MIBI scintigraphies were obtained using a 
dual-head gamma camera system (Infinia, General Electric 
Medical Systems, Milwaukee, Wisconsin, USA) with a low-
energy, parallel-hole, high-resolution collimator, a 20% 
window width, and a 140 KeV photopeak of Tc-99m. 
Early planar, 15-minute single photon emission computed 
tomography and 2-hour planar imaging were performed 
after the injection (0.31 mCi/kg sestamibi). The Tc-99m 
MIBI scintigraphy images were evaluated by two nuclear 
medicine experts. Lesions were categorized as “isoactive” 
if their uptake was equal to or greater than the background 
activity and/or thyroid tissue uptake, and “hyperactive” 
if the lesion’s uptake was greater than the background 
activity and/or thyroid tissue activity.

Measurement of Telomere Length by Quantitative 
Polymerase Chain Reaction Method

Preparation of Standards

In all studies, DNA obtained from a venous blood sample 
taken from a healthy young individual was used as a 
calibrator. In studies normalized with the calibrator, a 
standard curve is not necessary for each experiment. Since 
the target/reference gene ratios of the samples were 
normalized with the calibrator target/reference gene ratio, 
the results are only affected by the different polymerase 
chain reaction (PCR) efficiencies of the target and reference 
genes. To mitigate this effect, the PCR efficiency can be 
adjusted to 2 during analysis.

Inclusion of Samples in Telomere and Betaglobulin 
Polymerase Chain Reaction Analysis

Primers synthesized by HPLC were diluted to 100 pmol/
μL as main stocks, and intermediate stocks of 10 pmol/
μL were prepared and stored at -20 °C for PCR. The 
samples were subjected to PCR using telomere and beta-
globin primers. The samples were analyzed using the Light 
Cycler 2.0 (Roche) device. The quantification process was 
performed on the real-time PCR (Roche Light Cycler 2.0) 
device. Samples were analyzed in duplicate.

Quantitative Assessment of Telomere Length

When PCR efficiency is assumed to be 100%, the telomere/
single copy gene (T/S) ratio is calculated as follows: 

T/S ratio= [2 Ct(telomer) / 2 Ct(beta globin)]-1= [2 
[Ct(telomer)-Ct(beta globin)] ]-1= 2-ΔCt 

ΔCt=[Ct(telomer)-Ct(beta globin)] 

Relatif T/S ratio=2-(ΔCt1- ΔCt2)= 2-ΔΔCt

ΔΔCt= ΔCtT-ΔCt calibrator

Statistical Analysis

The study data were transferred into SPSS 26.0 for 
electronic analysis. Data control and analyses were 
conducted using this program. For the presentation 
of descriptive statistics, percentages, means, standard 
deviation, median, minimum, and maximum (min.-max.) 
values were used. Statistical evaluations included Chi-
square, Kruskal-Wallis, and Spearman correlation analyses. 
Receiver operating characteristic (ROC) curve analysis was 
performed to determine the cutoff points for the relative 
T/S ratio values of whole blood, plasma, and tissue in 
detecting malignancy, and the graphs were presented. A 
p-value of <0.05 was considered statistically significant.
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Results

Descriptive Findings

A total of 128 patients, including 101 women (79%) and 
27 men (21%) aged between 19 and 85 years (mean age 
52.66±13.14), were included in our study. All patients had 
results from Tc-99m MIBI thyroid scintigraphy and thyroid 
biopsies, while the telomere lengths in blood, plasma, and 
tissue could be measured genetically in 98 patients (Table 1).

According to the pathology results, the average age (min.-
max.) and gender distribution of the cases were divided 
into 3 groups. No statistically significant difference was 
found between the groups regarding age (p=0.544) and 
gender (p=0.083) (Table 1).

Comparison of Ultrasonographic Features of Thyroid 
Nodules

When comparing the nodule diameters among these three 
groups, no significant difference was found (p=0.456) 
(Table 1). Our study population consisted of patients 
categorized into Thyroid Imaging Reporting and Data 
System (TIRADS) categories 3, 4, and 5 according to 
current guidelines indicating the need for biopsy. When 
the distribution of TIRADS categories in the benign, 
suspicious, and malignant groups was examined, it was 
found that the benign group had the highest proportion of 
TIRADS 3 (54.16%), the suspicious group had the highest 

proportion of TIRADS 4 (40%), and the malignant group 
had the highest proportion of TIRADS 5 (70.58%), which 
is a clinically expected result. As the risk of malignancy 
increases within the TIRADS categories, the likelihood of 
obtaining a malignant pathological result also increases. 
Statistical evaluation revealed that this difference is 
significant (p=0.001, Table 1).

Among the patients evaluated as TIRADS 3-4-5 on US who 
were underwent biopsy, the cytological results obtained 
according to the Bethesda classification showed that 96 
patients had benign results, 11 patients had AUS/FLUS, 
3 patients had follicular neoplasia or suspicion, (including 
Hurthle cell type), 1 patient had suspicion of malignancy, 
and malignancy was reported in 17 patients (Table 2). Of 
the 17 cases with thyroid malignancy identified, 14 were 
papillary carcinoma, 2 were follicular variant papillary 
carcinoma, and 1 was primary thyroid lymphoma based on 
histopathological type.

Comparison of Technetium-99m 
Methoxyisobutylisonitrile Scintigraphy Results

The power and effectiveness of Tc-99m MIBI thyroid 
scintigraphy, performed to investigate the presence of 
malignancy in thyroid nodules, were statistically evaluated. 
The specificity of Tc-99m MIBI thyroid scintigraphy in 
detecting benign nodules was calculated as 79.16%, and 
the negative predictive value was 83.51%. The sensitivity 

Table 1. The demographic and clinical characteristics of the study group patients

Clinical characteristics
Study group (n=128)

Benign group 
(n=96)

Suspicious group 
(n=15)

Malignant group 
(n=17) p-value

Age (mean ± SD) 53.46±12.72 49.53±15.13 50.88±13.95
0.544

(Min.-max.) (19-85) (19-77) (20-77)

Gender (%) 

Female 78 (81.25) 13 (86.66) 10 (58.82)
0.083

Male 18 (18.75) 2 (13.33) 7 (41.17)

Nodule size

Mean (mm) 22.04±10.43 18.73±9.04 22.29±15.54 0.456

(Min.-max.) (5.0-48.0) (5.0-35.0) (10.0-60.0)

TIRADS 

3 n (%) 52 (54.16) 6 (40.0) 2 (11.76)

0.0014 n (%) 23 (23.95) 5 (33.33) 3 (17.64)

5 n (%) 21 (21.87) 4 (26.66) 12 (70.58)

MIBI scan

Isoactive n (%) 76 (83.51) 9 (9.89) 6 (6.59)
-

Hyperactive n (%) 20 (54.05) 6 (16.21) 11 (29.72)

SD: Standard deviation, TIRADS: Thyroid Imaging Reporting and Data System, MIBI: Methoxyisobutylisonitrile
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of Tc-99m MIBI thyroid scintigraphy in detecting malignant 
nodules was calculated as 64.70%, and the positive 
predictive value was 29.72%. Additionally, the diagnostic 
accuracy of Tc-99m MIBI thyroid scintigraphy was found to 
be 67.96% (Table 3).

In the suspicious group (15 individuals), among the 
biopsied nodules, 6 (40%) were classified as isofunctional, 
and 9 (60%) were classified as hyperfunctional. Due 
to the inability to access subsequent biopsy results or 
postoperative biopsy results, the validity and reliability of 
scintigraphy in this group could not be calculated. 

Figure 1 shows examples of true-positive, false-positive, 
true-negative, and false-negative patients in Tc-99m MIBI 

thyroid scintigraphy. The image of a primary thyroid 
lymphoma case, distinct from differentiated thyroid 
malignancies, is shown in Figure 2, where early and 
late images revealed radioactivity retention in a firm, 
fixed nodule covering the entire thyroid. Additionally, a 
metastatic right supraclavicular lymph node, confirmed 
histopathologically and showing Tc-99m MIBI retention in 
both early and late images, was identified.

Comparison of Telomere Lengths in Blood, Plasma, 
and Tissue

There was no statistically significant difference in the relative 
T/S ratio values of whole blood, plasma, and tissue among 

Table 2. Thyroid biopsy results according to the Bethesda classification

Groups Benign group Suspicious group Malignant 
group Total

Biopsy results 
(Bethesda) Benign AUS FL-US 

Follicular neoplasia or 
suspicion (including hurthle 
cell)

Suspicion of 
malignancy Malignant 

Number 96 11 3 1 17 128 

Percent 75.0 8.59 2.34 0.78 13.23 100%

Figure 1. Tc-99m MIBI thyroid scintigraphy patient examples: A) A true positive patient example; the biopsy of the hyperactive nodule was reported as 
papillary thyroid carcinoma (22 mm nodule in the right lobe); B) A false positive patient example; the biopsy of the hyperactive nodule was reported 
as benign (35 mm nodule in the right lobe); C) A true negative patient example; the biopsy of the isoactive nodule was reported as benign (42 mm 
nodule in the right lobe); D) A false negative patient example; the biopsy of the isoactive nodule was reported as papillary thyroid carcinoma (17 mm 
nodule in the right lobe)
Tc-99m: Technetium-99m, MIBI: Methoxyisobutylisonitrile
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the groups (Table 4). Although no statistical difference was 
found, it was observed that the relative T/S ratio values 
in whole blood for patients in the malignant group, were 
larger than those in the other groups. Conversely, for the 
plasma relative T/S ratio values, higher average values were 
obtained in the benign group compared to the suspicious 
and malignant groups. Additionally, the close similarity of 
the average tissue relative T/S ratios in the malignant and 
benign groups is noteworthy. When examining telomere 
lengths in all three groups, the order of telomere lengths 
was found to be “whole blood > plasma > tissue” in each 
group (Table 5).

On the other hand, in the ROC curve analyses, the area 
under the curve (AUC) for the whole blood relative T/S 
ratio was found to be 0.507 (Figure 3). For the plasma 
relative T/S ratio, AUC= 0.558 (Figure 4); and for the tissue 
relative T/S ratio, AUC=0.504 (Figure 5). These values 
indicate insufficient diagnostic accuracy (Tables 6,7,8).

Discussion

Due to the limitations of existing methods for detecting 
thyroid cancer, research on new non-invasive approaches 
is ongoing. In this study, we aimed to evaluate the role of 
scintigraphic imaging with Tc-99m MIBI and DNA telomere 
length measurement in distinguishing malignant from 
benign thyroid nodules.

Tc-99m MIBI scintigraphy, employed to evaluate 
malignancies like lung, breast, brain, lymphoma, bone, 
and soft tissue cancers, has also been investigated 
for predicting thyroid cancers. The studies reported 
show significant differences in diagnostic performance 
values, in addition to heterogeneity in inclusion criteria 
and methods used (15,16,17). Overall, Tc-99m MIBI 
scintigraphy appears to be a cost-effective method that 
contributes to the evaluation of tyroid nodules. However, 
current guidelines do not recommend the use of Tc-99m 
MIBI scintigraphy to predict the cancer risk of thyroid 
nodules (6,18,19).

In a meta-analysis by Treglia et al. (7), which included 21 
studies, the pooled sensitivity and specificity of Tc-99m 
MIBI scintigraphy in detecting malignant thyroid nodules 
per lesion were 85.1% and 45.7%, respectively, regardless 
of previous technetium pertechnetate or iodine-123 
scan results. When a limited sub-analysis was performed 
with data on hypofunctioning nodules from Tc-99m 
pertechnetate or iodine-123 scans, the pooled sensitivity 
and specificity were 82.1% and 62.8%, respectively. The 
researchers concluded that this imaging method could 
be helpful in patients with thyroid nodules suspected of 
malignancy based on conventional diagnostic techniques. 
They also noted that higher specificity could be achieved 
in hypofunctioning thyroid nodules (7,20). Based on the 
results of a prospective study, the researchers stated that 

Table 3. The sensitivity, specificity, positive predictive 
value, and negative predictive value ratios of Tc-99m MIBI 
scintigraphy in detecting malignant and benign nodules

Scintigraphy 
findings

Pathology results

Benign 
group n (%)

Suspicious 
group n (%)

Malignant 
group n (%)

Hyperactive nodule 
n=37

20 (20,83) 6 (40) 11 (64.70) 

Isoactive nodule 
n=91

76 (79.17) 9 (60) 6 (35.30) 

Total n=128 96 (100) 15 (100) 17 (100)

Sensitivity: 64.70%; Specificity: 79.16%; Positive predictive value: 29.72%; Negative 
predictive value: 83.51%; Diagnostic accuracy: 67.96% Tc-99m: Technetium-99m, 
MIBI: Methoxyisobutylisonitrile

Table 4. The comparison of cfDNA telomere length values between groups

cfDNA groups Study group (n=98)

Benign group
 (n=77)

Suspicious group 
 (n=7)

Malignant group 
 (n=14) p-value

Blood relative T/S ratio 

0.668
Mean ± SD 3.89±3.27 3.45±3.80 4.24±3.41

(Min.-max.) (0.03-11.47) (0.04-9.51) (0.59-11.74)

Plasma relative T/S ratio

0.472
Mean ± SD 2.09±4.29 1.80±2.08 0.84±0.66

(Min-max) (0.008-23.75) (0.11-6.14) (0.07-2.20)

Tissue relative T/S ratio

0.396
Mean ± SD 0.58±1.03 1.51±2.82 0.55±1.08

(Min.-max.) (0.005-6.86) (0.07-7.83) (0.01-4.08)

cfDNA: Cell-free DNA, T/S: Telomere/single copy gene, SD: Standard deviation
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Tc-99m MIBI scintigraphy was significantly more accurate 
than mutation analysis and that a negative Tc-99m MIBI 
scan could reliably rule out malignancy. Eighteen another 
study reported a strong negative relationship between Tc-
99m MIBI uptake in thyroid lesions and MDR-associated 
protein-1 (21).

Although many studies have reported a high sensitivity, 
Tc-99m MIBI scintigraphy has low specificity and is not 
recommended as a first-line investigation. Instead, it is 
suggested as a second-line test to help reduce unnecessary 
surgeries (22,23).

In our study, we found the sensitivity, specificity, positive 
predictive value, negative predictive value, and accuracy 
of Tc-99m MIBI scintigraphy in distinguishing between 
malignant and benign thyroid nodules to be 64.7%, 
79.16%, 29.72%, 83.51%, and 67.96%, respectively, in 
that order. Our results are generally consistent with those 

reported in the literature; however, the heterogeneity in 
patient selection and methods used in the studies make 
direct comparison difficult. 

One liquid biopsy method measures the telomere 
lengths of cells, focusing on two primary telomere repair 
mechanisms: telomerase activation and the alternative 
lengthening of telomeres (ALT), pathway, which 
functions independently of telomerase. While 85-95% 

Figure 2. A Tc-99m MIBI thyroid scintigraphy example of a patient 
with primary thyroid lymphoma. The arrow indicates a metastatic right 
supraclavicular lymph node, confirmed histopathologically, showing Tc-
99m MIBI retention in both early and late images
Tc-99m: Technetium-99m, MIBI: Methoxyisobutylisonitrile

Table 5. The pairwise comparison of telomere lengths 
across all groups

n=98
Benign 
group
(n=77)

Suspicious 
group 
(n=7)

Malignant 
group 
(n=14)

Blood-plasma relative T/S

Z 0.380 -0.107 0.354

p-value 0.001 0.819 0.215

Plasma-tissue relative T/S

Z 0.306 0.714 0.240

p-value 0.007 0.071 0.409

Tissue-blood relative T/S

Z 0.026 -0.321 0.169

p-value 0.822 0.482 0.563

T/S: Telomere/single copy gene

Figure 3. ROC curve analysis of blood relative T/S ratio
ROC: Receiver operating characteristic, T/S: Telomere/single copy gene

Figure 4. ROC curve analysis of plasma relative T/S ratio
ROC: Receiver operating characteristic, T/S: Telomere/single copy gene
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of cancer cells express telomerase, 5-15% activate the 
ALT pathway (24,25). Telomerase is active in embryonic 
and stem cells and is upregulated in over 90% of 
cancers, including thyroid cancer, allowing indefinite 
replication of cancer cells. Telomerase comprises two 
subunits: telomerase RNA and telomerase reverse 
transcriptase (TERT) (26). TERT mutations occur in 11.3% 
of well-differentiated papillary thyroid cancers, 17.1% of 
follicular thyroid cancers, 32% of widely invasive Hurthle 

cell carcinomas, 43.2% of poorly differentiated thyroid 
cancers, and 40.1% of anaplastic thyroid cancers (27).

In a meta-analysis by Ma et al. (28) (which included 21 
studies), shorter telomeres were found to be significantly 
associated with cancer risk; particularly in smoking-related 
cancers like bladder and lung cancers; as well as digestive 
and urogenital system cancers. Telomerase activity was 
reported to increase and telomere length was reported to 
decrease in thyroid cancer tissues and follicular adenomas 
compared to normal peritumoral tissues. In a study by 
Capezzone et al. (29), the average relative telomere length 
of familial papillary thyroid carcinoma (PTC) patients was 
found to be short in neoplastic thyroid tissues (0.87±0.2), 
but no significant difference was observed compared 
to normal contralateral thyroid tissues (0.85±0.11) and 
extrathyroidal tissues (0.85±0.31). Conversely, in patients 
with sporadic PTC, the average relative telomere length 
was significantly shorter in neoplastic tissues (1.73±0.63) 
than in normal contralateral tissues (2.58±0.89) and 
extrathyroidal tissues (2.5±0.86) (29). Caria et al. (30) 
found that the relative telomere length was significantly 
shorter in familial PTC samples than in sporadic PTC 
samples (mean 0.93 vs. 1.9). In a study comparing 
telomere lengths among thyroid cancer subgroups, very 
short telomeres were detected in 12 out of 15 PTCs 
(80%), 1 out of 4 follicular carcinomas (25%), all 3 Hurthle 
cell carcinomas (100%), and 4 out of 12 follicular variant 
of papillary thyroid carcinomas (FVPTCs) (33%) when 
compared to adjacent normal thyroid tissue. In the same 
study, the average telomere lengths of thyroid tumors 
were statistically significant and shorter in the following 
order: PTC, flow cytometry/hydrocarbons, FVPTC, 
functional assessment/hemagglutinin, and hyperplastic 
nodules. Another study found that the TINF2 gene was 
associated with melanoma and PTC, and in contrast to 
other studies, increased telomere length was observed in 
patients with these mutations (31).

In a prospective study measuring telomere length in 
leukocytes, a reduced average relative telomere length 
was found to be significantly associated with a higher 
risk of PTC (32). Another regression analysis investigating 
telomere length in leukocytes found that shorter relative 
telomere length was significantly associated with an 
increased risk of renal cell carcinoma (RCC), with an RTL 
of 3.18±1.50 in the RCC group compared to 4.39±1.99 
in the control group (33). In a study measuring telomere 
length in hematological malignancies, patients had shorter 
average relative telomere lengths. This was observed 
in both familial and non-familial cases of hematological 
malignancies (34).

Table 8. Thyroid biopsy tissue relative T/S ratio ROC curve 
analysis result

Area under 
the curve 

Standard 
deviation p-value 95% confidence 

interval 

0.504 0.074 0.959 0.359-0.648

ROC: Receiver operating characteristic, T/S: Telomere/single copy gene

Table 6. Blood relative T/S ratio ROC curve analysis result

Area under the 
curve 

Standard 
deviation p-value 95% confidence 

interval 

0.507 0.072 0.924 0.365-0.648

ROC: Receiver operating characteristic, T/S: Telomere/single copy gene

Table 7. Plasma relative T/S ratio ROC curve analysis result

Area under the 
curve 

Standard 
deviation p-value 95% confidence 

interval 

0.558 0.071 0.416 0.418-0.698

ROC: Receiver operating characteristic, T/S: Telomere/single copy gene

Figure 5. ROC curve analysis of thyroid biopsy tissue relative T/S ratio.
ROC: Receiver operating characteristic, T/S: Telomere/single copy gene
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A study investigating the relationship between cfDNA levels 
and various biological and lifestyle factors found that acute 
exercise, pesticide exposure, and stress increased cfDNA. 
Smoking, body mass index, hypertension, circadian rhythm, 
gender, age, and chronic exercise caused inconsistent changes. 
Ionizing radiation decreased cfDNA, while alcohol consumption 
and menstruation did not cause any changes (35).

In studies on cfDNA telomere lengths during cancer 
development, shortened telomeres in serum samples were 
linked to increased gastric cancer risk and early breast cancer 
detection. Shorter telomeres were also observed in patients 
with ductal carcinoma in situ (34,35). In HBV patients, longer 
telomeres in baseline serum were associated with HCC risk. 
While shortened telomeres are known to promote cancer 
by inducing chromosomal instability, recent studies suggest 
that both shortened and abnormally elongated telomeres 
are linked to various cancers (36).

Unlike the reported studies, our research compared 
telomere lengths in leukocytes, plasma cfDNA, and tumor 
cells, and found no statistically significant difference 
between relative T/S values across these groups. Although 
not statistically significant, the relative leukocyte T/S value 
was found to be higher in the malignant group compared 
to other groups. The relative cfDNA T/S value was higher 
in the benign group than in the suspicious and malignant 
groups. Notably, the average relative T/S ratios in tissues 
was very close between the malignant and benign groups.

Study Limitations

In our study, the small total number of patients and subgroup 
sizes limited the ability to conduct reliable statistical 
analyses. Therefore, further prospective, case-controlled 
studies with larger sample sizes and standardization of 
methods are needed.

Conclusion

In this study, we investigated the validity and reliability of 
non-invasive methods, such as Tc-99m MIBI scintigraphy 
and DNA telomere length measurements, in predicting 
the presence of malignancy in thyroid nodules. The 
results indicate that Tc-99m MIBI scintigraphy has a 
reasonable diagnostic performance in predicting the risk 
of malignancy in thyroid nodules. With its high negative 
predictive value, a negative Tc-99m MIBI scan can reliably 
rule out malignancy. According to our findings, the 
relative telomere lengths in blood (leukocytes), plasma 
(cfDNA), and tissue samples did not provide statistically 
significant results in distinguishing between malignant 
and benign groups. This finding is inconsistent with the 
limited literature suggesting that relative telomeric length 

may be a valid method for predicting thyroid malignancy. 
In the evaluation of malignancy in thyroid nodules, Tc-
99m MIBI scintigraphy appears to be a more accurate 
and cost-effective method compared to telomere length 
analysis.
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Öz
Amaç: Spinal kordda 18Flor-florodeoksiglukoz (18F-FDG) tutulumu nadir değildir ve metastatik hastalığı taklit edebilir. Spinal kord 18F-FDG 
metabolizmasının fizyolojik karakterizasyonu ve değişkenliği, özellikle malignite şüphesi olan hastalarda değerli bilgiler sağlar. Bu çalışmada, normal 
popülasyonda spinal korddaki fizyolojik 18F-FDG tutulum paternini ve ilişkilerini araştırmayı amaçladık.
Yöntem: Bir yıllık takip süresi boyunca hastalıksız olduğu teyit edilen 140 yetişkin hastanın 18F-FDG pozitron emisyon tomografisi/bilgisayarlı 
tomografi görüntüleri retrospektif olarak incelendi. C1’den L5’e kadar her orta-vertebral seviyede spinal kanalın maksimum ve ortalama standart 
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Abstract
Objectives: 18Fluorine-fluorodeoxyglucose (18F-FDG) uptake in the spinal cord is not unusual and may mimic metastatic disease. The physiological 
characterization and variability of spinal cord 18F-FDG metabolism provide valuable information, especially in patients with suspected malignancies. 
We aimed to investigate the physiological 18F-FDG uptake pattern within the spinal cord and its associations in a normal population. 
Methods: We retrospectively analyzed 18F-FDG positron emission tomography/computed tomography images of 140 adult patients who were 
confirmed to be disease-free over a one-year follow-up period. The maximal and mean standard uptake values (SUV

max
, SUV

mean
) were measured 

at each mid-vertebral level from C1 to L5, and normalized to liver and blood pool uptake. Correlations between 18F-FDG uptake and patient 
demographics, clinical parameters, and environmental temperature were evaluated.
Results: 18F-FDG uptake demonstrated a decreasing trend from the cervical to lumbar vertebrae, with a notable increase at the lower thoracic 
levels (T11-T12). There was a significant negative correlation between 18F-FDG uptake and age (p<0.001), fasting glucose level (p=0.016), and 
diabetic status (p=0.003). No significant association was found between spinal cord 18F-FDG uptake and gender, weight, height, body mass index, 
18F-FDG dose, or environmental temperature.
Conclusion: Normal distribution of 18F-FDG in the spinal cord of disease-free individuals decreases from cervical to lumbar levels, although it 
notably increases at the lower thoracic and mid-lower cervical levels. Uptake significantly decreases with age, with a higher fasting blood glucose 
level, and in diabetic patients.
Keywords: Spinal cord, 18Fluorine-fluorodeoxyglucose, positron emission tomography/computed tomography, physiological uptake
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tutulum değerleri (SUV
maks

, SUV
ort

) ölçüldü ve karaciğer ve kan havuzu tutulumu ile normalize edildi. 18F-FDG tutulum yoğunluğu ile hastaların 
demografik özellikleri, klinik parametreleri ve çevre sıcaklığı arasındaki korelasyonlar araştırıldı.
Bulgular: Spinal korddaki 18F-FDG tutulumu servikal vertebralardan lomber vertebralara doğru azalan bir patern göstermiş olup alt torasik (T11-T12) 
seviyelerde anlamlı bir artış izlenmiştir. 18F-FDG tutulumu ile yaş (p<0,001), açlık glukoz düzeyi (p=0,016) ve diyabetik durum (p=0,003) arasında 
anlamlı bir negatif korelasyon bulunmuştur. Spinal kord 18F-FDG tutulumu ile cinsiyet, kilo, boy, vücut kitle indeksi, 18F-FDG dozu veya çevre sıcaklığı 
arasında ise anlamlı bir ilişki saptanmamıştır.
Sonuç: Hastalıksız bireylerde spinal kordda 18F-FDG dağılımı servikalden lumbar seviyelere doğru azalmakta olup alt torasik ve orta-alt servikal 
seviyelerde belirgin artış göstermektedir. 18F-FDG tutulumu artan yaşla, açlık kan şekeri seviyesinin yükselmesiyle ve diyabetik hastalarda önemli 
ölçüde azalmaktadır.
Anahtar kelimeler: Spinal kord, 18Flor-florodeoksiglukoz, pozitron emisyon tomografisi/bilgisayarlı tomografi, fizyolojik tutulum

Introduction
18Fluorine-fluorodeoxyglucose (18F-FDG) positron emission 
tomography/computed tomography (PET/CT) imaging is 
increasingly being used in the initial diagnosis, staging, 
restaging, and monitoring therapy response in oncological 
patients. The physiological distribution of 18F-FDG has been 
welldefined; it has high uptake in the heart, liver and brain, 
eliminates in urine, and concentrates in the gastrointestinal 
tract with varying degrees. 18F-FDG uptake in the spinal 
cord is not unusual and may be either physiological or 
indicative of underlying diseases such as metastatic 
involvement, vascular, infectious, or inflammatory diseases 
(1). Spinal metastases constitute approximately 8.5% 
of all the central nervous system metastases, with lung 
and breast cancer being the most common primaries (2). 
Normal variants of physiological uptake in the spinal cord 
can cause misdiagnosis and unnecessary treatments in 
oncologic patients. Hence, it is crucial to understand the 
physiologic distribution of 18F-FDG in the spinal cord for a 
correct interpretation of PET imaging. 

Several studies examined the physiological distribution of 
18F-FDG within the spinal cord of adult cancer patients with 
non-central nervous system malignancies (1,3,4,5,6,7,8), 
while two studies evaluated the physiological metabolism 
of the spinal cord in oncologic pediatric patients (9,10). 
However, these studies have confounding factors such as 
chemotherapy, radiation therapy, or surgery, that might 
affect 18F-FDG uptake in the spinal cord due to radiation 
myelopathy (11,12). To date, only two studies with 
small sample sizes (n=16, n=30) reported physiologic 
uptake of 18F-FDG within the spinal cord in disease-free 
patients (13,14). The aim of this study is to evaluate the 
physiological 18F-FDG distribution within the spinal cord in 
disease-free subjects, and assess the influence of gender, 
age, body weight, body mass index (BMI), diabetes and 
environmental temperature on spinal cord 18F-FDG uptake 
in a larger cohort population.

Materials and Methods

Study Design and Patient Selection

We retrospectively evaluated 18F-FDG PET/CT images 
of adult patients who were referred to our clinic for 
evaluating suspected malignancy, or characterization of 
solitary pulmonary nodules over a 24-month period from 
June 2021 to June 2023. Only 140 patients who were 
proven to be disease-free during a one-year follow-up were 
included in the study. Patients with abnormal 18F-FDG PET/
CT findings suggestive of malignant disease, a history of 
former malignancies, chemotherapy, inflammatory or 
degenerative vertebral diseases affecting spinal cord, and 
previous spinal operations were excluded from participating 
in the study. Additionally, patients whose fasting blood 
glucose levels were higher than 126 mg/dL were excluded, 
in accordance with the European Association of Nuclear 
Medicine procedural guidelines for research studies (15). 
Medical parameters including gender, age, weight, height, 
BMI, fasting glucose level, diabetes status, and 18F-FDG 
dose were recorded. Daily local average temperature values 
were obtained from the national meteorology archives. 
This study was conducted in accordance with the ethical 
principles outlined in the Declaration of Helsinki. Approval 
was obtained from the Marmara University Faculty of 
Medicine Clinical Research Ethics Committee (number: 
09.2021.1437, date: 03.12.2021) and informed consent 
was obtained from each participant.

18F-FDG PET/CT Protocol 
18F-FDG PET/CT images were acquired after a 6-hour fast 
and approximately 1 hour after intravenous injection of 
18F-FDG using a dedicated combined scanner (GE Discovery 
ST; GE Healthcare, Milwaukee, WI). All patients had a blood 
sugar level of less than or equal to 126 mg/dL before 
18F-FDG injection. First, a multi-slice CT scan was performed 
with a 16-slice multidetector scanner (parameters: 80 mA; 
140kV; table speed: 27 mm/rotation; and slice thickness: 
3 mm) from the top of the head through the feet in the 
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supine position in a shallow breathing patient. A routine 
whole-body PET scan was conducted in 3D mode, with an 
acquisition time of 3 minutes per bed position, covering 
the same area as the CT scan. PET data were reconstructed 
using an iterative processing algorithm, and the acquisition 
data transferred to a workstation (Advantage Windows 
Server 4.5; GE Healthcare) for manual segmentation and 
interpretation. 

Image Analysis

All 18F-FDG PET/CT images were evaluated by two 
experienced nuclear medicine physicians.

The maximal and mean standard uptake values (SUV
max

; 
SUV

mean
) of the spinal cord at each mid-vertebral level from 

C1 to L5 were recorded with a standard region of interest 
(ROI) size. The ROIs for each spinal cord measurement were 
manually drawn while avoiding the margins of vertebrae 
(Figure 1). For internal normalization, a reference ROI was 
placed over the liver, on the 6th hepatic segment, and over 
the blood pool, particularly on the right atrium, to calculate 
the normalized SUV

max
 (nSUV

max
) and the normalized 

SUV
mean

 (nSUV
mean

) values.

Statistical Analysis

Descriptive statistics were used to present the characteristics 
of the study population. Continuous data were reported 
as means ± standard deviations or median, (range), 
while categorical variables were expressed as frequencies 
(percentage). A preliminary Kolmogorov-Smirnov test was 
used to assess the normality of variables. Means were 
compared with Student’s t-test. The correlations of SUV 
with age, weight, 18F-FDG dose, and temperature were 
tested with Spearman’s correlation analysis. Pearson’s 
correlation analysis was used to determine the relationship 
between glucose level, height, BMI, and the 18F-FDG 
uptake of each vertebral level. The pattern of physiological 
spinal cord, 18F-FDG, distribution was determined by 
drawing a graph based on the mean nSUV

max
/nSUV

mean
 of 

each vertebral level. Data were analyzed using IBM SPSS® 
software version 29.0. Results with two-sided p<0.05 were 
considered statistically significant.

Results

Patient Characteristics

One hundred forty patients (72 men, 68 women) who 
met the inclusion criteria and were enrolled in the study. 
The mean age of the patients was 55±16 (men 54.9±16, 
women 55.2±16.2) years, while the median age was 53.5. 
Population characteristics are summarized in Table 1. 

SUV Measurements

The highest SUV
max

 value was noted at the C1 level 
(range 1.3-3.1, mean 2.1), while the lowest SUV

max
 value 

was observed at the L5 level (range 0.5-2.4, mean 1.1). 
Physiologic 18F-FDG uptake showed a decreasing pattern 
in the spinal cord from cervical to lumbar vertebrae with a 
significant increase at the lower thoracic (T11-T12) levels 
and a relatively insignificant increase at mid-cervical (C4) 
level. It is notable that the SUV

max
 and SUV

mean
 values, as 

well as nSUV
max

 and nSUV
mean

 values, were highly correlated 
(p<0.000). The mean SUV

max
 of the spinal cord at the C1 

and T12 levellevels was 2.1 and 1.8, respectively. Normal 
distribution of maximal spinal cord SUV measurements is 
presented in Figure 2.

Factors affecting 18F-FDG uptake in the spinal cord

There was a statistically significant association between 
spinal cord 18F-FDG uptake intensity and the presence or 
absence of diabetes (p=0.003). Also, spinal cord 18F-FDG 
uptake had a negative correlation with age and fasting 
glucose level (r=-0.37, p<0.001 and r=-0.20, p=0.016, 
respectively, Figure 3). However, no significant association 
was found between spinal cord 18F-FDG uptake intensity and 

Figure 1. Example of region-of-interest (ROI) delineation for 18F-FDG 
uptake in the spinal cord. ROIs were manually drawn on fused PET/CT 
images at the mid-height of each vertebral body level from C1 to L5, 
avoiding the vertebral margins. (A; sagittal PET image, B; CT image, C; 
fused PET/CT image, D-E; axial PET, CT, and fused PET/CT images)

PET/CT: Positron emission tomography/computed tomography, 18F-FDG: 
18Fluorine-fluorodeoxyglucose



Mol Imaging Radionucl Ther 2025;34:107-113

110

gender (p=0.27), patient weight (p=0.29), height (p=0.51), 
BMI (p=0.44), 18F-FDG dose (p=0.70), or environmental 
temperature (p=0.27). Figures 4 and 5 demonstrate that 
there is a decrease in 18F-FDG uptake in the spinal cord in 
patients with diabetes and with increasing age, respectively.

Table 1. Patient characteristics

n (%) n (%) p-value

Gender 72 (51.4%) men 68 (48.6%) women 0.27a

Diabetic status 21 (15%) diabetic 119 (85%) non-diabetic 0.003a

Mean Range

Age 55±16 y 18-88 y <0.001b

Weight 73.4±14.6 kg 41-120 kg 0.29b

Height 166.6±8.9 cm 140-190 cm 0.51c

BMI 26.5±5.2 16.5-44 0.44c

Fasting blood glucose level 90±14 mg/dL 60-125 mg/dL 0.016b

F-18 FDG dose 6±0.5 mCi (222±18.5 MBq) 4.6-7.6 mCi (170-281 MBq) 0.70b

Environmental temperature 16±7 °C 0-28.7 °C 0.27b

aStudent t-test, bPearson correlation test, cSpearman correlation test, BMI: Body mass index, FDG: Fluorine-fluorodeoxyglucose

Figure 2. Distribution of 18F-FDG uptake in the spinal cord at each mid-
vertebral level
18F-FDG: 18Fluorine-fluorodeoxyglucose

Figure 3. Correlation of mean spinal cord nSUV at the T12 level with age 
and fasting glucose levels

nSUV: Normalized standardized uptake value
Figure 4. Demonstration of decreased 18F-FDG uptake in diabetic 
patients. (A) Sagittal and (B) axial fused PET/CT images of a 41-year-old 
man, who does not have diabetes and and has a fasting glucose level of 
79 mg/dL, showing higher spinal cord 18F-FDG uptake (arrow) compared 
to (C) sagittal and (D) axial fused PET/CT images of a 50-year-old man, 
who has diabetes and a fasting glucose level of 125 mg/dL (arrowhead)

PET/CT: Positron emission tomography/computed tomography, 18F-FDG: 
18Fluorine-fluorodeoxyglucose
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Discussion

Our results confirm that spinal cord 18F-FDG uptake 
significantly correlates with patients’ age, fasting blood 
glucose level and diabetic status. No significant association 
was found between SUV and gender, patient weight, 
height, BMI, 18F-FDG dose, or environmental temperature. 
This study also shows the physiological distribution of 
18F-FDG uptake within the spinal cord, which is more 
evident in the cervical and lower thoracic levels. The main 
difference in our study lies in the study population, which 
is therapy-naive and proven to be disease-free with the 
largest sample size reported in the literature. 

Several studies reported spinal cord 18F-FDG distribution 
with a variety of investigation methods. Only two studies 
calculated SUV

max
 of all spinal segments and reported a 

decreasing pattern from cervical to lumbar levels with 

an increase at the lower thoracic and mid-lower cervical 
levels, which complies with our results (1,14). This 
pattern is attributed by the authors to cervical and lumbar 
enlargement and the increased amount of gray matter in 
children and adults (1,6,9). Another aspect of our study 
was to evaluate the consistency of SUV calculated within 
the spinal cord and those normalized to liver or blood pool. 
The physiological distribution of SUV

max
 and SUV

mean
 in the 

spinal cord correlated well with the distribution of nSUV
max

 
and nSUV

mean
.

Most of the studies reported in the literature were carried 
out in patients with a history of cancer and radiation 
therapy. However, white matter necrosis, demyelination, 
and malacia are typical features of radiation damage to 
the spinal cord, which may result in decreased 18F-FDG 
uptake (16). In addition, radiation myelopathy is associated 
with increased 18F-FDG uptake in the irradiated spinal cord 
(11,12). Although some studies excluded patients who had 
previously received radiation therapy, the studies did not 
consider the impact of chemotherapy, which could also 
interrupt the blood-spinal cord barrier, resulting in edema, 
demyelination, and finally necrosis and atrophy of the 
spinal cord (17).

Two pediatric studies reported a significant increase in 
SUV within the spinal cord with increasing age (9,10). In 
adult patients, most studies did not find any correlation 
between spinal cord 18F-FDG uptake and age (1,3,5,14,18). 
Contrary to these studies, Kamoto et al. (19) and Tan et 
al. (20) reported a negative association between metabolic 
activity of the spinal cord and age in oncologic patients. 
Our study is the first to determine a negative correlation 
between age and spinal cord metabolic activity in a healthy 
adult population. Although neural plasticity and volumetric 
growth of the spinal cord during childhood development 
could be responsible for the positive correlation between 
age and spinal cord activity, age-related decreases in SUV 
in adult patients may be a reflection of age-associated 
structural atrophy, reduced nerve conduction velocity, and 
reduced motor activity (21). 

Greenspan et al. (7) reported a statistically significant 
association between distal spinal cord uptake and lower 
blood glucose levels; however, there was no significant 
association between patients’ diabetic status and any 
other variable. In 2022, Tan et al. (20) reported that intense 
18F-FDG uptake in the distal spinal cord was more common 
in patients without diabetes and with lower blood glucose 
levels. Contrarily, the studies conducted by Nakamoto 
et al. (18) and Patel et al. (5) did not find a correlation 
between the plasma glucose level and the cervical spinal 
cord 18F-FDG uptake. In our study, mean spinal cord SUV 

Figure 5. Demonstration of decreased 18F-FDG uptake with age in non-
diabetic patients. (A) Sagittal and (B) axial fused PET/CT images of a 
31-year-old woman showing higher spinal cord 18F-FDG uptake (arrow) 
compared to (C) sagittal and (D) axial fused PET/CT images of a 75-year-
old woman (arrowhead)

PET/CT: Positron emission tomography/computed tomography, 18F-FDG: 
18Fluorine-fluorodeoxyglucose
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and nSUV values were lower in diabetic patients, who also 
exhibited higher glucose levels. Previous studies reported 
lower cerebral 18F-FDG uptake in patients with diabetes 
(22). Although the pathogenesis is not fully understood, 
insulin-induced upregulation of hepatic glucokinase results 
in hepatocellular glucose uptake and increased glucose 
flux to the central nervous system. While hyperglycemia 
is reported to have a greater impact on 18F-FDG uptake 
in the central nervous system compared to the liver (23), 
the reduced SUV and nSUV in our study group may be 
explained by poorly controlled hyperglycemia in diabetes, 
leading to competitive inhibition of 18F-FDG uptake in 
normal tissues. 

In this study, no association was found between patients’ 
weight, height, or BMI and spinal cord metabolism. A 
few studies reported a positive correlation between body 
weight and spinal cord 18F-FDG uptake (6,10). Since 18F-FDG 
distribution is very low in adipose tissue, higher SUV is 
expected in overweight patients. This vague result could be 
mitigated by applying SUV correction for lean body mass or 
body surface area. 

With regard to seasonal variation, Amin et al. (3) reported 
increased cord 18F-FDG uptake in winter, which is based 
on the hypothesis that activation of the sympathetico-
adrenal system leads glucose flux to the central nervous 
system. However, similar to the results reported by 
other investigators, we did not find a relation between 
environmental temperature and spinal cord 18F-FDG uptake 
(4,10,14). 

An association between gender and cord uptake has been 
investigated by many authors. Greenspan et al. (7) and 
Taralli et al. (10) reported a positive correlation with female 
sex. This can be explained by the higher metabolism of 
the lumbosacral tract secondary to women’s reproductive 
system innervation. However, sex difference was not 
reported in most other studies, which are similar to our 
results (3,5,14,18,20).

Study Limitations

The limitations of this study include its retrospective 
design. Also, the time interval between 18F-FDG injection 
and imaging was not taken into account in correlation 
analyses. Nevertheless, the strong points of our study 
are the SUV measurement method, which includes each 
mid-vertebral spinal level, and the inclusion of a specific 
disease-free patient group.

Conclusion

In normal subjects, physiological 18F-FDG uptake in the spinal 
cord decreases from cervical to lumbar levels, although there is 

an increase noted at the lower thoracic and mid-lower cervical 
regions. The present study provides evidence that spinal cord 
18F-FDG uptake significantly decreases with increasing age, 
blood glucose level, and diabetes status in patients. Even 
though our study included the largest number of normal adult 
participants to date, the conflicting results with other studies 
reported in the literature warrant further research with larger 
sample sizes to obtain more conclusive results.
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The Impact of 18F-FDG PET/CT and Related Parameters on 
Staging, Disease Management and Prognosis in Patients with 
Cholangiocarcinoma
Kolanjiyokarsinomlu Hastalarda 18F-FDG PET/BT ve İlgili Parametrelerin Evreleme, 
Hastalık Yönetimi ve Prognoz Üzerine Etkisi

Abstract
Objectives: We aimed to evaluate the relationship of 18Fluorine-fluorodeoxyglucose (18F-FDG) positron emission tomography/computed 
tomography (PET/CT) parameters with diagnostic efficacy, disease management and prognosis in patients with cholangiocarcinoma (CCA). The 
prognostic value of the spleen/liver 18F-FDG uptake ratio was also investigated.
Methods: The clinical and imaging findings of 39 patients who met the diagnostic criteria and underwent 18F-FDG PET/CT imaging for staging 
between 2013 and 2023 were retrospectively analysed. 
Results: The tumour was intrahepatic in 34 patients and extrahepatic in 5 patients. PET/CT detected nodal involvement in 21 patients (53.8%) 
and distant metastases in 35 patients (89.7%). Fourteen cases (35.9%) had regional-distant metastases detected by PET/CT but not by magnetic 
resonance imaging/CT, and the stage of the disease changed accordingly. SUV

max
, SUV

mean
, metabolic tumor volume, tumour lesion glycolysis, 

tumor-to-liver ratio (tumour/liver parenchyma SUV
max

), tumor-to-background ratio (tumour/blood pool SUV
max

), tumor-stroma ratio (tumour/
spleen parenchyma SUV

max), 
and standardized liver ratio (SLR) (spleen/liver SUV

max
) did not differ based on tumour location. Recurrence occurred 

in 14 patients (35.9%), and 2 patients survived. When the cut-off values for the parameters were determined by the Youden index, progression-
free survival (PFS) was significantly shorter in patients with an SLR value of less than 0.94 compared to the others (p=0.04). Nodal involvement, 
metastatic location, and other PET/CT parameters had no significant effect on PFS and overall survival. 
Conclusion: Our results highlight the efficacy of 18F-FDG PET/CT in staging nodal and distant metastases, similar to several studies in patients with 
CCA. Although SLR was found to have significant efficacy in PFS among the parameters we analysed, it is appropriate to evaluate the prognostic 
significance of these parameters in larger patient groups.
Keywords: Cholangiocellular carcinoma, 18Fluorine-fluorodeoxyglucose, positron emission tomography/computed tomography, positron emission 
tomography, survival
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Öz
Amaç: Bu çalışmada, 18Flor-florodeoksiglukoz (18F-FDG) pozitron emisyon tomografisi/bilgisayarlı tomografi (PET/BT) parametrelerinin 
kolanjiyokarsinom (CCK) hastalarında tanısal etkinlik, hastalık yönetimi ve prognoz ile ilişkisini değerlendirmeyi amaçladık. Ayrıca dalak/karaciğer 
18F-FDG tutulum oranının prognostik değerini de araştırdık.
Yöntem: 2013-2023 yılları arasında tanı kriterlerini karşılayan ve evreleme için 18F-FDG PET/BT görüntülemesi yapılan 39 hastanın klinik ve 
görüntüleme bulguları retrospektif olarak analiz edildi.
Bulgular: Tümör 34 hastada intrahepatik, 5 hastada ise ekstrahepatikti. PET/BT ile 21 hastada (%53,8) nodal tutulum ve 35 hastada (%89,7) 
uzak metastaz tespit edildi. On dört olguda (%35,9) PET/BT ile bölgesel-uzak metastaz tespit edilirken manyetik rezonans görüntüleme/BT ile 
tespit edilemedi ve hastalığın evresi buna göre değişti. SUV

maks
, SUV

ort
, metabolik tümör volümü, tümör lezyon glikolizi, tümör/karaciğer oranı 

(tümör/karaciğer parankimi SUV
maks

), tümör-arka plan oranı (tümör/kan havuzu SUV
maks

), tümör-stroma oranı (tümör/dalak parankimi SUV
maks

) 
ve standartlaştırılmış karaciğer oranı (SLR) (dalak/karaciğer SUV

maks
) değerleri tümör yerleşimlerine göre farklılık göstermedi. Hastaların 14’ünde 

(%35,9) nüks gelişti ve 2 hastada sağkalım mevcuttu. Youden indeksi ile parametreler için cut-off değerleri belirlendiğinde, SLR değeri 0,94’ün 
altında olan hastalarda progresyonsuz sağkalım (PFS) diğerlerine kıyasla anlamlı olarak daha kısaydı (p=0,04). Nodal tutulum, metastatik yerleşim 
ve diğer PET/BT parametrelerinin PFS ve genel sağkalım üzerinde anlamlı bir etkisi yoktu.
Sonuç: Bulgularımız, 18F-FDG PET/BT’nin nodal ve uzak metastaz evrelemesindeki etkinliğini vurgulamakta olup, CCK hastalarında yapılan birçok 
çalışmaya benzerdir. SLR, analiz ettiğimiz parametreler arasında PFS’de anlamlı etkinliğe sahip bulunsa da, bu parametrelerin prognostik öneminin 
daha büyük hasta gruplarında değerlendirilmesi uygun olacaktır.
Anahtar kelimeler: Kolanjiyoselüler karsinom, 18Flor-florodeoksiglukoz, pozitron emisyon tomografisi/bilgisayarlı tomografi, pozitron emisyon 
tomografisi, sağkalım

Introduction

Cholangiocellular carcinoma is the second most 
common primary hepatobiliary tumour (5-30% of 
primary hepatobiliary tumours) and accounts for 3-5% 
of gastrointestinal cancers. It originates from the biliary 
epithelium and has an aggressive course and poor 
prognosis (1,2). Depending on the location of the tumour, 
cholangiocarcinoma (CCAs) are divided into 2 groups: 
intrahepatic CCA (iCCA) and extrahepatic CCA (eCCA) 
(Klatskin tumour and distal pancreatic duct tumours). It 
is predominantly eCCA, and in two-thirds of cases, the 
focus is at the bifurcation of the hepatic ducts. Although 
the incidence of CCA is higher in Asia than in Western 
countries, there has been an increase in both incidence 
and mortality rates, particularly for iCCA, CCA (3,4). 
While the majority of patients have no identifiable risk 
factors, there are a number of well-defined risk factors, 
including primary sclerosing cholangitis, cirrhosis, viral 
hepatitis, diabetes, and alcohol consumption (5). Nearly 
90% of cases are adenocarcinomas, which may show 
varying degrees of differentiation. Clinical presentation is 
characterised by predominantly non-specific symptoms, 
until the advanced stage, making diagnosis difficult. This 
finding is supported by 2/3 recurrence of cases and 5-year 
survival rates of 20-40% (6,7). The only curative approach 
is radical surgical resection with a clear surgical margin. 
Therefore, tumour-related local features (tumour location, 
margin, relationship to surrounding structures/degree 
of invasion), regional lymph node (LN) involvement and 
distant metastatic status are important markers in this 
approach (8). This procedure cannot be used due to locally 

advanced disease, the presence of distant metastases, or 
insufficient liver capacity, which is observed in approximately 
2/3 of cases at the time of diagnosis (9). However, in 
cases of aggressive or recurrent disease, multidisciplinary 
treatment modalities including systemic chemotherapy 
and/or radiotherapy are also used to improve survival 
(8,10). Imaging plays a pivotal role in the diagnosis of 
CCA, characterisation of the tumour, accurate staging, 
particularly in selecting patients for curative surgery, and 
detection of recurrence. Magnetic resonance imaging (MRI) 
(MRI, magnetic resonance cholangiopancreatography, 
contrast-enhanced and diffusion-weighted imaging) and 
contrast-enhanced computed tomography (CT) are two 
main non-invasive staging modalities that are routinely 
used. Although 18Fluorine-fluorodeoxyglucose positron 
emission tomography/CT (18F-FDG PET/CT), which 
combines anatomical and functional imaging, has made 
an important contribution to the assessment of nodal 
and distant metastatic disease status and the detection 
of recurrence, its routine clinical use remains controversial 
(8,11,12). While some studies have identified prognostic 
factors: LN involvement, distant metastasis, tumour 
diameter, tumour grade, vascular invasion, R0 resection, 
it is important to note that these factors primarily relate 
to postoperative outcomes (6,13). Determining the group 
of patients with poor prognosis or high risk of recurrence 
prior to treatment is another important factor that may be 
effective in selecting the correct staging and curative surgical 
option. in addition to its role in diagnosis and staging, the 
contributions of 18F-FDG PET/CT in predicting the prognosis 
of the disease have been reported (14,15). In our study, we 
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aimed to evaluate the diagnostic efficacy of 18F-FDG PET/CT 
parameters, and their relationship with prognostic data in 
patients with CCA. In addition investigated the prognostic 
value of the spleen/liver 18F-FDG uptake ratio in patients 
with CCA, which has been reported in a few studies in the 
literature (16).

Materials and Methods

Patient Group

We studied 39 patients, who met the inclusion criteria, 
diagnosed with CCA by imaging or pathology, from a 
group of 161 patients who underwent staging 18F-FDG 
PET/CT imaging between 2013 and 2023. Descriptive 
characteristics (sex, age at diagnosis, date of diagnosis, 
dates of treatment initiation and last follow-up), 18F-FDG 
PET/CT staging findings, MRI, contrast-enhanced CT 
images, and survival characteristics were retrospectively 
recorded and analysed. Patients who had undergone local 
or systemic treatment and surgery prior to 18F-FDG PET/CT 
imaging, patients whose archives did not contain sufficient 
information on the parameters to be used in the study, 
and patients with a metastatic second malignancy other 
than CCA were not included in the study. The definition 
of recurrence was the detection of local recurrence or 
distant metastatic lesions on MRI/CT and 18F-FDG PET/CT 
imaging for restaging/therapy response if performed. Local 
recurrence was defined in the presence of the following 
findings: a) soft tissue with a tendency to enlarge in the 
primary tumour lesion on conventional imaging; causing 
disruption of the normal anatomical structure and/or 
obstruction/dilatation of the biliary tract, b) soft tissue 
with increased 18F-FDG uptake on PET/CT that can be 
distinguished from an inflammatory lesion (especially in 
stented cases). Regional LN involvement was considered 
positive if it showed increased 18F-FDG uptake or if its short 
axis was greater than 10 mm in the absence of increased 
metabolism. Again, metastatic involvement was defined 
as focal areas of 18F-FDG uptake, even if normometabolic, 
not supported by physiological/inflammatory processes or 
accompanied by a suspicious morphological abnormality. 
Regional LN involvement was limited to the periduodenal, 
hilar, and peripancreatic regions, except for those defined 
as distant metastases. This retrospective study was 
conducted with the approval of the Ege University Medical 
Research Ethics Committee (decision no: 24-6T/48, date: 
06.06.2024).

18Fluorine-Fluorodeoxyglucose Positron Emission 
Tomography/Computed Tomography Imaging and 
Interpretation of Images
18F-FDG PET/CT imaging was performed with a Siemens 
Biograph Truepoint-16 device. Images were interpreted as 
PET, CT, and fusion PET/CT across different slices (coronal, 
transverse, sagittal), utilizing visual and semiquantitative 
parameters. The standardised uptake value was calculated 
as follows: SUV= [tissue radioactivity concentration (Bq per 
mL)]/[injected radiopharmaceutical activity (Bq)/the body 
mass (g)]. Attenuation-corrected images were evaluated 
in two stages by two nuclear medicine specialists using 
the patients’ archive data. The area of interest was drawn 
from the primary tumor site in cases detected by PET/CT, 
and from the area defined by conventional imaging and/
or pathological sampling in cases not detected by PET/CT 
but diagnosed by other methods (CT or MRI). In addition 
to SUV

max
 (g/mL) and SUV

mean
 (g/mL) values, metabolic 

tumour volume (MTV) and tumour lesion glycolysis (TLG) 
values were determined by automated contouring, at 
40% threshold. A 3 cm diameter area of interest was 
drawn from the right lobe of the liver and the spleen, and 
SUV

max 
values of the disease-free liver parenchyma/spleen 

parenchyma were measured. In addition, a 1 cm spherical 
region of interest was drawn through the descending aorta 
to measure blood pool SUV

max
. The parameters tumour/

liver SUV
max

 ratio [tumor-to-liver ratio (TLR)], tumour/blood 
pool SUV

max
 ratio [tumor-to-background ratio (TBR)], and 

tumour/spleen SUV
max

 ratio [tumor-stroma ratio (TSR)] were 
determined by comparing the SUV

max
 values of the primary 

tumour with the SUV
max

 values of the liver parenchyma, 
blood pool, and spleen. Date of diagnosis, date of last 
follow-up, and date of death for deceased patients were 
recorded. Progression-free survival (PFS) was defined as the 
time from first local-systemic treatment/curative surgery to 
relapse or death from any cause, while overall survival (OS) 
was defined as the time from diagnosis to death from any 
cause.

Statistical Analysis

The data in the study were analysed using SPSS version 
25 (SPSS Inc., Chicago, IL). Normality was analysed using 
Shapiro-Wilk tests. The χ2 and Fisher’s exact tests (for 
categories with expected values <5) were used to analyze 
categorical variables, and independent two-sample t-test 
and Mann-Whitney U test were used to analyze the 
relationship between the dependent variable and numerical 
data. Numerical data are expressed as mean ± standard 
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deviation and median with 1st and 3rd quartiles (interquartile 
range), depending on whether they have a normal or 
skewed distribution. Categorical data are expressed as 
number and percentage. The Spearman correlation test 
was used to determine correlations between PET/CT 
parameters and serum carbohydrate antigen 19-9 (Ca19-
9), carcinoembryonic antigen (CEA), and alpha-fetoprotein 
(AFP) levels. Receiver operating characteristic curves and 
Youden’s index were used to calculate cut-off values of 
18F-FDG PET/CT-derived parameters for recurrence, and 
to categorise them. The Kaplan-Meier method was used 
for OS and PFS, and the log-rank test and Cox regression 
analysis were used to compare the incidence of events 
between patient groups. 

The confidence interval for the tests was 95% and the 
statistical significance level (p) was 0.05.

Results

A total of 39 patients (19 women and 20 men) were 
included in the study. The diagnosis of CCA was confirmed 
pathologically in 28 patients, while 11 patients were 
diagnosed with CCA during follow-up with imaging studies. 
The clinical and imaging data of the patients are shown in 
the table (Table 1). The primary tumour was intrahepatic 
in 34 (87.2%) patients and extrahepatic in 5 (12.8%) 
cases. The primary lesion was detected by staging PET/CT 
in 37 patients (94.9%). Similarly, the primary lesion could 
not be detected by conventional imaging modalities in 2 

cases only. Regional LN involvement or distant metastasis 
was detected by PET/CT in 35 (89.7%) patients, and in 
14 (40%) of these, the metastatic focus could not be 
detected by conventional methods. The only metastatic 
site not detected by PET/CT but identified by MR/CT was 
the liver. In 14 (35.9%) patients, local recurrence and new/
progressing metastases were detected during follow-up. 
Only 3 of these patients were still alive at the end of follow-
up. No significant differences in PET/CT parameters (SUV

max
, 

SUV
mean

, MTV, TLG, spleen/liver ratio, TLR, TBR, TSR) were 
observed between patients with iCCA and eCCA (Table 2). 
No significant difference was observed between iCCA and 
eCCA cases with regard to the location of the metastatic 
focus (p=0.3) and regional LN involvement (p=0.424). 
No significant correlation was found between PET/CT 
parameters and Ca19-9 and CEA levels (p>0.05). Again, no 
significant difference in PET/CT parameters was observed 
between patients with AFP levels above and below the cut-
off of 2.72 (p>0.05). Regional LN involvement, location of 
the metastatic focus, PET/CT parameters, serum CA19-9, 
CEA, and AFP levels did not have a significant effect on PFS 
and OS (Table 3). The cut-off values of PET/CT parameters 
associated with the development of relapse were 
determined. For each parameter, they were as follows: 
SUV

max
 20.92 g/mL, SUV

mean
 11.23 g/mL, MTV 24.54 mL, 

TLG 288.03 g, SLR 0.94, TLR 4.28, TBR 8.69, TSR 7.05. 
When comparing the groups, PFS was significantly shorter 
in patients with SLR values below 0.94 compared to the 
others (Table 4). Similarly, PFS was significantly shorter 

Table 1. Clinical characteristics and descriptive findings of the patient group

Characteristics n

Age 37-83 (mean:63)

Gender
Male n=20 (51.3%)

Female n=19 (48.7%)

Tumor location
Intrahepatic 34 (87.2%)

Extrahepatic 5 (12.8%) 

PET/CT

Primary lesion + 37 (94.9%) 

Regional LN + 21 (53.8%)

Distant metastasis + 35 (89.7%) 

MRI/Contrast-enhanced CT
Primary lesion + 37 (94.9%)

Regional LN-distant metastasis + 22 (56.4%)

Distant metastasis

LN 20 (51.3%)

Liver 10 (25.6%)

Peritoneal spread 6 (16.7%)

Pulmonary 5 (12.8%)

Bone 3 (7.7%)

LN: Lymph node, MRI: Magnetic resonance imaging, PET/CT: Positron emission tomography/computed tomography
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in patients with a spleen/liver SUV
max

 ratio below 0.94 
compared to the other group (p=0.04) (Figure 1).

Discussion

CCA is the second most common primary hepatobiliary 
tumour and has a non-specific clinical presentation, an 
aggressive course, and a poor prognosis, particularly in 
advanced stages. The only curative treatment is surgery. 
Given the recurrence and advanced disease observed in 
2/3 of cases, it is important to identify surgical candidates 
and possible prognostic criteria associated with recurrence. 
The contribution of 18F-FDG PET/CT, the use of which is 

controversial for diagnosis/staging purposes other than 
MR-CT, is one of the issues still under evaluation. It can 
provide data related to recurrence/survival prior to 
treatment/surgery compared to prognostic factors defined 
by postoperative features (tumour diameter, tumour grade, 
vascular invasion, R0 resection, etc.). Our main aim was 
to evaluate the diagnostic efficacy, contribution to disease 
management, and prognostic efficacy of 18F-FDG PET/CT 
staging parameters. We also investigated the prognostic 
value of the spleen/liver FDG uptake ratio in patients with 
CCA.

Table 2. Analysis between clinical features, PET/CT parameters and tumor location

iCCA (n=34) eCCA (n=47) p-value

SUV
max

 15.31±6.27 14.75±7.29 0.855

SUV
mean

8.48±3.89 8.54±4.89 0.976

MTV 55.12 (23.05-86.98) 8.9 (4.85-366.63) 0.120

TLG 436.86 (212.88-665.05) 75.87 (45.94-2987.01) 0.106

Splen/liver SUV
max

0.75±0.15 0.85±0.24 0.207

TLR 2.67 (1.92-3.93) 3.44 (1.95-3.65) 0.894

TBR 4.24 (3.09-6.13) 5.58 (3.29-6.56) 0.790

TSR 4.06 (2.48-5.44) 3.31 (2.55-4.65) 0.657

PET/CT-related parameters are shown as means ± SD or median (IQR). The units of the following parameters were as follows: SUV
max

 and SUV
mean

 are g/mL, MTV is mL, TLG 
is g.
PET/CT: Positron emission tomography/computed tomography, SD: Standard deviation, MTV: Metabolic tumour volume, TLG: Tumour lesion glycolysis, TLR: Tumor-to-liver ratio, 
TBR: Tumor-to-background ratio, TSR: Tumor-stroma ratio, iCCA: Intrahepatic cholangiocarcinoma , eCCA: Extrahepatic cholangiocarcinoma

Table 3. Univariate analysis of clinical features and PET/CT 
parameters regarding PFS and OS

PFS OS

SUV
max 

0.318 0.723 

SUV
mean

0.283 0.594

MTV 0.932 0.249

TLG 0.633 0.238

Splen/liver SUV
max

0.798 0.297

TLR 0.170 0.711

TBR 0.161 0.705

TSR 0.176 0.584

Regional lymph node involvement 0.742 0.428

Distant metastatis (Liver-LN-peritonel spread/
visceral organ-bone)

0.371 0.095

PET/CT-related parameters are shown as means ± SD or median (IQR). The units of 
the following parameters were as follows; SUV

max
’s and SUV

mean
’s are g/mL, MTV’s 

is mL, TLG’s is gr.
LN: Lymph node, PET/CT: Positron emission tomography/computed tomography, 
SD: Standard deviation, MTV: Metabolic tumour volume, TLG: Tumour lesion 
glycolysis, TLR: Tumor-to-liver ratio, TBR: Tumor-to-background ratio, TSR: Tumor-
stroma ratio, PFS: Progression-free survival, OS: Overall survival

Table 4. Univariate analysis of PET/CT parameters 
regarding PFS

PFS

SUV
max

 (<20.92 / ≥20.92) 0.155

SUV
mean

 (<11.23 / ≥11.23) 0.127

MTV (<24.54 / ≥24.54) 0.819

TLG (<288.03 / ≥288.03) 0.429

Splen/liver SUV
max 

(<0.94 / ≥0.94) 0.040

TLR (<4.28 / ≥4.28) 0.127

TBR (<8.69 / ≥8.69) 0.127

TSR (<7.05 / ≥7.05) 0.127

Regional lymph node involvement 0.742

Distant metastatis (Liver-LN-peritonel spread/visceral 
organ-bone)

0.371

PET/CT-related parameters are shown as means ± SD or median (IQR). The units of 
the following parameters were as follows; SUV

max
’s and SUV

mean
’s are g/mL, MTV’s 

is mL, TLG’s is gr.
LN: Lymph node, PET/CT: Positron emission tomography/computed tomography, 
SD: Standard deviation, MTV: Metabolic tumour volume, TLG: Tumour lesion 
glycolysis, TLR: Tumor-to-liver ratio, TBR: Tumor-to-background ratio, TSR: Tumor-
stroma ratio, PFS: Progression-free survival
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Differences and Relationships Between Clinical 
Findings and PET/CT Parameters

It is known that the incidence of eCCA is higher than that 
of iCCA in routine clinical practice. However, the different 
clinical presentation of both subtypes, including late-
onset biliary obstruction and advanced stage of disease at 
diagnosis in iCCA-compared to hilar tumours- and tumour 
growth pattern, together with the retrospective nature of 
our study, may explain the predominance of iCCA in our 
cohort of patients referred with suspected metastases. 
Although the efficacy of PET/CT and conventional methods 
in detecting the primary lesion is similar, we believe that it 
would be more appropriate to test these data in prospective 
studies with this as the primary focus and a large patient 
population. In addition, we found that PET/CT was 
more effective than conventional methods in detecting 
regional nodal involvement and distant metastases and, 
consequently, in changing the modality/stage of the 
disease. Our findings in this regard were largely similar to 

those reported in the literature (11,14,17,18,19,20). In our 
study, we examined the SUV

max 
parameter, which is used in 

current practice, as well as the SUV
mean

 parameter and the 
MTV and TLG values based on volumetric assessment. In 
addition, the TLR value was used to minimise differences 
in the basal FDG uptake of the liver and bias in this area. 
TBR and TSR were additional parameters evaluated 
for similar purposes in our study. A further analysis was 
performed on the SLR parameter, which is known to 
be particularly effective for staging in the diagnosis of 
lymphoma, and has been evaluated in a small number of 
studies for patients with CCA (16). In the literature, it has 
been reported that both SUV

max
 and TLR were higher in 

patients with iCCA than in patients with eCCA (17,21). In 
our study, no significant difference was found in the PET/
CT parameters we examined according to tumour location. 
It has been reported that possible factors such as patient 
selection (resectability, inclusion of non-CCA cancers such 
as gallbladder cancer in studies), tumour cell origin, and 
tumour growth pattern may be responsible for these 
differences observed between studies. Again, regional 
nodal involvement did not differ according to tumour 
location in our study, and this finding is consistent with the 
literature (17). Although not specific for the disease, serum 
tumour markers such as CA19-9, CEA, and AFP are used 
in the diagnosis and follow-up of patients with CCA and 
especially in the follow-up of recurrence. Sabaté-Llobera et 
al. (17) reported that SUV

max
 and TLR were significantly but 

weakly correlated with serum CA19-9 and CEA levels. In 
our data, no significant difference or correlation was found 
between these serum markers and PET/CT parameters.

Prognosis

As previously described in the literature for various types of 
cancer, prognostic parameters in CCA are predominantly 
associated with post-operative processes. However, it is 
important to identify poor prognostic markers in cases 
where curative surgery is not an option, and especially 

Figure 1. Survival table delineated by the splen/liver SUV
max

 ratio (p=0.04)

Table 5. Studies with multivariate analysis of clinical characteristics and PET/CT parameters

 Prognostic Non-prognostic

Yachi et al. (21) SUV
max

-/NM

Pevner and Tanvetyanon (26) SUV
max

, Ca19-9 -/NM

Lin et al. (23) SUV
max

, TNR -/NM

Sabaté-Llobera et al. (17) CEA, TLR SUV
max

, Ca19-9

Lee et al. (18) - SUV
max

, SUV
mean

, MTV, TLG, SUV
peak

Lee et al. (24) TLG MTV, SUV
max

Harimoto et al. (25) SUV
max

, TLG MTV, CEA, Ca19-9

NM: Non-mentioned, PET/CT: Positron emission tomography/computed tomography, MTV: Metabolic tumour volume, TLG: Tumour lesion glycolysis, TLR: Tumor-to-liver ratio, 
Ca19-9: Carbohydrate antigen 19-9, CEA: Carcinoembryonic antigen
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in the early stages of the disease, before treatment or 
surgery. Accordingly, the prognostic efficacy of various 
clinical/imaging factors in patients with CCA has been 
described (Table 5) (11,14,17,18,21,22,23,24,25,26). In 
univariate analysis, regional LN involvement, metastatic 
location, PET/CT parameters, serum CA19-9, CEA, and 
AFP levels did not significantly affect PFS and OS. However, 
when the Youden index was used to determine cut-off 
values for SUV

max
, SUV

mean
, MTV, TLG, TLR, TSR, and SLR 

values, PFS was significantly shorter in patients with SLR 
values below 0.94 compared with the others. Although it 
provides a different perspective, we would like to point out 
that in our patient population, the survival analysis applied 
by setting cut-offs has limited power. This limitation is due 
to significant heterogeneity in the number of patients in 
the groups. Our study has several key findings. One was 
the evaluation of clinical and prognostic differences, as 
well as the effects on patients across a wide range of 
parameters. A contributing factor was the relatively high 
homogeneity of the patient group in our study in terms 
of tumour location (87.2% iCCA) and stage (94.9% stage 
IV), despite considering differences in prognosis between 
patients at different stages and at diagnosis of iCCA-eCCA 
patients. 

Study Limitations

We emphasise that our study should be evaluated in 
light of several limitations. Most importantly, our study 
carries a foreseeable risk of selection bias due to its 
retrospective nature. Another disadvantage is the relatively 
small number of patients with eCCA in our cohort, 
which limits the evaluation of clinical and prognostic 
factors according to tumour location, although this 
was not the main aim of our study.

Conclusion

In conclusion, we consider that 18F-FDG PET/CT is a useful 
imaging modality in cases of CCA, as it allows functional 
imaging in addition to anatomical imaging and allows 
whole-body imaging, especially when compared to MRI. 
In this regard, we would like to reiterate the necessity 
of PET/CT in cases of CCA, especially considering its 
greater effectiveness than conventional imaging in 
disease management and detection of regional/distant 
metastases. We note that the SLR parameter, which 
has been evaluated in a few studies, especially in the 
hepatobiliary cancer group, may be an effective factor 
in the development of recurrence in cases with CCA. 
We speculate that the conflicting findings in prognostic 
factors observed in our study and in the literature may be 
secondary to the composition of the patient group (iCCA-

eCCA, additional diagnoses such as gallbladder cancer that 
cause heterogeneity) and other disease-related factors 
(differences in patient stage). In this context, we would 
like to emphasise again the need for prospective studies 
evaluating large series of patients.
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Role of Lymphoscintigraphy in Repeat Sentinel Lymph Node Biopsy 
for cN0 Ipsilateral Breast Cancer Recurrence
cN0 İpsilateral Meme Tümör Nüksünde Tekrar Sentinel Lenf Nodu Biyopsisinde 
Lenfosintigrafinin Rolü

Abstract
Objectives: In patients with ipsilateral breast tumor recurrence (IBTR), lymphatic drainage may be altered due to factors such as prior axillary surgery 
and radiotherapy, thereby increasing the likelihood of sentinel lymph nodes (SLNs) in atypical locations. This study aimed to evaluate patients who 
underwent surgery for IBTR with lymphoscintigraphy for repeat SLN biopsy (re-SLNB), and to investigate the role of lymphoscintigraphy in re-SLNB 
in this patient group.
Methods: Patients diagnosed with IBTR who were evaluated using preoperative lymphoscintigraphy and subsequently underwent surgery were 
included in the study. Patients with systemic or nodal metastases, as well as those who did not undergo lymphoscintigraphy, were excluded. 
Demographic, clinical, and pathological data of the included patients were analyzed.
Results: A total of 16 patients were evaluated, with a median age of 56 years (range 30-73), all of whom were female. Lymphoscintigraphy 
successfully localized the SLN in 81.3% of the patients. In eight patients, the SLN was located in the ipsilateral axilla, while in five patients, it was 
found in the contralateral axilla. Axillary lymph node dissection (ALND) was performed in three patients (all in the contralateral axilla) due to 
metastatic involvement in the SLN. ALND during first surgery was associated with an increased likelihood of SLN detection in the contralateral 
axilla or Re-SLNB failure (p=0.043).
Conclusion: In patients undergoing surgery for IBTR, the likelihood of the SLN being in atypical locations is high. Lymphoscintigraphy may enhance 
the success of Re--SLNB in this patient group.
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Öz
Amaç: İpsilateral meme tümörü rekürrensi (IMTR) olan hastalarda, geçirilmiş aksiller cerrahi ve radyoterapi gibi faktörler nedeniyle lenfatik drenaj 
değişebilmekte, buna bağlı olarak da atipik yerleşimlerde sentinel lenf nodları (SLN) olasılığı artmaktadır. Bu çalışmada, IMTR nedeniyle ameliyat 
edilen hastalarda tekrar SLN biyopsisi (re-SLNB) için lenfosintigrafi kullanımının değerlendirilmesi ve bu hasta grubunda lenfosintigrafinin re-SLNB’de 
rolünün incelenmesi amaçlanmıştır.
Yöntem: Çalışmaya, preoperatif lenfosintigrafi ile değerlendirilerek ameliyata alınan IBTR tanısı almış hastalar dahil edildi. Sistemik veya lenf nodu 
metastazları olan hastalar ve lenfosintigrafi yapılmayan hastalar dışlandı. Hastalar demografik, klinik ve patolojik verilerine göre analiz edildi.
Bulgular: Toplam 16 hasta değerlendirildi. Ortalama yaş 56 yıl (aralığı 30-73) ve hastaların hepsi kadındı. Lenfosintigrafi, SLN’yi hastaların 
%81,3’ünde başarıyla lokalize etti. Sekiz hastada SLN ipsilateral aksillada yer alırken, 5 hastada kontralateral aksillada bulundu. SLN’deki metastatik 
tutulum nedeniyle üç hastaya (tümü kontralateral aksillada) aksiller lenf nodu diseksiyonu (ALND) yapıldı. İlk ameliyat sırasında ALND, kontralateral 
aksillada SLN tespiti veya Re-SLNB başarısızlığı olasılığının artmasıyla ilişkiliydi (p=0,043).
Sonuç: IBTR için ameliyat edilen hastalarda SLN’nin atipik yerleşimlerde olma olasılığı yüksektir. Lenfosintigrafi bu hasta grubunda re-SLNB’nin 
başarısını artırabilir.
Anahtar kelimeler: Meme kanseri, ipsilateral meme tümörü rekürrensi, lenfosintigrafi, sentinel lenf nodu biyopsisi

Introduction

Breast cancer is the most common cancer and the leading 
cause of cancer-related deaths in women (1). One of the 
most critical factors in determining the prognosis of breast 
cancer is the status of the axillary lymph nodes. In early-stage 
breast cancer, axillary staging is typically performed using 
sentinel lymph node biopsy (SLNB) (2). However, in patients 
who have previously undergone breast-conserving surgery 
(BCS) and develop ipsilateral breast tumor recurrence 
(IBTR), repeat SLNB (Re-SLNB) becomes challenging. 
In these cases, lymphatic drainage is often impaired 
due to previous axillary surgery and treatments such as 
radiotherapy, increasing the likelihood of a SLN in atypical 
locations (3,4). The optimal approach to lymphatic staging 
in this patient group remains controversial in the literature 
(5). In our study, we aimed to evaluate the outcomes of 
re-SLNB in patients undergoing surgery for IBTR who were 
assessed preoperatively with lymphoscintigraphy.

Materials and Methods

Patients over the age of 18 who were diagnosed with IBTR 
between 2020 and 2023, and underwent surgery after 
SLN localization using preoperative lymphoscintigraphy, 
were included in our study. Patients who did not undergo 
lymphoscintigraphy, had systemic metastases, or were 
diagnosed with preoperative lymph node metastases, 
were excluded. Data were evaluated based on age, 
gender, menopausal status, SLN localization as determined 
by lymphoscintigraphy, types of breast and axillary 
surgeries performed for both first and recurrent tumor, 
histopathological diagnosis, molecular subtype, pathology 
results, locoregional and systemic recurrences as the third 
event, and survival. This study was approved by the İstanbul 

University İstanbul Medical Faculty Clinical Research Ethics 
committee (decision no: 23, date: 29.11.2024).

Lymphoscintigraphy and Surgical Technique

Lymphoscintigraphy for axillary staging was performed by 
administering two superficial (periareolar) and one deep 
(intratumoral) injection of approximately 50 MBq Tc99m-
nanocolloid (Senti-Scint, Medicheck). After injection, 
preoperative imaging was conducted using a dual-head 
gamma camera (GE Discovery NM 670 SPECT/CT, USA) 
(Figure 1). If the SLN is localized from these images, its 
skin projection is marked. Intraoperatively, the SLN is 
located using a gamma probe and excised. The excised 
SLN is subsequently re-evaluated with a gamma probe 
for confirmation. Following SLNB, the axilla is explored 
again with a gamma probe for the presence of remaining 
lymph nodes exhibiting radionuclide uptake. If no further 
involvement is detected, the procedure is concluded. The 
SLN is evaluated intraoperatively with a frozen section, and 
if deemed necessary by the surgeon, lymph node dissection 
is performed.

Outcome Measures

The primary outcome was the effectiveness of 
lymphoscintigraphy in identifying the SLN in cases of IBTR. 
The secondary outcome was the localization of the SLN in 
patients with IBTR.

Statistical Analysis

Statistical analysis was performed using SPSS® version 
25.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics, 
including numbers, percentages, medians, were used to 
summarize the study data. The sample size was small, so 
the data are expressed as median and interquartile range 
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(IQR), and non-parametric tests were used. Categorical data 
were compared using Chi-square tests (Pearson Chi-square, 
continuity correction, Fisher’s exact test), and numerical 
data were compared using the Mann-Whitney U test. 
Survival analyses included calculating locoregional disease-
free survival (LDFS), systemic disease-free survival (SDFS), 
and overall survival (OS) from the diagnosis of cancer to 
the first locoregional recurrence, systemic recurrence, last 
follow-up visit, or death, respectively. Survival curves were 
generated using the Kaplan-Meier method, and the log-
rank test was used to assess the effects of prognostic 
factors on LDFS, SDFS, and OS. Results were considered 
significant at p<0.05, with a confidence interval of 95%.

Results

Sixteen patients who underwent surgery for IBTR 
between 2020 and 2023 were included in this single-
center retrospective study. The median age was 56 years 
(range 30-73), and all patients were female. Ten patients 
(62.5%) were postmenopausal. As the first surgeries 
for breast cancer, 11 patients (68.7%) underwent BCS, 
and 12 patients (75%) underwent SLNB. The median 
interval between the initial surgery and the diagnosis 
of IBTR was 50 months (IQR 29-58). For IBTR surgery, 
mastectomy was performed in 10 patients (62.5%). SLN 
localization via lymphoscintigraphy was achieved in 13 
patients (81.3%). In eight patients, the SLN was located 
in the ipsilateral axilla, while in five patients, it was in 
the contralateral axilla. Axillary lymph node dissection 
(ALND) was performed in 3 of the 13 patients, in whom 
metastatic lymph nodes were detected via SLNB, all in 
the contralateral axilla (Table 1).

The median pathological diameter of the initial tumors was 
21 mm (IQR 17-29), while the median diameter of IBTR 
was 17 mm (IQR 12-22). Fifteen patients were diagnosed 
with invasive ductal carcinoma, and one patient was 

Table 1. Demographic and clinical features of study 
participants

Variables All patients (n=16)

Age (years, median, range) 56 (30-73)

Menopausal status (n, %)

Premenopausal 6 (37.5%)

Postmenopausal 10 (62.5%)

First breast surgery (n, %)

BCS 11 (68.7%)

NSM 5 (31.3%)

First axillary surgery (n, %)

SLNB 12 (75%)

ALND 4 (25%)

Interval time to IBTR (months, 
median, IQR) 50 (29-58)

Type of breast surgery for IBTR (n, %)

BCS 4 (25%)

Mastectomy 10 (62.5%)

NSM 2 (12.5%)

Type of axillary surgery for IBTR (n, %)

No surgery 3 (18.8%)

Re-SLNB 10 (62.5%)

ALND 3 (18.8%)

Localisation of re-SLN (n, %)

Ipsilateral axilla 8 (50%)

Contralateral axilla 5 (31.3%)

Not found 3 (18.8%)

ALND: Axillary lymph node dissection, BCS: Breast conserving surgery, IBTR: 
Ipsilateral breast tumor recurrence, IQR: Interquartile range, NSM: Nipple sparing 
mastectomy, SLN: Sentinel lymph node, SLNB: Sentinel lymph node biopsy, Re-
SLNB: Repeat sentinel lymph node biopsy

Figure 1. Anterior planar (A), SPECT/CT (B), and maximum intensity projection (C) images of lymphoscintigraphy demonstrate one contralateral 
axillary sentinel node indicated by the red arrows. The blue arrows indicate the injection site

SPECT: Single photon emission computed tomography, CT: Computed tomography
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diagnosed with mucinous carcinoma. Molecular subtyping 
revealed that 8 patients were classified as luminal B, and 
5 as triple-negative. Notably, 76.9% of the patients had 
grade 3 tumors. Among the 13 patients who underwent 
Re-SLNB, metastases were detected in 5 (Table 2).

When the factors affecting re-SLN localization were 
evaluated, no significant relationship was found between 
the initial tumor diameter, IBTR diameter, and the type 

of initial breast surgery and re-SLN localization (p=0.365, 
p=0.320, and p=0.137, respectively). However, it was 
observed that both the rate of SLN detection in the 
contralateral axilla and the failure to localize SLNs were 
significantly higher in patients who underwent ALND during 
the initial surgery compared to those who underwent SLNB 
(p=0.043) (Table 3).

During follow-up after surgery for IBTR, a third event (re-
recurrence) was observed in four patients. All of these 
patients experienced locoregional recurrence, with two 
also having concomitant systemic metastases. Except for 
one patient who developed systemic metastases, all were 
alive at the last follow-up. No significant differences were 
found between patients who experienced a third event and 
those who did not in terms of menopausal status, type of 
breast and axillary surgery for IBTR, re-SLN localization, IBTR 
diameter, IBTR molecular subtype, or re-SLN pathological 
findings (Table 4).

The median follow-up period for the entire cohort was 
27 months. At the end of the follow-up, the median 
LDFS, SDFS, and OS were not reached for the entire 
series. LDFS, SDFS, and OS were analyzed based on 
re-SLN localization and SLN status. No significant 
differences in survival times were observed according 
to re-SLN localization (p=0.472, p=0.375, and p=0.223). 
Among the 13 patients who underwent re-SLNB, LDFS 
was significantly shorter in those with metastatic SLNs 
(p=0.037). However, SDFS did not differ significantly 
between SLN-positive and SLN-negative patients 
(p=0.429). As all patients in both groups with evaluated 
SLNs were alive, OS was not compared using Kaplan-
Meier analysis (Figures 2 and 3).

Table 2. Histopathological features of study participants

Variables All patients 
(n=16)

Tumor diameter in first surgery 
(mm, median, IQR) 21 (17-29)

IBTR diameter (mm, median, IQR) 17 (12-22)

Histopathologic diagnosis of IBTR (n, %)

Invasive ductal carcinoma 15 (93.7%)

Mucinous carcinoma 1 (6.3%)

Molecular subtypes of IBTR (n, %)

Luminal B 8 (50%)

HR+ HER2+ 1 (6.3%)

HR- HER2+ 2 (12.5%)

Triple negative 5 (31.3%)

Tumor grade for IBTR (n, %)

G1 0 (0%)

G2 5 (15.4%)

G3 11 (76.9%)

Re-SLN status (n=13, %)

Negative 8 (61.5%)

Positive 5 (38.5%)

HER2+: Human epidermal growth factor receptor 2 positive, HR+: Hormon receptor 
positive, IBTR: Ipsilateral breast tumor recurrence, IQR: Interquartile range, SLN: 
Sentinel lymph node, Re-SLNB: Repeat sentinel lymph node biopsy

Table 3. Factors affecting on re-SLN localisation in IBTR cases

Variables All patients 
(n=16)

Ipsilateral 
axilla (n=8)

Contralateral 
axilla (n=5)

Not found 
(n=3) p-value

Tumor diameter in first surgery (mm, median, IQR) 21 (17-29) 23 (20-29) 16 (14-20) 21 (19-29) 0.365a

IBTR diameter (mm, median, IQR) 17 (12-22) 16 (13-19) 10 (10-22) 20 (19-25) 0.320a

First breast surgery (n, %)

BCS 11 (68.7%) 4 (25%) 5 (31.3%) 2 (12.5%) 0.137b

NSM 5 (31.3%) 4 (25%) 0 (0%) 1 (6.3%)

First axillary surgery (n, %)

SLNB 12 (75%) 8 (50%) 3 (18.8%) 1 (6.3%) 0.043b

ALND 4 (25%) 0 (0%) 2 (12.5%) 2 (12.5%)

All p-values less than 0.05 was bold 
aKruskal-Wallis Test, bFisher’s exact test, ALND: Axillary lymph node dissection, BCS: Breast conserving surgery, IBTR: Ipsilateral breast tumor recurrence, IQR: Interquartile range, 
NSM: Nipple sparing mastectomy, SLN: Sentinel lymph node, SLNB: Sentinel lymph node biopsy, Re-SLNB: Repeat sentinel lymph node biopsy
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Discussion

Currently, conservative methods such as BCS and 
SLNB are prominent in the treatment of breast cancer, 
demonstrating survival rates comparable to more invasive 
procedures, such as mastectomy and ALND, which typically 
entail higher morbidity (6,7). While local recurrence rates 
following surgical treatment of breast cancer are generally 
low, IBTR occurs at a higher rate after BCS compared to 
mastectomy (7). The optimal treatment approach for 
cases with IBTR remains controversial in the literature; 
however, mastectomy and ALND are the most commonly 
employed surgical interventions (8). Nevertheless, several 
studies have reported successful outcomes with re-
SLNB in this patient population (3,4,5). Re-SLNs were 
successfully localized in 81.3% of our patients, aligning 
with the existing literature.

Atypical SLN localizations may occur more frequently in 
cases of IBTR due to factors that can alter axillary drainage 
pathways, such as previous ALND and radiotherapy (9). In 
our study, Re-SLN localization was achieved in 13 out of 
16 patients, with 5 of these patients having contralateral 
axillary Re-SLNs. It was observed that the identification of 

Re-SLNs in the contralateral axilla or the failure to locate 
Re-SLNs was significantly more frequent in patients who 
underwent ALND. Given the high frequency of atypical SLN 
localizations, preoperative identification of SLN location 
using techniques such as lymphoscintigraphy may enhance 
the success of re-SLNB in this patient group.

There is a limited number of studies comparing the 
applications of re-SLNB and ALND in axillary staging for 
cases of IBTR. In a retrospective study conducted by Lu 
et al. (10), it was reported that re-SLNB and ALND yielded 
similar survival rates in patients with IBTR. In our study, 
only 3 of the 16 patients underwent ALND. At the last 
follow-up, 15 patients were alive, and 12 of them were 
recurrence-free, suggesting that our findings align with the 
existing literature.

Survival rates after IBTR are reported to be worse than in 
patients without recurrence (11). However, data on the 
risk of developing a third event following IBTR remain 
scarce. While our study did not yield significant findings 
regarding third-event risk, this may be attributable to the 
small sample size. Further investigation in larger series is 
needed to address this gap in the literature.

Figure 2. Kaplan-Meier curves illustrating the relationship between Re-SLN localization and survival for: a) LDFS, b) SDFS, and c) OS

Re-SLNB: Repeat sentinel lymph node biopsy, LDFS: Locoregional disease-free survival, SDFS: Systemic disease-free survival, OS: Overall survival

Figure 3. Kaplan-Meier curves illustrating the relationship between SLN status and survival for: a) LDFS, b) SDFS

SLN: Sentinel lymph node biopsy, LDFS: Locoregional disease-free survival, SDFS: Systemic disease-free survival
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Study Limitations

The main limitations of our study are its retrospective design 
and the small sample size. Larger studies and prospective 
trials will aid in determining the optimal approach for the 
treatment of IBTR.

Conclusion

In cases of IBTR, re-SLNB can be successfully performed, 
albeit at a lower success rate compared to primary cases. 
Additionally, lymphoscintigraphy may enhance the success 
rates of re-SLNB in this patient population by identifying 
atypical SLN localizations.
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Table 4. Factors affecting risk of third event

Variables All patients (n=16) No event (n=12) Third event (n=4) p-value

Menopausal status (n, %)

Premenopausal 6 (37.5%) 4 (25%) 2 (12.5%)
0.604a

Postmenopausal 10 (62.5%) 8 (50%) 2 (12.5%)

Type of breast surgery for IBTR (n, %)

BCS 4 (25%) 3 (18.8%) 1 (6.3%)

0.736aMastectomy 10 (62.5%) 8 (50%) 2 (12.5%)

NSM 2 (12.5%) 1 (6.3%) 1 (6.3%)

Type of axillary surgery for IBTR (n, %)

No surgery 3 (18.8%) 2 (12.5%) 1 (6.3%)

1.000aRe-SLNB 11 (68.8%) 8 (50%) 3 (18.8%)

ALND 2 (12.5%) 2 (12.5%) 0 (0%)

Localisation of re-SLN (n, %)

Ipsilateral axilla 8 (50%) 5 (31.3%) 3 (18.8%)

0.330aContralateral axilla 5 (31.3%) 5 (31.3%) 0 (0%)

Not found 3 (18.8%) 2 (12.5%) 1 (6.3%)

IBTR diameter (mm, median, IQR) 17 (12-22) 17 (12-21) 22 (12-31) 0.627b

Molecular subtypes of IBTR (n, %)

Luminal B 8 (50%) 6 (37.5%) 2 (12.5%)

1.000a
HR+ HER2+ 1 (6.3%) 1 (6.3%) 0 (0%)

HR- HER2+ 2 (12.5%) 2 (12.5%) 0 (0%)

Triple negative 5 (31.3%) 3 (18.8%) 2 (12.5%)

SLN status (n=13, %)

Negative 8 (61.5%) 7 (53.8%) 1 (7.7%)
0.510a

Positive 5 (38.5%) 3 (23.1%) 2 (15.4%)
aFisher’s exact test, bMann-Whitney U test, ALND: Axillary lymph node dissection, BCS: Breast conserving surgery, HER2+: Human epidermal growth factor receptor 2 positive, 
HR+: Hormon receptor positive, IBTR: Ipsilateral breast tumor recurrence, IQR: Interquartile range, NSM: Nipple sparing mastectomy, SLN: Sentinel lymph node, SLNB: Sentinel 
lymph node biopsy, Re-SLNB: Repeat sentinel lymph node biopsy
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Öz
İlerleyen dispne öyküsü ve yüksek çözünürlüklü bilgisayarlı tomografide (BT) interstisyel akciğer hastalığı (İAH) bulgusu bulunan 76 yaşındaki erkek 
hastanın 68Ga-prostat spesifik membran antijeni (PSMA) ve 68Ga-fibroblast aktivasyon protein inhibitörü (FAPİ)-04 pozitron emisyon tomografisi 
(PET)/BT bulgularını karşılaştırmalı olarak sunmaktayız. 68Ga-PSMA PET/BT’de İAH anormallikleri olan bölgelerde orta düzeyde 68Ga-PSMA tutulumu 
gözlendi. 68Ga-FAPİ-04 PET/BT’de, bu bölgelerde 68Ga-PSMA PET/BT’ye göre nispeten daha yüksek 68Ga-FAPİ-04 tutulumu gözlenmektedir. Bu 
bulgu, hastalık aktivitesini hücresel ve moleküler düzeyde değerlendirme potansiyeli sunarak, geleneksel görüntüleme yöntemleriyle yakalanan 
yapısal değişikliklerin ötesinde İAH’nın patofizyolojisi hakkında değerli bilgiler sağlayabilir.
Anahtar kelimeler: Fibroblast aktivasyon protein inhibitörü, interstisyel akciğer hastalığı, PSMA, PET

Abstract
We present the 68Ga-prostate-specific membrane antigen (PSMA) and 68Ga-fibroblast activation protein inhibitor (FAPI)-04 positron emission 
tomography/computed tomography (PET/CT) findings comparatively of a 76-year-old man with a history of progressive dyspnea and evidence of 
interstitial lung disease (ILD) abnormalities on high-resolution CT. Moderate PSMA uptake was observed in areas with ILD abnormalities on 68Ga-
PSMA PET/CT. 68Ga-FAPI-04 PET/CT showed relatively higher FAPI-04 uptake in these regions. These findings offer the potential to assess disease 
activity at the cellular and molecular levels. This approach may provide valuable insight into the pathophysiology of ILD beyond the structural 
changes captured by traditional imaging methods.
Keywords: Fibroblast activation protein inhibitor, interstitial lung disease, PSMA, PET
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Figure 1. A 76-year-old man diagnosed with interstitial lung disease (ILD) presented with newly diagnosed prostate carcinoma with a Gleason score 
of 4+3. 68Ga-prostate specific membrane antigen (PSMA) positron emission tomography/computed tomography (PET/CT) was performed for staging. 
Dependent atelectasis, subpleural reticular density increase, and traction bronchiectasis were observed in the lower lobes of both lungs, showing 
moderate PSMA uptake in both lungs (E, PSMA PET MIP; F, axial CT image; G, axial PET image, and H axial PET/CT fusion image). There was no 
evidence of prostate cancer residue or metastasis. Subsequently, the patient underwent a 68Ga-fibroblast activation protein inhibitor (FAPI)-04 PET/CT 
scan as part of the prospective research conducted at our clinic. The patient provided written informed consent. In ILD findings where PSMA uptake 
(SUV

max
: 4.8) was observed, FAPI-04 uptake (SUV

max
: 6.4) was at a relatively higher uptake to PSMA on 68Ga-FAPI-04 PET/CT (A, FAPI-04 PET MIP; 

B, axial CT image; C, axial PET image, and D axial PET/CT fusion image). ILD is a heterogeneous group of parenchymal lung disorders characterized 
by inflammation and fibrosis (1). High-resolution computed tomography has been the cornerstone of imaging in ILD, providing detailed anatomical 
information and aiding disease classification (2). However, the quest for more precise and comprehensive imaging techniques has led to exploring 
molecular imaging modalities such as PET using novel radiotracers. PSMA has garnered interest in non-prostatic diseases due to its increased expression 
in neoangiogenesis associated with inflammation and fibrosis (3). Similarly, FAPI, targeting fibroblast activation, has shown promise in visualizing and 
monitoring fibrotic lung diseases (4,5,6,7,8,9). These emerging PET tracers have the potential to assess disease activity at the cellular and molecular 
level, providing valuable insights into the pathophysiology of ILD beyond structural changes captured by conventional imaging modalities. This report 
underscores the potential of PET imaging with novel radiotracers as useful adjuncts to traditional diagnostic modalities, which may offer a deeper 
understanding of disease pathogenesis and pave the way for targeted therapies in patients with ILD.
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Pancreatic Involvement in Follicular Lymphoma Detected on 
18FDG-PET/CT
18FDG-PET/BT’de Tespit Edilen Foliküler Lenfomada Pankreas Tutulumu

Abstract
Follicular lymphoma (FL) is clinically classified as a common type of indolent non-Hodgkin’s lymphoma. FL is generally indolent and has good 
prognosis, it can involve a variety of extranodal sites, including the gastrointestinal tract, bone marrow, spleen, liver, skin, and other organs. 
Secondary involvement of pancreas in FL is rare. We report the case of a patient with FL whose initial fluorodeoxyglucose-positron emission 
tomography/computed tomography (FDG-PET/CT) revealed subdiaphragmatic involvement with isolated diffuse pancreatic hypermetabolism. 
Uncovering such rare site highlights the role of FDG-PET/CT in staging of lymphomas.
Keywords: FDG, PET/CT, pancreas involvement, lymphoma

Öz
Foliküler lenfoma (FL), klinik olarak yaygın bir indolent non-Hodgkin lenfoma türü olarak sınıflandırılır. FL genellikle indolenttir ve iyi bir prognoza 
sahiptir, gastrointestinal sistem, kemik iliği, dalak, karaciğer, cilt ve diğer organlar dahil olmak üzere çeşitli ekstranodal bölgeleri tutabilir. FL’de 
pankreasın sekonder tutulumu nadirdir. Bu olgu sunumunda hastaya yapılan ilk florodeoksiglukoz-pozitron emisyon tomografisi/bilgisayarlı 
tomografide (FDG-PET/BT) izole diffüz pankreas hipermetabolizması ile subdiyafragmatik tutulum saptanan FL’li bir hasta bildiriyoruz. Bu kadar 
nadir bir bölgenin ortaya çıkarılması, lenfomaların evrelendirmesinde FDG-PET/BT’nin rolünü vurgulamaktadır.
Anahtar kelimeler: FDG, PET/BT, pankreas tutulumu, lenfoma
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A 38-year-old man, without past medical history, diagnosed 
with follicular lymphoma by biopsy of a right inguinal 
lymph node. Positron emission tomography/computed 
tomography (PET/CT) performed as initial assessment of 
disease extension and showed fluorodeoxyglucose (FDG)-
avid lymphadenopathy in multiple locations above the 
diaphragm, as well as a focal lung, bone and cutaneous 
FDG uptake. An uncommon isolated subdiaphragmatic 
involvement with diffuse and intense FDG uptake was 
seen in the head, the body and the tail of the pancreas. 
Pancreatic enzymes were normal, allowing us to rule out 
acute pancreatitis, which has a similar appearance on 
PET-CT. 

The present report describes a unique case of follicular 
lymphoma with secondary pancreatic involvement. 
Pancreas involvement in non-Hodgkin lymphoma (NHL) 
is rare and only few case reports have been reported, 
secondary pancreatic involvement has been reported in 
only 0.2-2% of patients with NHL (1). Currently, FDG-PET/

CT is the approach of choice for evaluation of extranodal 
involvement by lymphoma (2). The FDG uptake patterns in 
pancreatic NHL lesions have been rarely reported and are 
non-spesific and can be seen in many pancreatic entities 
(3). Dong et al. (4) described four FDG uptake patterns in 
pancreatic NHL lesions including solitary, diffuse, multiple, 
and segmental, with solitary being the most common. In 
our case, the intensity of the diffuse involvement of the 
whole pancreas on FDG-PET/CT and the diffusely enlarged 
pancreas on the CT scan in context of disseminated 
lymphomatous disease, made it possible to dispense with 
the pancreatic biopsy and to consider the pancreatic 
involvement as being secondary. FDG-PET/CT allowed us to 
accurate staging, risk stratification and treatment planning.

The detection of pancreatic involvement in follicular 
lymphoma may impact the overall staging of the disease 
and influence treatment decisions.

Figure 1. Fluorodeoxyglucose-positron emission tomography/computed tomography (FDG-PET/CT) maximum intensity projection (a), transaxial CT 
image (b) and transaxial FDG-PET/CT image (c) showed enlarged pancreas and increased FDG uptake in head and body of the pancreas, and 
disseminated cutaneous, nodal, and solid organ FDG-uptake. 
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18F-FDG PET/CT of a Multicentric Castleman Disease with Lymph 
Node and Skin Involvement
18F-FDG PET/BT’de Lenf Nodu ve Deri Tutulumları Olan Multisentrik Castleman Hastalığı

Abstract
Herein, we describe a rare case of multicentric Castleman disease with multiple lymph node and skin involvement. Ultrasonography of a 38-year-
old patient with weakness and fever revealed multiple lymphadenopathies in both inguinal regions. Diagnosed via lymph node biopsy was 
Castleman’s disease, a plasma cell variant. He was diagnosed with prurigo nodularis, lymphocytic vasculitis, and stasis dermatitis in the biopsies 
of skin lesions located in different regions. 18F-fluorodeoxyglucose positron emission tomography/computed tomography showed multiple 
hypermetabolic lymph nodes in the axilla, abdomen, pelvis, and both popliteal areas, multiple hypermetabolic skin thickenings, and skin lesions in 
both arms, legs, and feet.
Keywords: 18F-FDG PET/CT, multicentric Castleman disease, skin involvement

Öz
Multipl lenf nodu ve deri tutulumu ile seyreden nadir bir multisentrik Castleman hastalığı olgusunu tanımlıyoruz. Halsizlik ve ateş yakınması olan 38 
yaşındaki hastaya yapılan ultrasonografide her iki inguinal bölgede çok sayıda lenfadenopati saptandı. Lenf nodu biyopsisi ile Castleman hastalığı, 
plazma hücre varyantı tanısı kondu. Farklı bölgelerdeki deri lezyonlarından yapılan biyopsilerde prurigo nodülaris, lenfositik vaskülit ve staz dermatit 
tanısı almış olup, 18F-florodeoksiglukoz pozitron emisyon tomografisi/bilgisayarlı tomografide aksilla, abdomen, pelvis ve her iki popliteal bölgede 
çok sayıda hipermetabolik lenf nodu, her iki kolda, her iki bacakta ve ayakta multipl hipermetabolik deri kalınlaşması ve deri lezyonları görüldü.
Anahtar kelimeler: 18F-FDG PET/BT, multisentrik Castleman hastalığı, deri tutulumu
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Figure 1. A 38-year-old male patient with weakness and fever. He had itchy skin lesions for 10 years and has been treated for 
dermatitis, but the lesions persisted despite treatment. Ultrasonography revealed multiple lymphadenopathies in both inguinal 
regions. In routine blood tests, C-reactive protein, white blood cells, sedimentation, urea, and blood urea nitrogen levels are 
high. Acute renal failure. Serum protein electrophoresis revealed hypoalbuminemia and hypergammaglobinemia. Human herpes 
virus 8 (HHV8) was negative. On physical examination, extensive erythematous excoriated plaques were observed on the trunk 
and extremities and purplish hyperkeratotic plaques with atrophic ulcerated areas in the middle were observed. Whole-body 
18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) maximum intensity projection 
images (a) and transaxial fusion PET/CT images revealed bilateral paraaortic (b), bilateral parailiac (c) (arrowhead; SUV

max
: 3.5), 

bilateral external-internal iliac (d), left inguinal and femoral (e, f) (arrowhead; SUV
max

: 6.3), bilateral popliteal (g) (arrowhead; 
SUV

max
: 4.2) hypermetabolic lymph nodes (green arrows). Multiple hypermetabolic skin lesions are seen on transaxial CT (h), PET 

(ı; red arrows) and fusion PET/CT images (i).
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Figure 2. Biopsy of the left inguinal lymph node was performed. In microscopic examination, hyperplastic follicles were observed 
in the lymph nodes (a) (black arrow). In the hyperplastic follicles, the hyalinized vascular structures extended to the germinal 
center (b) (black arrow). Polyclonal staining was observed in plasma cells stained with kappa and lambda light chains (c, d). 
HHV8 was negative (e). Hodkin and non-Hodkin lymphoma were ruled out with Castleman’s disease 3 (CD) 3, CD 20, paxillin 
antigen expression in synovial tissue (PAXS), optical coherence tomography-2, B-cell lymphoma (Bcl)-2, Bcl-6, cyclin D1, CD4, 
CD8, CD30, epithelial membrane antigen, anaplastic lymphoma kinase, CD21, CD68, kappa, lambda, and Ki-67 antibodies. 
The pathological diagnosis was made as “CD, Plasma Cell Variant” with morphological and immunohistochemical findings. He 
was diagnosed with prurigo nodularis, lymphocytic vasculitis, and stasis dermatitis based on biopsies of skin lesions located in 
different regions. CD is a rare chronic lymphoproliferative disorder characterized by unexplained enlarged lymph nodes that was 
first described by Castleman et al. (1) in 1956. There are two clinical types of CD: unicentric CD and multicentric Castleman’s 
disease (MCD). MCD is a systemic disease characterized by multiple lymph nodes, in addition to symptoms such as fever, 
night sweats, and weight loss (2,3). Although rare, renal involvement can complicate the disease. Nephrotic syndrome, acute 
renal failure, interstitial nephritis, thrombotic microangiopathy, renal lymphoma, and renal amyloidosis have been reported 
(4). Skin involvement is very rare in CD. In the literature, skin lesions such as paraneoplastic pemphigus, lichenoid-nodular and 
maculopapular eruptions, Kaposi’s sarcoma, polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy, skin 
changes syndrome, autoimmune bleeding disorders, cutaneous necrotizing vasculitis, and xanthogranuloma have been reported 
(5). A few case reports and one original article were found regarding the use of 18F-FDG-PET/CT in CD (5,6,7). In the study of 
Lee et al. (7), 4 of 12 patients with CD were unicentric, whereas 8 were multicentric. All lesions had moderate to high 18F-FDG 
uptake. There are no studies in the literature on 18F-FDG PET/CT in patients with MCD and skin lesions. Our case was clinically 
considered to be one of the skin diseases seen in CD patients. 18F-FDG draws attention as a case of acute renal failure with skin 
and multiple lymph node involvement on PET/CT. Studies on 18F-FDG PET/CT in MCD patients have been published. In a study 
by Jiang et al. (8), multiple lymphadenopathies as well as thickened skin with increased activity in the hip area were observed in 
a patient on 18F-FDG PET/CT images (SUV

max
: 10.9). Skin biopsy revealed infection.
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68Ga-PSMA-Avid Sinonasal Intestinal-Type Adenocarcinoma
68Ga-PSMA-Tutulumu Gösteren Barsak Tipi Sinonazal Adenokarsinomu

Abstract
A rare tumor, intestinal-type adenocarcinoma (ITAC), accounts for 8-25% of all sinonasal malignancies. The tumor’s histological resemblance 
to gastrointestinal tract adenocarcinoma is implied by its name. ITAC develops in the ethmoid sinus and upper nasal cavity. Herein, we present 
sinonasal ITAC with increased prostate-specific membrane antigen expression and fluorodeoxyglucose uptake. 
Keywords: 68Ga-PSMA, sinonasal intestinal-type adenocarcinoma, fluorodeoxyglucose

Öz
Nadir bir tümör olan barsak tipi adenokarsinomu (ITAC), tüm sinonazal malignitelerin %8 ila 25’ini oluşturur. Tümörün histolojik olarak 
gastrointestinal sistem adenokarsinomlarına benzerliği, adından da anlaşılmaktadır. ITAC, etmoid sinüste ve üst burun boşluğunda gelişir. Bu olgu 
sunumu ile artmış prostat spesifik membran antijeni ekspresyonu ve artmış florodeoksiglikoz tutulumu gösteren sinonazal ITAC kitlesini bildiriyoruz.
Anahtar kelimeler: 68Ga-PSMA, sinonazal barsak tipi adenokarsinom, florodeoksiglikoz
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Figure 1. A systematic biopsy was conducted on the prostate gland of a 64-year-old man who previously underwent right radical nephrectomy 
for renal cell cancer due to the presence of high PSA (9.67 ng/mL). Biopsy revealed an International Society of Urological Pathology grade 3 
prostate cancer with a Gleason score of 3+4. 68Ga-prostate-specific membrane antigen (68Ga-PSMA) positron emission tomography/computerized 
tomography (PET/CT) scan was conducted to assess the extent of metastatic disease. 68Ga-PSMA-avid sinonasal mass and heterogeneous 68Ga-
PSMA uptake in the prostate gland were observed on the 68Ga-PSMA PET maximum intensity projection image (A). Axial 68Ga-PSMA PET (B), 
computed tomography (C), and fused 68Ga-PSMA PET/CT (D) images showing 68Ga-PSMA–avid mass involving the left maxillary sinus, left half of 
the nasal cavity, and both posterior ethmoid sinuses (SUV

max
: 12.33). Axial 68Ga PSMA PET (E), CT (F), and fused 68Ga-PSMA PET/CT (G) images 

showed heterogeneous slightly increased uptake of 68Ga-PSMA in the large prostate glands (SUV
max

: 7.33). The histomorphology of the biopsy from 
the sinonasal mass revealed stratified papillary structures consisting of atypical cells. It was observed that these cells were immunohistochemically 
stained with CK7, CK20, SATB-2, and Ki-67 (high), but not with PSA and NKX3.1, and these findings were evaluated as compatible with sinonasal 
intestinal-type adenocarcinoma (ITAC). 
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Figure 2. To rule out the risk of metastasis from other adenocarcinomas, 18F- fluorodeoxyglucose (FDG) PET/CT was performed. Only the sinonasal 
mass was found to have 18F- FDG avidity. Axial 18F-FDG) PET (E), CT (F), and fused 18F-FDG) PET/CT (G) images showing marked hypermetabolism 
(SUV

max
: 12.18) in the primary tumor. There was no lymph node involvement in the cervical region, evidence of another primary adenocarcinoma, 

or distant metastasis. In addition, the right kidney was not observed after the operation. Magnetic resonance imaging shows lesions with low signal 
on T1-weighted images (A), high signal on T2-weighted images (B), and diffusion-weighted images (C). The upper nasal cavity and ethmoid sinus 
are the primary origin sites of ITACs (1,2,3). The most common symptoms include unilateral, non-spesific unilateral nasal blockage, epistaxis, and 
rhinorrhea (4). Colonic ITAC is the most common subtype, with papillary, mucinous, solid, and mixed types (5). It is difficult to distinguish between 
primary ITAC and nasal cavity metastases of adenocarcinomas due to the similarity of microscopic characteristics and immunohistochemistry (6,7). 
Therefore, diagnosing primary ITAC in the sinonasal region is only possible after excluding all other adenocarcinomas. This case hints at the value of 
18F-FDG PET/CT in the diagnosis of primary ITAC in the nasal cavity and demonstrates the 68Ga-PSMA avidity of ITAC. In general, for non-prostatic solid 
tumors associated with neovascularity, endothelial PSMA expression has been shown (8). Therefore, PSMA expression in non-prostatic solid tumors 
on PET imaging requires readers to consider the histology, imaging, and clinical details of tumor neovascularization. Although demonstrating PSMA 
expression in non-prostatic diseases is disadvantageous, PSMA has paved the way for PET imaging to be applied as an additional theranostic tool for 
this malignancy (9). 
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Cancer Integrin Imaging with [68Ga]Ga-Trivehexin PET/CT for a 
Patient with Breast Cancer and Neuroendocrine Neoplasm: A 
Case of Both (18F)FDG PET/CT and [68Ga]Ga-DOTATATE Positive 
but Integrin αvβ6 Negative Lesion on [68Ga]Ga-Trivehexin PET
Meme Kanseri ve Nöroendokrin Neoplazmlı Hastada İntegrin PET Görüntülemesi: [18F]
FDG PET/BT ve [68Ga]Ga-DOTATATE Pozitif, ancak [68Ga]Ga-Trivehexin PET/BT’de 
İntegrin αvβ6 Negatif Lezyon

Abstract
Integrins play crucial roles in the migration of tumor cells during angiogenesis and metastasis. Consequently, αvβ6-integrin-targeted positron 
emission tomography (PET) radiopharmaceuticals have been developed and tested in humans, with clinical trials highlighting their applications 
in idiopathic pulmonary fibrosis and carcinomas. However, data on integrins are limited, and the role of [68Ga]Ga-Trivehexin tomography/
computed tomography (CT) PET/CT is not well-established. Some studies have suggested that [68Ga]Ga-Trivehexin PET/CT is more specific than 
18F-fluorodeoxyglucose (18F-FDG) PET/CT, which can yield false-positive results. It has been shown to be more efficient in evaluating pancreatic 
lesions and head and neck tumors. The role of [68Ga]Ga Trivehexin PET/CT in neuroendocrine tumors is not yet clearly defined. In our case, 
integrin was negative in the pancreatic neuroendocrine tumor but positive in the breast lobular tumor. Additionally, we observed that the lobular 
carcinoma lesion in the right breast is somatostatin receptor+positive on [68Ga]Ga-DOTATATE PET/CT.
Keywords: Neuroendocrine tumor, integrin positron emission tomography, [68Ga]Ga-Trivehexin positron emission tomography/computed 
tomography

Öz
İntegrinler, anjiyogenez ve metastaz sırasında tümör hücrelerinin göçünde önemli bir rol oynar. Bu nedenle, αvβ-6integrin hedefli pozitron 
emisyon tomografisi (PET) radyofarmasötikleri geliştirilmiştir ve klinik çalışmalar bu ajanların idiyopatik pulmoner fibrozis ve karsinomlarda 
etkinliğini vurgulamaktadır. Ancak, integrinler hakkındaki veriler hala sınırlıdır ve [68Ga]Ga-Triveheksin PET/bilgisayarlı tomogrofi (BT)’nin rolü 
iyi tanımlanmamıştır. Bazı çalışmalar, [68Ga]Ga-Triveheksin PET/BT’nin, yanlış pozitif sonuçlar verebilen (18F)FDG PET/BT’ye göre daha spesifik 
olduğunu öne sürmektedir. Pankreas lezyonları ve baş-boyun tümörlerini değerlendirmede başarılı olduğunu gösterilmiştir. Ancak [68Ga]Ga-
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Triveheksin PET/BT’nin nöroendokrin tümörlerdeki rolü henüz net olarak tanımlanmamıştır. Bizim olgumuzda, pankreatik nöroendokrin tümörde 
integrin negatif, ancak meme lobuler tümöründe pozitif bulunmuştur. Ayrıca, sağ memedeki lobüler karsinom lezyonunun [68Ga]Ga-DOTATATE 
PET/BT’de somatostatin reseptörü+pozitif olduğunu gözlemledik.
Anahtar kelimeler: Nöroendokrin tümör, integrin pozitron emisyon tomografisi, [68Ga]Ga-Triveheksin pozitron emisyon tomografisi/bilgisayarlı 
tomogrofi

Figure 1. A 71-year-old woman presented with breast lobular carcinoma for evaluation staging with 18F-fluorodeoxyglucose (18F-FDG) positron emission 
tomography/computed tomography (PET/CT) (a). In the 18F-FDG PET/CT scan, a hypermetabolic mass consistent with the known primary malignancy 
was observed in the retroareolar region of the right breast (d). Additionally, in the head-body of the pancreas, a well-defined hypermetabolic lesion was 
identified (g). Given the possibility of 18F-FDG PET/CT false positivity in the pancreatic head mass, a [68Ga]Ga-Trivehexin PET/CT (b) scan was conducted. 
The [68Ga]Ga-Trivehexin PET/CT showed increased activity uptake in a portion of the right breast mass (e), and no activity uptake was observed in 
the pancreatic head mass (h). Based on these findings, a biopsy was performed to further investigate the pancreatic mass, which revealed a grade 2 
neuroendocrine tumor. Additionally, a [68Ga]Ga DOTATATE PET/CT (c) was performed, which demonstrated intense somatostatin receptor expression 
in the right breast mass (f) and pancreatic head lesion (ı). Integrins, particularly αvβ6-integrin, are involved in tumor cell migration, angiogenesis, and 
metastasis. Recently, αvβ6-integrin-targeted PET radiopharmaceuticals like [68Ga]Ga-Trivehexin have shown promise in imaging certain cancers and 
fibrotic diseases (1,2). Comparative studies suggest that [68Ga]Ga-Trivehexin may offer advantages over conventional 18F-FDG PET/CT by reducing false-
positive findings. Despite promising results in pancreatic, head and neck lesions, its diagnostic performance in NETs is not yet clearly defined (3,4,5). 
This study presents a case in which a pancreatic neuroendocrine tumor was integrin-negative, whereas a concurrent lobular carcinoma of the breast 
showed integrin positivity, also demonstrating somatostatin receptor on [68Ga]Ga-DOTATATE PET/CT.
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Kombine 68Ga-PSMA PET/BT ve mpMRI Bulgularının Prostat Kanserinin ilk Tanısında 
Tümör Lokalizasyonunu ve Biyopsi Rehberliğini Desteklemesi

Abstract
Gallium-68 (68Ga)-prostate-specific membrane antigen (PSMA) positron emission tomography/computed tomography (PET/CT) is a relatively new 
imaging modality that has already proved its role in the initial staging of prostate cancer and in biochemical recurrence following definitive primary 
therapy. Furthermore, emerging data several ongoing studies demonstrate its potential role in the primary diagnosis of this malignancy. We 
present a 67-year-old male patient with increasing clinical suspicion of prostate cancer despite a previous negative prostate gland biopsy. He was 
referred to our nuclear medicine department for a 68Ga-PSMA PET/CT with the aim of improving tumor localization and assisting in the guidance 
of repeat prostate biopsy. One month before presentation of elevated prostate-specific antigen levels, he underwent multiparametric magnetic 
resonance imaging (mpMRI), which revealed a prostate imaging reporting and data system 4 lesion in the right lobe of the prostate gland. The 
MRI lesion completely matched a PRIMARY score 5 lesion registered by PET/CT. Furthermore, we detected another suspicious finding in the left 
lobe (PRIMARY score 4). The patient underwent PSMA PET/CT-guided MRI/ultrasonography fusion transperineal biopsy of both lesions. The latter 
were histologically confirmed as prostate carcinoma with a Gleason score of 3+4 =7.
Keywords: 68Ga-PSMA PET/CT, mpMRI, initial diagnosis of prostate cancer

Öz
68Ga-prostat-spesifik membran antijeni (PSMA) pozitron emisyon tomografisi/bilgisayarlı tomografi (PET/BT), prostat kanserinin ilk evrelemesinde 
ve birincil tedaviyi takiben biyokimyasal nükste rolünü kanıtlamış nispeten yeni bir görüntüleme yöntemidir. Ayrıca, devam eden birkaç çalışmadan 
elde edilen yeni veriler, bu malignitenin birincil tanısında potansiyel rolünü göstermektedir. Daha önce negatif prostat bezi biyopsisine rağmen 
artan prostat kanseri klinik şüphesi olan 67 yaşında erkek hastayı sunuyoruz. Hasta tümör lokalizasyonunu iyileştirmek ve tekrar prostat biyopsisinin 
rehberliğine yardımcı olmak amacıyla 68Ga-PSMA PET/BT için nükleer tıp bölümümüze sevk edildi. Bir ay önce yüksek prostat spesifik antijen seviyeleri 
nedeniyle multiparametrik manyetik rezonans görüntüleme (mpMRG) uygulanan hastada prostat bezinin sağ lobunda prostat görüntüleme 
raporlama ve veri sistemi 4 lezyon saptandı. MRG lezyonu PET/BT ile kaydedilen PRİMARY skor 5 lezyonla tamamen uyuşuyordu. Ayrıca sol lobda 
PRİMARY skor 4 olan bir şüpheli lezyon daha tespit ettik. Hastanın her iki lezyonundan PSMA PET/BT kılavuzluğunda MRI/ultrasonografi füzyon 
transperineal biyopsi alındı ve histolojik olarak Gleason skoru 3+4=7 olan prostat karsinomu doğrulandı. 
Anahtar kelimeler: 68Ga-PSMA PET/BT, mpMRG, prostat kanserinin ilk tanısı

Combined 68Ga-PSMA PET/CT and mpMRI Findings Improve 
Tumor Localization and Biopsy Guidance in the Initial Diagnosis of 
Prostate Cancer
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Figure 1. A 67-year-old male patient with increasing clinical suspicion of prostate cancer (PCa) based on a consistent increase in prostate-specific 
antigen (PSA) levels despite a previous negative 12-core systematic prostate gland biopsy. He was referred to our nuclear medicine department for a 
68Ga-PS membrane antigen (PSMA) positron emission tomography/computed tomography (PET/CT) with the aim of improving tumor localization and 
assisting in the guidance of repeat prostate biopsy. One month before presentation of elevated PSA levels (4.1 ng/mL) and intermediate-to-high PSA 
density risk (0.16 ng/mL²) he underwent multiparametric magnetic resonance imaging (mpMRI). Axial T2-weighted (Figure 1a) and diffusion-weighted 
(Figure 1b and Figure 1c) images show a hypointense nodule with restricted diffusion (red circles) in the right peripheral prostate zone, corresponding 
to a prostate imaging reporting and data system (PI-RADS) 4 lesion. The MRI lesion completely matched a primary score 5 lesion registered by 68Ga-
PSMA PET/CT with a maximum standardized uptake value (SUV

max
) 13.4 (Figure 1d-green circle). Furthermore, this relatively new hybrid imaging 

technique revealed one more suspicious finding, located in the left peripheral zone of the prostate base, classified as primary score 4 (Figure 1e-green 
circle). The patient underwent PSMA PET/CT-guided MRI/ultrasonography fusion transperineal biopsy of both lesions. A patient-specific 3D prostate 
map (Figure 1f) shows 7 cores taken from the lesion in the right lobe (PI-RADS 4/primary score 5 - orange sphere), 11 cores from the lesion in the left 
lobe (primary score 4 - purple sphere) and 9 cores from the systematic biopsy of both lobes. Both of the targeted lesions, including the additional lesion 
in the left lobe detected only on the 68Ga-PSMA PET/CT, were histologically confirmed as clinically significant PCa with a Gleason score of 3+4=7. 68Ga-
PSMA PET/CT has already proven its role in the initial staging of PCa and in biochemical recurrence following definitive primary therapy. Furthermore, 
emerging data several ongoing studies demonstrate its potential role in the primary diagnosis of this malignancy. In March 2022, Emmett L. et al. (1) 
published the largest prospective multicenter study to date in 291 biopsy-naive men with suspected PCa and studied the additive role of 68Ga-PSMA 
PET/CT combined with mpMRI in the diagnosis of clinically significant PCa. The results indicated that the combination of the two imaging methods 
had higher negative predictive value and sensitivity for clinically significant PCa than mpMRI alone. Moreover, the authors proposed a 5-point scale 
(primary score) to evaluate the PSMA uptake pattern in the prostate gland to standardize and objectify the reported results. The use of PSMA-ligand 
PET for the guidance of prostate biopsy is a new indication added in the latest joint European Association of Nuclear Medicine procedure guidelines/
Society of Nuclear Medicine and Molecular Imaging procedure standard for PCa imaging 2.0, but it should be combined with mpMRI (2). Currently, 
this procedure is considered as a possible option after one previous negative biopsy and existing or rising clinical suspicion for PCa, based on imaging 
findings and laboratory results. Recently, PSA density has gained considerable clinical application and has been correlated with the PI-RADS score 
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derived from mpMRI in the decision to perform a prostate biopsy. According to the risk data table in the recent European Association of Urology 
Guideline 2023 on PCa (3), biopsy is strongly recommended in patients with a PSA density >0.2 ng/mL² and PI-RADS score >4. Still, there is a gray area 
with PSA density between 0.1 and 0.2 ng/mL² and intermediate PI-RADS 3 score, where the decision for biopsy remains controversial and subjective. 
Based on our recent clinical experience with a larger patient cohort, we believe that in this clinical scenario PSMA PET could be a useful tool not only 
for diagnostic management but also for the detection of additional lesions missed by mpMRI to improve the detection rate, as demonstrated in the 
case presented.
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The Poor Prognostic Stigma of Hepatic Superscan on 18F-FDG PET 
Imaging
18F-FDG PET Görüntülemede Hepatik Superscan Görünümünün Kötü Prognoz Damgası

Abstract
Pancreatic exocrine carcinoma (PEC) is a lethal malignancy with high mortality rates because of its aggressive nature and frequent late-stage 
diagnosis. When histopathological diagnosis becomes unfeasible because of patient deterioration, clinicians must rely on clinical, biochemical, 
and radiological findings. This case report describes a 78-year-old woman with aggressive PEC visualized through 18F-fluorodeoxyglucose (18F-FDG) 
positron emission tomography/computed tomography. The imaging revealed an intensely hypermetabolic head mass, hepatic superscan, and 
hypermetabolic abdominal lymphadenopathy. Despite strong clinical indicators suggesting stage IV PEC, rapid disease progression and patient 
demise precluded histopathological confirmation, emphasizing the poor prognosis associated with hepatic superscan in this context.
Keywords: Pancreatic carcinoma, hepatic superscan, fulminant metastasis, 18F-FDG, PET/CT

Öz
Pankreas ekzokrin karsinomu (PEK), agresif doğası ve sıklıkla geç evrede tanı alması nedeniyle yüksek ölüm oranlarına sahip ölümcül bir malignitedir. 
Hastanın kötüleşmesi nedeniyle histopatolojik tanı olanaksız hale geldiğinde, klinisyenler klinik, biyokimyasal ve radyolojik bulgulara güvenmelidir. Bu 
olgu bildiriminde, 18F-florodeoksiglukoz (18F-FDG) pozitron emisyon tomografisi/bilgisayarlı tomografi ile görüntülenen agresif PEK’li 78 yaşında bir 
kadın hasta bildirilmektedir. Görüntülemede, yoğun bir şekilde hipermetabolik pankreas başı kitlesi, hepatik superscan görünümü ve hipermetabolik 
abdominal lenfadenopati saptanmıştır. Evre IV PEK’yi düşündüren güçlü klinik göstergelere rağmen, hastalığın hızlı ilerlemesi ve hastanın ölümünün 
histopatolojik doğrulamayı mümkün kılmaması, bu bağlamda hepatik superscan görünümü ile ilişkili kötü prognozu vurgulamıştır.
Anahtar kelimeler: Pankreas karsinomu, hepatik superscan, fulminan metasta, 18F-FDG, PET/BT
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Figure 1. A 78-year-old female non-smoker with long-standing hypertension and no history of familial malignancy presented with a 3-month history 
of diffuse abdominal pain radiating to the shoulder that was accompanied by generalized weakness, anorexia, and weight loss. Multiple emergency 
visits for fluid and electrolyte replacement due to dehydration were reported. Financial constraints initially prevented the patient from undergoing 
definitive clinical, biochemical, and radiological tests for provisional diagnosis. The decision to seek a comprehensive evaluation was delayed until 
the patient experienced unbearable pain, frequent unresolved episodes of nausea and vomiting, and weight loss of 12 kg. Physical examination 
revealed a tired, pale patient in pain, with yellowish skin discoloration and tender hepatomegaly. Comprehensive hematologic, hepatic, renal, and 
tumor marker profiles were obtained. Results were normal except for anemia (hemoglobin 7.1 g/dL), elevated total bilirubin (4.5 mg/dL), elevated 
hepatic transaminases (aspartate transaminase 111 IU/L, alanine transaminase 137 IU/L), and an elevated carbohydrate antigen 19-9 (CA 19-9) level 
of 1397 U/mL. Initial diagnostic workup (Figure 1) included abdominal computed tomography (CT), which revealed widespread liver hypodensities 
suggesting fulminant hepatic metastasis (A, B; asterisks), in addition to a large multicystic pancreatic head tumor (B; arrowhead). Subsequent 
18F-fluorodeoxyglucose (18F-FDG) positron emission tomography/computerized tomography (PET/CT) imaging demonstrated a hepatic superscan on 
maximum intensity projection (MIP) image, characterized by diffuse intensely hypermetabolic hepatomegaly (C; asterisks) and suppressed 18F-FDG 
activity in the brain and pelvicalyceal system (C; spades). Coronal and axial fused PET/CT images revealed evidence of widespread hepatic hypodensities 
(D-F; asterisk). Furthermore, axial fused PET/CT images depict an intensely hypermetabolic neoplastic process involving the pancreatic head tumor 
(E; arrowhead). In addition, few hypermetabolic metastatic abdominal lymph nodes were observed (F; arrows). Due to rapid clinical deterioration, 
worsening performance status, and admission to intensive care unit (ICU), a definitive histopathologic diagnosis could not be established. The patient 
succumbed to multiorgan failure 14 days after ICU admission. A clinical diagnosis of stage IV pancreatic exocrine cancer was provisionally made.
Hepatic superscan is a rare molecular imaging entity observed in aggressive hematologic and solid malignancies (1,2). To our knowledge, its occurrence 
in pancreatic carcinoma has not been previously reported. The distinct pattern of hepatic superscan characterized by intensely hypermetabolic 
hepatomegaly and suppressed 18F-FDG activity in organs with normally intensified 18F-FDG metabolism can be observed on MIP images (1). Recent 
observations have highlighted the prognostic significance of hepatic superscan, associating it with poor prognosis and rapid onset of disease, often 
before management can be initiated. Such cases frequently receive delayed diagnosis because of neglect, delayed diagnosis, or misdiagnosis (2,3,4,5). 
Therefore, recognition of this unique neoplastic pattern should prompt immediate clinical and oncologic intervention to achieve the best possible 
outcome.
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Öz
Menenjiyomlar somatostatin reseptörü (SSTR) ekprese eder. SSTR ligandlarının, özellikle Gallium-68 (68Ga)-DOTA etiketli peptitlerin kullanımı, 
öncelikle normal beyin ve kemik aktivitesinin olmaması nedeniyle menenjiyomları tespit etmede olağanüstü tanısal hassasiyet göstermiştir. 
Tümör tanımlaması için 68Ga-DOTA TOC pozitron emisyon tomografisi (PET)’e tabi tutulan sfenoid kanat menenjiyomu olan 48 yaşında bir kadın 
olgusunu bildiriyoruz. 68Ga-DOTA TOC PET, kemikte yüksek SSTR ekspresyonu ile belirgin hiperostozisli sağ sfenoid/ön temporal bölgede SSTR avid 
menenjiyomu göstermiştir. Hiperostozisteki 68Ga-DOTA TOC tutulumu, reaksiyonel değişikliklerden ziyade kemik infiltrasyonunu ifade eder. 68Ga-
DOTA PET, kemik tutulumunun daha iyi değerlendirilmesini sağlar ve menenjiyomun içeriği ve daha ileri tedavi planlaması açısından ek bilgi sağlar.
Anahtar kelimeler: 68Ga-DOTA pozitron emisyon tomografisi/bilgisayarlı tomografi, menenjiyom, SSTR, hiperostoz
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Abstract
Meningiomas express the somatostatin receptor (SSTR). The utilization of SSTR ligands, specifically Gallium-68 (68Ga) isotope, a radioactive isotope 
(68Ga)-DOTA-labeled peptides, has demonstrated exceptional diagnostic precision for the detection of meningiomas, primarily due to the absence 
of normal brain and bone activity. We report a case of a 48-year-old woman with sphenoid wing meningioma who underwent 68Ga-DOTA TOC 
positron emission tomography (PET) for tumor delineation. 68Ga-DOTA TOC PET shows SSTR-avid meningioma in the right sphenoid/anterior 
temporal region with significant hyperostosis with high expression of SSTR in the bone. 68Ga-DOTA TOC uptake in the hyperostosis signifies bone 
infiltration rather than reactive changes. 68Ga-DOTA PET provides a better assessment of osseous involvement and provides additional information 
in terms of meningioma extent and planning for further management.
Keywords: 68Ga-DOTA, positron emission tomography/computed tomography, meningioma, SSTR, hyperostosis
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Figure 1: A 48-year-old woman with right orbital pain and swelling was diagnosed with meningioma of the right sphenoid wing on magnetic resonance 
imaging (MRI). Gallium-68 (68Ga)-DOTA positron emission tomography/computed tomography (PET/CT) was performed for tumor delineation and 
lesion characterization. A-C 68Ga-DOTA TOC PET/CT images demonstrate an extraaxial focal area of increased tracer uptake (SUV

max
: 17.5) along the 

right sphenoid region/right anterior temporal region. 
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Figure 2: A. CT bone window showing expansile sclerosis (hyperostosis) mainly involving the right wing of the sphenoid bone (solid arrow), right lateral 
orbital wall, anterior clinoid process, and lateral wall of right sphenoid hemisinus with diffuse increased 68Ga-DOTA TOC uptake of SUV

max
 8.4 on fused 

images B (dashed arrow). C. MRI showing a well-defined lobulated dural-based mass arising from the greater wing of the sphenoid extending to the 
orbital apex. The lesion was better delineated on fused PET/MRI images (D). Findings are consistent with somatostatin receptor-avid meningioma with 
significant hyperostosis of the underlying bone, suggesting meningioma with bone infiltration.
Meningiomas are the most common primary brain tumors, accounting for approximately 30% of intracranial tumors (1). Bony involvement in intracranial 
meningiomas is uncommon and is believed to occur due to hyperostosis, which is reported to occur in 4.5%-17% of cases. Neoplastic infiltration 
of intracranial bone and primary intraosseous meningioma are other causative factors for bone involvement (2). It is more frequently observed in 
meningiomas with plaque, with an occurrence rate of 13%-49% (3). Transosseous extension of intracranial meningiomas is associated with a high 
risk of tumor recurrence and mortality and often requires gross total resection and cranial reconstruction (4). There is no clear mechanism underlying 
the hyperostotic changes that have been described in the literature. Hyperostosis may occur due to irritation from an adjacent tumor, leading to bone 
invasion by meningiomatosis cells, resulting in secondary hypervascularity in the diploe of the surrounding skull. Some authors have suggested that the 
infiltration of bone by tumor cells causes secondary changes in osteoblast and osteoclast activity, leading to increased bone deposition. A small cohort 
study by Matschke J et al. (5) suggests that there is high expression of somatostatin receptor 2A (SSR2A) during the histogenesis of hyperostosis in 
meningioma. They found that the osseous part of the tumor exhibited the same strong SSR2A reactivity as the extraosseous part of the tumor, which 
possibly favors bone infiltration rather than reactive changes.
Somatostatin receptor (SSTR) is a 68G-protein-coupled receptor that is highly expressed in the majority of meningiomas, with subtype 2 being the most 
abundant (6). 68Ga-DOTA PET imaging with radiolabeled somatostatin agonists offers high diagnostic accuracy for assessing meningiomas because 
of the high density of SSTRs. This modality provides additional information for patients exhibiting ambiguous or equivocal results on MRI. 68Ga-DOTA 
PET delineates tumor extent more accurately than MRI with contrast, particularly in regions such as the skull base, orbital area, and parasagittal 
regions, where bone invasion or involvement of the dural sinuses is frequently observed (7). 68Ga-DOTA PET is also more proficient in detecting 
osseous involvement than MRI, as the detection of osseous infiltration relies on morphologic features such as hyperostosis and intraosseous contrast 
enhancement (8). It is difficult to precisely define the degree of infiltration on CT and MRI images. 68Ga-DOTA PET provides a better assessment of 
osseous involvement and has great potential to improve target delineation for surgical resection and radiation treatment planning (9). 68Ga-DOTA PET 
can accurately determine tumor margins for radiotherapy. A recent study by Kowalski ES et al. (10) reported the value of 68Ga-DOTATATE PET/CT in 
the diagnosis, radiation treatment planning, and evaluation of the response of meningiomas to radiotherapy.
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Öz
Nörolenfomatozis (NL), nadir görülen bir klinik durumdur ve kranial veya periferik sinirlerin, sinir köklerinin veya pleksusların malign lenfositler 
tarafından enfiltrasyonudur. Değişken klinik sunumu nedeniyle tanısı zor olabilir. Genellikle B hücreli lenfoma ile birlikte görülür; ancak, ekstra nodal 
doğal öldürücü/T hücreli lenfomalı birkaç olguda bildirilmiştir. Çoğu zaman, birincil bölge remisyonda olan hastalarda ikincil bir bölgede ortaya 
çıkar. 18Flor florodeoksiglukoz pozitron emisyon tomografisi/bilgisayarlı tomografi, NL’nin erken tespitinde önemli bir rol oynar ve zamanında 
tedavi edilmesini sağlar. Klinik ve radyolojik bulgulara dayanarak, başlangıçta tedaviye yanıt veren ancak daha sonra NL ile birlikte tekrarlayan 24 
yaşında bir erkek nazal doğal öldürücü T hücreli lenfomalı olguyu sunuyoruz.
Anahtar kelimeler: Nörolenfomatozis, doğal öldürücü T hücreli lenfoma, 18Flor florodeoksiglukoz pozitron emisyon tomografisi/bilgisayarlı 
tomografi, lenfoma

Abstract
Neurolymphomatosis (NL) is a rare clinical condition characterized by the infiltration of malignant lymphocytes into the cranial or peripheral nerves, 
nerve roots, or plexus. Diagnosis can be clinically challenging due to its variable presentation. It usually occurs in B cell lymphoma; however, 
a few cases of extranodal killer/T cell lymphoma. Most cases present at a secondary site in patients with primary site in remission. 18Fluorine 
fluorodeoxyglucose positron emission tomography/computed tomography plays an important role in the early detection of NL, resulting in timely 
treatment. We present a case of a 24-year-old male with nasal natural killer T cell lymphoma who initially responded to treatment but relapsed 
with NL based on clinical and radiological findings.
Keywords: Neurolymphomatosis, natural killer T cell lymphoma, 18Fluorine fluorodeoxyglucose positron emission tomography/computed 
tomography, lymphom
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Figure 1. A 24-year-old male patient diagnosed with natural killer T cell lymphoma (NKTL) presented to our department for 18Fluorine fluorodeoxyglucose 
2-deoxy-glucose positron emission tomography/computed tomography (18F-FDG-PET/CT). There was clinical suspicion of disease relapse due to 
complaints of backache, heavy headedness, and diplopia for 1 week. On examination, his glascow coma scale score was 15/15; power in upper 
limbs was unremarkable; however, power in lower limbs was reduced to 1/5 along with decreased tone and reflexes. His fundoscopy findings 
were unremarkable. Contrast-enhanced brain magnetic resonance imaging (MRI) of the patient was unremarkable. His 18F-FDG PET/CT showed 
hypermetabolic mild thickening of the conus medullaris and cauda equina [standardized uptake value (SUV) 6.6, liver SUV 2.9] highly concerning for 
neurolymphomatosis (NL) [A,B maximum intensity projection (MIP) and sagittal PET blue boxes and C fused PET/CT blue arrow]. The primary tumor 
site (i.e., nasal cavity) showed minimal thickening along the nasal turbinate without significant FDG uptake. Contrast-enhanced spine MRI also revealed 
diffuse thickening, edema and abnormal enhancement of the conus medullaris and cauda equina, suggestive of lymphomatous infiltration [C and 
D, Sagittal pre- and post-contrast T1-weighted imaging (T1WI) MRI]. Cerebrospinal fluid analysis revealed cluster of differentiation 56+ malignant 
cells, and flow cytometry confirmed central nervous system relapse. He was then treated with high-dose chemotherapy and radiotherapy. Response 
evaluation 18F-FDG PET/CT showed interval resolution of FDG uptake in the conus medullaris (F, MIP image blue box); however, there was progression 
at multiple sites, including bone marrow (G and H, MIP and coronal CT), preseptal region, and nasopharynx (I and J, axial CT and fused images, blue 
arrows). At this point, the patient was referred for palliative treatment; and after a period of about 2 months on palliative treatment, the patient 
succumbed to the complications of disease.
NL is a rare condition. Diagnosis can be clinically challenging due to its variable presentation. Literature review shows that, most commonly, it is 
associated with non-hodgkin lymphoma (1,2). Approximately 80% of the cases are associated with B cell lymphoma compared with T cell lymphoma. 
Among T cell lymphomas, NKTL is a rare entity that occurs at unusual sites, such as the central nervous system, skin, and nasopharynx. Despite 
aggressive treatment, it usually follows a rapidly progressive course (3). It is important to differentiate NL from non-cancerous conditions, such as the 
Miller Fischer variant of Guillain-Barre Syndrome, inflammatory radiculopathy, neuropathies, and chemoradiotherapy-induced damage to the nerves. 
That history proves to be of paramount importance in making definitive diagnosis. Although histopathology remains the gold standard for diagnosing 
NL, due to its limitations, MRI and PET-CT play a major role in the diagnosis of NL, with sensitivity of 87.5% and 100%, respectively (4,5,6). Biopsy 
is associated with an increased risk of permanent nerve damage, and it is usually reserved for cases that are not diagnosed on history and imaging. 
Within our institution, over a span of the last 15 years, there are 9 reported cases of NL on 18F-FDG PET/CT (7,8), of which only our patient was of NKTL. 
Therefore, clinicians reporting PET scans should be cognizant of the fact that NL is likely to represent the aggressive extra-nodal lymphoma spectrum.
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Abstract
68Ga--prostate-specific membrane antigen (PSMA)-11 positron emission tomography/computed tomography (PET/CT) is currently routinely used 
for the evaluation of prostate cancer. However, due to its whole-body imaging capability, it can incidentally identify pathologies beyond prostate 
cancer. Herein, we describe a case of a 67-year-old man who was recently diagnosed with prostate carcinoma (PCa). The patient had a high PSMA-
avid thyroid carcinoma detected incidentally during the initial staging of PCa with 68Ga-PSMA-11 PET-CT.
Keywords: Thyroid carcinoma, incidental, prostate-specific membrane antigen, neovasculature

Öz
68Ga-prostat-spesifik membran antijeni (PSMA)-11 pozitron emisyon tomografisi/bilgisayarlı tomografi (PET-BT), prostat kanserinin 
değerlendirilmesinde standart görüntüleme yöntemi haline gelmiştir. Ancak, tüm vücudu görüntüleyebilme kapasitesi sayesinde prostatın ötesinde 
önemli patolojileri tesadüfen tespit edebilir. Bu yazıda, yakın zamanda prostat karsinomu teşhisi konmuş 67 yaşında bir erkek hastayı bildiriyoruz. 
Hastada, 68Ga-PSMA-11 PET-BT kullanılarak prostat kanserinin ilk evrelemesi sırasında tesadüfen yüksek PSMA-avid tiroid karsinomu saptandı.
Anahtar kelimeler: Tiroid karsinomu, tesadüfi, prostat spesifik membran antijeni, neovaskülatür
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Figure 1. A 67-year-old gentleman with recently diagnosed prostate carcinoma (PCa) (Gleason’s score: 5+4=9) and serum prostate-specific antigen 
level 106 ng/mL underwent 68Ga-prostate-specific membrane antigen (PSMA)-11 positron emission tomography/computed tomography for staging. 
A) maximum intensity projection image showing a large focus of abnormal tracer uptake in the neck (arrow) and focal tracer uptake in the pelvis 
(arrowhead). B-C) The uptake in the neck localized to a large heterogeneous density mass with central necrosis and foci of calcification, replacing 
almost the entire left lobe of the thyroid and displacing the trachea toward the right measuring 6.8x5.4x7.1 cm with SUV

max
 27.0 B-C). Pelvic PSMA 

uptake localized to an ill-defined lesion involving the bilateral peripheral zone of the prostate suggestive of known primary malignancy. D-E) The patient 
underwent ultrasonography (USG) neck which revealed a large thyroid mass on the thyroid imaging reporting and data system IV. Subsequently, 
the patient underwent USG-guided fine needle aspiration, which revealed a follicular neoplasm (Bethesda category-IV). Subsequently, the patient 
underwent total thyroidectomy, and histopathology revealed a high-grade follicular-derived non-anaplastic thyroid carcinoma.

Figure 2. Histopathological images of thyroid tissue showing follicular cells arranged in a; A) trabecular growth pattern; B) solid, nested growth pattern 
H & E stain, 200x. C) Foci of necrosis are noted within the tumor. H & E stain, 40x. D) Nuclear features of papillary carcinoma of the thyroid, e.g., nuclear 
crowding, clearing, orphan annie nucleus and grooves H&E stain, 400x. E) Tumor cells showing immunoreactivity for Thyroid transcription factor-1, 
200x. The features are suggestive of high-grade follicular-derived non-anaplastic thyroid carcinoma. PSMA is a type II transmembrane glycoprotein. 
This is overexpressed in prostate carcinoma (PCa) cells, more so in hormone-refractory PCa. PSMA overexpression is not restricted to the prostate and 
is also expressed in other normal tissues like salivary glands and duodenum. Further, it is overexpressed in endothelial cells of tumor neovasculature 
in different cancers of kidney, colon, melanoma, breast, etc. and also in benign diseases like endochondroma (1,2,3,4). PSMA is proven to be 
overexpressed on the endothelial cells of the neovasculature where it expedites endothelial cell sprouting and invasion to cleave the extracellular matrix 
by lytic proteases (5). It is necessary to be aware of these pitfalls and to evaluate the incidental PSMA uptake apart from its physiological distribution, 
as in the present case in which abnormal tracer accumulation in the thyroid helped in the diagnosis of thyroid malignancy. 
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68Ga-PENTIXAFOR PET/CT Captures Superscan in Refractory 
Multiple Myeloma
68Ga-PENTIXAFOR PET/BT Refrakter Multiple Miyelomada Süper Scan Paternini 
Gösterir

Abstract
We present a case of a 40-year-old male with refractory multiple myeloma, assessed using 68Gallium-PENTIXAFOR positron emission tomography/
computed tomography (68Ga-PENTIXAFOR PET/CT), revealing widespread and intense C-X-C motif chemokine receptor 4 (CXCR4) expression in 
multiple osteolytic lesions across axial and appendicular skeletons, including bone marrow deposits. Despite undergoing autologous hematopoietic 
stem cell transplantation and multiple lines of maintenance therapy, the patient experienced disease relapse and progression. The term “superscan” 
typically refers to diffuse skeletal uptake in conventional bone scans, primarily seen in advanced metastatic cancers or metabolic bone diseases. 
CXCR4, crucial for tumor growth and metastasis, binds C-X-C motif chemokine 12 (CXCL12) to promote cancer progression. PENTIXAFOR, a 
CXCR4-targeted PET agent, facilitates imaging of such malignancies. While superscans using PET/CT are rare, our case underscores the utility of 
68Ga-PENTIXAFOR PET/CT in evaluating CXCR4 expression in multiple myeloma, highlighting its potential as a diagnostic and prognostic tool in 
refractory disease management.
Keywords: PENTIXAFOR, C-X-C motif chemokine receptor 4, positron emission tomography/computed tomography, superscan, multiple myeloma

Öz
68Galyum-PENTIXAFOR pozitron emisyon tomografisi/bilgisayarlı tomografi (68Ga-PENTIXAFOR PET/BT) kullanılarak değerlendirilen, kemik iliği 
tutulumları da dahil olmak üzere aksiyel ve apendiküler iskeletlerde çoklu osteolitik lezyonlarda yaygın ve yoğun C-X-C motif kemokin reseptörü 
4 (CXCR4) ekspresyonu gösteren, refrakter multipl miyelomlu 40 yaşında bir erkek hastayı sunuyoruz. Otolog hematopoietik kök hücre nakli ve 
çoklu idame tedavisine rağmen hastalık nüksetti ve progrese oldu. “süper scan” terimi genellikle konvansiyonel kemik taramalarında yaygın iskelet 
tutulumunu ifade eder ve öncelikli olarak ileri metastatik kanserlerde veya metabolik kemik hastalıklarında görülür. Tümör büyümesi ve metastaz 
için kritik öneme sahip olan CXCR4, kanser ilerlemesini desteklemek için C-X-C motif kemokin 12’ye (CXCL12) bağlanır. CXCR4 hedefli bir PET ajanı 
olan PENTIXAFOR, bu tür malignitelerin görüntülenmesini kolaylaştırır. PET/BT kullanan süper scanler nadir olsa da, olgumuz 68Ga-PENTIXAFOR 
PET/BT’nin multipl miyelomda CXCR4 ekspresyonunu değerlendirmedeki faydasını vurgulayarak, dirençli hastalık yönetiminde tanı ve prognoz 
aracı olarak potansiyelini vurgulamaktadır.
Anahtar kelimeler: PENTIXAFOR, C-X-C motif kemokin reseptörü 4, pozitron emisyon tomografisi/bilgisayarlı tomografi, süper scan, multiple 
miyelom
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Figure 1. 68Gallium-PENTIXAFOR positron emission tomography/computed tomography (68Ga-PENTIXAFOR PET/CT)-maximum intensity projection 
image (a), coronal and sagittal (b) and axial sections (c) showing diffuse intensely increased C-X-C motif chemokine receptor 4 (CXCR4) expression in 
multiple osteolytic lesions throughout the visualised axial (including skull) and appendicular skeleton (including small bones of hands and feet) and 
bone marrow deposits in a 40-year-old male, known case of multiple myeloma, with renal impairment. He underwent autologous hematopoietic 
stem cell transplantation in 2021. Afterwards, he has been on multiple lines of maintenance therapy. He has had relapses and disease progression 
despite continuing therapy. The term “Superscan” (also “beautiful bone scan”) is generally used for 99mTechnetium-methylenediphosphonate bone 
scan when there is diffuse increased osseous activity noted in the bones, with reduced or faint visualisation of the bladder and kidneys. It is usually 
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disease, etc.). CXCR4 is a chemokine receptor, which is widely expressed in hematopoietic cells (1). The abnormal expression of which is associated 
with tumor growth, dissemination, metastasis, and disease progression (2). CXCR4 binds specifically to C-X-C motif chemokine 12 (CXCL12) and 
this CXCL12/CXCR4 axis is critical for tumour growth. PENTIXAFOR is a novel PET agent that binds with high affinity to CXCR4. Hence, it has been 
useful in imaging multiple myeloma, myeloproliferative neoplasms, and aldosterone adenomas (3,4,5). It has been proven to show a greater extent 
of disease involvement than 18F-fluorodeoxyglucose (18F-FDG) (3). A recent study by Chen et al. (6), demonstrated similar findings, demonstrating the 
ability of 68Ga-PENTIXAFOR to more effectively predict disease progression (progression-free survival) in newly diagnosed multiple myeloma patients 
than 18F-FDG. These developments have paved the way for possible use of alternative therapeutic strategies such as 177[Lu]Pentixather for managing 
relapsed and refractory multiple myeloma in the future. Few superscans have been reported using PET/CT, but we found only two cases for multiple 
myeloma - one with fluorodeoxyglucose and one with PENTIXAFOR (7,8).
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Öz
Yaygın kandidiyazis, özellikle lösemi gibi hematolojik maligniteleri olan immün sistemi baskılanmış hastalarda önemli bir tanı ve tedavi zorluğu 
sebebidir. 18F-florodeoksiglukoz pozitron emisyon tomografisi/bilgisayarlı tomografi (18F-FDG-PET/BT), onkolojide ve enfeksiyon hastalıklarında 
önemli bir görüntüleme yöntemidir ve özellikle sebebi bilinmeyen ateş vakalarında mantar enfeksiyonlarının teşhisinde ve yönetiminde geleneksel 
görüntülemeyi geride bırakır. Karaciğer, dalak ve sol böbrek dahil olmak üzere çeşitli organlarda yaygın kandidiyazis ile uyumlu 18FDG-avid lezyonları 
saptanan, inatçı ateşi olan genç bir lösemili hasta sunulmaktadır. Bu olgu, karaciğer biyopsisi gibi invaziv prosedürlerin zor veya kontrendike olduğu 
durumlarda F-FDGPET/BT kritik rolünü vurgulamaktadır. Bu tür durumlar, özellikle immün sistemi baskılanmış ve hematolojik maligniteleri olan 
hastalarda doğru tanı ve tedavi için gelişmiş görüntüleme tekniklerinin kullanılmasının son derece önemli olduğunu vurgular. Bu olgu, 18F-FDG-
PET/BT’nin invaziv olmayan bir tanı aracı olarak önemli katkısını, hasta bakımını geliştirmesini ve zorlu tıbbi koşullar altında daha etkili yönetim 
stratejilerine olanak sağlamasını vurgular.
Anahtar kelimeler: Kandidiyazis, florodeoksiglukoz, pozitron emisyon tomografisi/bilgisayarlı tomografi, sebebi bilinmeyen ateş

Abstract
Disseminated candidiasis presents a significant diagnostic and therapeutic challenge in immunocompromised patients, particularly those with 
hematological malignancies like leukemia. 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG-PET/CT) is a 
crucial imaging modality in oncology and infection, outperforming conventional imaging in diagnosing and managing fungal infections, especially 
in cases of fever of unknown origin. We present a compelling case of a young leukemia patient with persistent fever, demonstrating FDG-
avid lesions in various organs, including the liver, spleen, and left kidney, indicative of disseminated candidiasis.This highlights the critical role 
of 18F-FDG-PET/CT in situations where invasive procedures like liver biopsy are challenging or contraindicated. Such instances underscore the 
paramount importance of utilizing advanced imaging techniques for accurate diagnosis and treatment, especially in the complex clinical setting of 
immunocompromised individuals, with hematological malignancies. This case emphasizes the significant contribution of 18F-FDG-PET/CT as a non-
invasive diagnostic tool, enhancing patient care and enabling more effective management strategies amidst challenging medical circumstances.
Keywords: Candidiasis, fluorodeoxyglucose, positron emission tomography/computed tomography, fever of unknown origin

FDG-PET/BT’de Yaygın Kandidiyazis
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Introduction

The prevalence of disseminated candidiasis has steadily 
increased over the last thirty years, emerging as a notable 
complication in neutropenic patients and those undergoing 
cancer treatments (1). This infection constitutes a 
significant contributor to morbidity and mortality among 
individuals at high risk (1). According to several studies,18F-
fluorodeoxyglucose positron emission tomography/
computed tomography (18F-FDG-PET/CT) proves valuable in 
identifying sites of disseminated candidiasis and evaluating 
the effectiveness of antifungal treatment (2,3).

Case Report

An 18-year-old man was admitted to the hematology 
department with Philadelphia chromosome-negative acute 
lymphoblastic leukemia. He underwent chemotherapy 
protocol using idarubicin and aracytine. On the 16th day of 
treatment, the patient developed a fever along with severe 
neutropenia and thrombocytopenia. As a precaution, 
he was isolated, and we initiated treatment with broad-
spectrum antibiotics targeting gram-negative bacteria. 
Physical examination revealed no abnormalities, except 
for mild hepatomegaly. Blood cultures yielded negative 
results. After 72 hours, the patient continued to experience 
fever despite antibiotic treatment and developed 

abdominal pain. Repeated bone marrow aspiration and 
immunophenotyping of bone marrow cells revealed no 
blasts. A CT scan revealed multiple low-density lesions 
in the liver. A liver biopsy was not performed due to the 
patient’s very low platelet count and the associated risk of 
bleeding.

The patient underwent an 18F-FDG PET/CT to identify 
the cause of persistent fever, revealing multiple lesions 
with high metabolic activity in the liver, spleen, and left 
kidney (Figure 1). At that time, serum beta-d-glucan (BDG) 
were measured at 65 pg/mL (normal range: 60 to 79 
pg/mL). Despite the absence of clinical symptoms and 
the borderline serum BDG levels, the exceptional pattern 
observed on the PET/CT, characterized by intense 18F-FDG 
avid lesions in the liver, spleen, and left kidney, suggested 
hepatic, splenic, and left renal candidiasis. Antifungal 
treatment was initiated, leading to a gradual resolution 
of symptoms. Unfortunately, the patient’s condition 
deteriorated dramatically, marked by the onset of cerebral 
hemorrhage, and the patient succumbed.

Discussion

Fungal infections can impact mucous membranes, giving 
rise to conditions such as esophagitis, vulvovaginitis, or 
keratitis, all of which may entail significant complications. 

Figure 1. FDG-PET/CT images (a: MIP Maximum intensity projection, b: coronal, c, d: the transaxial) revealed intense FDG avid 
foci disseminated in the liver, spleen, and cortex of the upper pole of the left kidney, this activity is distinct from the normal 
tracer activity observed in the medulla and collecting system
FDG: Fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, MIP: Maximum intensity projection 
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If the fungal infection advances into the deeper tissues 
of the body, it can result in invasive fungal disease, 
posing a substantial risk of morbidity and mortality (4). 
Disseminated candidiasis is a severe and feared invasive 
fungal disease, often seen in patients undergoing 
intensive chemotherapy for acute leukemia (5). The liver 
is the organ most frequently affected given its exposure 
to the largest inoculum through the portal system (6). The 
primary clinical manifestation of disseminated candidiasis 
in neutropenic patients is an isolated fever that does 
not respond to broad-spectrum antibacterial therapy (7). 
The diagnostic challenge arises from the atypical clinical 
presentation, often marked by fever of unknown origin 
and a decline in general condition in immunocompromised 
patients. These conditions contraindicate certain invasive 
explorations, notably biopsies, as was the case with our 
patient. In such scenarios, FDG-PET/CT proves valuable as 
a whole-body imaging modality, playing a crucial role in 
the initial diagnosis. It provides comprehensive information 
from various body sites, allowing for a metabolic map that 
accurately delineates the disease burden and identifies 
concealed lesions of invasive fungal disease (8). Studies 
have shown that FDG-PET/CT has the capability to 
detect all infectious sites, particularly deep-seated ones, 
with a sensitivity superior to that of other conventional 
imaging modalities (9,10). It is also valuable in therapeutic 
assessment, aiding in the identification of the most effective 
antifungal treatment. In this context, FDG-PET/CT for 
monitoring therapy probably represents the most potent 
use of PET/CT, acting as a non-invasive marker of disease. 
It utilizes standard uptake value and other metabolic 
indices to offer a semi-quantitative assessment of disease 
activity within lesions (8). In disseminated candidiasis, FDG-
PET/CT typically reveals FDG-avid focal and small lesions 
in the liver and spleen, and exceptionally in the kidneys 
(11), as observed in our case. Indeed, FDG-PET/CT lacks 
specificity and has its limitations, particularly due to the 
physiological accumulation of tracer in certain anatomical 
sites (such as the brain, heart, and FDG excretion by the 
kidneys). Nontheless, it remains a valuable whole-body 
examination, facilitating the identification of suitable 
biopsy sites in cases of diagnostic uncertainty or avoiding 
it when contraindicated, as seen in this patient’s case. 
The diagnosis of disseminated candidiasis was established 
by evaluating the appearance on the PET-FDG scan, the 
hypodense lesions in the liver observed on the CT scan, and 
the blood level of D-glucan.

Conclusion

This particular case is noteworthy, illustrating the use 
of 18F-FDG PET/CT in the diagnosis of fungal infection 

to identify the sites of disseminated Candida infection. 
Additionally, it highlights its utility in guiding subsequent 
patient management, particularly in situations where 
a biopsy may not be feasible. However, further studies 
are needed to assess its precise role in the management 
algorithm. 
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