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 Ebuzer Kalender,  Edanur Ekinci Yıldırım,  Buket Eren,  Umut Elboğa,  Ertan Şahin

Gaziantep University Faculty of Medicine, Department of Nuclear Medicine, Gaziantep, Türkiye

Diagnostic Value of 68Ga-FAPI PET/CT Versus 18F-FDG PET/CT 
in Laryngeal Cancer Staging
Laringeal Kanser Evrelemesinde 68Ga-FAPI PET/BT ile 18F-FDG PET/BT’nin 
Karşılaştırılması

Abstract
Objectives: To investigate whether gallium-68 fibroblast activation protein inhibitor positron emission tomography/computed tomography 68Ga-
FAPI PET/CT is superior to 18F-fluorodeoxyglucose positron emission tomography (18F-FDG) PET/CT in the staging of patients with laryngeal cancer 
(LC).
Methods: A total of 14 patients diagnosed with LC were retrospectively included in the study, of whom 13 were male and 1 female, with a mean 
age of 65 years. All participants were initially referred to our department for staging with 18F-FDG PET/CT. Subsequently, each patient underwent 
a 68Ga-FAPI PET/CT scan three days following the 18F-FDG PET/CT. Both sets of imaging studies were independently evaluated by two experienced 
nuclear medicine physicians, and the findings were systematically compared to assess potential differences in diagnostic performance.
Results: The median maximum standard uptake values (SUV

max
) of primary tumors was significantly higher in 68Ga-FAPI PET/CT 10.95; range: 3.5-

19.2) compared to 18F-FDG PET/CT (4.85; range: 2.2-10.9). Lymph node involvement was observed on FDG scans in 3 patients, in ipsilateral levels 
2 and/or 3, with a median SUV

max
 of 3.7 (range: 2.4-4.1). FAPI PET/CT also detected lymph node involvement at the same levels in 3 patients, with 

a notably higher SUV
max

 of 7.9 (range: 6.8-10.4). 
Conclusion: In this study, our results suggest that 68Ga-FAPI PET/CT demonstrates superior radiotracer uptake in both primary tumors and lymph 
nodes, which may enhance detection sensitivity for LC staging compared with 18F-FDG PET/CT. Nevertheless, further prospective studies with larger 
patient populations are warranted to validate these preliminary observations and determine the clinical value of this emerging imaging modality.
Keywords: Laryngeal cancer, 68Ga-FAPI PET/CT, 18F-FDG PET/CT

Öz
Amaç: Bu çalışmanın amacı, galyum-68 fibroblast aktivasyon protein inhibitörü pozitron emisyon tomografisi/bilgisayarlı tomografi (68Ga-FAPI 
PET/BT) yönteminin, 18F-florodeoksiglukoz pozitron emisyon tomografisi (18F-FDG) PET/BT ile karşılaştırıldığında larinks kanseri (LC) hastalarının 
evrelendirilmesinde üstün olup olmadığını araştırmaktır.
Yöntem: Çalışmaya, LC tanısı almış 14 hasta retrospektif olarak dahil edilmiştir. Hastaların 13’ü erkek, 1’i kadın olup ortalama yaş 65 olarak 
bulunmuştur. Tüm katılımcılar başlangıçta bölümümüze 18F-FDG PET/BT ile evreleme amacıyla yönlendirilmiştir. Daha sonra her hastaya 18F-FDG 
PET/BT çekiminden üç gün sonra 68Ga-FAPI PET/BT görüntülemesi uygulanmıştır. Her iki görüntüleme yöntemi iki deneyimli nükleer tıp uzmanı 
tarafından bağımsız olarak değerlendirilmiş ve tanısal performanstaki olası farklılıkları belirlemek amacıyla bulgular sistematik olarak karşılaştırılmıştır.
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Introduction

Laryngeal cancer (LC) constitutes a significant proportion of 
head and neck malignancies, accounting for approximately 
25% of all cases (1). The predominant histological subtype 
is squamous cell carcinoma (SCC), which comprises nearly 
90% of LC cases and can arise in any region of the larynx. 
The disease exhibits a marked male predominance in 
incidence rates. Precise staging of LC is critical for guiding 
treatment decisions and estimating prognosis. Imaging 
techniques are indispensable in this context. Conventional 
modalities such as computed tomography (CT) and 
magnetic resonance imaging (MRI) are routinely utilized 
for staging; however, their sensitivity in differentiating 
metastatic from non-metastatic lymph nodes remains 
suboptimal (2,3). In contrast 18F-fluorodeoxyglucose 
positron emission tomography/CT (18F-FDG PET/CT) offers 
added value in initial staging, restaging, evaluation of 
therapeutic response, and the detection of locoregional 
and distant metastases during follow-up (3,4).

Fibroblast activation protein (FAP), primarily expressed by 
cancer-associated fibroblasts (CAFs), plays an instrumental 
role in tumor development and progression. Its upregulation 
across various tumor types has made it an attractive target 
for novel molecular imaging strategies. Gallium-68-labeled 
FAP inhibitors (68Ga FAPI), used in PET/CT imaging, have 
shown promising results, particularly in malignancies 
where 18F-FDG PET/CT demonstrates limited efficacy. The 
aim of the present study is to investigate the potential 
superiority of 68Ga-FAPI PET/CT over 18F-FDG PET/CT in 
staging patients with LC. To our knowledge, no previous 
studies have directly compared these two modalities in this 
specific clinical context. Therefore, this research may serve 
as a novel and foundational contribution to the existing 
body of literature.

Materials and Methods

This retrospective study was approved by the Clinical 
Research Ethics Committee of Gaziantep University 
(approval no: 2025/173, date: 06.08.2025). All procedures 

were conducted in accordance with the ethical standards 
of the institutional and/or national research committee 
and with the 1964 Declaration of Helsinki and its later 
amendments. A total of 14 patients diagnosed with LC 
were retrospectively included in the study, of whom 13 
were male and 1 female, with a mean age of 65 years 
(range: 43-75). In all cases, the diagnosis of SCC was 
confirmed by histopathological analysis. All participants 
were initially referred to our department for staging with 
18F-FDG PET/CT. Subsequently, each patient underwent a 
68Ga-FAPI PET/CT scan three days following the 18F-FDG 
PET/CT. All participants signed informed consent forms 
before undergoing either procedure. Both sets of imaging 
studies were independently evaluated by two experienced 
nuclear medicine physicians, and the findings were 
systematically compared to assess potential differences in 
diagnostic performance.

Patient Preparation and Imaging Protocol

Prior to 18F-FDG PET/CT imaging, all patients were instructed 
to fast for a minimum of six hours and to discontinue 
any intravenous glucose infusions during this period to 
minimize non-specific uptake. Blood glucose levels were 
measured via finger-prick testing immediately before 
tracer administration and were required to be ≤150 mg/
dL for the scan to proceed. Following this, 18F-FDG was 
administered intravenously at a dose ranging from 3.5 
to 5.5 MBq/kg of body weight. For the 68Ga-FAPI PET/CT 
scan, the radiotracer was injected intravenously at a dose 
of 2 MBq/kg. Both PET/CT scans were acquired using a 
Discovery IQ PET/CT system (GE Healthcare, Milwaukee, 
WI, USA), equipped with five detector rings and a 
transaxial field of view of 20 cm. Image acquisition began 
approximately 60 minutes post-injection for both tracers. 
Whole-body PET/CT imaging was performed from the 
vertex of the skull to the mid-thigh in the supine position. 
The CT component was used for attenuation correction 
and anatomical localization and was acquired using the 
following parameters: 120 kVp, 80 mAs per slice, a scan 
field of view of 700 mm, no interslice gap, 64 × 0.625-mm 

Bulgular: Primer tümörlerin medyan maksimum standart tutulum değeri (SUV
maks

), 68Ga-FAPI PET/BT’de (10,95; aralık: 3,5-19,2), 18F-FDG PET/
BT’ye göre (4,85; aralık: 2,2-10,9) anlamlı derecede daha yüksek bulunmuştur. Lenf nodu tutulumu FDG görüntülemelerinde 3 hastada, ipsilateral 
seviye 2 ve/veya 3’te gözlenmiş olup medyan SUV

maks
 3,7 (aralık: 2,4-4,1) olarak saptanmıştır. FAPI PET/BT’de aynı seviyelerde 3 hastada lenf nodu 

tutulumu göstermiş, ancak SUV
maks

 değeri belirgin şekilde daha yüksek (7,9; aralık: 6,8-10,4) bulunmuştur.
Sonuç: Bu çalışmanın sonuçları, 68Ga-FAPI PET/BT’nin hem primer tümörlerde hem de lenf nodlarında daha yüksek radyotracer tutulumu 
gösterdiğini, bunun da larinks kanseri evrelemesinde 18F-FDG PET/BT’ye kıyasla saptama duyarlılığını artırabileceğini düşündürmektedir. Bununla 
birlikte, bu ön bulguların doğrulanması ve bu yeni görüntüleme yönteminin klinik değerinin belirlenmesi için daha geniş hasta popülasyonlarını 
içeren ileriye dönük çalışmalara ihtiyaç vardır.
Anahtar Kelimeler: Laringeal kanser, 68Ga-FAPI PET/BT, 18F-FDG PET/BT
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collimation, and a 3.3-mm slice thickness. PET images were 
acquired in three-dimensional mode, maintaining the same 
patient positioning as the CT scan. The acquisition time per 
bed position was 2.5 minutes, ensuring adequate coverage 
and image quality. All images were reconstructed and 
analyzed using the system’s dedicated software platform.

Image-Analysis

All PET/CT images were independently interpreted by two 
board-certified nuclear medicine physicians, each blinded 
to the other’s assessment to minimize observer bias. 
Image evaluation included multiplanar reconstructions 
(axial, coronal, and sagittal) of the PET, CT, and fused 
datasets to ensure comprehensive lesion localization 
and characterization. Semi-quantitative analysis was 
performed using dedicated image-processing software 
(AW VolumeShare; GE Healthcare). Radiotracer uptake 
was assessed using the maximum standard uptake value 
(SUV

max
) for both 18F-FDG and 68Ga-FAPI scans. For each 

lesion, volumes of interest were manually delineated on 
three orthogonal planes to ensure accurate measurement 
and avoid partial volume effects SUV

max
 values were 

recorded for all detectable primary tumors as well as 
regional and distant metastatic lesions. These values served 
as the primary metrics for comparing the metabolic activity 
and diagnostic performance of the two radiotracers.

Statistical Analysis 

All statistical analyses were performed using SPSS software 
(version 27, IBM Corp., Armonk, NY, USA). Descriptive 
statistics were presented as mean, median, minimum, 
and maximum values for continuous variables, and as 
frequencies (percentages) for categorical variables. The 
Wilcoxon signed-rank test was used to compare paired 
non-parametric SUV

max
 values between FDG and FAPI PET/

CT scans. Spearman’s rank correlation coefficient (ρ) was 
used to evaluate the strength and direction of associations 
between SUV

max 
values and clinical parameters such as age, 

primary tumor localization, and lymph node involvement. 
A p-value of <0.05 was considered statistically significant.

Results

A summary of patient demographics and imaging 
findings is shown in Table 1. A total of 14 patients [13 
males (92.9%) and 1 female (7.1%)] with a mean age of 
65 years (range: 43-75) were included in the study. The 
mean duration of smoking among the patients was 35.1 
years (range: 25-50). All patients were histopathologically 
diagnosed with SCC. The most common tumor localization 
was glottic (64.3%), followed by supraglottic (28.6%) and 
subglottic (7.1%). The median SUV

max 
of primary tumors 

was significantly higher on 68Ga-FAPI PET/CT (10.95; range: 
3.5-19.2) than on 18F-FDG PET/CT (4.85; range: 2.2-10.9) 
(Figure 1). Lymph node involvement was observed in 3 
patients on FDG scans, located in ipsilateral level 2 and/
or level 3, with a median SUV

max
 of 3.7 (range: 2.4-4.1). 

68Ga-FAPI PET/CT also detected lymph node involvement at 
the same levels in 3 patients, with a notably higher SUV

max 

of 7.9 (range: 6.8-10.4). No distant metastases were 
identified with either imaging modality (Table 1). 

No statistically significant differences in SUV
max

 values 
across tumor localizations were observed for either FDG 
or FAPI (p>0.05).

Correlation analysis between SUV
max 

and the variables 
is shown in Table 2. A moderate positive correlation 
(r=0.46) was observed between FDG and FAPI SUV

max
 

values; however, it was not statistically significant at the 
0.05 level (p=0.098). The correlation between age and 
FDG SUV

max
 was weakly negative (r=-0.035, p=0.905), 

Table 1. Summary of patient demographics and imaging 
findings (n=14)

Variable Median (min-max), n (%)

Age (years) 65 (43-75)

Gender

Male 13 (92.9%)

Female 1 (7.1%)

Smoking history 35.1 (25-50)

Pathology subtype

SCC 14 (100.0%)

Primary tumor localization

Glottic 9 (64.3%)

Subglottic 1 (7.1%)

Supraglottic 4 (28.6%)

FDG primary SUV 4.85 (2.2-10.9)

FAPI primary SUV 10.95 (3.5-19.2)

Lymph node FDG (location)

Level 2 1 (7.14%)

Level 2 and 3 2 (14.28%)

Lymph node FDG (SUV) 3.7 (2.4-4.1)

Lymph node FAPI (SUV) 7.9 (6.8-10.4)

Lymph node FAPI (location)

Level 2 and 3 2 (14.28%)

Level 2, 3, and 4 1 (7.14%)

Metastasis FDG 0 

Metastasis FAPI 0

SCC: Squamous cell carcinoma, FDG: Fluorodeoxyglucose, SUV: Standard uptake 
value, FAPI: FAP inhibitor
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while the correlation between age and FAPI SUV
max

 was 
nearly negligible and weakly positive (r=0.009, p=0.976). 
The correlation between age and FDG SUV

max 
was weakly 

negative (r=-0.04, p=0.905), while that between age and 
FAPI SUV

max
 was very weakly positive (r=0.01, p=0.976). A 

strong and statistically significant positive correlation was 
found between lymph node FDG SUV and FDG SUV

max
 

(r=0.76, p=0.002), as well as between lymph node FDG 
SUV and FAPI SUV

max
 (r=0.59, p=0.015). Additionally, a 

statistically significant, moderate-to-strong correlation 
was observed between lymph node FAPI SUV and both 
FDG SUV

max
 (r=0.52, p=0.018) and FAPI SUV

max
 (r=0.63, 

p=0.008) (Table 2).

Discussion

LC is a relatively common malignancy of the respiratory 
tract and represents a significant subset of head and 
neck cancers (5). SCC is the predominant histological 
subtype and can arise from any anatomical region of 
the larynx. In contrast, rare histological variants, such as 
sarcomas, malignant melanomas, lymphomas, and minor 
salivary gland carcinomas, are infrequently encountered 
(6). Approximately 98% of LC originate in the glottic or 
supraglottic regions, with glottic tumors occurring nearly 
three times as often as supraglottic tumors. Subglottic 
cancers are rare, accounting for only about 2% of cases 
(7). Our findings are similar. The disease shows a clear male 
predominance, with a male-to-female ratio of approximately 
3:1, and its incidence increases with advancing age. The 
pathogenesis of LC is multifactorial, with tobacco use and 
alcohol consumption recognized as the most significant 
risk factors. Smoking, in particular, shows a linear dose-
response relationship with LC development and increases 
the risk 10-15-fold compared with non-smokers (8,9).

Management of LC is complex because of the larynx’s 
essential roles in respiration, phonation, and swallowing. 
Treatment goals include complete tumor eradication, 
prevention of recurrence, and preservation of laryngeal 
function. The choice of treatment is primarily guided by the 
tumor’s stage and anatomical subsite, as outcomes vary by 
location. Glottic tumors typically yield the highest success 
rates, followed by supraglottic and subglottic tumors (10). 
However, approximately 60% of patients are diagnosed at 
an advanced stage (11), often with deep tissue invasion and 
cartilage involvement (12). Early lymphatic dissemination is 
a defining feature of supraglottic carcinomas, with clinical 
nodal metastases identified in approximately 55% of patients 
at the time of diagnosis. Contralateral nodal involvement 
is observed in approximately 16% of cases. Cervical lymph 
node levels II, III, and IV are most frequently implicated (13). 

Treatment modalities include surgery, radiotherapy, 
chemotherapy, or a combination thereof, with emerging 
interest in targeted therapies. Accurate staging is 
fundamental for selecting optimal treatment strategies and 
estimating prognosis. Understanding the specific patterns 
of tumor spread is equally critical, as it directly influences 
therapeutic planning. Detailed anatomical and pathological 
evaluation allows for maximal oncologic control while 
preserving organ function. The diagnostic workup for LC 
begins with a comprehensive clinical history and physical 
examination, followed by direct laryngoscopy to visualize 
the lesion and obtain biopsy samples for histological 
confirmation. These steps are essential for accurate staging 
and subsequent management. Imaging modalities serve as 

Table 2. Correlation analysis of between SUV
max

 and 
variables

Variables FDG SUV
max

FAPI SUV
max

FDG SUV
max

 (p-value) - 0.098

Correlation coefficient (r) - 0.46

Age (p-value) 0.905 0.976

Correlation coefficient (r) -0.04 0.01

Lymph node FDG (SUV) (p-value) 0.002 0.015

Correlation coefficient (r) 0.76 0.59

Lymph node FAPI (SUV) (p-value) 0.018 0.008

Correlation coefficient (r) 0.52 0.63

FDG: Fluorodeoxyglucose, FAPI: FAP inhibitor SUV
max

: Maximum standard uptake 
value

Figure 1. Comparison of FDG and FAPI SUV
max

 values with median and 
range in primary laryngeal tumors
SUV

max
: Maximum standard uptake values, FDG: fluorodeoxyglucose, FAPI: FAP 

inhibitors
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crucial adjuncts to physical and endoscopic examination, 
enabling evaluation of local invasion, nodal involvement, 
and distant metastases (14,15).

CT, MRI, and PET are the primary imaging tools utilized 
in LC assessment (14). While CT and MRI are both 
integral to staging, MRI has demonstrated superior 
ability to detect cartilage invasion, perineural invasion 
and marrow involvement, and extracapsular spread 
(14,15,16,17). However, both modalities are frequently 
used complementarily, as they offer distinct advantages 
in delineating tumor extent and guiding therapeutic 
decisions. Despite their utility, conventional imaging 
(CI) often falls short in differentiating metastatic from 
benign lymphadenopathy (2,3). In this context, 18F-FDG 
PET/CT has become an indispensable imaging modality 
for staging, response assessment, and long-term follow-
up in LC patients (3,4). It also facilitates the detection 
of nodal metastases, distant lesions, and synchronous 
primary tumors (18). Notably, a retrospective study 
reported that PET/CT findings altered clinical management 
in approximately 31% of LC cases (18). While several 
studies have indicated that 18F-FDG PET/CT and CI provide 
comparable diagnostic accuracy in LC (3,4,19,20), PET/CT 
offers superior sensitivity in detecting distant metastases 
due to whole-body coverage. However, its limited spatial 
resolution may hinder precise delineation of the primary 
tumor and T-staging (21). Recent advances have introduced 
hybrid PET/MRI as a promising modality, combining the 
functional benefits of PET with the superior soft-tissue 
contrast of MRI (22). 

FAP, a serine protease selectively overexpressed in CAFs, is 
implicated in various oncogenic processes, including tumor 
proliferation, immune evasion, angiogenesis, extracellular 
matrix remodeling, and metastasis (23). Due to its minimal 
expression in normal tissues, FAP has emerged as a highly 
promising molecular target for both imaging and therapeutic 
applications (24,25,26). FAP-targeted radiotracers exhibit 
favorable pharmacokinetics, high tumor-to-background 
ratios, and broad applicability across various solid tumors 
(25). 68Ga-FAPI have recently attracted attention as a novel 
class of radiotracers that may be superior to 18F-FDG for 
oncologic imaging. Numerous studies have demonstrated 
enhanced sensitivity of 68Ga-FAPI PET/CT for detecting 
both primary and metastatic lesions across a range 
of malignancies, including hepatocellular carcinoma, 
lung adenocarcinoma, gastrointestinal stromal tumors, 
gastric signet-ring cell carcinoma, and other metastatic 
malignancies (25,26,27,28,29,30). 

In a study by Gu et al. (31), 68Ga-FAPI PET/CT demonstrated 
improved detection rates of primary tumors in patients 

with head and neck cancers of unknown primary origin, 
particularly when 18F-FDG PET/CT was negative. Similarly, 
Bhat et al. (32) reported a high diagnostic accuracy for 68Ga-
FAPI PET/CT, with a sensitivity of 88.3% and a specificity 
of 95.8% in a cohort of 41 patients with head and neck 
malignancies, including eight cases of LC. 

Study Limitations

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

Conclusion

In this study, our results suggested that 68Ga-FAPI PET/CT 
demonstrated superior radiotracer uptake in both primary 
tumors and lymph nodes, which may enhance detection 
sensitivity for LC staging compared with 18F-FDG PET/CT 
(Figure 2). Nevertheless, further prospective studies with 
larger patient populations are warranted to validate these 

Figure 2. A 69-year-old man was diagnosed with glottic squamous cell 
carcinoma of the larynx. While the primary lesion in the right glottic 
region demonstrated low 18F-FDG uptake (SUV

max
: 2.2), it exhibited 

significantly increased uptake of 68Ga-FAPI (SUV
max

: 13.9), which is of 
particular note
68Ga-FAPI PET/CT: Gallium-68 fibroblast activation protein inhibitor positron 
emission tomography/computed tomography, SUV

max
: Maximum standard uptake 

value, FAPI: FAP inhibitors, 18F-FDG: 18F-fluorodeoxyglucose
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preliminary observations and determine the clinical value 
of this emerging imaging modality.
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Validation of Simplified Renal Dosimetry Protocols for 
177Lu-DOTATATE Therapy Using the IDAC-dose Software
IDAC-dose Yazılımı Kullanılarak 177Lu-DOTATATE Tedavisi için Düzenlenmiş 
Basitleştirilmiş Böbrek Dozimetri Protokollerinin Doğrulanması

Abstract
Objectives: The multi-time-point imaging method for renal dosimetry in lutetium-177 (177Lu)-DOTATATE therapy imposes a significant burden.
This study aimed to validate simplified two-time-point (2TP) and three-time-point (3TP) protocols using the International Commission on Radiological 
Protection-compliant IDAC-Dose 2.1 software. 
Methods: This retrospective study analyzed 28 kidneys obtained from 17 patients with neuroendocrine neoplasms. Renal absorbed doses from 
a reference four-time-point (4TP) schedule (4, 24, 72, and 120 hours) were compared with ten simplified protocols using statistical analyses of 
error and agreement. 
Results: Protocols that included the 120-hour time point demonstrated significantly higher accuracy. The 2TP (4, 24) protocol showed a profound 
underestimation [mean percentage error (MPE): -14.3%] and a high error. In contrast, the 2TP (24, 120) protocol showed excellent agreement 
[MPE: 0.57%, mean absolute percent error (MAPE): 5.5%]. Among 3TP methods, the 3TP (24, 72, 120) protocol yielded the highest accuracy 
(MAPE: 1.97%). 
Conclusion: Accurate renal dosimetry in 177Lu-DOTATATE therapy can be achieved with simplified protocols. Incorporating a late-phase time point 
(around 120 hours) is essential for reliable estimation. The 2TP (24, 120) and 3TP (24, 72, 120) combinations are suggested as feasible alternatives 
to the standard 4TP method.
Keywords: 177Lu-DOTATATE, renal dosimetry, peptide receptor radionuclide therapy, neuroendocrine neoplasms, simplified dosimetry

Öz
Amaç: Lutetyum-177 (177Lu)-DOTATATE tedavisinde böbrek dozimetresi için çok zamanlı görüntüleme yöntemi önemli bir yük oluşturur. Bu 
çalışma, Uluslararası Radyolojik Koruma Komitesi’ne uygun IDAC-Dose 2.1 yazılımını kullanarak basitleştirilmiş iki zamanlı (2TP) ve üç zamanlı (3TP) 
protokollerinin doğruluğunu doğrulamayı amaçlamıştır.
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Introduction

Peptide receptor radionuclide therapy (PRRT) is a 
therapeutic approach that selectively delivers radiation 
to target organs in patients with somatostatin receptor-
positive neuroendocrine neoplasms (NENs). The 
radiopharmaceutical lutetium-177 (177Lu)-DOTATATE, 
representative of those used in PRRT, has been reported 
to significantly improve progression-free survival and 
overall survival (1,2). In PRRT, achieving high absorbed 
doses to tumors while minimizing radiation to normal 
organs such as the kidneys and bone marrow is essential 
(3,4,5,6,7). This principle is underscored in established 
international treatment guidelines (8). The kidneys are 
particularly radiosensitive, and a renal absorbed dose 
threshold of 23 Gy originally derived from external beam 
radiotherapy, is widely applied in clinical practice to avoid 
the risk of nephropathy (9). Renal absorbed dose estimates 
have directly influenced treatment modifications, as 
demonstrated in one cohort where 8 of 13 patients (62%) 
have discontinued the PRRT before completing the planned 
four cycles due to exceeding projected kidney tolerance 
doses (10). Furthermore, long-term follow-up studies have 
shown that renal dysfunction can appear several years 
after therapy, highlighting the importance of early dose 
assessment and individualized treatment planning (4).  
The established standard for individualized dosimetry is 
the multi-time-point (MTP) imaging method. This method 
involves generating a time-activity curve (TAC) from single 
photon emission computed tomography/computed 
tomography (SPECT/CT) images acquired at multiple 
time points over several days to accurately calculate the 
absorbed dose (11). However, this approach imposes 
a substantial burden on both patients and medical staff 
because it requires multiple days of outpatient care and 
prolonged SPECT acquisition. Indeed, a recent consensus 
statement from the Society of Nuclear Medicine and 
Molecular Imaging has highlighted the critical importance 
of personalized dosimetry in PRRT, while simultaneously 
acknowledging the logistical necessity of developing 

practical, simplified imaging schedules (12). Consequently, 
single-time-point (STP) methods applicable to PRRT have 
been proposed (13,14), and the accuracy of these methods 
has been evaluated in numerous studies (15,16,17). On the 
other hand, STP methods have also been reported to be less 
stable in terms of accuracy and reproducibility compared 
with MTP methods (18,19). The acquisition timing for renal 
dose assessment using SPECT is commonly based on a three-
time-point (3TP) protocol, with imaging completed within 
72 hours post-injection (15,16); however, this schedule 
may mischaracterize the critical terminal clearance phase 
of 177Lu-DOTATATE from the kidneys. Specifically, omitting 
direct measurement at later time points necessitates 
extrapolation of the tail of the TAC, which can introduce 
substantial errors in the calculated time-integrated activity 
and, consequently, the final absorbed dose estimate. This 
is particularly relevant because approximately 70% of 
renal time-integrated activity occurs after 24 hours (20). 
To establish robust and reliable dosimetry, international 
guidelines, such as those from the European Association 
of Nuclear Medicine/Medical Internal Radionuclide Dose 
(MIRD) Committee, recommend a comprehensive imaging 
schedule. For radiopharmaceuticals with pharmacokinetics 
similar to 177Lu-DOTATATE, this typically involves three 
to five acquisitions over a period of up to seven days to 
accurately characterize the TAC, including both uptake 
and washout phases. Therefore, a four-time-point (4TP) 
protocol spanning this period is widely considered the 
reference standard for validating simplified methods (21). 

In recent years, numerous studies have investigated reduced 
time-point strategies, such as two-time-point (2TP) and 
3TP protocols, to alleviate the clinical burden associated 
with MTP dosimetry. These studies have successfully 
demonstrated that simplified schedules can provide 
reliable dose estimates (10,15,22). However, these crucial 
validations have predominantly been performed using 
software based on the traditional MIRD formalism (e.g., 
OLINDA/EXM), which utilizes older, stylized anatomical 
phantoms (23). 

Yöntem: Bu retrospektif çalışma, 17 hastadan alınan 28 böbreği analiz etmiştir. Bir referans dört zamanlı (4TP) takviminden (4, 24, 72 ve 120 saat) 
böbrek emilen dozlar, hata ve uyum istatistiksel analizleriyle on basitleştirilmiş protokolle karşılaştırılmıştır.
Bulgular: Yüz yirmi saatlik zaman dilimini içeren protokoller, anlamlı şekilde daha yüksek doğruluk göstermiştir. 2TP (4, 24) protokolü, derin 
bir düşük tahmin [ortalama yüzde hatası (MPE): %-14,3] ve yüksek hata göstermiştir. Buna karşılık, 2TP (24, 120) protokolü mükemmel bir 
uyum göstermiştir [MPE: %0,57, ortalama mutlak yüzde hatası (MAPE): %5,5]. 3TP yöntemleri arasında, 3TP (24, 72, 120) protokolü en yüksek 
doğruluğu elde etmiştir (MAPE: %1,97%).
Sonuç: 177Lu-DOTATATE tedavisinde doğru böbrek dozimetresi, basitleştirilmiş protokollerle elde edilebilir. Geç evre bir zaman noktasının (yaklaşık 
120 saat) dahil edilmesi, güvenilir bir tahmin için önemlidir. 2TP (24, 120) ve 3TP (24, 72, 120) kombinasyonları, standart 4TP yöntemine alternatif 
olarak uygun seçenekler olarak önerilmektedir.
Anahtar Kelimeler: 177Lu-DOTATATE, böbrek dozimetresi, peptit reseptör radyonüklid tedavisi, nöroendokrin neoplaziler, basitleştirilmiş dozimetri
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The field of dosimetry is transitioning to a more modern, 
standardized framework proposed by the International 
Commission on Radiological Protection (ICRP). This 
transition represents a substantial shift from previous 
MIRD-based approaches, as the ICRP framework employs a 
new generation of anatomically realistic adult and pediatric 
reference phantoms alongside updated, nuclide-specific 
S-values. This modern framework is implemented in IDAC-
Dose 2.1, an open-source, freely accessible software 
platform (24). The advantage over commercial and original 
software programs is accessibility, which is designed to 
promote a harmonized, internationally standardized 
approach to dosimetry. Removing software cost barriers 
and using a common ICRP-based calculation engine have 
the potential to unify dosimetry practices across institutions 
worldwide. However, to our knowledge, the performance 
and reliability of simplified dosimetry protocols have not 
yet been extensively evaluated using an ICRP-compliant 
platform. This validation provides additional evidence 
for moving the field towards genuine international 
standardization.

The aim of this study was to systematically evaluate, 
against a robust 4TP reference standard, various 2TP and 
3TP combinations for renal dosimetry in 177Lu-DOTATATE 
therapy using the ICRP-compliant, open-source software 
IDAC-Dose.

Materials and Methods

Patients and Treatment Protocol

PRRT in this study was performed using 177Lu-DOTATATE, 
with a typical administered activity of 7.4 GBq per cycle. 
The mean administered activity was 7.47±0.17 GBq for 
15 patients, while two patients received reduced doses of 
5.8 GBq and 3.8 GBq, respectively. Antiemetics, including 
serotonin receptor antagonists, were administered 
prophylactically to mitigate radiation-induced nausea 
and vomiting. Subsequently, an amino acid solution 
(LysaKare, Novartis Pharma K.K, Tokyo, Japan) was 
administered to competitively inhibit reabsorption of the 
radiopharmaceutical in the renal proximal tubules, thereby 
reducing the renal radiation dose. 177Lu-DOTATATE was 
administered intravenously after the LysaKare infusion.

The study Ethics Committee of Kanazawa University School 
of Medicine was approved by the institutional review 
board (approval no: 114507-1, date: 13.03.2024), and the 
requirement for written informed consent was waived. 
Clinical data were collected from 17 NEN patients who 
underwent four SPECT/CT scans during their first cycle of 
PRRT at our institution. A total of 33 kidneys were evaluated: 
32 were obtained from 16 patients with bilateral kidneys, 

and 1 was obtained from a patient with a single kidney. 
However, 5 kidneys were excluded from the analysis due 
to severe difficulties in accurately delineating the volume 
of interest (VOI) and subsequently generating TACs. The 
specific reasons included: massive spill-in from intense 
physiological liver uptake compressing the right kidney, 
with an unclear boundary (n=1); massive spill-in from a liver 
tumor to the right kidney (n=1); splenic contact causing left 
kidney deformation and massive spill-in, complicated by a 
renal cyst (n=1); a right renal tumor obscuring the organ 
boundary (n=1); and a giant right renal tumor combined 
with intense liver uptake (n=1). Furthermore, because of 
the curve-fitting characteristics of IDAC-Dose, fluctuating 
activity plots caused by such spill-in or poorly defined 
boundaries result in variable and unreliable calculations of 
the time-integrated activity coefficient (TIAC). Therefore, 
these kidneys were excluded to ensure overall dosimetric 
accuracy. Consequently, twenty-eight kidneys (6 of 17 
patients had only a single evaluable kidney) were included 
in the final analysis. Because a substantial proportion of 
evaluations involved a single kidney, individual kidneys 
were analyzed as independent samples in the statistical 
analysis. The baseline characteristics of the patients were 
as follows: the mean age was 61 years (range, 34-82 years); 
there were 10 male and 7 female patients. According to 
the World Health Organization classification (25), tumor 
grades were G1 in one patient, G2 in eleven patients, G3 in 
two patients, and unknown in three patients. The baseline 
estimated glomerular filtration rate was 70.8±21.8 mL/
min (range: 28.4-108.0 mL/min). Diabetes mellitus and 
hypertension were each present in seven patients.

SPECT/CT Imaging and Image Reconstruction 

SPECT/CT imaging was performed at four time 
points: approximately 4-, 24-, 72-, and 120-hours post-
administration of 177Lu-DOTATATE. The equipment used 
was either a Symbia Intevo 16 or a Symbia Intevo Bold 
(Siemens Healthineers, Erlangen, Germany), each fitted 
with a medium-energy, low-penetration collimator. The 
acquisition parameters were a matrix size of 128, a pixel 
size of 4.8 mm, a zoom of 1.0, and 60 views. The time per 
view was 10 seconds for early post-administration scans 
and was appropriately extended, up to a maximum of 40 
seconds, for later time points as counts decreased. The 
energy peak was set at 208 keV with a 20% main energy 
window. For the triple energy window (TEW) method, two 
adjacent 10% scatter windows (lower and upper) were 
also set.

Image reconstruction was performed using xSPECT 
Quant (Siemens Healthineers, Erlangen, Germany) (26), 
employing an algorithm based on the ordered subsets 
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conjugate gradient minimization method. Reconstruction 
parameters were set as follows: iterations: 24-60; subsets: 
1; Gaussian filter full width at half maximum: 16 mm. 
Corrections for attenuation and scatter were applied using 
CT-based attenuation correction and the TEW method, 
respectively.

Imaging Point Combinations 

The various imaging point combinations evaluated in this 
study are illustrated in Figure 1. A total of ten simplified 
protocols were assessed against the 4TP reference 
standard: six 2TP combinations and four 3TP combinations.

TAC Generation and Absorbed Dose Calculation 

Kidney VOIs was defined on the CT images of the SPECT/
CT datasets. To strictly account for potential organ motion, 
deformation, and positional shifts between scans, VOIs 
were manually delineated at each imaging time point (4, 
24, 72, and 120 hours), rather than propagating a single 
VOI from the baseline scan. Using the co-registered CT 
images (3-mm slice thickness) as an anatomical reference, 
the VOIs were drawn slice-by-slice to encompass the entire 
renal parenchyma while excluding the renal pelvis and 
cysts. To ensure consistency and minimize intra-operator 
variability, all delineations were performed by a single 
experienced operator. From these time-point-specific VOIs, 
activity concentration values were extracted for each time 
point and decay-corrected to generate a TAC. To calculate 
the TIAC, the TAC data was input into the integrated curve-

fitting module of IDAC-Dose 2.1 (Lund University, Sweden), 
a publicly available internal dosimetry program (24). To 
formally assess intra-observer variability, a repeatability 
analysis was conducted. A subset of 10 kidneys, selected via 
computer-generated random sampling, was re-segmented 
at all four time points by the same operator after an interval 
of more than one year to eliminate recall bias. The intraclass 
correlation coefficient (ICC) was calculated to assess the 
reliability of the quantified renal radioactivity, which is 
the most critical determinant of dosimetric accuracy. To 
generate TACs and subsequently calculate TIACs, we used 
the software’s internal compartmental system. A standard 
“1 uptake, 2 retention” phase model was selected to fit 
the data points accurately and extrapolate the terminal 
clearance. 

The final renal absorbed dose was calculated using the 
IDAC-Dose software (version 2.1) based on the methods 
and reference phantoms described by the ICRP (27). The 
software settings were specifically configured for the 
177Lu isotope. To ensure anatomically accurate dosimetry, 
the ICRP Publication 110 adult male or adult female 
reference voxel phantom was selected according to each 
patient’s sex. The resulting TIAC was used by the software 
to calculate the absorbed dose by multiplying it by the 
ICRP Publication 133-compliant S-values for 177Lu and the 
administered activity for the kidneys based on the adult 
model described in ICRP Publication 133.

Figure 1. Schematic of the evaluated dosimetry protocols, comparing the reference 4TP schedule with six 2TP and four 3TP combinations
4TP: Four-time-point, 2TP: Two-time-point, 3TP: Three-time-point
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Statistical Analysis

The accuracy of the 2TP and 3TP methods was evaluated by 
comparing their estimated renal absorbed doses with the 
reference values calculated using the 4TP method (imaging 
at 4, 24, 72, and 120 hours). In addition to identifying the 
optimal combination for each reduced-time-point method, 
we compared the accuracy across methods with varying 
numbers of imaging points. Specifically, by comparing the 
results of the most accurate 2TP combination with those 
of the least accurate 3TP combination, we assessed the 
importance of selecting appropriate imaging time points 
rather than simply increasing the number of imaging points 
for the accuracy of renal absorbed dose estimation. The 
accuracy of absorbed dose estimation for each combination 
of imaging points was assessed using the mean percent 
error (MPE), the mean absolute percent error (MAPE), and 
the root mean square error (RMSE). These metrics were 
calculated using the following equations:

Where pred is the absorbed dose calculated by each 
reduced-time-point method such as 2TP and 3TP methods, 
ref is the reference value from the 4TP method, and N is 
the total number of kidneys evaluated.

Additionally, Bland-Altman analysis was performed to 
assess agreement between each reduced-time-point 
method and the 4TP method by calculating the mean 
difference (fixed bias) with its 95% confidence interval 
(CI) and the limits of agreement (LoA), thereby statistically 
evaluating differences between the protocols. Furthermore, 
to formally test the differences in absolute absorbed doses 
among the protocols, a non-parametric Friedman test 
was conducted because the data consisted of repeated 
measurements on the same kidneys. Because the Friedman 

test indicated a significant overall difference, pairwise 
comparisons between the reference 4TP protocol and the 
simplified protocols were performed using the Wilcoxon 
signed-rank test with Holm’s adjustment. An adjusted 
p-value of <0.05 was considered statistically significant. 
An acceptable accuracy threshold was predefined for the 
objective evaluation of the clinical viability of the simplified 
methods. In clinical internal dosimetry, absolute absorbed 
dose calculations inherently encompass various sources of 
methodological uncertainties, including camera calibration, 
image segmentation, and partial volume effects, which 
are generally estimated at 10% to 20% even with MTP 
imaging (21). Given this inherent noise floor, a predefined 
MAPE threshold of <10% was established as a conservative 
criterion for acceptable clinical equivalence. This threshold 
ensures that the simplification does not substantially 
degrade dosimetric reliability and is consistent with the 
optimal MAPE values reported in recent simplified PRRT 
dosimetry studies (22).

Results

The mean renal volume for the 28 kidneys included in the 
analysis was 163.2±42.4 cm³ (range: 101-279 cm³). The 
mean reference absorbed dose, calculated using the 4TP 
method, was 3222.5±1173.4 mGy (range: 1490-6040 
mGy). The repeatability analysis of a randomly sampled 
subset of 10 kidneys demonstrated excellent intra-observer 
reliability for quantification of radioactivity, yielding an 
ICC of 0.998 (95% CI: 0.996 to 0.999). A summary of 
the absolute absorbed dose estimations [mean, standard 
deviation (SD), and range] for the reference (4TP) protocol 
and all ten simplified (2TP and 3TP) protocols is presented 
in Table 1. 

Table 1. Renal volumes and absolute absorbed dose estimations for the 4TP reference and simplified 2TP and 3TP protocols

Parameter Mean ± SD Range (min-max)

Renal volume (cm³) 163.2±42.4 101-279

Absorbed dose (mGy)

Reference (4TP) 3162.5±1090.3 1490-5690

2TP (4, 24) 2713.0±1313.1 955-5910

2TP (4, 72) 3309.6±1269.8 1290-6590

2TP (4, 120) 3196.4±988.6 1620-5610

2TP (24, 72) 3335.0±1274.5 1280-6400

2TP (24, 120) 3156.8±1040.2 1620-5630

2TP (72, 120) 3292.1±1203.9 1710-5790

3TP (4, 24, 72) 3219.6±1256.4 1260-6290

3TP (4, 24, 120) 3146.8±1071.1 1610-5510

3TP (4, 72, 120) 3205.4±1057.1 1490-5590

3TP (24, 72, 120) 3204.3±1118.9 1500-5820

SD: Standard deviation, 4TP: Four-time-point, 2TP: Two-time-point, 3TP: Three-time-point
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Evaluation by 2TP Method 

To formally evaluate the absolute absorbed doses, a 
Friedman test was performed. For the 2TP methods, a 
statistically significant overall difference was observed 
among the protocols (p=0.0047). However, the post hoc 
pairwise comparison with Holm’s adjustment demonstrated 
no significant difference between the reference 4TP and 
the recommended 2TP (24, 120) protocols (adjusted 
p=1.000) (Figure 2).

As detailed in Figures 3 and 4, the 2TP (4, 24) protocol, 
which omits late-phase imaging, performed the worst 
across all error metrics. It exhibited a large negative bias 
(MPE: -14.3±30.5%) alongside the highest MAPE (29.6%) 
and RMSE (1271.9 mGy). Its MPE distribution was skewed 
towards negative values with a wide interquartile range. 
In stark contrast, protocols incorporating the 120-hour 
time point demonstrated significantly improved accuracy. 
Specifically, the 2TP (24, 120) combination yielded the 
highest precision, displaying the smallest MPE (0.57±5.8%) 
and a remarkably low MAPE (5.5%). Both 2TP (24, 120) 
and 2TP (4, 120) maintained MAPE values well below our 
predefined 10% clinical threshold and RMSE values below 
400 mGy.

The Bland-Altman analysis of the 2TP methods is shown 
in Figure 5. The 2TP (4, 24) protocol showed a large, 
statistically significant negative fixed bias (mean difference: 
-603.2 mGy, 95% CI: -991.2 to -273.1 mGy) and wide LoA. 
For these two protocols, 2TP (4, 120) and 2TP (24, 120), 
the 95% CIs for the mean difference included zero (95% CI: 
-33.4 to 125.9 mGy and -161.2 to 44.6 mGy, respectively), 
indicating no statistically significant systematic bias. The 
95% CIs for the other 2TP protocols were: 2TP (4, 72) (-5.4 
to 227.8 mGy), 2TP (24, 72) (59.7 to 354.6 mGy), and 2TP 
(72, 120) (19.1 to 234.4 mGy) (Figure 5).

Evaluation by 3TP Method 

For the 3TP methods, the Friedman test also revealed a 
significant overall difference in absolute absorbed doses 
(p=0.019) (Figure 6). The post-hoc analysis indicated that 
the high-precision 3TP (24, 72, 120) protocol showed a 
statistically significant difference compared with the 4TP 
reference (adjusted p=0.0057), whereas the 3TP (4, 24, 
72) and 3TP (4, 24, 120) protocols did not show significant 
differences (adjusted p=1.000 for both).

The MPE, MAPE, and RMSE for the 3TP combinations 
are summarized in Figures 7 and 8. While all 3TP 
methods demonstrated clinically acceptable error margins 
based on our predefined threshold (MAPE ≤10%), the  
3TP combination (24, 72, 120) outperformed the 
other combinations. It achieved the smallest bias  

(MPE: 1.24±2.2%) with the narrowest interquartile range, 
the lowest MAPE (1.97%), and an exceptionally low RMSE 
(58.1 mGy).

The Bland-Altman analysis of the 3TP methods is shown in 
Figure 9. The 3TP (4, 24, 72) protocol, which omits imaging 
beyond 72 hours, exhibited a large SD of differences (340.3 
mGy) and wide LoA, ranging from -632.7 to 701.2 mGy.  

Figure 2. Absolute renal absorbed doses for the reference 4TP and 
simplified 2TP protocols. Boxes show the interquartile range, the median 
(line), and the mean (“x”); whiskers indicate the minimum and maximum 
values. *adjusted p<0.05 vs. 4TP (Friedman test followed by Wilcoxon 
signed-rank test with Holm’s adjustment); not significant
4TP: Four-time-point, 2TP: Two-time-point

Figure 3. Mean percent error of each 2TP protocol relative to the 4TP 
reference. Box plot elements as in Figure 2
4TP: Four-time-point, 2TP: Two-time-point

Yokouchi et al. Simplified Renal Dosimetry for 177Lu-PRRT
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In contrast, replacing the 72-hour time point with the 120-
hour time point in the 3TP (4, 24, 120) protocol reduced 
the SD of the differences to 189.3 mGy. The smallest SDs 
of the differences were observed for 3TP (4, 72, 120) and 
3TP (24, 72, 120), with values of 63.6 mGy and 78.0 mGy, 
respectively; these yielded the narrowest LoAs. For these 

two high-precision protocols, the 95% CIs for the mean 
differences did not include zero. The 95% CIs for the mean 
differences in the 3TP combinations were as follows: 3TP 
(4, 24, 72) (-81.9 to 132.9 mGy), 3TP (4, 24, 120) (-75.8 to 
43.7 mGy), 3TP (4, 72, 120) (21.6 to 61.8 mGy), and 3TP 
(24, 72, 120) (19.8 to 68.9 mGy) (Figure 9).

Figure 4. MAPE and RMSE for each 2TP protocol
MAPE: Mean absolute percent error, RMSE: Root mean square error, 2TP: Two-time-point

Figure 5. Bland-Altman plots comparing absorbed doses from 2TP protocols with the 4TP reference. Solid lines indicate the mean difference (bias); 
dashed lines indicate the 95% limits of agreement
4TP: Four-time-point, 2TP: Two-time-point, SD: Standard deviation 
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Figure 6. Absolute renal absorbed doses for the 4TP and simplified 3TP protocols. Box plot elements and statistical tests as in Figure 2. *adjusted 
p<0.05, **adjusted p<0.01 vs. 4TP; not significant
3TP: Three-time-point, 4TP: Four-time-point

Figure 7. MPE of each 3TP protocol relative to the 4TP reference. Box plot elements as in Figure 2
MPE: Mean percent error, 3TP: Three-time-point, 4TP: Four-time-point
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Figure 8. MAPE and RMSE for each 3TP protocol
MAPE: Mean absolute percent error, 3TP: Three-time-point, RMSE: Root mean square error

Figure 9. Bland-Altman plots comparing absorbed doses from 3TP protocols with the 4TP reference. Lines are defined as in Figure 5
3TP: Three-time-point, 4TP: Four-time-point, SD: Standard deviation

Yokouchi et al. Simplified Renal Dosimetry for 177Lu-PRRT
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Discussion

The optimization of 177Lu-DOTATATE therapy depends 
on patient-specific dosimetry to balance tumor control 
against toxicity to organs such as the kidneys and bone 
marrow. Conventional MTP protocols are accurate but 
clinically burdensome, motivating research into simplified 
approaches. The primary determinant of accuracy is not 
the number of acquisitions but the choice of imaging times 
(22,28,29,30).

This study shows that accurate renal dosimetry can be 
achieved with simplified protocols if they include a late-
phase acquisition. Our results highlight the necessity of an 
imaging point around 120 hours post-injection to capture 
terminal renal clearance. For example, the 2TP (4, 24) 
protocol substantially underestimated the dose (RMSE: 
1271 mGy) because it relied solely on early distribution 
data, thereby overestimating washout and underestimating 
the absorbed dose. In contrast, protocols incorporating a 
late point—2TP (24, 120) and 2TP (4, 120)— successfully 
met our predefined acceptable threshold of MAPE <10% 
(RMSE: 325 mGy and 254 mGy). The combination of a 
24-hour baseline and a 120-hour terminal point enabled 
robust estimation of the effective half-life using the selected 
compartmental model. Notably, the 2TP (24, 120) protocol 
outperformed the 3TP (4, 24, 72) (RMSE: 325 mGy vs. 
337 mGy), underscoring that late data are more valuable 
than additional early points. Since ~70% of renal time-
integrated activity occurs after 24 hours (29), omission of 
late acquisitions critically undermines reliability.

The Bland-Altman analysis provided further critical insights 
beyond average error metrics. It confirmed that the poor 
performance of protocols lacking late data, such as 2TP 
(4, 24), was not due to random error but to a significant 
systematic bias that consistently underestimated the 
absorbed dose. Similarly, the 3TP (4, 24, 72) protocol, 
despite a modest mean error, exhibited wide LoA, 
indicating poor precision and making it unreliable for 
individual patient dosimetry. In stark contrast, the 2TP (24, 
120) protocol showed no significant systematic bias and 
had narrow LoA, demonstrating good agreement with the 
4TP reference standard in this cohort. The high-precision 
3TP protocols further narrowed these limits, confirming 
their robustness for providing reliable, patient-specific dose 
estimates.

The statistical testing of the 3TP methods highlighted an 
important distinction between statistical significance and 
clinical relevance. The 3TP (24, 72, 120) protocol, despite 
yielding the lowest error metrics (MAPE of 1.97% and 
RMSE of 58.1 mGy), demonstrated a statistically significant 
difference from the reference standard (adjusted p=0.0057) 

with a narrow 95% CI (19.8 to 68.9 mGy) that did not 
cross zero. This statistical significance is observed because 
the protocol is exceptionally precise; the systematic bias is 
so consistently small across all kidneys that it is detected 
by the paired test. However, considering our predefined 
clinically acceptable threshold of <10% MAPE, this minimal 
absolute difference (~50 mGy on average) is negligible in 
the context of clinical dosimetry. Therefore, the 3TP (24, 
72, 120) method remains a highly robust and clinically 
reliable alternative despite minor statistical variation.

From practical and logistical perspectives, the 2TP (24, 120) 
schedule is highly feasible and patient-centered. The 24-
hour acquisition conveniently aligns with the typical time 
of hospital discharge following the administration of the 
radiopharmaceutical. The 120-hour acquisition requires 
only a single outpatient follow-up visit a few days later. 
Compared with the standard 4TP schedule, eliminating 
two intermediate SPECT/CT sessions significantly reduces 
the physical, logistical, and financial burdens for patients. 
Simultaneously, it frees valuable gamma camera time and 
reduces workload for clinical staff. Furthermore, while our 
study validated the 120-hour point, this specific timing 
may not be a strict, universal optimum for every institution. 
Depending on specific facility workflows and scheduling 
constraints—such as avoiding weekend imaging—other late-
phase acquisitions (e.g., 144- or 168-hours post-injection), 
when combined with the 24-hour baseline, may offer similar 
dosimetric utility. These alternative late-point combinations 
represent viable and flexible options that should be 
explored in future studies to further accommodate diverse 
institutional needs.

Our focus on simplifying the imaging schedule aligns with 
the contemporary trend toward favoring routine clinical 
use of PRRT dosimetry. For example, a recent study by 
Pirozzi Palmese et al. (31) demonstrated that simplified 
longitudinal protocols—specifically, performing dosimetry 
only at the first and fourth cycles—provide cumulative 
absorbed dose estimates in excellent agreement with full 
four-cycle dosimetry, thereby significantly improving the 
cost-benefit ratio. While their work successfully optimized 
the number of evaluated treatment cycles, our study 
complements this effort by optimizing the number of 
imaging time points per cycle. Together, such streamlined 
strategies offer an optimal balance between clinical 
feasibility and quantitative accuracy, reducing the burden 
on both patients and hospital resources.

Validating simplified renal dosimetry protocols within 
the modern ICRP-based framework represents a primary 
focus of this work and provides additional evidence to the 
field. IDAC-Dose 2.1 (24) incorporates the ICRP Publication 
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110 adult reference voxel phantoms, thereby enabling 
anatomically accurate dose assessment from real patient 
CT data. This approach provides a distinct advantage 
over legacy MIRD-based systems, such as OLINDA/EXM 
version 1.0 (10, 15, 22), which were based on stylized 
mathematical phantoms defined by analytical equations 
and possessed inherent limitations in representing realistic 
human anatomy.

Software accessibility is a critical factor for broad clinical 
implementation and multi-center standardization. IDAC-
Dose eliminates economic and administrative hurdles as an 
open-source and freely available platform (24). Commercial 
platforms such as OLINDA/EXM often impose significant 
financial and licensing barriers to initial implementation 
and subsequent upgrades, potentially hindering the 
widespread adoption and inter-institutional harmonization 
of dosimetry protocols.

Dosimetric results obtained using IDAC-Dose 2.1 for the 
adult cohort in this study are methodologically equivalent to 
those of the latest version. The primary advancement of the 
recently released IDAC-Dose 2.2 is the inclusion of pediatric 
reference phantoms. The computational methodology for 
adult phantoms remains consistent between versions 2.1 
and 2.2, ensuring the continued validity of the findings 
presented here. Software choice is known to affect dose 
estimates due to differences in phantoms, S-values, and 
curve fitting (32,33,34). A key question was whether 
principles derived from MIRD-based systems remain valid 
in an ICRP-compliant setting. Our results confirm that the 
fundamental requirement for late acquisition also holds for 
IDAC-Dose. This reflects the sensitivity of its compartmental 
fitting model to accurate characterization of the terminal 
clearance phase (19).

The dosimetry accuracy depends on the entire workflow, 
including imaging, reconstruction, VOI delineation, and 
dose calculation (29,35). This study should therefore be 
considered a pilot study establishing proof of concept. 
Nonetheless, by demonstrating a simplified, efficient, and 
accurate protocol within an ICRP-compliant framework, 
our work provides the foundation for large, multicenter 
studies needed to establish standardized protocols and 
to promote broader clinical adoption of individualized 
dosimetry in PRRT.

Study Limitations 

This study has several limitations. First, VOIs were 
delineated manually at each time point. While this approach 
ensures anatomical precision for each specific scan, it is 
labor-intensive and may introduce operator-dependent 
variability compared to automated segmentation methods. 

Although our intra-observer repeatability analysis, 
performed by a single experienced operator, demonstrated 
excellent consistency in radioactivity quantification (ICC 
=0.998), the absence of an inter-observer variability 
assessment remains a limitation. Furthermore, our findings 
are based on a uniform workflow using a single scanner 
type, specific reconstruction algorithms, and a standard 
amino acid protocol. Because variations in these technical 
factors can influence absolute dosimetric quantification, 
future multicenter studies evaluating diverse clinical 
setups are necessary to fully establish the generalizability 
of these simplified methods. Second, this study should be 
considered a proof-of-concept pilot, and larger cohorts 
are needed for further validation. Third, we acknowledge 
a unit-of-analysis limitation regarding statistical 
independence. Because 6 patients had only one evaluable 
kidney, we treated each kidney as independent samples to 
maximize the use of available data. However, for patients 
with bilateral evaluations, the pharmacokinetics in the two 
kidneys of the same individual are likely to be correlated. 
A more robust statistical approach in larger future studies 
would be to apply a mixed-effects model treating patients 
as random effects. 

Finally, because this was a retrospective pilot study 
establishing proof-of-concept for the IDAC-Dose 2.1 
framework, a formal a priori sample-size calculation 
was not performed. The cohort size was determined by 
the available clinical data that met our strict inclusion 
and segmentation criteria during the study period. We 
acknowledge this lack of a formal justification of power as 
a limitation. Nevertheless, the quantitative data, variances, 
and effect sizes generated in this study will serve as an 
essential and reliable foundation for accurate power 
calculations in future, larger-scale prospective multicenter 
trials designed to standardize these simplified protocols.

Conclusion

This study demonstrates that accurate renal dosimetry in 
177Lu-DOTATATE therapy can be achieved with simplified 
protocols. Incorporating a late-phase time point (specifically 
the 120-hour time point used in our study) is essential to 
improve the accuracy of bi-exponential curve fitting and to 
reduce dose-estimation errors. Our findings, which, to our 
knowledge, are among the first to be evaluated in an ICRP-
compliant framework, identify the 2-time-point (24, 120 h) 
and 3-time-point (24, 72, 120 h) combinations as robust 
and practical alternatives. Adopting these pharmacokinetic-
driven schedules provides a clear pathway for reducing 
patient and institutional burdens while maintaining high-
quality, personalized dosimetry for PRRT.
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Potential of Lean Body Mass 18F-FDG PET/CT Parameters 
to Predict Pathologic Findings in Overweight Endometrial 
Cancer Cases
Aşırı Kilolu Endometriyal Kanser Olgularında Patolojik Bulguları Tahmin Etmede 
Yağsız Vücut Kütlesi 18F-FDG PET/BT Parametrelerinin Potansiyeli

Abstract
Objectives: Endometrial cancer is the second most common gynaecologic cancer in women worldwide. Due to the biology of endometrial cancer, 
most patients are overweight. Standard uptake value (SUV) measurements are known to vary depending on the patient’s body weight. We aimed 
to evaluate whether lean body mass-adjusted 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) 
parameters [lean body mass-corrected standardized uptake value (SUL)-based metrics] are superior to conventional SUV-based parameters for 
predicting adverse histopathologic features in overweight patients with endometrial cancer, and to explore their association with progression-free 
survival (PFS).
Methods: In this retrospective single-center study, 73 overweight patients with endometrial cancer who underwent preoperative 18F-FDG PET/
CT followed by primary surgery were included. SUV- and SUL-based metabolic parameters were compared with histopathologic risk factors. ROC 
analyses were performed to determine discriminatory performance and optimal cut-off values. PFS was assessed using Kaplan-Meier analysis.
Results: SUV

mean
 (SUL

mean
) demonstrated significant associations with deep myometrial invasion, lymphovascular space invasion, lymph node 

involvement, and higher tumor grade. In ROC analysis, SUL
mean

 showed moderate discriminatory ability for lymph node involvement (area under 
the curve: 0.78). However, PFS did not differ significantly between groups stratified by the ROC-derived SUL

mean
 cut-off (log-rank p=0.46).

Conclusion: Lean body mass-adjusted PET parameters, particularly SUL
mean

, were more strongly associated with adverse histopathologic features 
than conventional SUV metrics in overweight patients with endometrial cancer. Although SUL-based parameters may contribute to preoperative 
risk assessment, their prognostic value for survival remains uncertain.
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Introduction

Endometrial cancer is the second most common 
gynecological malignancy among women worldwide (1,2). 
However, in terms of mortality, it ranks lower, which can 
largely be attributed to the fact that endometrial cancer 
is typically diagnosed at an early stage (3). Obesity is a 
well-established risk factor for endometrial cancer (1,4). 
With increasing obesity rates worldwide, the incidence 
of endometrial cancer has been rising steadily, posing a 
growing public health challenge. Importantly, obesity not 
only increases the risk of developing endometrial cancer but 
may also influence tumor biology, imaging characteristics, 
and perioperative risk assessment, thereby complicating 
preoperative evaluation (5).

Histopathological features are essential for prognostication 
and clinical management in endometrial cancer. 
Histologic grade and myometrial invasion depth are key 
determinants of tumor aggressiveness and recurrence risk. 
Lymphovascular space invasion (LVSI), and lymph node 
involvement are strong predictors of extrauterine spread 
and poor survival. Cervical involvement contributes to FIGO 
staging and surgical planning. p53 mutations reflect tumor 
proliferation and molecular subtype, particularly in high-
grade lesions. Additionally, estrogen receptor/progesterone 
receptor (ER/PR) receptor expression is often associated 
with hormone responsiveness and favorable prognosis. 
Evaluating these parameters provides critical insight into 
disease behavior and supports individualized treatment 
strategies. Accurate preoperative identification of these 
adverse pathological features remains clinically relevant, as 
it may influence the extent of surgical staging, lymph node 
assessment, and adjuvant treatment decisions (6).

In the diagnostic and staging process of endometrial cancer, 
18F-fluorodeoxyglucose positron emission tomography/
computed tomography (18F-FDG PET/CT) imaging is widely 
used to assess tumor metabolism and disease burden. 
Traditional parameters such as the standardized uptake 
value (SUV) have long played a critical role in evaluating 
tumor metabolic activity. The metabolic data obtained 
from 18F-FDG PET/CT can help guide more accurate and 
personalized treatment decisions, ultimately supporting 
cancer management and improving patient outcomes 
(7). Although SUV-based metrics provide a convenient 
and reproducible assessment of tumor metabolism, their 
accuracy can be compromised in populations with altered 
body composition, such as obese patients.

SUV measurements are known to vary depending on the 
patient’s body weight. As body weight and body mass 
index (BMI) increase, SUV values in tumor tissues and 
normal tissues also tend to rise (8), potentially leading 
to inconsistent results across patients, and predicting 
therapy response within a patient (9). To overcome these 
limitations, lean body mass-corrected standardized uptake 
value (SUL) have emerged as a promising alternative, 
offering superior reproducibility across individuals with 
varying body compositions (10). Recent studies have 
shown that parameters like SUL maximum (SUL

max
) provide 

more stable measurements than SUV, especially in patients 
with high BMI (11,12,13). However, data specifically 
addressing the clinical utility of lean body mass-adjusted 
(LBM) PET parameters in overweight or obese patients 
with endometrial cancer remain limited.

In this study, we aimed to evaluate whether metabolic and 
volumetric PET/CT parameters corrected for lean body mass 
are more effective in predicting pathological features in 

Öz
Amaç: Endometriyal kanser, dünyada kadınlar arasında en yaygın ikinci jinekolojik kanserdir. Endometriyal kanserin biyolojisi nedeniyle, çoğu hasta 
aşırı kiloludur. Standart alım değeri (SUV) ölçümlerinin, hastanın vücut ağırlığına bağlı olarak değişebileceği bilinmektedir. Bu çalışmanın amacı, 
aşırı kilolu endometriyal kanserli hastalarda vücut yağsız kütlesine göre ayarlanmış 18F-fluorodeoksiglukoz pozitron emisyon tomografi/bilgisayarlı 
tomografi (18F-FDG PET/CT) parametrelerinin [yağsız vücut kütlesine göre düzeltme yapılmış standartlaştırılmış alım değeri (SUL) tabanlı ölçütler] 
konvansiyonel SUV tabanlı parametrelerden daha üstün olup olmadığını araştırmak ve bu parametrelerin progresyon-free survival (PFS) ile ilişkisini 
incelemektir.
Yöntem: Bu retrospektif tek merkezli çalışmada, preoperatif 18F-FDG PET/CT çekimi yapılan ve ardından primer cerrahi uygulanan 73 aşırı kilolu 
endometriyal kanser hastası dahil edilmiştir. SUV- ve SUL tabanlı metabolik parametreler, histopatolojik risk faktörleriyle karşılaştırılmıştır. ROC 
analizleri, ayırıcı performansı ve optimal kesme değerlerini belirlemek için yapılmıştır. PFS, Kaplan-Meier analizi ile değerlendirilmiştir.
Bulgular: SUL

mean
 (SUL

mean
), derin miyometrial invazyon, lenfovasküler alan invazyonu, lenf nodu tutulumu ve yüksek tümör derecesi ile anlamlı 

ilişkiler göstermiştir. ROC analizinde, SUL
mean

, lenf nodu tutulumu için orta derecede ayırt edici bir yetenek göstermiştir (eğri altında alan: 0.78). 
Ancak, ROC tabanlı SUL

mean
 kesme değeri ile gruplar arasındaki PFS, anlamlı şekilde farklılık göstermemiştir (log-rank p=0.46).

Sonuç: Yağsız vücut kütlesine göre ayarlanmış PET parametreleri, özellikle SUL
mean

, aşırı kilolu endometriyal kanserli hastalarda konvansiyonel SUV 
ölçütlerinden daha güçlü bir şekilde olumsuz histopatolojik özelliklerle ilişkilidir. SUL tabanlı parametreler, preoperatif risk değerlendirmesine katkı 
sağlasa da, hayatta kalma üzerindeki prognostik değerleri belirsizdir.
Anahtar Kelimeler: Endometriyal kanser, yağsız vücut kütlesi, 18F-FDG PET/BT, SUV, SUL
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overweight patients diagnosed with endometrial cancer. In 
addition, we explored the potential prognostic implications 
of LBM PET parameters by performing progression-free 
survival (PFS) analyses based on ROC derived cut-off values. 
Our goal was to determine whether SUL-based imaging 
metrics can enhance the accuracy of preoperative risk 
stratification and support more personalized treatment 
planning.

Materials and Methods

Study Population

This single-center retrospective study included consecutive 
patients diagnosed with endometrial cancer between 
January 2021 and December 2024. A total of 412 patients 
were initially screened. After applying predefined inclusion 
and exclusion criteria, 73 patients were included in the final 
analysis. The patient selection process is summarized in 
Figure 1. Surgical treatment, consisting of total abdominal 
hysterectomy with bilateral salpingo-oophorectomy and 
pelvic lymph node dissection, was performed within two 
weeks following PET/CT imaging in all cases.

Demographic characteristics, clinicopathological variables, 
and postoperative histopathological findings were retrieved 
from the institutional electronic medical records system. 
Histopathological evaluation included tumor grade, depth 
of myometrial invasion, LVSI, cervical stromal involvement, 
and lymph node status, when available. The approval has 
been granted by the Ethics Committee of Ege University 
Medical Research with (decision no: 25-3.1T/87, date: 
20.03.2025).

PET/CT Acquisition and Image Analysis

All PET/CT scans were performed using the same PET/
CT scanner (Biograph True Point 16; Siemens Healthcare, 
Henkester, Germany) in accordance with the Uniform 
Protocols for Imaging in Clinical Trials (UPICT) guidelines (14). 
PET/CT imaging was performed from the vertex to the mid-
thigh following at least 6 hours of fasting, and blood glucose 
levels were confirmed to be below 150 mg/dL prior to tracer 
injection. The PET/CT images were independently analyzed 
by two experienced nuclear medicine physicians who were 
blinded to the patients’ clinical information. Any discrepancies 
were resolved by consensus. PET/CT data were evaluated both 
visually and semi-quantitatively. Semi-quantitative parameters, 
including maximum SUV (SUV

max
), SUV mean (SUV

mean
), and 

peak (SUV
peak

), were calculated for each lesion. Additionally, 
[maximum SUL (SUL

max
), SUL mean (SUL

mean
) and peak (SUL

peak
] 

were derived using the James formula, implemented within 
the PET/CT workstation software. Volumetric parameters such 
as metabolic tumor volume (MTV) and total lesion glycolysis 
(TLG) were also obtained, along with TLG-LBM to assess 
overall metabolic burden.

Follow-up and Outcome Assessment

Patients were followed through review of electronic 
medical records. Recurrence status was assessed based 
on radiologic and/or histopathologic confirmation during 
follow-up. Recurrent disease was defined morphologically 
as radiologic evidence of locoregional or distant 
tumor reappearance after primary surgical treatment.  
PFS was calculated from the date of surgery to the date 
of documented recurrence or last clinical follow-up.  

Figure 1. Flow diagram of patient selection
18F-FDG PET/CT: 18F-fluorodeoxyglucose positron emission tomography/computed tomography, TAH-BSO: Total abdominal hysterectomy and bilateral salpingo-
oophorectomy, BMI: Body mass index 
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Patients without recurrence were censored at the time of 
last follow-up.

Statistical Analysis

For statistical analysis, we compared PET/CT-derived 
metabolic and volumetric parameters—including SUV

max
, 

SUV
mean

, SUV
peak

, SUL
max

, SUL
mean

, SUL
peak

, MTV, TLG, and 
SUL-TLG—with key clinicopathological features. These 
included histological grade, depth of myometrial invasion, 
LVSI, lymph node involvement, cervical stromal invasion, 
hormone receptor status (ER/PR), p53 mutation status, age 
at diagnosis, and tumor size. Continuous variables were 
assessed for correlations using Spearman’s rank correlation 
coefficient. Group comparisons were performed using 
non-parametric tests (Mann-Whitney U or Kruskal-Wallis) 
as appropriate. ROC curve analyses were conducted to 
evaluate the discriminative ability of PET/CT parameters for 
relevant binary outcomes, and optimal cut-off values were 
determined using the Youden J index. All tests were two-
tailed, and a p-value of <0.05 was considered statistically 
significant. All statistical analyses were conducted using 
SPSS version 25 (IBM Corp., Armonk, NY, USA).

Results

A total of 73 patients with endometrial cancer who 
underwent preoperative 18F-FDG PET/CT followed by 
primary surgical treatment were included. Baseline clinical 
characteristics, histopathologic features, and follow-up 
data are summarized in Table 1. The study population 
predominantly consisted of patients with early-stage 
disease, while individual histopathologic risk factors—
including deep myometrial invasion, LVSI, cervical stromal 
involvement, and lymph node metastasis—were variably 
present.

The distribution of PET-derived metabolic and volumetric 
parameters, including SUV-based, SUL-based, and 
volumetric measurements, is presented in Table 2. All PET 
parameters demonstrated non-normal distributions and 
were therefore summarized using median and interquartile 
range values.

Comparisons of PET-derived metabolic parameters 
according to adverse histopathologic features are detailed 
in Table 3. Among evaluated parameters, SUL-based 
measurements demonstrated significant differences 
across several adverse pathologic characteristics, including 
LVSI and lymph node involvement. Representative PET/
CT images illustrating differences in primary tumor FDG 
uptake according to LVSI status are shown in Figure 2. 
Both SUV

mean
 and SUL

mean
 differed significantly according 

to the depth of myometrial invasion.

Table 1. Baseline clinical and histopathologic characteristics 
of the study population

Total patient n 73

Recurrent malignancy n (%) 5 (6.8)

Continuous variables

Age (years) Median [IQR] 61 (53-66)

BMI (kg/m²) Median [IQR] 32.4 (29.3-38.6)

Pre-operative CA-125 
(U/mL)

Median [IQR] 14 (10-23.5)

Tumor size (cm) Median [IQR] 3.5 (2.5-5)

Follow-up duration 
(months)

Median [IQR] 28 (15-41)

Categorical variables

FIGO stage, n (%)

Stage 1 58 (79.5)

Stage 2 6 (8.2)

Stage 3 9 (12.3)

Histologic type, n (%)
Endometroid 63 (86.3)

Non-endometroid 10 (13.7)

Histologic tumor grade, 
n (%)

Grade 1 10 (13.7)

Grade 2 52 (71.2)

Grade 3 11 (15.1)

Myometrial invasion status, 
n (%)

Inner half (<1/2) 47 (64.4)

Outer half (≥1/2) 26 (35.6)

Lymphovascular space 
invasion, n (%)

Absent 53 (72.6)

Present 20 (27.4)

Cervix involvement, n (%)
Absent 64 (87.7)

Present 9 (12.3)

Lymph node involvement, 
n (%)

No dissection 16 (21.9)

Negative 52 (71.2)

Positive 5 (6.8)

Microsatellite instability 
mutation, n (%)

Unexamined 17 (23.3)

Negative 38 (52.1)

Positive 18 (24.7)

p53 mutation, n (%)
Wild-type 57 (78.1)

Aberrant-type 16 (21.9)

Estrogen receptor 
expression, n (%)

Negative 4 (5.5)

Positive 69 (94.5)

Progesterone receptor 
expression, n (%)

Negative 10 (13.7)

Positive 63 (86.3)

Continuous variables are presented as mean ± standard deviation or median 
(interquartile range) according to distribution. Categorical variables are presented as 
number (percentage). BMI:Body mass index, LVSI: Lymphovascular space invasion, 
MSI: Microsatellite instability, FIGO: International Federation of Gynecology and 
Obstetrics, IQR: Interquartile range, CA-125: Cancer antigen 125
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PET-derived metabolic parameters also differed significantly 
across histologic tumor grades, as shown in Table 4. Global 
differences were observed for multiple SUV- and SUL-based 
parameters, including SUL

mean
. Pairwise post-hoc analyses 

revealed significant differences primarily between low-
grade and higher-grade tumors, whereas no significant 
differences were observed between intermediate- and 
high-grade tumors.

Spearman correlation analyses demonstrated moderate 
to strong positive correlations between tumor size and 
volumetric PET parameters, particularly MTV and TLG 
(r values ranging from approximately 0.68 to 0.73, 
p<0.001). SUV

mean
 and SUL

mean 
also showed significant 

positive correlations with tumor size, although with lower 
correlation coefficients (r=0.38-0.50, p<0.001).

Figure 2. Representative 18F-FDG PET/CT images of primary endometrial tumors according to LVSI status. (A-C) LVSI-negative case, (D-F) LVSI-positive 
case. (A, D) MIP images; (B, E) axial fused PET/CT; (C, F) axial PET images. Both patients were non-recurrent during follow-up
18F-FDG PET/CT: 18F-fluorodeoxyglucose positron emission tomography/computed tomography, LVSI: Lymphovascular space invasion. MIP: Maximum intensity projection, 
SUL: Lean body mass-corrected standardized uptake value

Table 3. Comparison of PET-derived metabolic parameters according to adverse pathologic features

Myometrial invasion status Inner half (< 1/2), median [IQR] Outer half (≥ 1/2), median [IQR] p-value

SUV
mean

8.16 [7.13-10.31] 10.81 [7.84-12.71] 0.024

SUL
mean

4.73 [3.76-5.43] 5.64 [4.22-7.57] 0.022

Lymphovascular space invasion Absent, median [IQR] Present, median [IQR] p-value

SUL
mean

4.57 [3.73-5.76] 5.70 [4.65-7.01] 0.015

Lymph node involvement Negative, median [IQR] Positive, median [IQR] p-value

SUL
mean

5.01 [4.05-6.44] 6.56 [5.54-12.70] 0.037

Data are presented as median (interquartile range). Comparisons between two groups were performed using the Mann-Whitney U test. A two-tailed p-value<0.05 was 
considered statistically significant
IQR: Interquartile range, SUV: Standardized uptake value, SUL: Lean body mass-corrected standardized uptake value, PET: Positron emission tomography

Table 2. Distribution of 18F-FDG PET/CT derived metabolic 
and volumetric parameters

Parameter Median [IQR]

SUV
max

19.81 [14.88-29.05]

SUV
mean

9.1 [7.23-11.52]

SUV
peak

13.71 [9.15-20.76]

SUL
max

11.37 [8.07-15.54]

SUL
mean

4.91 [3.94-6.28]

SUL
peak

7.50 [5.05-10.50]

MTV 8.71 [4.30-20.37]

TLG 72.06 [32.23-197.87]

SUL-TLG 39.42 [17.01-117.41]

Data are presented as median (interquartile range) due to non-normal distribution. 
SUV: Standardized uptake value, SUL: Lean body mass-corrected standardized 
uptake value, MTV: Metabolic tumor volume, TLG: Total lesion glycolysis, IQR: 
Interquartile range, 18F-FDG PET/CT: 18F-fluorodeoxyglucose positron emission 
tomography/computed tomography
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Preoperative cancer antigen 125 levels demonstrated 
weak to moderate correlations with tumor size and 
volumetric PET-derived parameters (r=0.30-0.40, 
p<0.05).

The diagnostic performance of PET-derived parameters 
for predicting individual histopathologic risk factors was 
evaluated using receiver operating characteristic analysis, 
with results summarized in Table 5. SUL

mean 
demonstrated 

higher discriminative ability compared with SUV-based 
parameters for the prediction of LVSI and lymph node 
involvement.

ROC analysis was performed to evaluate the diagnostic 
performance of PET-derived parameters for predicting 
individual histopathologic risk factors (Table 5). Among 
the evaluated parameters, SUL

mean
 demonstrated the 

highest discriminative ability for lymph node involvement. 
An optimal SUL

mean
 cut-off value of 6.04 was identified 

based on the Youden index (Youden J =0.55), yielding a 
sensitivity of 80%, specificity of 75%, positive predictive 
value of 76%, and negative predictive value of 78% for the 
prediction of lymph node involvement.

Because lymph node involvement represents a clinically 
relevant adverse prognostic factor and SUL

mean
 

demonstrated the strongest diagnostic performance for 
this endpoint, the ROC-derived cut-off value of 6.04 was 
selected for subsequent survival analyses. Patients were 
dichotomized into low (≤6.04) and high (>6.04) SUL

mean
 

groups according to this threshold. Kaplan-Meier analysis 
was performed to assess PFS. During follow-up, recurrence 

events occurred in a limited number of patients. Survival 
distributions did not differ significantly between the two 
groups (log-rank p=0.46; Figure 3). Median PFS was not 
reached in either group due to the low event rate. Given 
the limited number of events, further survival modeling 
was not conducted.

Discussion

In this retrospective cohort of overweight patients 
with endometrial cancer, lean body mass-adjusted PET/
CT parameters—particularly SUL

mean
—demonstrated 

Figure 3. Kaplan-Meier curves for progression-free survival stratified by 
SUL

mean
 cut-off (6.04). Survival distributions were compared using the log-

rank test
SUL: Lean body mass-corrected standardized uptake value

Table 4. Comparison of PET-derived metabolic parameters across histologic tumor

PET parameters Grade 1, median [IQR] Grade 2, median [IQR] Grade 3, median [IQR] p-value

SUV
mean

6.58 [5.38-9.42] 9.03 [7.29-11.62] 9.96 [7.79-13.56] 0.050

SUL
max

7.67 [6.45-11.29] 11.55 [9.07-15.02] 16.30 [8.89-19.76] 0.041

SUL
peak

4.79 [3.94-7.05] 7.65 [5.72-10.05] 10.5 [5.63-14.44] 0.037

SUL
mean

3.90 [2.88-5.20] 4.93 [4.12-5.82] 6.56 [4.57-8.68] 0.025

Data are presented as median (interquartile range). Differences among groups were assessed using the Kruskal-Wallis test. A two-tailed p-value<0.05 was considered 
statistically significant
IQR: Interquartile range, SUV: Standardized uptake value, SUL: Lean body mass-corrected standardized uptake value, PET: Positron emission tomography

Tablo 5. ROC analysis of PET-derived parameters for prediction of histopathologic risk factors

Outcome Parameter AUC (95% CI) Cut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Myometrial invasion status SUV
mean

0.34 (0.20-0.47) 9.56 29 34 31 33

Myometrial invasion status SUL
mean

0.33 (0.20-0.47) 5.83 17 50 25 37

Lymphovascular space invasion SUL
mean

0.68 (0.55-0.81) 5.9 50 81 72 61

Lymph node involvement SUL
mean

0.78 (0.58-0.98) 6.04 80 75 76 78

Optimal cut-off values were determined using the Youden index. Sensitivity and specificity are reported for the corresponding cut-off values
AUC: Area under the curve, CI: Confidence interval, SUV: Standardized uptake value, SUL: Lean body mass-corrected standardized uptake value, PPV: Positive predictive value, 
NPV: Negative predictive value
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stronger and more consistent associations with adverse 
histopathologic features than conventional SUV-based 
metrics. Specifically, SUL

mean
 was significantly higher in 

tumors with deep myometrial invasion, LVSI, lymph node 
involvement, and higher histologic grade. In ROC analyses, 
SUL

mean
 showed moderate discriminative ability for LVSI 

and the highest performance for lymph node involvement, 
whereas SUV-based parameters were less consistent across 
these endpoints.

From a biological and methodological perspective, these 
findings suggest that lean body mass correction may reduce 
variability introduced by excess adipose tissue and provide 
a metabolically more stable estimate of tumor glycolytic 
activity in overweight individuals. SUV measurements are 
known to be influenced by total body weight and adiposity, 
potentially leading to overestimation of uptake in obese 
patients. In contrast, lean body SUL reduce this dependency 
and improve inter-patient comparability (12,13,15).

While both SUV
mean

 and SUL
mean

 were associated with depth 
of myometrial invasion, SUL

mean 
demonstrated additional 

discriminatory value for LVSI and nodal metastasis, two 
features closely linked to extrauterine spread and the need 
for comprehensive surgical staging in accordance with 
current guidelines (6,16). Notably, SUL

mean
 values increased 

stepwise across tumor grades, with the most pronounced 
differences observed between low-grade and higher-grade 
tumors, supporting its potential role as a marker of tumor 
aggressiveness.

Importantly, although a ROC-derived SUL
mean 

cut-off of 
6.04 demonstrated reasonable sensitivity and specificity 
for lymph node involvement, Kaplan-Meier analysis did not 
reveal a statistically significant difference in PFS between 
low and high SUL

mean
 groups (log-rank p=0.46). This 

negative survival result must be explicitly acknowledged. 
Several factors likely contributed to the absence of a 
significant PFS difference: the predominance of early-stage 
disease, the very low number of recurrence events (n=5), 
and a follow-up duration that may be insufficient to capture 
late recurrences in this generally favorable-risk population 
(1,2,3). In addition, although SUL

peak
 is emphasized in 

PERCIST criteria for treatment response assessment (7), 
the prognostic role of baseline SUL-based parameters 
in endometrial cancer—particularly in relation to PFS—
remains insufficiently studied. Therefore, our findings do 
not support the use of SUL

mean
 as an independent survival 

predictor and should be interpreted cautiously.

The present results are partially consistent with prior 
studies reporting associations between FDG uptake 
and adverse pathologic features in endometrial cancer. 
According to Yao et al. (17), no significant correlation was 

observed between estrogen receptor (ER) expression and 
FDG uptake on PET/CT. Takagi et al. (18) demonstrated 
a significant association between SUV

max
 and histological 

grade, while Vural Topuz et al. (19) reported correlations 
between SUV

max
, MTV, TLG, and several adverse pathologic 

features, including nodal involvement. However, these 
analyses were based on weight-normalized SUV metrics 
and did not incorporate lean body mass correction. 
Studies focusing on SUL in gynecologic malignancies 
have suggested potential advantages in reflecting tumor 
differentiation (11), yet direct comparisons between SUV- 
and SUL-based parameters in overweight endometrial 
cancer populations remain limited. Sürer Budak et al. (20) 
reported that SUV

max 
and apparent diffusion coefficient 

minimum were independently associated only with 
deep myometrial invasion, with moderate predictive 
performance. In contrast, our findings suggest that lean 
body mass-adjusted PET parameters were associated 
with a broader spectrum of adverse histopathologic 
features, including LVSI and nodal involvement. Although 
magnetic resonance imaging was not evaluated in our 
study, the incorporation of SUL-based metrics may provide 
complementary metabolic information beyond myometrial 
invasion assessment.

The theoretical advantage of SUL is particularly relevant in 
endometrial cancer, a malignancy strongly associated with 
obesity (4,5). Because SUV is normalized to total body 
weight, excess adipose tissue—which exhibits relatively 
low FDG uptake—may artificially inflate calculated tumor 
uptake values (8). Lean body mass correction addresses this 
limitation and has been shown to reduce variability related 
to body composition (12,13,15). Our findings support 
this methodological rationale by demonstrating stronger 
associations between SUL

mean
 and adverse histopathologic 

characteristics in an overweight cohort.

Nevertheless, not all evaluated parameters performed 
equally. Volumetric metrics such as MTV and TLG 
correlated strongly with tumor size, which is expected 
given their volumetric nature, but they did not consistently 
outperform SUL-based indices for specific adverse features. 
Furthermore, metabolic parameters did not show significant 
associations with certain molecular markers, including 
p53 status, despite its recognized biological relevance in 
endometrial carcinoma (21). This lack of association may 
reflect limited statistical power, early-stage predominance, 
or the fact that FDG uptake captures glucose metabolism 
rather than the full spectrum of molecular alterations.

This study has several strengths. The exclusive inclusion 
of overweight patients addresses a clinically relevant 
population in which SUV variability is most problematic. 
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PET/CT imaging was performed within a short preoperative 
interval using a standardized protocol consistent with 
UPICT recommendations (14). Image interpretation was 
conducted by experienced nuclear medicine physicians 
blinded to clinical data, minimizing observer bias. 
Comprehensive histopathologic correlation and ROC-based 
cut-off analyses further enhance the interpretability of 
the findings, although these thresholds require external 
validation.

Study Limitations 

However, important limitations must be acknowledged. 
The retrospective, single-center design introduces potential 
selection bias. The sample size was modest, and the 
number of lymph nodes–positive cases and recurrences 
was low, limiting statistical power. Multivariable survival 
analysis could not be performed due to the small number 
of PFS events. External validation in an independent cohort 
was not undertaken. Moreover, the predominance of early-
stage disease restricts extrapolation to advanced-stage or 
high-risk populations.

Conclusion

Lean body mass–adjusted PET/CT parameters, particularly 
SUL

mean
, demonstrated stronger associations with adverse 

histopathologic features than conventional SUV-based 
metrics in overweight patients with endometrial cancer. 
SUL

mean
 showed moderate discriminatory performance for 

LVSI and lymph node involvement, suggesting that lean body 
mass correction may enhance metabolic characterization in 
populations with elevated BMI. However, SUL

mean
 did not 

predict PFS in this predominantly early-stage cohort. These 
findings indicate that SUL-based parameters may contribute 
to preoperative risk assessment in overweight patients, 
but their prognostic significance remains uncertain. 
Prospective, multicenter studies with larger event numbers 
are required to validate these observations and to clarify 
the role of SUL metrics in clinical decision-making.
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Abstract
Lung cancer is the leading cause of cancer-related deaths worldwide. While metastasis to distant organs is commonly described, renal metastasis 
remains rare and uncommon. In this paper, we present the case of a 53-year-old man with a history of left apical lung adenocarcinoma who 
underwent fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (CT) for suspected recurrence. The scan revealed 
a recurrent pulmonary mass with metastatic spread, notably showing intense bilateral focal FDG uptake in the kidneys. A metastatic origin was 
suspected and subsequently confirmed by CT-guided renal biopsy.
Although rare and typically observed in advanced stages of the disease, this case underscores the importance of carefully evaluating focal FDG 
uptake in the renal cortex to ensure accurate staging and optimal management of oncologic patients.
Keywords: Fluorodesoxyglucose, positron emission tomography/CT, lung adenocarcinoma, renal metastasis

Öz
Akciğer kanseri, dünya çapında kansere bağlı ölümlerin önde gelen nedenidir. Uzak organlara metastaz sıklıkla bildirilirken, böbrek metastazı 
nadirdir. Bu yazıda, sol apikal akciğer adenokarsinomu öyküsü olan ve şüpheli nüks nedeniyle florodeoksiglukoz (FDG) pozitron emisyon 
tomografisi/bilgisayarlı tomografi (BT) çekilen 53 yaşında bir erkek hastayı sunuyoruz. Taramada, metastatik yayılımı olan ve özellikle böbreklerde 
yoğun bilateral fokal FDG tutulumu gösteren rekürren bir akciğer kitlesi tespit edildi. Metastatik kökenden şüphelenildi ve ardından BT eşliğinde 
böbrek biyopsisi ile doğrulandı.
Nadir olmasına ve genellikle hastalığın ileri evrelerinde görülmesine rağmen, bu olgu, onkolojik hastaların doğru evrelemesini ve optimal yönetimini 
sağlamak için böbrek korteksindeki fokal FDG tutulumunun dikkatlice değerlendirilmesinin önemini vurgulamaktadır. 
Anahtar Kelimeler: Florodesoksiglukoz pozitron emisyon tomografisi/BT, akciğer adenokarsinomu, böbrek metastazı
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Figure 1. 18F-fluorodeoxyglucose-positron emission tomography/computed tomography (18F-FDG PET/CT) whole body maximum intensity projection 
image (A) axial CT image (B) and fused image (C) showing left apical lung mass with intense FDG uptake, consistent with recurrent lung adenocarcinoma. 
Coronal CT image (D) and fused image (E) demonstrate a voluminous right adreno-renal mass with intense hypermetabolism and focal uptake in the 
lower pole of the left kidney, suggesting bilateral metastases, which was subsequently confirmed histologically. 
A 53-year-old man with a history of poorly differentiated adenocarcinoma of the left lung underwent whole-body 18F-FDG PET/CT for suspected 
recurrence. The PET scan, coupled with a low-dose CT scan (dose length product =1321 mGy:cm), was performed 60 minutes after the injection 
of 6.7 mCi of FDG. It revealed a hypermetabolic left upper-lobe lung mass [maximum standard uptake values (SUV

max
) =21.5] with contiguous 

vertebral involvement (B, C) and multiple supradiaphragmatic and infradiaphragmatic lymphadenopathy. Notably, bilateral renal involvement was 
identified: a large, isodense, hypermetabolic mass infiltrating the right kidney and the adrenal gland (SUV

max
 =22) and a second hypodense lesion 

demonstrating intense focal FDG uptake (SUV
max

 =22.6) in the lower pole of the left renal cortex (D,E). A CT-guided renal biopsy was performed, 
and immunohistochemical analysis confirmed metastatic adenocarcinoma of pulmonary origin. This resulted in disease upstaging and initiation of 
systemic pemetrexed monotherapy. Renal metastases are an uncommon finding; historically, they have been diagnosed only post-mortem and typically 
originate from lung tumors (1). They are often clinically silent, may be solitary, multifocal, unilateral, or bilateral, are difficult to distinguish from primary 
renal malignancies on conventional imaging, and are most often observed in advanced stages of the disease, generally in the context of widespread 
dissemination (2). 18F-FDG PET/CT, commonly used in staging and restaging of lung cancer, plays a crucial role in identifying unusual metastatic 
patterns (3); its sensitivity in the detection of renal lesions is, however, limited due to the physiological excretion of 18F-FDG through the urinary tract 
and depends on lesion size and location (4). Although kidney metastases are rare, the few reported cases of kidney metastases highlight that renal 
FDG uptake can be overlooked or misinterpreted as tracer retention because of the high background activity (4,5). To date, there are no specific 
PET/CT findings that reliably distinguish renal metastases from primary renal tumors. In this case, a metastatic origin was strongly suspected due to 
bilateral, large, and intensely hypermetabolic renal lesions, their hypodense appearance on CT, and the known metastatic spread to other organs. 
Nevertheless, histological confirmation was essential to exclude synchronous primary renal tumors, thereby ensuring adequate staging of the disease 
and the implementation of appropriate treatment strategies. 
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Complete Treatment Response of Isolated Lacrimal IgG4-
Related Disease on 18F-FDG PET/CT Imaging
İzole Lakrimal IgG4 İlişkili Hastalıkta18F-FDG PET/BT’de Tam Tedavi Yanıtı

Abstract
We describe a case of a 57-year-old woman with isolated immunoglobulin G4-related disorder affecting her lacrimal glands. Pre-treatment 
18F-fluorodeoxyglucose-positron emission tomography/computed tomography (18F-FDG PET/CT) showed diffuse enlargement and increased FDG 
uptake in both lacrimal glands. After immunosuppressive treatment, 18F-FDG PET/CT showed no significant FDG uptake, and the sizes of both 
glands returned to normal.
Keywords: Lacrimal, IgG4, FDG, PET, treatment

Öz
Elli yedi yaşında, izole lakrimal immünoglobulin G4 ilişkili hastalık tanısı almış bir kadın olgusu sunuyoruz. Tedavi öncesi yapılan, 18F-florodeoksiglukoz 
pozitron emisyon tomografisi/bilgisayarlı tomografi (18F-FDG PET/BT), her iki lakrimal bezde de yaygın boyut artışı ve FDG tutulumu göstermiştir. 
İmmünosüpresif tedavi sonrası yapılan 18F-FDG PET/BT‘de anlamlı bir FDG tutulumu izlenmemiş olup her iki bezin boyutları normale dönmüştür.
Anahtar Kelimeler: Lakrimal, IgG4, FDG, PET, tedavi
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Figure 1. Immunoglobulin G4-related disease (IgG4-RD) is an immune-mediated, chronic inflammatory disorder that can affect multiple organ systems 
(1,2). The pathogenesis involves lymphocytic infiltration of tissues with subsequent secretion of IgG4 (3). The most commonly affected sites include 
the orbits, lacrimal and salivary glands, pancreas, lungs, biliary ducts, kidneys, aorta, and retroperitoneum (4,5,6). Due to its varied presentation, 
IgG4-RD can be mistaken for malignancy, infection, or other autoimmune diseases, necessitating a comprehensive evaluation encompassing clinical, 
radiological, and pathological data for accurate diagnosis (6).
18F-fluorodeoxyglucose-positron emission tomography/computed tomography (18F-FDG PET/CT) is a valuable imaging modality for identifying increased 
metabolic activity in affected organs, guiding biopsy sites, and assessing therapeutic response (7,8,9). Various studies have demonstrated the utility 
of 18F-FDG PET/CT in evaluating treatment response in IgG4-RD (8,9,10,11). Rare manifestations, such as IgG4-related sclerosing mesenteritis and 
sacroiliac involvement, have also been documented in the literature (12,13). 18F-FDG PET/CT is particularly beneficial in identifying the extent of 
multiorgan involvement.
We report a case of IgG4-RD diagnosed by lacrimal gland biopsy. The patient presented with eyelid swelling and elevated inflammatory markers. 
18F-FDG PET/CT was performed to assess systemic involvement, revealing increased FDG uptake and enlargement of both lacrimal glands, more 
pronounced on the right, without evidence of involvement of other organs.
The patient underwent corticosteroid and rituximab therapy. A follow-up 18F-FDG PET/CT conducted six months post-treatment demonstrated 
normalization of the lacrimal gland size and the absence of FDG uptake, indicating a favorable therapeutic response. To our knowledge, this is the first 
18F-FDG PET/CT image of isolated lacrimal IgG4-RD demonstrating its complete response to treatment.
This case underscores the significance of 18F-FDG PET/CT in evaluating treatment response in IgG4-RD. Pre-treatment coronal fusion (A), coronal CT 
(B), axial fusion (C), axial CT (D), and axial PET (E) images demonstrate increased size and FDG uptake in the bilateral lacrimal glands, more prominent 
on the right (red arrows). Post-treatment coronal fusion (F), coronal CT (G), axial fusion (H), axial CT (I), and axial PET (J) images show normalization 
of lacrimal gland size and absence of pathological FDG uptake. Physiological uptake in lateral rectus (green arrows) and medial rectus (blue arrows) 
muscles can also be seen.
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Figure 2. On pre-treatment magnetic resonance images, T1-weighted non-contrast images (A) demonstrated enlargement of both lacrimal glands 
(red arrows), while contrast-enhanced images (B) revealed contrast enhancement of the lacrimal glands. On the post-treatment T1-weighted images 
(non-contrast, C; contrast-enhanced, D), regression was observed.
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Öz
Gallium-68 prostat spesifik membran antijeni pozitron emisyon tomografisi/bilgisayarlı tomografi (68Ga-PSMA PET/BT), prostat kanseri olan 
erkeklerde başlangıç ​​evrelemesi, nüks tespiti ve tedavi yanıtının değerlendirilmesi için değerli bir araçtır. Bölgesel ve uzak lenf düğümlerine, kemiğe, 
akciğere ve karaciğere metastatik yayılım, kastrasyona dirençli hastalığı olan hastalarda iyi bilinen ve beklenen bir durumdur. Bununla birlikte, 
68Ga-PSMA PET/BT gibi yüksek hassasiyetli bir tüm vücut görüntüleme yönteminin uygulanması, nadir ve alışılmadık lokalizasyona sahip metastatik 
odakları ortaya çıkarabilir. Uzun süreli androjen deprivasyon tedavisi gören 82 yaşında bir prostat adenokarsinomlu hastayı sunuyoruz. Haziran 
2021’de, prostat spesifik antijen düzeyinde belirgin yükselme nedeniyle 68Ga-PSMA PET/BT taraması yapıldı ve bu tarama, yaygın bölgesel ve 
uzak metastazlarla birlikte hastalığın ilerlediğini ortaya koydu. Sağ memede yoğun radyoaktif madde tutulumu gösteren bir yumuşak doku kitlesi 
tespit edildi ve bu kitle daha sonra rezeke edilerek histolojik olarak doğrulandı. Bu olgu, atipik metastaz bölgelerinde bile 68Ga-PSMA PET/BT’nin 
mükemmel tanısal performansını vurgulamaktadır.
Anahtar Kelimeler: Prostat kanseri, meme metastazı, 68Ga-PSMA PET/BT

Abstract
Positron emission tomography/computed tomography (PET/CT) with Galium-68 prostate-specific membrane antigen (68Ga-PSMA) PET/CT) is a 
valuable tool for initial staging, recurrence detection, and assessment of treatment response in men with prostate cancer. Metastatic spread to 
regional and distant lymph nodes, bone, lung and liver is well known and expected in patients with castration-resistant disease. However, the 
application of a highly sensitive whole-body imaging modality such as 68Ga-PSMA PET/CT can reveal metastatic foci in rare or unusual locations. 
We present the case of an 82-year-old patient with prostate adenocarcinoma who underwent long-term androgen deprivation therapy. A 68Ga-
PSMA PET/CT scan was performed in June 2021 due to significant prostate-specific antigen elevation and revealed disease progression with 
widespread regional and distant metastases, including a soft-tissue mass in the right breast that demonstrated intense radiotracer uptake; this 
mass was subsequently resected and histologically confirmed. This case underscores the excellent diagnostic performance of 68Ga-PSMA PET/CT 
for atypical metastatic sites.
Keywords: Prostate cancer, breast metastasis, 68Ga-PSMA PET/CT
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Figure 1. An 82-year-old patient, who had been diagnosed with high-grade prostate adenocarcinoma in November 2014 (then aged 75) with a 
Gleason score of 8 (4+4) and a pre-biopsy serum prostate-specific antigen (PSA) concentration of 135 µg/L, was admitted to our department for 
further evaluation. Initial staging with bone scintigraphy and abdominopelvic computed tomography (CT) revealed locally advanced disease, without 
evidence of regional or distant dissemination. The patient underwent long-term androgen deprivation therapy until June 2021, when he was referred 
for restaging with Galium-68 prostate-specific membrane antigen (68Ga-PSMA) positron emission tomography (PET)/CT because of a significant PSA 
elevation (182 µg/L). Prior to the scan, the patient reported a painful right breast lump that he had noticed one month earlier. The scan was performed 
after obtaining a written consent and in accordance with the standard protocol, 60 min after intravenous administration of 4.5 mCi 68Ga-PSMA-11 (1). 
Maximum-intensity projection images demonstrated intense PSMA uptake in the prostate gland (A, arrowhead) and in multiple metastatic sites (A, 
arrows). Fused images revealed an enlarged prostate with lobulated margins and intense PSMA uptake throughout the gland (B, arrowhead). Multiple 
PSMA-avid parailiac and paraaortic lymph nodes (C and D; arrows) and several bone lesions (E and F; arrows) were identified. Remarkably, there was 
evidence of a focal soft-tissue lesion in the right breast with intense uptake, measuring 23 × 20 mm in axial diameter (G, asterisk). Increased subareolar 
glandular tissue with faint activity was also noted in the contralateral left breast (G; arrow). Following the PET/CT, the patient was referred for further 
evaluation with mammography, which demonstrated benign gynecomastia in the left breast and a lesion with malignant characteristics in the right 
breast. To definitively exclude a primary breast tumor, the patient was referred for surgical excision of the lesion. Histopathological examination and 
immunohistochemistry confirmed the presence of breast metastasis from prostate carcinoma. Breast metastases from prostate cancer are uncommon, 
with only a few cases reported in the literature (2). Long-term hormonal treatment is considered a predisposing factor, often causing gynecomastia 
and increased breast vascularity, which facilitate hematogenous metastatic spread (3). Kumar Chauhan et al. (4) report a similar case of a patient with 
metastatic castration-resistant prostate cancer (after surgical castration and anti-androgen therapy) who had a metastasis in the left breast that was 
also PSMA-positive, considerably larger, and even infiltrated the adjacent chest wall. Previous studies have shown that increased PSMA expression can 
also occur in benign changes associated with gynecomastia, which may be unilateral or asymmetric (5,6). Synchronous breast cancer should also be 
considered, given the increased expression of PSMA in the tumor-associated neovasculature of various non-prostatic malignancies. Polverari et al. (7) 
described a PSMA-avid breast lesion detected on restaging PET/CT that was confirmed histologically as primary male breast cancer. In contrast, their 
patient presented with an isolated locoregional recurrence after radical prostatectomy (a PSMA-positive para-iliac lymph node) rather than widespread 
metastatic prostate cancer and had no prior anti-androgen therapy. Our report underscores the excellent diagnostic performance of 68Ga-PSMA PET/
CT for the detection of unusual metastatic sites and emphasizes potential pitfalls in the interpretation of such findings.
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Extrapulmonary Tuberculosis Mimicking Malignancy
Maligniteyi Taklit Eden Ekstrapulmoner Tüberküloz

Abstract
Tuberculosis (TB) remains a significant public health problem in developing countries, but its diagnosis can be challenging as it may mimic 
malignancy or other granulomatous diseases. Although pulmonary TB is the most common form, TB can spread hematogenously, lymphatically, or 
by direct extension to any tissue or organ. We report a 62-year-old female who underwent 18F-fluorodeoxyglucose positron emission tomography/
computed tomography (18F-FDG PET/CT) for malignancy evaluation, was diagnosed with extrapulmonary TB, and had her treatment response 
assessed with 18F-FDG PET/CT.
Keywords: Tuberculosis, malignancy, FDG PET, extrapulmonary, PET/CT

Öz
Tüberküloz (TB), gelişmekte olan ülkelerde önemli bir sağlık sorunu olmaya devam etmektedir. Ancak malignite veya diğer granülomatöz 
hastalıklarla karışabileceğinden tanısı güçleşebilmektedir. Pulmoner TB hastalığın en yaygın formu olmasına rağmen, TB hematolojik, lenfatik 
yolla veya komşuluk yoluyla herhangi bir doku veya organa yayılabilir. Bu olgu sunumunda malignite şüphesiyle 18F-florodeoksiglukoz pozitron 
emisyon tomografisi/bilgisayarlı tomografi (18F-FDG PET/BT) görüntülemesi yapılan, ekstrapulmoner TB tanısı alan ve 18F-FDG PET/BT ile tedavi 
yanıtı değerlendirilen 62 yaşında kadın hasta bildirilmiştir.
Anahtar Kelimeler: Tüberküloz, malignite, FDG PET, extrapulmoner, PET/BT
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Figure 1. A 62-year-old female patient presenting with newly onset fatigue, weakness, night sweats, and weight loss underwent an 18F-fluorodeoxyglucose 
positron emission tomography/computed tomography (PET/CT) scan for malignancy screening. Maximum intensity projection image (A), together 
with transaxial PET, CT, and PET/CT fusion images, demonstrated multiple intensely hypermetabolic lymph nodes in supra- and infradiaphragmatic 
lymphatic stations (B, D, F); hypermetabolic nodular lesions in the parenchyma of both lungs (C); hypermetabolic hypodense lesions in both lobes of 
the liver (E); and diffuse hypermetabolism in the spleen and segments of the colon (E, F). Excisional biopsy of a cervical lymph node demonstrated 
tuberculous lymphadenitis, while colonoscopy revealed a granulomatous appearance consistent with tuberculosis. Biopsy of the hypermetabolic liver 
lesions showed no evidence of malignancy. 
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Figure 2 (A-F). Standard quadruple anti-tuberculosis (TB) therapy was initiated for the patient. After treatment, a partial response was observed in the 
hypermetabolic lesions in the liver and mediastinum identified on the pretreatment 18F-fluorodeoxyglucose positron emission tomography/computed 
tomography (18F-FDG PET/CT), while a complete response was observed in the remaining lesions.
Although pulmonary TB is the most common form of the disease, TB can spread hematogenously, lymphatically, or by direct extension to virtually 
any tissue or organ. Hepatobiliary TB is a rare extrapulmonary manifestation that can mimic malignancy and may lead to diagnostic delays due to 
its nonspecific symptoms. TB should be considered in the differential diagnosis of patients, particularly immunocompromised individuals, presenting 
with multiple hypermetabolic hepatic lesions (1,2). 18F-FDG PET/CT is a valuable modality for detecting tuberculous lymphadenitis and serves as a 
complementary tool in the diagnosis of extrapulmonary TB. Owing to the intense FDG uptake by tuberculous granulomas, it is highly effective in 
identifying tuberculous lymphadenitis. Additionally, maximum standard uptake values provides information on the degree of inflammatory activity 
even in the absence of bacteriological confirmation. 18F-FDG PET/CT can detect lesions that may be overlooked on morphological imaging, assist 
in selecting optimal biopsy sites, and differentiate active from inactive disease by evaluating early treatment response. However, 18F-FDG PET/CT 
cannot reliably distinguish tuberculous lymphadenitis from lymphoma, sarcoidosis, or metastatic lymphadenopathy. In countries where TB is endemic, 
tuberculous lymphadenitis should be considered in the differential diagnosis of patients with enlarged lymph nodes, and lymph node biopsy plays a 
crucial role in establishing the diagnosis in light of 18F-FDG PET/CT findings (3-5).
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Hydatic Cyst Infection of the Tibia Mimicking 
Chondrosarcoma on 18F-FDG PET/CT Scan
18F-FDG PET/BT Taramasında Kondrosarkomu Taklit Eden Tibial Kist Hidatik 
Enfeksiyonu

Abstract
A hydatid cyst is a zoonotic infection caused by Echinococcus granulosus. The liver and lungs are the most affected organs. Although rare, 
osseous involvement by hydatid cyst disease can occur because the rigid bone trabeculae prevent formation of the characteristic adventitia. While 
fluorodeoxyglucose (FDG) positron emission tomography (PET) findings in hepatic and pulmonary hydatid cysts are well described, this case, 
to the best of our knowledge, represents the first report of bone hydatid disease located in an extremity evaluated by 18F-FDG PET/computed 
tomography.
Keywords: Hytadic cyst, bone diseases, infection, 18F-FDG PET/CT

Öz
Hidatik kist, Echinococcus granulosus tarafından oluşturulan zoonotik bir enfeksiyondur ve en sık karaciğer ile akciğerleri tutar. Nadir olmakla 
birlikte, kemik trabeküllerinin sert yapısı karakteristik adventisya oluşumunu engellediğinden, hidatik kist hastalığı kemik dokusunu da etkileyebilir. 
Karaciğer ve akciğer hidatik kistlerinde florodeoksiglukoz (FDG) pozitron emisyon tomografi (PET) bulguları iyi tanımlanmış olsa da, bildiğimiz 
kadarıyla bu olgu, ekstremite yerleşimli kemik hidatik hastalığının 18F-FDG PET/bilgisayarlı tomografi ile değerlendirildiği ilk olgu olma özelliğini 
taşımaktadır.
Anahtar Kelimeler: Kist hidatik, kemik hastalıkları, enfeksiyon, 18F-FDG PET/BT
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Figure 1. A 54-year-old male patient presented with progressively worsening pain and swelling localized to the left knee. Initial radiological evaluation 
using anteroposterior X-ray imaging demonstrated extensive lytic-destructive lesions predominantly involving the proximal metaphysis of the left 
tibia. Radiographic features included marked trabecular disruption, cortical thinning, and expansion of the medullary cavity. Given these aggressive 
radiological findings, a primary bone malignancy, particularly chondrosarcoma, was considered a preliminary diagnosis.

Figure 2. Subsequent magnetic resonance imaging (MRI) was conducted to further characterize the lesion. Axial (A) and sagittal (B) T2-weighted 
MRI sequences revealed a large, cystic lesion localized at the epiphyseal-metaphyseal junction of the proximal tibia. The lesion exhibited characteristic 
internal septations, focal chondroid-like calcifications, and prominent soft-tissue infiltration extending beyond the bone marrow cavity into surrounding 
musculature and adipose tissue. These radiological findings strongly supported the initial clinical suspicion of chondrosarcoma, necessitating further 
staging investigations.
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﻿Figure 3. To assess systemic involvement and metastatic potential, an 18F-fluorodeoxyglucose positron emission tomography/computed tomography 
(18F-FDG PET/CT), scan was performed. Maximum-intensity projection imaging (A) identified intensely hypermetabolic foci (maximum standard uptake 
values: 27.3) in the proximal left tibia and distal femur. On coronal (B, C) and axial (D, E) fused PET/CT images, the lesions demonstrated marked 
cortical destruction with irregular margins and peripheral, heterogeneous FDG uptake. Within the bone marrow, cystic and lytic areas showed relatively 
low or absent tracer accumulation, suggestive of necrotic or fluid-filled components, whereas the surrounding soft-tissue extensions were markedly 
hypermetabolic and contained partially calcified densities. Mild periosteal reaction and adjacent soft-tissue edema were also evident, indicating biologic 
aggressiveness. Additionally, mild FDG uptake was noted in the left inguinal lymph nodes and was interpreted as reactive rather than metastatic. 
Because of persistent suspicion of malignancy on imaging, a tru-cut biopsy was performed. Histopathological analysis unexpectedly identified a solitary 
osseous hydatid cyst (caused by Echinococcus granulosus). No additional disease foci were detected upon further systemic evaluation with abdominal 
and thoracic CT imaging. The patient received antiparasitic therapy with albendazole, followed by successful surgical excision of the lesion. Although 
rare, hydatid cyst disease can also involve osseous structures because the rigidity of trabecular bone prevents formation of the characteristic adventitia 
1-5. While FDG PET findings in hepatic 6 and pulmonary 7 hydatid cysts are well described, this case highlights the importance of considering osseous 
hydatid disease in the differential diagnosis of aggressive bone lesions, particularly in endemic regions.
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Öz
Primer skuamöz hücreli urakus karsinomu urakal kalıntılardan kaynaklanan agresif bir malignitedir. En yaygın histolojik tip olan müsinöz 
adenokarsinomun aksine, skuamöz hücreli urakal karsinom yüksek 2-deoksi-2-18F-florodeoksiglukoz (18F-FDG) tutulumu gösterir; bu da 18F-FDG 
pozitron emisyon tomografisi/bilgisayarlı tomografi (PET/BT) bölgesel lenf düğümü tutulumunu değerlendirmek ve uzak metastazları tespit etmek 
için değerli bir araç haline getirir. Optimal cerrahi yönetim, sistemik tedavi ihtiyacı ve genel prognoz büyük ölçüde, esas olarak yaygın olarak kabul 
edilen Sheldon ve Mayo sınıflandırmalarına dayanan doğru klinik evreleme ile belirlenir. Bu çalışmada, genç bir kadında 18F-FDG PET/BT ile saptanan 
nadir bir primer skuamöz hücreli urakal karsinom olgusunu, cerrahi ve histopatolojik bulgularla ilişkilendirerek sunuyoruz.
Anahtar Kelimeler: Nadir malignite, primer urakal karsinom, skuamöz hücreli karsinom, 18F-FDG PET/BT

Abstract
Primary squamous cell urachal carcinoma is an exceedingly rare epithelial neoplasm and an aggressive malignancy, originating from the urachal 
remnants. In contrast to mucinous adenocarcinoma, the most common histological type, squamous cell urachal carcinoma demonstrates high 
2-deoxy-2-18F-fluorodeoxyglucose (18F-FDG) uptake, making 18F-FDG positron emission tomography/computed tomography (PET/CT) a valuable 
tool for evaluating regional lymph node involvement and detecting distant metastases. Optimal surgical management, the need for systemic 
therapy, and the overall prognosis are largely determined by accurate clinical staging, which is mainly based on the widely recognized Sheldon and 
Mayo classifications. We present a rare case of primary squamous cell urachal carcinoma on 18F-FDG PET/CT in a young woman, with correlation 
to surgical and histopathological findings.
Keywords: Rare malignancy, primary urachal carcinoma, squamous cell carcinoma, 18F-FDG PET/CT
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Figure 1. A 34-year-old woman presented with dysuria and recurrent urinary tract infections. Initial ultrasonography demonstrated a lesion in the 
bladder area. Subsequent magnetic resonance imaging (MRI) revealed a midline supravesical solid mass along the course of the urachal ligament and 
contiguous with the bladder dome, radiologically consistent with originating from urachal remnants. On MRI, the lesion appeared iso- to hypointense 
on T2-weighted sequences (Figure 1a), showed homogeneous post-gadolinium enhancement (Figure 1b), and showed restricted diffusion (Figures 
1c,d ). Written informed consent was obtained from the patient for the publication of her clinical information and imaging data. 

Figure 2. Cystoscopy confirmed a dome-based lesion, and transurethral biopsy specimens were obtained. Histopathological analysis revealed a 
squamous cell carcinoma. Primary urachal carcinoma is an uncommon malignancy arising from embryonic urachal remnants, accounting for less than 
1% of all bladder cancers (1). According to a recent meta-analysis of registry data published in 2024, adenocarcinoma represents the predominant 
histological type, comprising approximately 86% of cases. By contrast, squamous cell carcinoma is an exceedingly rare variant, representing only about 
2% of urachal tumors, with no more than 30 cases documented in the literature to date (2). The extreme rarity of this malignancy poses a significant 
therapeutic challenge, as its optimal management strategies remain poorly defined. The therapeutic approach and the overall prognosis are largely 
determined by clinical stage. Several staging systems have been proposed for urachal carcinoma, the most widely applied being those of Sheldon 
(3) and Mayo (4). To facilitate accurate staging, the patient underwent whole-body positron emission tomography/computed tomography (PET/
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CT) with 2-deoxy-2-18F-fluorodeoxyglucose (18F-FDG). The maximum intensity projection image (Figure 2a) and the coronal fused PET/CT slice (Figure 
2d) demonstrated a hypermetabolic solid soft-tissue mass extending along the urachal ligament to the bladder dome, with a maximum standardized 
uptake value (SUV

max
) of 25.1. No evidence of distant metastatic disease was observed. However, axial fused PET/CT images of the pelvis revealed 

solitary 18F-FDG -avid lymph nodes (SUV
max

 up to 5.4) along the left (Figure 2b) and right (Figure 2c) external iliac vessels. Although the therapeutic 
value of lymphadenectomy in urachal carcinoma remains a matter of debate, the suspicion of regional nodal involvement warranted an aggressive 
surgical approach in this case. The subsequent surgical procedure consisted of partial cystectomy with en bloc resection of the urachal ligament and 
umbilicus, combined with extended pelvic lymph node dissection (Figure 2e). Histopathological examination confirmed a low-grade, pure squamous 
cell urachal carcinoma with negative surgical margins and no nodal metastases, corresponding to stage II according to the Mayo classification and 
stage IIIA according to the Sheldon classification. Because the disease was node-negative, adjuvant chemotherapy was not considered mandatory in 
accordance with the National Comprehensive Cancer Network guidelines (5). Nevertheless, given the aggressive biological behavior of this malignancy 
and the marked glucose metabolism characteristic of this histological type, as demonstrated in the presented case, 18F-FDG PET/CT may serve as a 
valuable tool for surveillance, particularly when there is clinical suspicion of local recurrence or distant metastasis.
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Impact of 18F-FDG-PET/CT in Managing a Case of Fungal 
Prosthetic Valve Endocarditis
Mantar Kaynaklı Protez Kapak Endokarditi Olgusunun Yönetiminde 18F-FDG-PET/
BT’nin Etkisi

Abstract
Approximately 0.1% of all prosthetic cardiac valves are affected by fungal endocarditis (bacterial endocarditis being the most common cause), which 
has a high case fatality rate. Post-treatment clinical improvement and a negative blood culture do not definitively rule out the presence of residual 
active disease. Among imaging techniques, trans-oesophageal echocardiography has higher sensitivity than transthoracic echocardiography, but 
has its own limitations. Functional imaging with 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/
CT) has shown to have high overall sensitivity, specificity, and accuracy for the diagnosis and follow-up evaluation of prosthetic valve infective 
endocarditis, thereby significantly influencing clinical management. Here, we report a rare case of a patient with Marfan syndrome and fungal 
prosthetic valve endocarditis, in which 18F-FDG-PET/CT played a significant role in management decision.
Keywords: Marfan syndrome, fungal endocarditis, 18F-FDG-PET/CT, prosthetic valve endocarditis, Candida endocarditis

Öz
Tüm protez kalp kapaklarının yaklaşık 0,1’i mantar endokarditinden etkilenir (en yaygın nedeni bakteriyeldir) ve yüksek bir ölüm oranına sahiptir. 
Tedavi sonrası klinik iyileşme ve negatif kan kültürü, kalan aktif hastalığın varlığını kesin olarak dışlamaz. Görüntüleme tekniklerinde, transözofageal 
ekokardiyografi, transtorasik ekokardiyografiye göre daha yüksek duyarlılığa sahiptir, ancak kendine özgü kısıtlılıkları da vardır. 18F-florodeoksiglukoz 
pozitron emisyon tomografisi/bilgisayarlı tomografi (18F-FDG PET/BT) ile fonksiyonel görüntüleme, protez kapak enfektif endokarditinin tanı ve 
takip değerlendirmesinde yüksek genel duyarlılık, özgüllük ve doğruluk göstererek klinik yönetimi önemli ölçüde etkilemektedir. Burada, Marfan 
sendromu ve fungal protez kapak endokarditi olan nadir bir olguyu sunuyoruz; bu olguda 18F-FDG-PET/BT, tedavi kararında önemli bir rol oynamıştır.
Anahtar Kelimeler: Marfan sendromu, fungal endokardit, 18F-FDG-PET/BT, protez kapak endokarditi, Candida endokarditi
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Figure 1. A 28 years-old-male patient with Marfan syndrome associated with severe aortic regurgitation and dilated aorta underwent aortic valve 
replacement surgery. One month later, he developed fungal prosthetic valve endocarditis with positive blood culture (Candida albicans and Candida 
parapsilosis), and 2D transthoracic echocardiography (TTE) showed multiple vegetations on the anterior mitral leaflet and the prosthetic aortic valve. 
After 6 weeks of treatment, repeat blood culture, 2D TTE and transesophageal echocardiography were negative for residual active disease.18F-
fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) (a-d) was performed to confirm any residual active focus 
in the heart before proceeding towards step-down approach to therapy. Cardiac non-attenuation corrected (NAC) maximum intensity projection 
and axial images (a,c) and corresponding fused PET/CT coronal and axial images (b,d) showed circumferential heterogeneously increased metabolic 
activity along the aortic prosthetic valve, suggestive of persistent residual infection. Increased metabolic activity on the NAC image ruled out a false-
positive result due to overcorrection by the metallic prosthesis. Positive 18F-FDG-PET/CT led to continuation of antifungal treatment in this case. Fungal 
endocarditis accounts for 1% to 3% of all infective endocarditis (IE) cases, affects nearly 0.1% of all prosthetic cardiac valves, and is disproportionately 
associated with a high morbidity and case fatality rate (>70%); it also presents greater diagnostic challenges compared with bacterial IE (1). Candida 
species are the most common cause of fungal endocarditis (2). Blood cultures and echocardiography can be falsely negative, as in this case. 18F-FDG-
PET/CT has high sensitivity and specificity of 86% and 84%, respectively for IE (3). 2023 Duke-International Society for Cardiovascular Infectious 
Diseases Criteria for Infective Endocarditis Criteria has incorporated 18F-FDG-PET/CT in the major imaging criteria for its diagnosis owing to its high 
positive predictive value (4).
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Figure 2. Corresponding follow up 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) images (a-d) after 
8 months of treatment showed near complete resolution of the metabolic activity suggesting complete metabolic response to therapy, thus guiding 
treatment discontinuation. The Step-down approach to therapy is relatively common in fungal prosthetic valve endocarditis, as the infection resolves 
following an initial course of antifungal agents. However, long-term suppressive antifungal therapy is indicated in selected groups of patients in whom 
the infection persists (5). This case of fungal prosthetic valve endocarditis highlights the important role and high diagnostic value of 18F-FDG-PET/CT 
in finding occult/residual disease in cases of negative routine diagnostic results, guiding further management and also for final response evaluation.
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Metabolically Silent Diffuse Hepatic Involvement in Multiple 
Myeloma: An 18F-FDG-PET/CT Pitfall
Multipl Miyelomda Metabolik Olarak Sessiz Diffüz Hepatik Tutulum: 18F-FDG- PET/
BT’de Bir Tanısal Tuzak

Abstract
Diffuse hepatic involvement in multiple myeloma is rare and may present a diagnostic challenge 18F-fluorodeoxyglucose positron emission 
tomography/computed tomography (18F-FDG PET/CT). We present the case of a 59-year-old man with a 3-year history of multiple myeloma 
who developed progressive hepatomegaly and perihepatic ascites. 18F-FDG PET/CT demonstrated marked diffuse liver enlargement without 
any focal or diffuse hepatic 18F-FDG uptake, while mild diffuse skeletal uptake suggested a globally 18F-FDG-low myeloma phenotype. Given the 
discordance between severe morphological findings and the absence of hepatic metabolic activity, a liver biopsy was performed, which revealed 
diffuse sinusoidal infiltration by CD138-positive, lambda-restricted plasma cells and excluded hepatic amyloidosis. Following systemic therapy, 
hepatomegaly and ascites regressed, while hepatic 18F-FDG uptake remained absent. Written informed consent for publication was obtained from 
the patient. This case highlights an important limitation of 18F-FDG PET/CT in detecting diffuse hepatic myeloma and emphasizes the need for 
multimodal diagnostic integration.
Keywords: 18F-FDG PET/CT, hepatic myeloma, diagnostic pitfall, multiple myeloma, hepatomegaly, liver biopsy

Öz
Multipl miyelomda diffüz hepatik tutulum nadirdir ve 18F-florodeoksiglukoz pozitron emisyon tomografisi/bilgisayarlı tomografi (18F-FDG PET/BT) 
tanısal güçlük oluşturabilir. Bu yazıda, üç yıldır multipl miyelom tanısı bulunan ve progresif hepatomegali ile perihepatik asit gelişen 59 yaşında 
bir erkek hasta sunulmaktadır. 18F-FDG PET/BT’de karaciğerde belirgin diffüz büyüme izlenmesine karşın, fokal ya da diffüz hepatik 18F-FDG 
tutulumu saptanmamış; iskelette izlenen hafif diffüz 18F-FDG tutulumu ise global 18F-FDG düşük bir miyelom fenotipini düşündürmüştür. Belirgin 
morfolojik bulgular ile hepatik metabolik aktivitenin yokluğu arasındaki uyumsuzluk nedeniyle karaciğer biyopsisi yapılmış ve CD138 pozitif, lambda 
ile sınırlı plazma hücrelerinin diffüz sinüzoidal infiltrasyonu saptanarak hepatik amiloidoz dışlanmıştır. Sistemik tedavi sonrası hepatomegali ve 
asitte gerileme izlenirken, hepatik 18F-FDG tutulumu olmaması devam etmiştir. Yayın için hastadan yazılı bilgilendirilmiş onam alınmıştır. Bu olgu, 
diffüz hepatik miyelom tutulumunun saptanmasında 18F-FDG PET/BT’nin önemli bir sınırlılığını ortaya koymakta ve tanıda multimodal yaklaşımın 
gerekliliğini vurgulamaktadır.
Anahtar Kelimeler: 18F-FDG PET/BT, karaciğer miyelomu, tanı hatası, multipl miyelom, hepatomegali, karaciğer biyopsisi
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Figure 1. 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) findings in a 59-year-old male with a 3-year 
history of multiple myeloma who developed progressive hepatomegaly and perihepatic ascites 1A. Maximum-intensity projection image demonstrates 
marked hepatomegaly with no abnormal hepatic 18F-FDG uptake 1B,C. Axial fused 18F-FDG PET/CT and CT images show diffuse hepatic enlargement 
and mild parenchymal heterogeneity without abnormal metabolic activity 1D-E. Coronal fused 18F-FDG PET/CT and CT images illustrate hepatomegaly 
with a craniocaudal measurement of approximately 20 cm 1F-G. Axial fused 18F-FDG PET/CT and CT images at the pelvic level reveal mild-low 18F-FDG-
avid lytic lesions in the posterior iliac bones. Given the absence of focal hypermetabolic lesions and the low-grade, diffuse pattern of skeletal uptake, 
these findings are compatible with a globally 18F-FDG -low myeloma phenotype rather than highly active focal disease (1,2).
According to the IMWG-endorsed Italian Myeloma Criteria for PET Use (IMPeTUs), the imaging findings were consistent with a low-18F-FDG-avid 
myeloma phenotype. Bone marrow uptake demonstrated a Deauville score of 3 (BM3) with a mixed diffuse-focal pattern. Six lytic lesions were 
identified (L3 group), with the highest 18F-FDG uptake at the iliac bone biopsy site [maximum standardized uptake value (SUV

max
): 4.8], comparable 

to hepatic reference activity (SUV
max

: 4.1). No paramedullary or extramedullary metabolically active disease was detected. Overall, the IMPeTUs profile 
was classified as BM3 Sp F2 L3. Bone marrow biopsy demonstrated marked plasma-cell infiltration (approximately 85% of marrow cellularity) with 
CD138 and MUM1 positivity and lambda light-chain restriction (kappa/lambda ratio 1/80), consistent with relapsed plasma cell myeloma.
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Figure 2. Liver magnetic resonance imaging demonstrating diffuse hepatic infiltration in multiple myeloma 2A. Axial contrast-enhanced T1-weighted 
image shows heterogeneous parenchymal enhancement without discrete focal lesion 2B. Axial T2-weighted image demonstrates hepatomegaly 
with heterogeneous, mildly increased parenchymal signal intensity without discrete focal lesions 2C. Diffusion-weighted image (b=800) shows 
heterogeneous parenchymal hyperintensity without discrete focal lesions 2D. Apparent diffusion coefficient map shows diffusely reduced signal 
intensity, supporting restricted diffusion in keeping with diffuse plasma-cell infiltration. As previously reported in the literature, magnetic resonance 
images findings of diffuse hepatic myeloma may be subtle and non-specific, often manifesting as heterogeneous parenchymal signal alterations 
without discrete mass formation (3,4). 
Hepatic involvement in multiple myeloma is uncommon, and tumor-forming hepatic lesions are particularly rare. Reported histopathological patterns 
include extramedullary plasmacytoma, light-chain deposition disease, amyloidosis, and diffuse infiltrative forms such as sinusoidal plasma-cell infiltration, 
which may present radiologically as hepatomegaly with ascites in the absence of discrete focal lesions (3).
The striking discrepancy between severe hepatomegaly with ascites and complete absence of hepatic 18F-fluorodeoxyglucose uptake prompted further 
diagnostic evaluation. Percutaneous liver biopsy demonstrated diffuse sinusoidal infiltration by plasma cells with strong CD138 expression and lambda 
light-chain restriction, confirming hepatic involvement by multiple myeloma. Congo red staining was negative, excluding hepatic amyloidosis (5,6).
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Figure 3. Follow-up 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) findings after systemic therapy 
3A. MIP image demonstrates interval decrease in diffuse skeletal 18F-FDG uptake compared with baseline, with no newly emerged focal hypermetabolic 
lesions. Hepatic18F-FDG activity remains homogeneous and within physiological limits 3B. Axial low-dose CT image shows regression of hepatomegaly 
with improved hepatic contour and parenchymal homogeneity, with the craniocaudal liver length measuring approximately 15.6 cm 3C. Axial PET 
image at the hepatic level demonstrates persistently low-grade, diffuse 18F-FDG uptake within the liver parenchyma, without abnormal focal activity. 
3D. Axial fused 18F-FDG PET/CT image confirms the absence of focal hepatic 18F-FDG uptake and demonstrates interval improvement of hepatic 
findings following systemic therapy, in keeping with the observed clinical improvement.
Hepatic involvement in multiple myeloma is uncommon, with reported frequencies ranging from approximately 0.3-3%, and diffuse infiltrative patterns 
are far less frequently encountered than focal plasmacytomas. Histopathological manifestations include diffuse sinusoidal plasma-cell infiltration, 
light-chain deposition disease, amyloidosis, and less commonly tumor-forming lesions. This case illustrates a well-recognized but underappreciated 
limitation of 18F-FDG PET/CT in detecting diffuse hepatic involvement; low 18F-FDG avidity in such presentations has been proposed to relate to reduced 
hexokinase-2 expression and alternative metabolic pathways in certain plasma-cell phenotypes, as supported by prior translational and imaging studies 
rather than being directly demonstrated in the present case (7,8,9). In patients presenting with unexplained hepatomegaly and discordant metabolic 
imaging findings, histopathological confirmation remains essential. In this context, alternative PET tracers most notably CXCR4-targeted agents and, 
more recently, fluorocholine PET may provide complementary information in 18F-FDG -low myeloma phenotypes (10,11,12).
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18F-FDG-PET/MRI Demonstration of Extensive Spinal Cord 
Metastases in a Patient with Ovarian Carcinoma
Over Karsinomlu Bir Hastada Yaygın Spinal Kord Metastazlarının 18F-FDG-PET/MRG 
ile Görüntülenmesi

Abstract
Spinal cord involvement is a rare manifestation of metastatic ovarian carcinoma. We report a case of high-grade serous ovarian cancer initially 
diagnosed in 2020. After cytoreductive surgery and multiple chemotherapy regimens, the patient developed brain metastases followed by small 
hypermetabolic foci along the spinal canal detected on18F-fluorodeoxyglucose positron emission tomography/magnetic resonance imaging 
(18F-FDG PET/MRI). These lesions, primarily located in the cervical region, were confirmed by contrast-enhanced spinal MRI but were more clearly 
visualized on 18F-FDG PET/MRI. Intramedullary spinal cord metastases are extremely rare and often underdiagnosed. While MRI remains the 
standard for anatomical assessment, 18F-FDG PET/MRI demonstrated superior lesion detection and definition in this case. This highlights the 
potential of hybrid imaging for improved diagnostic sensitivity in patients with suspected central nervous system involvement.
Keywords: 18F-FDG PET/MRI, ovarian carcinoma, spinal cord metastasis, hybrid imaging

Öz
Spinal kord tutulumu, metastatik over karsinomunun nadir bir bulgusudur. Bu yazıda, 2020 yılında tanı almış yüksek dereceli seröz over karsinomlu 
bir olgu sunulmaktadır. Sitoredüktif cerrahi ve çoklu kemoterapi rejimlerinin ardından hastada önce beyin metastazları gelişmiş, sonrasında ise 
18F-florodeoksiglukoz pozitron emisyon tomografisi/manyetik rezonans görüntüleme (18F-FDG PET/MRG) görüntülemede spinal kanal boyunca 
hipermetabolik odaklar saptanmıştır. Bu lezyonlar, ağırlıklı olarak servikal bölgede yerleşimli olup kontrastlı spinal MRG ile doğrulanmış, ancak 
18F-FDG PET/MRG görüntülemede daha net olarak izlenmiştir. İntramedüller spinal kord metastazları son derece nadir olup sıklıkla gözden 
kaçabilmektedir. Anatomik değerlendirme için MRG standart yöntem olmaya devam etmekle birlikte, bu olguda 18F-FDG PET/MRG daha üstün 
lezyon saptama ve tanımlama sağlamıştır. Bu bulgular, santral sinir sistemi tutulumu şüphesi olan hastalarda hibrit görüntülemenin tanısal duyarlılığı 
artırma potansiyeline işaret etmektedir.
Anahtar Kelimeler: 18F-FDG PET/MRG, over karsinomu, spinal kord metastazı, hibrit görüntüleme
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Figure 1. Hypermetabolic spinal cord metastases are observed in the cervical and thoracolumbar regions of a patient under follow-up for high-grade 
serous ovarian carcinoma [A: maximum intensity projection; sagittal B: positron emission tomography (PET), black arrow; C: fused PET/magnetic 
resonance imaging (MRI), white arrow; sagittal D: PET, black arrow; E: fused PET/MRI, white arrow]. Following intravenous administration of 3.75 mCi 
18F-fluorodeoxyglucose (18F-FDG) PET/MRI imaging from the vertex to the upper thighs was performed 50 minutes post-injection using a 3-Tesla time-of-
flight PET/MRI system available at our institution (GE Signa PET/MRI, GE Healthcare, Waukesha, WI, USA). For anatomical correlation and attenuation 
correction, MRI-based attenuation correction images were acquired, and vertex-to-upper-thigh, T1-weighted, three-dimensional, dual-echo, fast spoiled 
gradient-recalled echo liver-accelerated volume acquisition sequences were used for PET/MRI fusion imaging.
Central nervous system (CNS) involvement is an uncommon manifestation of metastatic ovarian carcinoma. Though the liver is the most frequent 
site of distant spread, spinal cord metastases remain rare. The anatomical distribution of metastases is an independent prognostic factor (1). We 
present a case of spinal cord metastasis from high-grade serous ovarian carcinoma, emphasizing the diagnostic value of 18F-FDG PET/MRI compared 
to conventional MRI. 
The patient was a 42-year-old female initially diagnosed in 2020 with high-grade serous ovarian carcinoma following cytoreductive surgery that 
included total hysterectomy, bilateral salpingo-oophorectomy, omentectomy, and excision of multiple peritoneal implants. Based on surgical pathology, 
the disease was classified as FIGO stage IIIC. Between 2020 and 2024, the patient received multiple lines of systemic chemotherapy, including 
carboplatin–paclitaxel, gemcitabine, and bevacizumab-based regimens. During follow-up in 2024, brain metastases developed; palliative whole-brain 
radiotherapy was administered at a total dose of 30 Gy in 10 fractions. Subsequently, 18F-FDG PET/MRI revealed small hypermetabolic foci along the 
spinal canal particularly in the cervical region adjacent to the spinal cord, suggestive of metastases. Contrast-enhanced spinal MRI confirmed nodular 
enhancement in the corresponding regions. Contrast-enhanced spinal MRI on post-contrast T1-weighted images demonstrated nodular, contrast-
enhancing lesions within the spinal canal along the spinal cord and interspersed between the cauda equina nerve roots, consistent with intraspinal 
metastatic spread, compatible with leptomeningeal disease. However, compared with the hypermetabolic foci observed on 18F-FDG PET/MRI, precise 
anatomical delineation of individual lesions was challenging on MRI alone. PET/MRI provided complementary value to spinal MRI by improving lesion 
detection and delineation through the addition of metabolic imaging. Based on the PET/MRI findings, targeted radiotherapy was initiated.
Spinal cord metastases are extremely rare, occurring in 0.9-2.1% of cancer autopsies and accounting for 8.5% of all CNS metastases. Ovarian cancer 
cases with spinal involvement are rarely reported and are mostly identified by MRI (2-5). Nevertheless, several case reports have demonstrated the 
contribution of 18F-FDG PET/computed tomography to detecting spinal cord metastases in ovarian cancer and other malignancies (6-8). While MRI 
remains the gold standard for anatomical evaluation and surgical planning (9), 18F-FDG PET/MRI adds diagnostic value, especially for detecting subtle 
or widespread lesions. As demonstrated in this patient, PET/MRI may represent a diagnostically superior modality in selected clinical contexts.
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18F-FDG PET/CT in Progressive Oncocytic Carcinoma of the 
Parotid Gland-Case Study
Parotis Bezinin İlerleyici Onkositik Karsinomunda 18F-FDG PET/BT-Olgu Sunumu

Abstract
Oncocytic carcinoma of the salivary glands is a very rare entity, that mainly presents in the parotid gland, either arises de-novo or is being associated 
with a benign oncocytoma in up to 50%. Our patient was a 60 years old male with histopathological finding of oncocytic (oxyphilic) carcinoma 
originating from the parotid gland with metastasis in cervical lymph nodes (postoperative stage IVA, pTNM = pT2 pN2b pMx G2 R0). On the initial 
preoperative 18F-fluorodeoxyglucose positron emission tomography/computed tomography (PET/CT) increased metabolic activity was seen in level 
IB and IIA cervical lymph nodes, suspicious for metastasis. Surgical biopsy of the parotid gland revealed oncocytic carcinoma, and then radical 
surgery was performed. Afterwards, patients started with immunotherapy, but because of disease progression (metastasis in the cervical, axillary, 
mediastinal lymph nodes and thyroid) detected on the control PET/CT scans, he was switched to chemotherapy. The patient died four years after 
being diagnosed with the primary cancer.
Keywords: Oncocytic carcinoma, parotid gland, 18F-FDG PET/CT

Öz
Tükürük bezlerinin onkositik karsinomu, çoğunlukla parotis bezinde ortaya çıkan, ya de novo gelişen ya da %50’ye varan oranda benign onkositom 
ile ilişkili olan çok nadir bir durumdur. Hastamız, parotis bezinden kaynaklanan ve servikal lenf düğümlerine metastaz yapmış onkositik (oksifilik) 
karsinom histopatolojik bulgusu olan 60 yaşında bir erkekti (ameliyat sonrası evre IVA, pTNM = pT2 pN2b pMx G2 R0). İlk ameliyat öncesi 
18F-florodeoksiglukoz pozitron emisyon tomografisi/bilgisayarlı tomografi’de (PET/BT), metastaz şüphesi uyandıran IB ve IIA seviye servikal lenf 
düğümlerinde artmış metabolik aktivite görüldü. Parotis bezinin cerrahi biyopsisi onkositik karsinomu ortaya çıkardı ve ardından radikal cerrahi 
uygulandı. Daha sonra hastaya immünoterapi uygulandı, ancak kontrol PET/BT taramalarında saptanan hastalık ilerlemesi (servikal, aksiller, 
mediastinal lenf düğümlerinde ve tiroidde metastaz) nedeniyle kemoterapiye geçildi. Hasta, primer kanser teşhisinden dört yıl sonra hayatını 
kaybetti.
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Introduction

Oncocytic carcinoma (OC) of the salivary glands is a 
very rare entity, that either arises de-novo or is being 
associated with a benign oncocytoma in up to 50% of 
patients (1). Oncocytoma, is commonly found in the 
superficial lobe of the parotid gland well-circumscribed 
and encapsulated. OC is characterized by large polyhedral 
cells  with abundant granular eosinophilic cytoplasm and 
round to oval vesicular nuclei, sometimes with double 
nuclei and prominent nucleoli. Recognizing the malignant 
histological characteristics, such as necrosis, peri-neural 
spread, pleomorphism, intra-vascular invasion, and distant 
metastasis are crucial when differentiating between benign 
and malignant oncocytic tumors (2). Distant metastasis to 
the cervical lymph nodes, kidneys, lungs, and mediastinum 
are the main features of this high-grade malignant tumor 
(3). This type of cancer occurs mainly in the 6th decade 
with male predominance. Male to female ratio has been 
reported to be approximately 2:1 (4,5).

Case Report 

Our patient was a 60 years old male with left lateral neck 
lymphadenopathy, who underwent fine needle aspiration 
biopsy, revealing classification group V. Informed written 
consent was obtained from the patient before the imaging. 
Lymph node extirpation followed and pathology report 
was consistent with malignant neoplasm of epithelial 
origin, either Hurthle cell thyroid carcinoma or parotid 
carcinoma. He was referred for thyroid ultrasound, that 
revealed no thyroid pathology and excluded primary thyroid 
malignancy. On the other hand, many hypoechoic lesions 
were detected in the left parotid gland, the largest one in 
the upper pole ~10 mm, as well as submandibular lymph 
nodes up to 12 mm, that needed further investigation.

Patient was examined by ear, nose and throat specialist, 
which revealed thickened mucosa in the region of the left 
vallecula. Further on, biopsy was performed, that showed 
no sign of malignancy.

On the initial 18F-fluorodeoxyglucose positron emission 
tomography/computed tomography (18F-FDG PET/CT) scan 
left cervical lymph nodes with increased metabolic activity 
were detected in level IB and IIA [maximum standard 
uptake values (SUV

max 
=5.2, d=10 mm)], suspicious for 

metastasis, few metabolically active lesions in the left 
parotid gland with SUV

max 
up to 4,4 that needed to be 

investigated and increased metabolic activity (SUV
max 

=5.4) 
in the region of the left valecula, probably due to recent 
biopsy. Then surgical biopsy of left parotid gland was 
performed and finally oral cavity (OC) was revealed as a 
primary.

The planned surgical procedure included eliminating all 
residual parotid tissue and ipsilateral cervical lymphatics. 
The incision encompassed most of the previous incision 
in the parotid region, then went in a curvilinear fashion 
posteriorly and inferiorly behind the sternocleidomastoid 
muscle (SCM), ending near the midline, below the level 
of the clavicle. Two flaps in the subplatysmal plane (sub-
mass in the parotid region) were developed anteriorly 
and posteriorly. Dissection began with identification of 
the main trunk of the left facial nerve. Next, the entire 
superficial and deep lobe of the parotid was removed with 
preservation of all branches of the facial nerve. Notable 
mass was found above the temporo-zygomatic branches 
of the nerve, but with a sufficient cuff of normal tissue 
between the mass and the nerves. Similarly, in the tail of 
the parotid, a palpable mass was found near the division 
of the marginal mandibular branch without direct contact 
with the nerve. The rest of the parotidectomy was done in 
the usual fashion without any difficulties.

Neck dissection started with identification of the Spinal 
accessory nerve in the posterior neck triangle above Erb’s 
point. Then, dissection began from the Trapesius muscle 
and moved the fibro-fatty tissue of level V anteriorly, 
sparing the SAN. The lower border of the dissection was 
below the previous lymphadenectomy and encompassed 
all fibro-fatty tissue in the supraclavicular region. Dissection 
proceeded anteriorly above the deep layer of the deep 
cervical fascia until the carotid sheet was reached. 
Dissection then started from the anterior border of SCM, 
removing its fascial covering and proceeding to dissect the 
entire length of the jugular chain, starting from level II-b, 
and ending inferiorly at the level of the clavicle. Internal 
jugular vein was preserved, with only the linguo-facial 
trunk ligated and transected. Enlarged and somewhat firm 
nodes were identified in the jugular chain, at level II-a and 
level III. When the entire SCM was circumferentially freed, 
the specimen from the posterior neck was flipped under 
the muscle and connected with the anterior part of the 
specimen, which was removed “en block.” No significant 
bleeding was encountered; the wound was closed in layers 
over two Redon drains. Recovery from general anesthesia 
and subsequent healing was uneventful (Figure 1).

Subsequently the histopathological finding obtained 
from the operative material revealed oncocytic (oxyphilic) 
carcinoma originating from the parotid gland with identified 
metastatic changes in three of total of 28 extirpated 
lymph nodes (stage IVA, pTNM = pT2 pN2b pMx G2 R0). 
Postoperative adjuvant radiotherapy was performed. Next 
year follow up on magnetic resonance imaging (MRI) 
showed no signs of local recurrence or distant metastasis.



Mol Imaging Radionucl Ther 2026;35(2):145-149

147

Güneren et al. 18F-FDG-PET/MRI Spinal Cord Metastases

The second PET/CT scan, performed almost two years after 
surgery was indicated for further investigation of enlarged 
axillary lymph nodes seen on the follow up CT. PET/CT 
findings revealed metabolically active lymph nodes in the 
right neck region level 3 (SUV

max 
=4.1), left supraclavicular 

region (SUV
max

 =4.4,d~11 mm), metabolically active 
nodular lesion in the left pectoral muscle (SUV

max
 =3.7,d~13 

mm) and enlarged metabolically active bilateral axillary 
lymph nodes (SUV

max 
=4.4,d~11 mm). All these lesions 

were suspicious for metastasis (Figure 2). Then bilateral 
cervical lymph node extirpation was done, followed by 
extirpation of cutaneous and subcutaneous metastases in 
left pectoral region. Patient started with immunotherapy 
pembrolizumab.

Three months later the follow up PET/CT scan revealed 
disease progression and new sites od metastasis in 
the cervical lymph nodes and new metabolically active 
lesion in the thyroid gland, that needed to be correlated 
with ultrasonography/fine-needle aspiration biopsy 
(Figure 3). 

Ultrasound of the thyroid showed well vascularized 
hypoechogenic inhomogeneous lesion in the lower part of 
the left thyroid lobe with microcalcifications. Fine needle 
aspiration biopsy that was very difficult to perform due to 
impaired skin due to surgery and radiation therapy (Figure 
4) reported Bethesda V classification group, possible 
metastasis from salivary gland carcinoma. 

Patient continued with immunotherapy, but the next PET/
CT scan, done 6 months later, showed again disease 
progression with metastasis in right cervical lymph nodes, 
mediastinal, bilateral hilar, interpectoral, left brachial and 

bilateral axillary lymph nodes (Figure 5). Subcutaneous 
metastasis in right pectoral and skin metastasis in left 
supraclavicular region were detected as well.

Patient started with chemotherapy, but considering many 
side effects and his low performance status, two months 
later agreement with the oncologist was made to cease 
it, continuing with symptomatic and palliative therapy 
only. The patient died the next year, four years after being 
diagnosed with this type of primary cancer.

Figure 1. Operative field prior closure 
(1) Main trunk of left facial nerve, (2) Temporo-zygomatic branch, (3) 
Cervico-mandibular branch, (4) Internal jugular vein, (5) Sternocleidomastoid 
muscle, (6) Accessory nerve, (7) Retromandibular vein, (8) Stylohioid and 
posterior venter of digastric muscle

Figure 2. MIP image of the second PET/CT
Right cervical, bilateral axillary, left supraclavicular and lesion in the left 
pectoral muscle suspicios for metastasis

MIP: Maximum intensity projection, PET/CT: Positron emission tomography/
computed tomography

Figure 3. 18F-FDG PET/CT fusion image of thyroid lesion 
18F-FDG PET/CT: 18F-fluorodeoxyglucose positron emission tomography/computed 
tomography
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Discussion

OC together with oncocytosis and oncocytoma present 
very exceptional oncocytic neoplasms of the salivary gland. 
Very few cases have been reported in the literature so far. It 
accounts for 11% of all oncocytic salivary gland neoplasms, 

0.5% of all epithelial salivary gland malignancies and 0.18% 
of all epithelial salivary gland tumours (6). In the study of 
Capone at al. (7) twenty-one parotid oncocytic neoplasms 
were identified in the period 1984-2000, with OC being 
the rarest (9.5%), then oncocytosis (28.5%) and the most 
frequent was oncocytoma (62%). 

Since similarities between oncocytic neoplasms do exist, 
and fine needle aspiration biopsy can not confirm the 
diagnosis, consequently the patohistology analysis remains 
the gold standard. Nonetheless, features such as rapid 
enlargement, facial nerve involvement, or fixation to 
adjacent structures should be taken into consideration for 
prompt suspicion for malignancy (8).

The surgical management of parotid oncocytic carcinoma, 
usually involves a total or partial parotidectomy. This 
is preferred due to the tumor’s aggressive nature and 
potential for recurrence. Enucleations are usually followed 
by a recurrence and are not considered as optimal 
treatment choices, especially given the fact that every 
subsequent parotid surgery is levels of magnitude more 
and more difficult and technically complicated. Wherever 
possible, the facial nerve is dissected and preserved, though 
extended resections may be necessary if nearby tissues are 
affected (9).

Neck dissection may also be included in the surgical plan 
when lymph node involvement is present. The general plan 
needs to be aggressive since all recurrences have a poor 
outcome (10).

Cinar et al. (11) reported 48-year-old woman whose 
disease had metastasized to regional lymph nodes, was 
treated by radical parotidectomy, with sacrifice of the facial 
nerve, and radical neck dissection. At the 3-year follow-up, 
she remained free of disease.

A case of a 70-year-old man was reported by Wan Ahmad 
Kammal et al. (12) that had a history of left parotid swelling 
over the past 10 years. A parotid tumor 3x3 cm was 
identified and grade 4 facial nerve palsy. He was treated 
with a left total parotidectomy, selective neck dissection 
and adjuvant radiotherapy with a total dose of 66 Gy 
within six weeks.

New biomarker research has identified promising prognostic 
indicators, such as p53 mutations, Ki-67 proliferation index, 
and mitochondrial DNA mutations. These biomarkers 
can help predict the tumor’s behavior, guiding more 
tailored decisions about adjuvant radiotherapy and other 
postoperative treatments. Immunohistochemical markers, 
including cytokeratins and oncocytic markers, have further 
refined diagnostic accuracy, enabling more effective 
surgical planning (13).

Figure 5. 18F-FDG PET/CT fusion image of lymph node metastasis
Mediastinal and right axillar metastasis
18F-FDG PET/CT: 18F-fluorodeoxyglucose positron emission tomography/com-
puted tomography

Figure 4. Skin lesions after surgery and radiation therapy
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Conclusion 

According to the Management of Salivary Gland 
Malignancy in the guideline, 18F-FDG PET/CT has no role 
when used for the initial evaluation of a parotid mass, 
but may more accurately predict the extent of nodal 
and distant metastatic disease in high-grade tumors and 
identify locoregionally recurrent and metastatic disease. 
Post-treatment baseline imaging with PET/CT should be 
obtained 3 months after completion of all treatment (14). 

Westergaard-Nielsen et al. (15) found that PET/CT 
diagnosed cervical lymph node metastases in four patients 
where MRI did not. These patients were still treated with 
curative intent, but the surgical procedure with neck 
dissection was changed based on PET/CT report. Overall, 
PET/CT changed treatment in three patients with distant 
metastases and four patients with regional metastases, 
representing 21% (7/33) of the patients with salivary 
gland carcinoma. 

The prognosis of OC in salivary gland depends primarily on 
the tumor grade, stage and completeness of resection. The 
5-year survival rate for low-grade types goes over 80%-90% 
and these tumors have favorable outcomes. On the other 
hand, high-grade carcinoma, show lower 5-year survival 
ranging between 40% and 60%, due to higher risks of 
local recurrence, perineural invasion, and metastasis and 
thus have poorer prognosis (8). Patients with malignant 
oncocytoma appear to have good short-term survival, but 
poor long-term survival. The average survival period has 
been estimated at 3.8 years with metastasizing tumors (3). 
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Abstract
Gliomas are the most common primary malignant brain tumors and are characterized by heterogeneous growth and complex biology, which 
complicate accurate diagnosis and management. While magnetic resonance imaging (MRI) remains the clinical standard, its limitations in 
delineating tumor margins and distinguishing recurrence from treatment-induced changes highlight the need for complementary molecular 
imaging. ¹8F-fluorodeoxyglucose (18F-FDG) positron emission tomography (PET) has been extensively studied, providing valuable prognostic 
information by reflecting tumor glycolytic activity. However, its diagnostic utility is hampered by high cortical background uptake and by poor 
sensitivity in detecting low-grade gliomas. Conversely, glioma-68 fibroblast activation protein inhibitor (FAPI) PET targets cancer-associated 
fibroblasts, offering superior tumor-to-background contrast and improved visualization of infiltrative margins. Comparative studies suggest that 
FAPI PET better discriminates between low- and high-grade gliomas, correlates with tumor stromal activity, and aids in therapy planning by 
differentiating true progression from post-treatment changes. Despite these advantages, the evidence base for FAPI remains limited, largely 
derived from small cohorts and pilot studies. Standardized imaging protocols and larger prospective trials are necessary to validate its role. Overall, 
18F-FDG and FAPI PET provide complementary insights into glioma biology, and their integration with MRI and amino acid tracers may refine 
diagnostic accuracy, therapeutic planning, and prognostic assessment in clinical neuro-oncology.
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Öz
Gliomalar, en sık görülen primer malign beyin tümörleridir ve heterojen büyüme ile karmaşık biyoloji göstermeleri nedeniyle doğru tanı ve 
yönetimi güçleştirir. Manyetik rezonans görüntüleme (MRG), klinik standart olmaya devam etse de tümör sınırlarını belirlemedeki ve nüksü 
tedaviye bağlı değişikliklerden ayırt etmedeki sınırlılıkları, tamamlayıcı moleküler görüntüleme yöntemlerine olan gereksinimi ortaya koymaktadır. 
18F-florodeoksiglukoz (18F-FDG) pozitron emisyon tomografisi (PET), tümörün glikolitik aktivitesini yansıtarak değerli prognostik bilgiler sağlaması 
nedeniyle kapsamlı biçimde araştırılmıştır. Ancak tanısal yararlılığı, korteksteki yüksek arka plan tutulumu ve düşük dereceli gliomaları saptamadaki 
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Introduction

Gliomas are the most common primary malignant brain 
tumors, characterized by heterogeneous and infiltrative 
growth. Magnetic resonance imaging (MRI) is the standard 
imaging modality but has limitations in delineating tumor 
margins and distinguishing tumor progression from post-
treatment changes. Molecular imaging with positron 
emission tomography (PET) provides complementary 
information. 18F-florodeoksiglukoz (18F-FDG) PET measures 
glucose metabolism and is useful for high-grade gliomas 
(HGG), with uptake correlating with tumor aggressiveness 
and overall survival, but is limited by high cortical 
background and reduced sensitivity to low-grade or small 
lesions (1,2).

Fibroblast activation protein inhibitor (FAPI) PET targets 
FAP in cancer-associated fibroblasts (CAF), offering high 
tumor-to-background contrast and better visualization of 
infiltrative margins. Pilot studies indicate FAPI PET may 
improve detection of residual or recurrent gliomas and 
provide prognostic information related to tumor stromal 
aggressiveness (3-5). Combining FDG and FAPI PET with 
MRI and advanced analysis may enhance diagnostic 
accuracy, treatment planning, and prognostic assessment 
in glioma patients.

Mechanism of Uptake

Molecular imaging with PET provides complementary 
information to MRI in glioma evaluation. 18F-FDG PET 
measures glucose metabolism in tumor cells, reflecting 
the Warburg effect, and is widely used to assess tumor 
aggressiveness and to grade tumors. However, its clinical 
utility is limited by high cortical background, reduced 
sensitivity for low-grade or small lesions, and potential 
uptake confounded by inflammation or therapy Kawada et 
al. (6). Glucose loading prior to 18F-FDG PET can enhance 
tumor-to-background contrast, improving delineation and 
characterization of gliomas Kim et al. (7).

FAPI-PET, targeting FAP expressed in CAFs, highlights 
stromal components and infiltrative tumor margins that 
are often underrepresented on MRI or 18F-FDG PET. This 

modality offers high tumor-to-background contrast, aiding 
detection of residual or recurrent gliomas and potentially 
providing prognostic information related to stromal 
aggressiveness Mori et al. (4), Djekidel et al. (8). FAPI PET 
is particularly promising for visualizing infiltrative gliomas 
and complementing anatomical imaging, although current 
evidence is limited to pilot studies and small patient cohorts.

Overall, 18F-FDG PET and FAPI PET provide complementary 
insights into glioma biology, with FDG reflecting metabolic 
activity and FAPI delineating stromal and infiltrative regions, 
supporting improved diagnosis, treatment planning, and 
prognostic assessment.

Diagnostic Value of 18F-FDG PET in Glioma
18F-FDG PET has been widely applied in glioma imaging 
due to its ability to reflect the glycolytic activity of tumor 
cells. Early studies, such as Padma et al. (9), demonstrated 
that higher FDG uptake strongly correlated with tumor 
grade and poorer survival outcomes, highlighting its 
prognostic significance. Subsequent work confirmed this 
trend, showing that standardized uptake values (SUVs) are 
generally higher in HGG than in low-grade gliomas (LGG) 
Takahashi et al. (10). This underscores the utility of 18F-FDG 
PET in assessing tumor aggressiveness and predicting 
clinical outcomes.

However, the diagnostic accuracy of 18F-FDG PET is limited 
by the intrinsically high glucose metabolism in normal 
cortical tissue, which reduces the lesion-to-background 
contrast, particularly in LGG. Meta-analyses by Nihashi et 
al. (11) and Zhao et al. (12) consistently showed that while 
18F-FDG PET has moderate sensitivity and specificity, amino 
acid tracers such as ¹¹C-methionine (MET) or 18F-FDG in 
detecting recurrent gliomas and differentiating tumor tissue 
from treatment-related changes. Sharma et al. (13) further 
confirmed this in a direct comparison in which MET-PET was 
superior to 18F-FDG PET in distinguishing tumor recurrence 
from post-treatment necrosis or pseudoprogression.

The role of 18F-FDG PET has therefore shifted from primary 
diagnosis to prognostic evaluation. Treglia et al. (14), in a 
systematic review of meta-analyses, concluded that 18F-FDG 

düşük duyarlılık nedeniyle sınırlanmaktadır. Buna karşılık, galyum-68 fibroblast aktivasyon proteini inhibitörü (FAPI) PET, kansere ilişkili fibroblastları 
hedef alarak daha üstün tümör-arka plan kontrastı ve infiltratif sınırların daha iyi görüntülenmesini sağlar. Karşılaştırmalı çalışmalar, FAPI PET’in düşük 
ve yüksek dereceli gliomaları ayırt etmede daha başarılı olduğunu, tümör stromal aktivitesi ile korelasyon gösterdiğini ve gerçek progresyonu tedavi 
sonrası değişikliklerden ayırarak tedavi planlamasına katkı sağladığını düşündürmektedir. Bununla birlikte, bu avantajlara rağmen FAPI’ye ilişkin 
kanıt temeli halen sınırlıdır ve büyük ölçüde küçük kohortlar ile pilot çalışmalara dayanmaktadır. Rolünün doğrulanabilmesi için standartlaştırılmış 
görüntüleme protokollerine ve daha büyük, prospektif çalışmalara ihtiyaç vardır. Genel olarak, 18F-FDG ve FAPI PET, glioma biyolojisine ilişkin 
birbirini tamamlayıcı bilgiler sunmakta; MRG ve amino asit belirteçleri ile birlikte kullanımları, klinik nöro-onkolojide tanısal doğruluğu, tedavi 
planlamasını ve prognostik değerlendirmeyi geliştirebilir.
Anahtar Kelimeler: Glioma, 18F-FDG, PET, FAPI, tümör derecelendirmesi, moleküler görüntüleme
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provides meaningful information in predicting patient 
outcomes but is less effective than amino acid tracers for 
lesion detection. Similarly, Wang et al. (15) highlighted 
that PET, particularly with MET or fluoroethyltyrosine (FET), 
was more accurate than MRI spectroscopy in detecting 
recurrence, whereas 18F-FDG was less reliable as a stand-
alone tool. An earlier receiver-operating characteristic 
analysis of irradiated low-grade astrocytomas, Henze et al. 
(16), also found 18F-FDG PET useful but inferior to MET-PET 
in distinguishing tumor progression from radiation-induced 
changes.

Advantages of FAPI PET in Glioma

The diagnostic evaluation of cancer of unknown primary 
(CUP) has long relied on 18F-FDG PET/computed tomography 
(CT) as a functional imaging tool, given its ability to detect 
tumors based on glycolytic activity. However, several studies 
have consistently demonstrated the limitations of 18F-FDG, 
particularly in tumors with low glucose metabolism or 
in anatomical regions with intrinsically high background 
uptake, such as the brain. 

The introduction of FAPI has opened new avenues in 
molecular imaging. FAP, expressed predominantly in CAFs, 
is widely present in the stroma of multiple solid tumors but 
minimally expressed in normal tissues, including the brain. 
This biological property forms the basis for the high tumor-
to-background contrast of glioma-68 (68Ga)-FAPI PET/CT. 
Kratochwil et al. (17) highlighted the molecular rationale 
for targeting FAP, emphasizing its role in tumor proliferation, 
invasion, and stromal remodeling study by Giesel et al. 
(18) showed that 68Ga-FAPI PET/CT has markedly lower 
background uptake in normal brain tissue compared to 
the high physiological uptake of 18F-FDG, resulting in a 
much higher tumor-to-background ratio (TBR). This feature 
is particularly important for brain tumors, where 18F-FDG 
often struggles due to high baseline glucose metabolism, 
making lesion detection and delineation difficult.

A broader perspective on the application of FAPI imaging 
was provided by Dendl et al. (19), who described the 
“perfect symbiosis” between FAP biology and FAPI 
imaging. While the high uptake in malignant stroma offers 
a powerful diagnostic advantage, the authors cautioned 
that FAP expression is not exclusively tumor-specific and 
may also occur in conditions such as fibrosis, chronic 
inflammation, or tissue repair, thereby posing a risk of false 
positives. This consideration is particularly important in 
neuro-oncology, where reactive gliosis and post-treatment 
changes are common.

The superiority of FAPI over 18F-FDG in the CUP setting 
was further supported by the prospective trial by Gu et al. 
(20) in head and neck CUP. In this study, 68Ga-FAPI PET/CT 

identified primary tumors in 51% of patients compared to 
only 25% with FDG PET/CT, with significant improvements 
in sensitivity, positive predictive value, and overall 
diagnostic accuracy. Importantly, the implementation of 
FAPI imaging altered clinical management in nearly one-
quarter of patients, underscoring its real-world clinical 
impact. Although this study focused on head and neck 
malignancies, the results are directly translatable to CUP 
in the brain, where the detection of occult primary lesions 
remains a major diagnostic challenge.

FDG vs. FAPI for Tumor Grading and diagnostic

Recent evidence highlights important differences 
between18F-FDG and FAPI PET in the assessment of glioma 
grading. Ruan et al. (21) demonstrated that 68Ga-FAPI-46 
uptake increases with glioma grade, with grade IV tumors 
showing a mean maximum standard uptake value (SUV

max
) 

of 5.03 compared to only 1.14 in grade I-II (p=0.02), and 
exhibiting significantly higher TBR. This reflects the biological 
reality that FAP expression rises with tumor aggressiveness. 
In contrast, 18F-FDG PET, as reported by Valentini et al. (22), 
shows higher uptake in HGG due to increased proliferation, 
angiogenesis, reflected by higher Ki-67 indices. However, 
its clinical utility is hampered by the intrinsically high 
glucose metabolism of normal cortex, resulting in low TBR 
and making the distinction between LGG and normal brain 
tissue unclear. A direct head-to-head study by Liu et al. (23) 
confirmed these limitations: although FAPI SUV

max 
values 

were generally lower than those of 18F-FDG, the TBR of 
FAPI was markedly superior because normal brain tissue 
shows negligible uptake. This allows clearer discrimination 
between high- and LGG compared with FDG. Supporting 
these imaging findings, Oster et al. (24) demonstrated 
that FAPI uptake strongly correlates with FAP expression in 
tumor tissue, with gliosarcoma showing particularly high 
tracer accumulation in line with its stromal biology.

Lyu et al. (25) conducted a preliminary study on 25 
patients using 18F-FAPI-42 PET/CT. They found significantly 
higher SUV

max 
and TBR values in HGG compared with 

LGG. With cut-off values of SUV
max

 1.20 and TBR 9.09, 
the diagnostic accuracy was high [area under the curve 
(AUC) 0.812-0.850]. The strength of FAPI lies in its low 
background uptake in the normal brain, providing superior 
contrast compared with FDG. No significant difference 
was observed between isocitrate dehydrogenase-mutant 
and wild-type gliomas, suggesting FAPI uptake reflects 
tumor grade rather than molecular subtype. Study Dev 
et al. (26), among six high-grade glioma patients, one 
grade IV lesion demonstrated 68Ga-FAPI-04 uptake with 
SUV

max
=2.8, corresponding to MRI enhancing regions and 

FET PET uptake. While the study primarily classified lesions 
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as FAPI-positive vs. FAPI-negative (based on uptake above 
background), it did not provide detailed per-grade averages 
or TBR values. Study by Kosaka et al. (27) reported that 
HGG (World Health Organization grade III-IV) showed an 
average SUV

avg
 of 8.6±2.7 and SUV

max
 of 11.6±3.7, higher 

than brain metastases, but with significant overlap that 
reduces discriminatory value. Dunet et al. (28) confirmed 
that 18F-FDG reflects tumor aggressiveness. However, in 
(grade I-II), 18F-FDG uptake is low and often indistinguishable 
from normal cortex, yielding only 38% sensitivity and a 
poor AUC (0.40). In contrast, HGG typically present with 
higher SUV

max
 values, yet specificity remains limited (86%) 

due to overlap with other enhancing lesions. This trend 
was reinforced by Pietrzak et al. (29), who retrospectively 
analyzed over 14,000 18F-FDG PET/CT scans and found 
that primary brain tumors had a mean SUV

max
 of 9.2±4.7, 

metastases were even higher at 12.4±5.6, while benign 
lesions remained low at ~1.0. Importantly, the range of 
uptake in primary tumors was broad (1.2-25.0), indicating 
that although HGG are generally more hypermetabolic 
than LGG, the absolute differences are often obscured by 
overlapping values. Katsanos et al. (30) performed a meta-
analysis of 23 studies (994 patients) comparing 18F-FDG with 
amino-acid tracers. 18F-FDG had lower sensitivity (63%) but 
higher specificity (89%) than 11C-MET (94% sensitivity, 55% 
specificity) and 18F-FET (88% sensitivity, 57% specificity). 
Thus, high 18F-FDG uptake is specific for high-grade glioma, 
but many high-grade cases may be missed because 18F-FDG 
uptake has low sensitivity, highlighting the need for 
complementary tracers such as FAPI. Quartuccio et al. (31) 
reviewed 22 studies on 18F-FDG PET combined with MRI. 
The combined approach consistently outperformed either 
modality alone, particularly in distinguishing HGG and in 
differentiating tumor recurrence from radionecrosis. The 
integration of PET metabolic parameters (SUV, T/N ratio) 
with MRI functional markers (apparent diffusion coefficient, 
cerebral blood volume, Cho/Cr) yielded AUC values >0.90. 

This shows that 18F-FDG PET, despite its limitations, remains 
valuable when combined with advanced MRI, offering 
complementary metabolic information. Overall, 18F-FDG 
PET demonstrates a clear trend of increased uptake with 
higher glioma grade, but its main limitations are poor 
contrast in LGG and considerable overlap with metastatic 
lesions and normal brain tissue. The comparison summary 
is shown in Table 1.

Implications for Therapy Planning and Monitoring

Accurate delineation of tumor extent is critical for effective 
neurosurgical intervention and radiotherapy planning in 
glioma patients. Conventional MRI often fails to precisely 
define tumor margins, particularly in infiltrative gliomas, 

and cannot reliably distinguish treatment-related changes 
from true tumor progression. Molecular imaging with PET 
provides complementary functional information that can 
address these limitations.
18F-FDG PET, which measures glucose metabolism, has 
been widely used to assess tumor aggressiveness and 
guide therapy. However, its high uptake in normal cortical 
tissue can obscure tumor margins, limiting sensitivity for 
low-grade lesions and complicating early assessment of 
treatment response Kim et al. (5). PET tracers with higher 
tumor specificity, such as FAPI, target FAP expressed 
in CAFs within the tumor stroma, offering high tumor-
to-background contrast and enabling visualization of 
infiltrative tumor regions that may not enhance on MRI 
Yao et al. (3), Dev et al. (26). 

Studies have demonstrated that FAPI PET can effectively 
differentiate tumor recurrence from post-treatment 
changes, which is essential for determining whether 
additional therapy or biopsy is needed Dev et al. (26). 

Furthermore, pilot studies suggest that pre-radiotherapy 
FAPI PET can improve delineation of radiation target 
volumes, ensuring that infiltrative areas are included while 
minimizing exposure to normal tissue Yao et al. (3). The 
PET/RANO report by Galldiks et al. (32) emphasizes that PET 
imaging contributes to more precise radiotherapy planning 
and monitoring, allowing early detection of nonresponding 
tumor regions and informing adaptive treatment strategies 
to enhance therapeutic efficacy while reducing toxicity.

Limitations and Future Perspectives

Despite promising results, the clinical adoption of FAPI 
PET in glioma remains limited. Current evidence primarily 
derives from case series or pilot studies with small cohorts, 
thereby restricting the generalizability of the findings 
(8,26,33,34). While FAPI PET demonstrates high tumor-to-
background contrast and the ability to visualize infiltrative 
tumor regions, standardized imaging protocols are lacking 
and diagnostic thresholds have not yet been validated.

Preliminary studies suggest that FAPI PET can differentiate 
tumor recurrence from post-treatment changes and 
may provide prognostic information related to stromal 
activity and aggressiveness Dev et al. (26), Hua et al. 
(34). Furthermore, combining FAPI PET with other tracers, 
such as amino acid PET (11C-MET, 18F-FET), could offer 
complementary information, potentially improving clinical 
decision-making and therapy planning Chandekar et al. 
(33), Djekidel et al. (8). To establish its clinical utility, larger 
prospective trials are required to assess reproducibility, 
diagnostic accuracy, and prognostic value in glioma 
patients.



Mol Imaging Radionucl Ther 2026;35(2):150-156

154

BrianKwee Amalo et al. FDG and FAPI PET in Glioma

Conclusion
18F-FDG PET and FAPI PET each offer distinct and 
complementary contributions to glioma imaging. 18F-FDG 
remains a well-established modality for evaluating tumor 
aggressiveness and predicting outcomes, although its 
diagnostic accuracy is limited by physiological cortical uptake 
and by poor sensitivity for low-grade lesions. In contrast, 
FAPI PET demonstrates superior lesion-to-background 
contrast, enabling improved delineation of tumor margins, 
tumor grading, and differentiation of recurrence from post-
treatment effects. These properties make FAPI a promising 
tool for enhancing neurosurgical and radiotherapy planning. 
Nevertheless, clinical application is still constrained by the 
paucity of large-scale, standardized studies. Future research 
should focus on multicenter prospective trials, protocol 
harmonization, and the integration of FAPI with other 
tracers to maximize diagnostic and therapeutic impact. 

Ultimately, a multimodal imaging strategy that combines 
MRI, FDG, FAPI, and amino acid PET may represent the 
most effective approach to optimize glioma diagnosis, 
treatment monitoring, and patient outcomes.
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 Table 1. Comparison of 18F-FDG and FAPI PET in glioma grading and diagnostic performance across key studies

Study Tracer/method Key findings Implications for glioma grading

Ruan et al. (21), 
(2024)

68Ga-FAPI-46 PET/CT
SUV

max
 ↑ with grade (grade IV = 5.03 vs. grade 

I-II=1.14, p=0.02); TBR significantly higher.

FAPI uptake reflects tumor 
aggressiveness; superior contrast vs. 
FDG.

Valentini et al. (22),  
2017

18F-FDG PET
Higher uptake in high-grade gliomas linked to 
proliferation, angiogenesis, Ki-67.

Confirms metabolic aggressiveness, 
but limited by high cortical 
background (low TBR).

Liu et al. (23),  
2024

18F-FDG vs. FAPI PET/CT
FDG SUV

max
 > FAPI SUV

max
, but FAPI TBR > FDG 

(normal brain negligible uptake).
FAPI allows clearer discrimination of 
glioma grade.

Oster et al. (24),  
2024

68Ga-FAPI-46 PET + tissue
FAPI uptake strongly correlates with FAP 
expression; gliosarcoma shows very high uptake.

Validates biological basis of FAPI PET, 
esp. in stromal-rich tumors.

Lyu et al. (25),  
2022

18F-FAPI-42 PET/CT (25 pts)
HGG had higher SUV

max
 and TBR than LGG; cutoff 

SUV
max 

1.20 (AUC 0.812), TBR 9.09 (AUC 0.850).
FAPI provides high diagnostic 
accuracy, independent of IDH status.

Dev et al. (26),  
2024

68Ga-FAPI-04 PET/CT vs. 
FET (6 patients)

5/6 recurrences detected by both FAPI and FET; 
1 negative consistent with treatment change. 
example grade IV lesion SUV

max
=2.8

Shows FAPI highlights recurrent high-
grade gliomas with high contrast; 
useful in differentiating recurrence 
vs. treatment effects.

Kosaka et al. (27),  
2008

18F-FDG PET
HGG: SUV

avg
 8.6±2.7, SUV

max
 11.6±3.7; higher 

than brain metastases, but overlapping values.
Uptake higher in HGG, but overlap 
reduces specificity.

Dunet et al. (28),  
2015

18F-FDG PET
In LGG, FDG uptake often indistinguishable from 
cortex; sensitivity only 38%, AUC 0.40.

FDG unreliable in LGG detection; 
better in HGG.

Pietrzak et al. (29), 
2021

18F-FDG PET/CT (14,000 
scans)

Primary brain tumors SUV
max

=9.2±4.7; 
metastases=12.4±5.6; benign ~1.0; wide range 
(1.2-25.0).

Confirms trend of ↑ uptake with 
grade, but overlap with metastases.

Katsanos et al. (30),  
2019

Meta-analysis FDG vs. 
MET/FET

FDG: sensitivity 63%, specificity 89%; MET/FET: 
higher sensitivity but lower specificity.

FDG highly specific for HGG, but low 
sensitivity → many missed cases.

Quartuccio et al. (31),  
2020

18F-FDG PET + MRI (22 
studies)

PET+MRI > PET or MRI alone; AUC >0.90 for 
grading and recurrence detection.

Multimodal imaging maximizes 
accuracy; FDG retains 
complementary value.

18F-FDG: 18F-fluorodeoxyglucose, FAPI: Fibroblast activation protein inhibitor, PET/CT: Positron emission tomography/computed tomography, SUV
max

: Maximum standardized uptake 
value, SUV

avg
: Average standardized uptake value, TBR: Tumor-to-background ratio, FAP: Fibroblast activation protein, HGG: High-grade gliomas, LGG: Low-grade glioma, AUC: Area 

under the curve, IDH: Isocitrate dehydrogenase, FET: Fluoroethyltyrosine, MRI: Magnetic resonance imaging
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