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Deep-learning-based Attenuation Correction for ®Ga-DOTATATE
Whole-body PET Imaging: A Dual-center Clinical Study

%Ga-DOTATATE Tum Viicut PET Gérintiileme icin Derin Ogrenme Tabanli Atentiasyon
Dizeltmesi: Cift Merkezli Bir Klinik Calisma
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©® Mahsa Shahrbabkis, ® Peyman Sheikhzadeh43

ITabriz University of Medical Sciences School of Medicine, Department of Medical Physics, Tabriz, Iran

2lran University of Medical Sciences, Nursing and Midwifery Care Research Center; Tehran, Iran

3Shahid Beheshti University, Department of Medical Radiation Engineering, Tehran, Iran

4Tehran University of Medical Sciences Faculty of Medicine, Imam Khomeini Hospital Complex, Department of Nuclear Medicine, Tehran, Iran
5Tehran University of Medical Sciences Faculty of Medicine, Department of Medical Physics and Biomedical Engineering, Tehran, Iran

Abstract

Objectives: Attenuation correction is a critical phenomenon in quantitative positron emission tomography (PET) imaging with its own special
challenges. However, computed tomography (CT) modality which is used for attenuation correction and anatomical localization increases patient
radiation dose. This study was aimed to develop a deep learning model for attenuation correction of whole-body ¥Ga-DOTATATE PET images.
Methods: Non-attenuation-corrected and computed tomography-based attenuation-corrected (CTAC) whole-body %Ga-DOTATATE PET images
of 118 patients from two different imaging centers were used. We implemented a residual deep learning model using the NiftyNet framework.
The model was trained four times and evaluated six times using the test data from the centers. The quality of the synthesized PET images was
compared with the PET-CTAC images using different evaluation metrics, including the peak signal-to-noise ratio (PSNR), structural similarity index
(SSIM), mean square error (MSE), and root mean square error (RMSE).

Results: Quantitative analysis of four network training sessions and six evaluations revealed the highest and lowest PSNR values as (52.86+6.6)
and (47.96+5.09), respectively. Similarly, the highest and lowest SSIM values were obtained (0.99+0.003) and (0.97+0.01), respectively.
Additionally, the highest and lowest RMSE and MSE values fell within the ranges of (0.0117+0.003), (0.0015+0.000103), and (0.01072+0.002),
(0.000121£5.07xe™°), respectively. The study found that using datasets from the same center resulted in the highest PSNR, while using datasets
from different centers led to lower PSNR and SSIM values. In addition, scenarios involving datasets from both centers achieved the best SSIM and
the lowest MSE and RMSE.

Conclusion: Acceptable accuracy of attenuation correction on ®Ga-DOTATATE PET images using a deep learning model could potentially
eliminate the need for additional X-ray imaging modalities, thereby imposing a high radiation dose on the patient.

Keywords: Deep-learning, attenuation correction, PET/CT, ®Ga-DOTATATE, medical imaging
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Oz

Amag: Atentiasyon diizeltmesi, kantitatif pozitron emisyon tomografisi (PET) goriintlilemede kendine 6zgii zorluklari olan kritik bir olgudur. Ancak
atenliasyon dUzeltmesi ve anatomik lokalizasyonun saglanmasi amaciyla kullanilan bilgisayarli tomografi (BT) yéntemi hastanin aldidi radyasyon
dozunu artirmaktadir. Bu calismada, tim vicut 68Ga-DOTATATE PET gorintdlerinin atentiasyon diizeltmesi icin bir derin 6grenme modelinin
gelistirilmesi amaglandi.

Yéntem: iki farkl gériintileme merkezinden 118 hastanin ateniiasyon diizeltmesiz ve bilgisayarli tomografi tabanli atentiasyon diizeltmeli (CTAC)
tim vicut ®Ga-DOTATATE pozitron emisyon tomografi (PET) gorintleri kullanildi. NiftyNet cercevesini kullanarak bir artik derin 6grenme modeli
uyguladik. Model, merkezlerden alinan test verileri kullanilarak dort kez egitildi ve alti kez degerlendirildi. Sentezlenen PET goriintulerinin kalitesi,
tepe sinyalgurilti orani (PSNR), yapisal benzerlik indeksi (SSIM), ortalama kare hatasi (MSE) ve kok ortalama kare hatasi (RMSE) dahil olmak tizere
farkli degerlendirme 6lctimleri kullanilarak PET-CTAC gorintileriyle karsilastirildi.

Bulgular: Dort ag egitimi oturumunun ve alti degerlendirmenin kantitatif analizi ile en ylksek ve en distik PSNR degerlerini sirasiyla (52,86+6,6)
ve (47,96+5,09) olarak elde edildi. Benzer sekilde en yiiksek ve en distk SSIM degerleri sirasiyla (0,99+0,003) ve (0,97+0,01) olarak elde edildi.
Ek olarak, en yiiksek ve en distk RMSE ve MSE degerleri sirasiyla (0,0117+0,003), (0,0015+0,000103) ve (0,01072+0,002), (0,000121+5,07xe™)
araliginda kaldi. Calisma, ayni merkezden gelen veri kiimelerinin kullaniimasinin en ylksek PSNR degeri ile sonuclandigini, farkli merkezlerden gelen
veri kiimelerinin kullanilmasinin ise daha distk PSNR ve SSIM degerleri ile sonuclandigini buldu. Ayrica her iki merkezden veri kimelerini iceren
senaryolar ile en iyi SSIM ve en disiik MSE ve RMSE elde edildi.

Sonug: Derin 6grenme modeli kullanilarak ®Ga-DOTATATE PET gortintiilerinde atentiasyon diizeltmesinin kabul edilebilir dogrulugu, potansiyel

Lord et al. Deep-learning Attenuation Correction PET Imaging

olarak, hastaya ylksek radyasyon dozu uygulanmasina neden olan ek X-isini gérlintileme yontemlerine olan ihtiyaci ortadan kaldirabilir.
Anahtar kelimeler: Derin 6grenme, atentasyon dizeltmesi, PET/BT, ®Ga-DOTATATE, tibbi gorintileme

Introduction

%8Ga-DOTATATE positron emission tomography/computed
tomography (PET/CT) has emerged as a sensitive and
accurate functional imaging method with significant
advantages over conventional imaging in the diagnosis
and management of neuroendocrine tumors (1,2). In
PET imaging, a positron emitter radiopharmaceutical
is administered to a patient that emits two 511-keV
gamma photons in opposite directions following positron
annihilation. However, the gamma pair can undergo
photoelectric and Compton interactions before reaching
the detector, leading to photon attenuation, poor contrast,
and errors in quantitative calculations (3,4).

If the PET images obtained from the standard uptake
value (SUV) for diagnosis, prognosis, and treatment-
related issues are adequately corrected, it can enable
quantitative measures with considerable accuracy (5). The
use of CT-based attenuation correction (CTAC) algorithms
is considered one of the most common and well-known
methods of attenuation correction (AC) in PET (4). The main
drawback of these methods is the imposed high effective
dose on patients. There was a report in the early days of
introducing PET/CT that showed that the average effective
dose of patients from whole-body '8F-fluorodeoxyglucose
("8F-FDG)-PET/CT examinations was approximately 25
mSv (6). On the other hand, PET radiopharmaceuticals
usually have an effective dose of 10 mSv (7). Therefore,
the majority of the radiation dose received from imaging
is related to CT scans. Because obtaining the tissue
attenuation map directly from magnetic resonance imaging
(MRI) signals poses challenges, various methods have been
employed to address this issue (8,9,10,11,12). One of the

commonly used methods for AC in PET/MRI scanners is the
Dixon-based method (9). Nevertheless, a major drawback
of this method is its failure to account for bone tissue (10).
Consequently, a model-based approach was adopted to
address thislimitation (11). However, this method introduces
a quantification error due to inconsistent registration (12).
The inconsistency and small field of view of MRI compared
with PET can result in the loss of information from certain
body parts (13). Meanwhile, the maximum likelihood
reconstruction of activity and attenuation (MLAA) algorithm
can be used to obtain missing information and create an
attenuation map from the PET emission data (14). However,
one drawback of this algorithm is the presence of high
noise and induced cross-talk artifacts (15). Additionally,
atlas-based segmentation methods (16,17,18) have been
employed, but they suffer from incorrect classification of
tissue, anatomic abnormalities, noise, and metal-induced
artifacts, making AC a challenging issue in PET/MRI (19).
In recent years, deep learning has demonstrated great
potential in enhancing medical image quality, denoizing,
and artifact reduction (20,21). So far, deep learning has
been used in producing synthetic CT using MRI images for
AC in PET (22), including direct transformation to pseudo-
CT from T1-weighted MR, ultrashort echo time, zero-TE
MR, Dixon, estimation of AC factors from time-of-flight
data (23,24,25,26,27), generation of synthetic CT images
from non-AC (NAC) PET images on whole-body PET/MRI
imaging, and MLAA-based AC maps (28,29,30). However,
there is a need for structural images, and accuracy is
compromised by image artifacts from misregistration and
inter-modality errors (31). Several studies have attempted
to directly convert NAC PET images to corrected PET images
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without the need for multiple imaging modalities such as
MRI and CT (31,32). These studies employed different
approaches and models in different areas of the body and
with different radiopharmaceuticals.

In the present study, we aimed to develop an optimal deep-
learning model for AC of whole-body ®Ga-DOTATATE PET
images without relying on anatomical structures.

Materials and Methods

Data Acquisition

%8Ga-DOTATATE whole-body PET images of 118 patients
from two imaging centers (59 images from center 1 and
59 images from center 2) were retrospectively included
in the study. This study was approved by the Research
Ethics Committee of Tabriz University of Medical Sciences
(approval  no.. IR.TBZMED.REC.1401.584,  approval
date: 03.10.2022), which ensures adherence to ethical
standards. The examinations were performed using 5-ring
BGO-based PET/CT and 3-ring LSO-based PET/CT scanners.
PET imaging was performed approximately 60 min after
injection of 1.85 MBq ®Ga-DOTATATE per kilogram of
patient weight. Before radiotracer injection, a low-dose CT
scan was performed for AC and anatomical localization.

Data Preprocessing

From the 118 ®8Ga-DOTATATE PET images, 85% of the data
from each center were considered for training the model,
while 15% were used for external validation. In addition,
15% of the training dataset was set aside for validation
during the training process to evaluate the loss function

and prevent overfitting. To reduce the dynamic range of
image intensity, all PET images, including CTAC and NAC
images, were converted to SUVs. In addition, to reduce the
computational load, the image intensities were normalized
by an empirical fixed value of 9 and 3, respectively.

Network Architecture

A deep learning algorithm based on the NiftyNet platform
was utilized to generate PET/CT image AC using reference
(PET-CTAC) images. NiftyNet is an infrastructure built
upon the TensorFlow library and is designed to be used in
various image analysis programs. It supports segmentation,
regression, image generation, and reconstruction tasks.
Therefore, it plays a vital and fundamental role in speeding
up clinical work, including diagnostic and therapeutic
procedures (33). The NiftyNet platform is a high-resolution
residual neural network (HighResNet) (34). Our prepared
network was composed of 20 residual layers. In the first
seven layers, a 3x3x3 voxel kernel is employed to encode
low-level image features, such as edges and corners. This
kernel is dilated by factors of 2 and 4 in subsequent layers
to extract mid- and high-level features. Then, a residual
connection is used to link all two layers. In the residual
blocks, each layer comprises an element-wise rectified
linear unit (ReLU) and batch normalization. The structural
details of the model are shown in Figure 1.

Implementation Details

In this study, we used the following parameters to train
the network: Ir=0.001, activation function=leakyReLU, loss
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Figure 1. lllustrates the intricacies of the architecture used in the ResNet model. This model is designed to take PET-non-AC images as input and

generate PET-DLAC images as output

PET-non-AC: Positron emission tomography non attenuation correction, PET-DLAC: PET deep learning attenuation correction
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function=12 loss, optimizer=Adam, decay factor=0.00001,
batch size=12, queue length=480. The model was trained
four times but was evaluated six times using test datasets
with different matrix sizes.

Initially, a dataset comprising 50 samples from center
1 with a matrix size of 192x192 was used to train the
network. However, the test was separately conducted
using 9 images from each center, namely, center 1 and
2 test datasets for the first and second evaluations, with
a matrix size of 192x192. Specifically, the matrix size of 9
test datasets from center 2 was resized from 200x200 to
192x192.

The second training was performed using only 50 data
samples from center 2, with a matrix size of 192x92. The
model was then tested using 9 datasets from both centers,
i.e., center 1 and 2 test datasets for the third and fourth
evaluations, with a matrix size of 192x192. For the third
training phase, a total of 100 samples were used to train
the network with 50 data from each center and a matrix
size of 192x192. Additionally, 18 samples (9 datasets from
each center) were used as the test dataset in the fifth
evaluation. For the fourth training session of the network,
a dataset of 100 samples from both centers was used, with
a matrix size of 200x200. The matrix size of the 50 images
from center 1 was resized from 192x192 to 200x200.
Eighteen data points were utilized for network testing
from both centers, as the sixth evaluation with a matrix
size of 200x200.

Statistical Analysis

In this study, we performed statistical analyses to explore
the relationship between the two variables. Specifically,
we utilized the Pearson correlation coefficient to assess
the type of connection, and the paired sample t-test to
calculate the p-value. Additionally, we computed several
evaluation metrics, including peak signal-to-noise ratio
(PSNR), structural similarity index (SSIM), mean squared
error (MSE), and root mean squared error (RMSE) for
parameters such as the view signal-to-noise peak ratio,
structural similarity, and average error rate.

Evaluation Strategy

The performance of the prepared model was assessed
using various quantitative metrics, including quantitative
metrics such as PSNR (Eq.1), MSE (Eq.2), RMSE (Eq.3), and
SSIM (Eq.4). The metrics were computed by comparing
the reference PET-CTAC images with the images generated
by the network [PET-deep learning AC (PET-DLAC)]. The
metrics are defined as follows:
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where in Equation (Eq.) (1), R? represents the maximum
value of the PET-CTAC images as the reference image,
represents the predicted image, and MSE denotes the
mean squared error. In Eq. (2), “n” indicates the number
of voxels inside the region of interest, “i"denotes the voxel
index, pet stands for AC PET images, and pet_ stands
for the reference PET-CTAC images.

In Eq. (4), y,, and H,. represent the mean values of the
reference and predicted PET images, respectively, ¢, and
c,. are the variances of the pet_, and pet .. images,
where O e EPIESENtS their covariance. Additionally, c,
and ¢, are two parameters with constants c_1=0.01 and
c_2 =0.02 in Eq. (3), respectively, to avoid division by very
small values.

Furthermore, to illustrate the voxel-wise distribution of
radiotracer uptake correlation between PET-CTAC and
PET-DLAC images, a joint histogram analysis was performed
for SUV values ranging from 0.1 to 18 using 200 bins.

Results

The summary of the mean + standard deviation of the
image quantitative assessment parameters, including MSE,
PSNR, RMSE, and SSIM, that were calculated between the
SUV of PET-CTAC images as the reference and the 18 test
datasets predicted by the model for the six evaluations,
are demonstrated in Table 1. Although the values of these
parameters in all evaluations were acceptable, there were
some variations among them. Among all evaluations,
the fourth evaluation obtained the highest PSNR value
(52.86%6.6), indicating a better representation of image
quality. The third evaluation showed the lowest PSNR
(47.96£5.09), and the fifth evaluation had the lowest MSE
value (0.000121+5.07xe®) and RMSE (0.01072+0.002)
value, indicating a smaller deviation from the reference
images. The second evaluation demonstrated the highest
MSE (0.0015+0.000103) and RMSE (0.0117+0.003).
Additionally, the sixth evaluation showed the highest SSIM
level (0.99+0.003) among all evaluations, while the second
evaluation showed the lowest SSIM level (0.97+0.01)
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compared to the reference images. A box plot comparing
the parameters in the six evaluations is shown in Figure
2. Furthermore, we calculated the maximum SUV (SUV )
difference between PET-CTAC and PET-DLAC images in 20
superficial regions of interest (ROIs) and 20 deep ROIs in

the axial section along the x-axis for each evaluation. For all
evaluations p-value <0.05, Only for some evaluations where
the original size of the images had been changed such as
the sixth evaluation p-value >0.05. Additionally, the SUV,__
difference was calculated for 5 ROIs within the tumor

Table 1. The results of quantitative analysis of the predicted (PET-DLAC) and the reference (PET-CTAC) images that were

calculated for 6 evaluations

Evaluation PSNR SSIM MSE RMSE

1 48.22+6.16 0.98+0.005 0.00013+0.000102 0.0110+0.0035
2 49.53+6.81 0.97+0.01 0.0015+0.000103 0.0117+0.003

3 47.96+5.09 0.98+0.009 0.00013 +7.7xe® 0.0112+0.0037
4 52.86+6.6 0.98+0.019 0.000125+7.5xe” 0.01073+0.0033
5 50.546.52 0.97+0.02 0.000121+0.000050 0.01072+0.002
6 49.89+5.68 0.99+0.003 0.00014+6.6xe”® 0.0116+0.0029

PET-DLAC: Positron emission tomography deep learning attenuation correction, PET-CTAC: Positron emission tomography computed tomography-based attenuation correction,
PSNR: Peak signal-to-noise ratio, SSIM: Structural similarity index, MSE: Mean square error, RMSE: Root mean square error
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Figure 2. Boxplot displaying image quantitative metrics calculated between PET-CTAC, as the reference, and PET-DLAC, as the predicted image. The
metrics include RMSE (A), MSE (B), PSNR (C), and SSIM (D) for six evaluations

PET-DLAC: Positron emission tomography deep learning attenuation correction, PET-CTAC: Positron emission tomography computed tomography-based attenuation
correction, PSNR: Peak signal-to-noise ratio, SSIM: Structural similarity index, MSE: Mean square error, RMSE: Root mean square error
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volumes for each evaluation in the axial section along the
y-axis, for the first, fourth, and fifth evaluations p-value
<0.05. The coronal views of the NAC, PET-CTAC, and PET-
DLAC images, as well as the bias map between PET-CTAC
and PET-DLAC images, are shown in Figures 3 and 4. The
images represent the results of the four training sessions
performed on the image represents the nine test data from
two imaging centers. In all nine test data related to the
four train sets, errors and underestimations were visually
observed compared to the reference images. In particular,
where the matrix size of images was set to 200x200, the
rate of underestimation increased, and it should be noted
that center 2 had data of the same matrix size. However,
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Figure 3. Coronal view of NAC (A), PET-CTAC (B), PET-DLAC images (C),
and the calculated bias map between PET-CTAC and PET-DLAC images
(D) at the imaging center 1

PET-DLAC: Positron emission tomography deep learning attenuation correction,

PET-CTAC: Positron emission tomography computed tomography-based AC, NAC:
Non-attenuation correction

when the matrix size of 192x192, the underestimation
was at its lowest level. Additionally, by reducing the size
of the images, the number of errors observed in the lungs
was significantly reduced; thus, images related to center
2 in the second training set showed the lowest number
of errors and underestimation. These images were created
using only data from the same center and were resized
to 192x192 pixels. In general, most images exhibited
the highest amount of error in the lungs, while the liver,
kidneys, and bladder images exhibited the highest amount
of underestimation. The joint histogram in Figure 5 reveals
that there was the highest voxel-wise similarity between
PET-CTAC and PET-DLAC images in the first evaluation and
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Figure 4. Coronal view of NAC (A), PET-CTAC (B), PET-DLAC images (C),
and the calculated bias map between PET-CTAC and PET-DLAC images
(D) at the imaging center 2
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PET-DLAC: Positron emission tomography deep learning attenuation correction,
PET-CTAC: Positron emission tomography computed tomography-based AC, NAC:
Non-attenuation correction
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first training within the data from center1, R2=0.95, and a
curve slope of 1.10. In contrast, for the fourth evaluation
related to the second train, the correlation coefficient
remained high at R2=0.95, but the slope was slightly lower
at 0.95. The lowest R2 value of 0.82 was observed in the
second evaluation, which is related to the first training. In
this case, the training dataset was obtained from center
1, and the test dataset was obtained from center 2. Both
datasets were resized to match the size of the training
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dataset. In summary, joint histogram analysis revealed a
significant level of similarity between PET-CTAC and PET-
DLAC images.

Discussion

In this study, we used a deep learning model for the
AC of whole-body ®Ga-DOTATATE PET images without
the need for structural information. The model was
also evaluated using training and test datasets from
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Figure 5. Joint histogram resulting from four network training sessions conducted using test datasets from the imaging center 1 (A) and 2 (B)
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two distinct imaging centers to assess and enhance its
performance. In recent years, there has been a significant
concern about AC in PET images using deep learning
methods. Many studies have been conducted to generate
pseudo-CT images using MRI (22,23,24,25,26,27) or
NAC images (28,29) for AC purposes, but these methods
require an additional modality as well as insufficient
accuracy due to the large mismatch of images between
the two modalities, and many artifacts and errors can
be observed between them (31). Hence, there are many
studies on PET image AC based on NAC images, without
the need for structural images (CT or MRI). Shiri et al. (32)
used a deep convolutional encoder-decoder (deep-DAC)
network to calculate AC directly for ®F-FDG PET brain
images. They achieved promising results on 18 images
with a PSNR of 38.7+3.54 and SSIM of 0.988+0.006,
respectively. Dong et al. (31) proposed 3D patch-
based cycle-consistent generative adversarial networks
(CycleGAN) for AC of F-FDG PET whole-body (n=30)
images and reported an average PSNR of 44.3+3.5 and
NMSE of 0.72+0.34. Likewise, Mostafapour et al. (35)
proposed the ResNet model for AC of 46 PET images with
®%Ga-PSMA and reported PSNR and SSIM 48.17+2.96
and 0.973+0.034, respectively. However, to enhance
and elevate the accuracy of outcomes, further studies
are needed. In this study, we used the Resnet model
to obtain %Ga-DOTATATE PET whole-body images. Our
proposed model was trained four times and evaluated six
times using 18 test datasets from two imaging centers
for %Ga-DOTATATE PET images with different matrix
sizes. In all 18 test data bias maps across six evaluations,
high error rates were observed in the lungs, whereas the
liver, bladder, and kidneys displayed a marked tendency
toward underestimation. It is worth noting that the
magnitude of these errors was substantially diminished by
decreasing the dimensions of the images. Although the
evaluations did not show significant differences, certain
errors undoubtedly stemmed from the incomplete AC
of the reference images, which cannot be overlooked.
It may be advisable to use data from the same center to
train the model at a specific center to achieve optimal
AC. Additionally, the results indicate that reducing the
image matrix size relative to the increase in size can
improve model performance. From the viewpoint of
image quality, although our model was not comparable
with the CTAC approach, it ruled out the radiation dose
from CT. However, our promising finding reveals the
potential of the model for further exploration on larger
datasets with possibly enhanced levels of accuracy in
future studies.

Conclusion

This study demonstrated the performance and feasibility of
a deep learning model for AC in whole-body %Ga-DOTATATE
PET images. The results indicate the accuracy and high
performance of the model, demonstrating its potential for
effectively correcting attenuation in PET imaging. It appears
that the model can reduce the reliance on CT images for
AC of PET images, thereby minimizing additional radiation
exposure to the patient.
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Abstract

Obijectives: The purpose of this study was to investigate whether "®F-fluorodeoxyglucose ('8F-FDG) positron emission tomography/computed
tomography (PET/CT) parameters have a role in differentiating invasive mucinous lung adenocarcinoma (IMA) from lepidic predominant lung
adenocarcinoma (LPA). Additionally, we compared the "®F-FDG-PET/CT features between survivors and non-survivors.

Methods: Tumors were divided into 2 groups according to CT appearance: Group 1: nodular-type tumor; group 2: mass- or pneumonic-type
tumor. Unilateral and bilateral multifocal diseases were detected. Clinicopathological characteristics and PET/CT findings were compared between
IMAs and LPAs, as well as between survivors and non-survivors.

Results: We included 43 patients with IMA and 14 with LPA. Tumor size (p=0.003), incidence of mass/pneumonic type (p=0.011), and bilateral
lung involvement (p=0.049) were higher in IMAs than in LPAs. IMAs had more advanced T, M, and Tumor, Node, and Metastasis stages than
in LPAs (p=0.048, p=0.049, and p=0.022, respectively). There was no statistically significant difference in maximum standardized uptake value
(SUV, ) between the IMA and LPA (p=0.078). The SUV was significantly lower in the nodular group than in the mass/pneumonictype group
(p=0.0001). A total of 11 patients died, of whom SUV__ values were significantly higher in these patients (p=0.031). Male gender (p=0.0001),
rate of stage IIHV (p=0.0001), T3-T4 (p=0.021), M1 stages (p=0.0001), multifocality (p=0.0001), and bilateral lung involvement (p=0.0001) were
higher in non-survivor.

Conclusions: Although CT images were useful for the differential diagnosis of LPAs and IMAs, SUV,__ was not helpful for differentiation of these

2 groups. However, both "®F-FDG uptake and CT findings may play an important role in predicting prognosis in these patients.
Keywords: '8F-FDG PET/CT, primary invasive mucinous adenocarcinoma of the lung, lepidic predominant adenocarcinoma of the lung

0z
Amag: Bu calismanin amaci '®F-florodeoksiglukoz ("®F-FDG) pozitron emisyon tomografisi/bilgisayarli tomografinin (PET/BT) parametrelerinin

invaziv miisinéz akciger adenokarsinomunu (IMA) lepidik predominant akciger adenokarsinomundan (LPA) ayirmada bir rolii olup olmadigini
arastirmaktir. Ayrica hayatta kalanlar ve hayatta kalmayanlar arasindaki '8F-FDG PET/BT &zelliklerini karsilastirdik.
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Yontem: Tumorler BT gortinimlerine gére 2 gruba ayrildi: Grup 1: Nodler tip timér; grup 2: Kitle veya pnémonik tip timor. Tek tarafli ve iki
tarafl multifokal hastaliklar tespit edildi. Klinikopatolojik ézellikler ve PET/BT bulgulari, iIMA'lar ve LPA'larin yani sira hayatta kalanlar ve hayatta
kalmayanlar arasinda karsilastirildi.

Bulgular: Kirk (ic IMA ve 14 LPA hastasini dahil ettik. Timér boyutu (p=0,003), kitle/pnémonik tip insidansi (p=0,011), iki tarafli akciger tutulumu
(p=0,049) iIMA'larda LPA'lara gére daha yilksekti. IMA'larda LPA'lara gore daha ileri T, M ve Tiimér, Nod ve Metastaz evreleri vardi (sirasiyla
p=0,048, p=0,049 ve p=0,022). IMA'lar ve LPA arasinda maksimum standardize tutulum degeri (SUV__,.) agisindan istatistiksel olarak anlamli bir
fark yoktu (p=0,078). SUV, nodller grupta kitle/pnémonik tip gruba gore anlamli derecede dusukti (p=0,0001). Toplam 11 hasta 6ldi ve bu
hastalarda SUV.__ degerleri anlamli derecede ylksekti (p=0,031). Erkek cinsiyet (0=0,0001), evre -V (p=0,0001), T3-T4 (p=0,021), M1 evreleri
(p=0,0001), multifokalite (p=0,0001) ve iki tarafli akciger tutulumu orani (p=0,0001) hayatta kalmayanlarda daha yuksekti.

Sonug: BT gériintileri LPA ve IMA'larda ayirici tanida yararli olsa da SUV__bu iki grubun ayriminda yardimai olmadi. Ancak bu hastalarda hem

maks
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'8F-FDG tutulumu hem de BT bulgulari prognozu 6ngérmede 6nemli rol oynayabilir.
Anahtar kelimeler: "®F-FDG PET/BT, akcigerin primer invaziv misindz adenokarsinomu, lepidik predominant akciger adenokarsinomu

Introduction

In 2011, a new classification of lung adenocarcinoma (ADC)
was proposed in an international and multidisciplinary
panel supported by the International Association for the
Study of Lung Cancer (IASLC)/American Thoracic Society
(ATS), and European Respiratory Society (ERS). The use
of the terms “bronchioloalveolar carcinoma (BAC)” and
“mixed subtype ADC" was discontinued based on the
proposal of this panel. According to the extent of lepidic
versus invasive growth patterns, BACs are reclassified
into 5 subtypes: 1) Adenocarcinoma in situ (AlS), 2)
minimally invasive adenocarcinoma (MIA), 3) lepidic
predominant adenocarcinoma (LPA) 4) invasive mucinous
adenocarcinoma (IMA), 5) ADC predominantly invasive
with some nonmucinous lepidic components (1).

AIS and MIA have similar clinical and prognostic
characteristics. The 5-year disease-free survival (DFS) rate is
100% for patients with AIS. Patients with MIA have nearly
100% DFS if the lesion is completely resected (2). LPA and
IMA are more invasive than AIS and MIA. Additionally,
IMAs exhibit different clinicopathological, radiological, and
prognostic characteristics from those of non-mucinous
ADCs (1,3). Although non-mucinous ADCs tend to be
localized, IMAs are more likely to be multifocal, multilobar,
and bilateral (1). The radiological appearance of these
tumors is associated with prognosis. Localized ADC has a
better prognosis after resection. As a radiolabeled glucose
analog, '8F-fluorodeoxyglucose ('®F-FDG) reflects glucose
metabolism in tumor tissue. 'F-FDG positron emission
tomography/computed tomography (PET/CT) is an effective
molecular imaging method for the diagnosis, staging, and
monitoring of lung cancer. The standardized uptake value
(SUV) is commonly used as a semiquantitative measure of
'8F-FDG uptake in tissues. In this retrospective study, we
compared the '8F-FDG PET/CT findings of LPAs with those of
IMAs. Moreover, we investigated the differences between
the "8F-FDG PET/CT findings of survivors and non-survivor.

Materials and Methods

Patients

Patients with histologically confirmed LPA and MIA who
underwent pretreatment with "®F-FDG PET/CT between
August 2008 and May 2019 were included in this
retrospective study. The exclusion criteria were as follows: 1)
Patients with another cancer; 2) prior chemoradiotherapy.
Histological confirmation was performed via biopsy or
surgical resection in all cases according to the 2011 IASLC/
ATS/ERS and 2015 World Health Organization classification
schemes. We collected data on age at diagnosis, sex, surgical
approach, histopathological subtype, stage, treatment
information, and "F-FDG PET/CT findings. Furthermore,
follow-up data of patients were recorded. The 8" edition
of the Tumor, Node, and Metastasis lung cancer staging
system was used for the staging of all patients (4). Stages |
and Il were defined as early stages, while Stages Ill and IV
were defined as advanced stages. This retrospective study
was approved by University of Health Sciences Turkiye,
Ankara Atatlrk Pulmonary Diseases and Thoracic Surgery
Training and Research Hospital Institutional Review Board
(decision no.: 682, date: 16.07.2020).

'8F-FDG PET/CT Imaging

PET/CT scanning was performed from the vertex to the
upper thigh using the Siemens Biograph 6 HI-REZ integrated
PET/CT scanner (Siemens Medical Solutions, Knoxuville,
TN, USA). All patients fasted for at least 4-6 hours before
PET/CT examination. After determining that the patients’
blood glucose levels were <200 mg/dL, "F-FDG (5.18
MBaq/kg) was injected intravenously. Approximately 45-60
minutes after F-FDG injection, PET/CT scanning was
performed. First, CT images were acquired with 130 kV,
automatic, real-time dose modulation amperage. After CT,
the PET scan was performed in 3D mode with 3 min per
bed position for a total of 6-8 bed positions. CT was used
for attenuation correction and anatomical localization of
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the PET images. PET data were reconstructed using the
ordered-subset expectation-maximization algorithm.

8F-FDG PET/CT Analysis

Reconstructed transaxial, coronal, and sagittal PET, CT,
fused PET/CT, and maximum-intensity projection images of
all patients were reviewed using a dedicated Workstation.
Tumors were divided into 2 groups according to CT
appearance: Group 1: nodular-type tumor; group 2: mass-
or pneumonic-type tumor. The nodular type was defined
as a rounded or oval lesion 3 cm in diameter. The mass
type was defined as a focal lesion >3 cm in diameter. The
pneumonic type was defined as a lesion manifesting as
pneumonia-like consolidation (5,6). Unilateral and bilateral
multifocal disease was detected. Multifocal cases were
classified as unilateral multifocal and bilateral multifocal.
Maximal CT diameter, tumor site, characteristics of nodules
[ground-glass opacity (GGO), solid or subsolid nodules],
and accompanying radiolucencies (air bronchogram, air
alveologram, pseudocavitation, true cavitation) within
the tumor were noted. GGO was defined as increased
hazy attenuation of the lung without obscuration of the
underlying bronchial and vascular margins. A subsolid
nodule was defined as a nodule with both ground glass
and solid components. For semiquantitative analysis of
"8F-FDG uptake, a region of interest (ROI) was drawn over
the tumors using PET images. The maximum SUV (SUV_ ),
which are the maximum pixel values within the defined
ROIs, were calculated automatically on the workstation.
The SUV__ values of the mediastinal and hilar lymph nodes
were also recorded. "®F-FDG uptake by lymph nodes was
greater than that by the mediastinal blood pool and was
interpreted as PET/CT positive.

Statistical Analysis

Survival time was defined as the period between the time
of diagnosis and the time of death or last visit. Patients
were divided into the following 2 groups: survivors and non-
survivor. The associations between the categorical variables
were evaluated by chi-square analysis. The Kruskal-Wallis
H test was used to compare the three groups. The Mann-
Whitney U test was used to compare the two groups.
A p-value of less than 0.05 was considered statistically
significant. Statistical analyses were performed using the
Statistical Package for Social Sciences version 21.0.

Results

Clinicopathological Characteristics

A total of 57 patients were included in this study. Among
the 57 patients, 43 (75.4%) were diagnosed with
IMA and 14 (24.6%) with LPA. Curative surgery was

performed in 48 patients (40 lobectomies, 3 bilobectomy,
1 pneumonectomy, 4 wedge resections). Percutaneous
transthoracic needle aspiration biopsy was performed in
8 IMA cases and 1 LPA case. These 9 patients were not
operated. Lymph node biopsy and/or dissection were
performed in 44 (12 LPA, 32 IMA) cases.

Comparison of Clinicopathological Characteristics

Between IMAs and LPAs

The clinicopathological characteristics of the patients are
compared in Table 1. There were no significant differences
in age (p=0.861) and sex (p=0.701) between the two
groups. LPAs had lower T, M, and overall stage than in
IMAs (p=0.048, p=0.0449 and p=0.022, respectively). The
rate of receiving chemotherapy was higher among patients
with IMA (p=0.011).

Comparison of "*F-FDG PET/CT Findings in IMAs and
LPAs

Among the 43 IMAs, 25 (58.2%) were mass (n=11) or
pneumonic types (n=14) on CT images. Nodular IMAs
presented as subsolid in 12 cases, solid in 3 cases, and
cavitary in 3 cases. LPAs were of nodular type (1 solid, 10
subsolids, and 1 pure GGO) in 12 patients and pneumonic
type in 2 patients. No mass-type tumor was observed in
LPA. IMAs were more likely to occur as mass/pneumonic
type tumors than LPAs (p=0.011) (Table 2).

The incidence of unilateral or bilateral multifocal disease
was higher in IMAs than in LPAs, although there was
no significant difference (p=0.478). However, bilateral
involvement was significantly higher in IMAs than LPAs
(p=0.049). No bilateral tumor involvement was observed
in LPAs at the time of diagnosis. There was no significant
difference in the presence of intralesional radiolucencies
between LPAs and IMAs (p=1). Overt cavitation was
obtained in 6 cases with IMAs.

The size of LPAs was significantly smaller than that of IMAs
(p=0.003). There was no statistically significant difference
in SUV__ between IMAs and LPAs (p=0.078). The SUV
was significantly lower in the nodular group than in the
mass/pneumonic-type group (mean + standard deviation:
3.25+2.34 versus 5.28+2.78, respectively, p=0.0001). There
was no distinctive '"8F-FDG uptake in patients with LPA and
GGO. In all cases apart from this, there was "8F-FDG uptake
that could be distinguished from parenchymal activity.
The SUV__ ranged from 0.79 to 14.7 in all 57 patients.
The SUV__ was less than 2.5 in 10/47 (21.2%) patients
with IMA. Otherwise, 6 of 14 patients (42.8%) with LPA
had an SUV__ of less than 2.5. There was a significant
correlation between the size of tumors and the SUV_.
values (p=0.002).

X
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The mediastinal and hilar lymph node stations were
evaluated histopathologically (Table 1). There were 24
lymph node stations were '"F-FDG-positive. The SUV__
values ranged from 2.6 to 5.2. Four of the 24 lymph node
stations were positive on histopathological examination.
Reactive lymphoid proliferation and/or anthracosis were
detected in the remaining 20 '®F-FDG-positive lymph node
stations. A metastatic intrapulmonary lymph node was
found on histopathological examination. However, this
lymph node was not detected on PET/CT scan. The overall
sensitivity, specificity, accuracy, positive predictive value,
and negative predictive value of PET/CT in the detection
of lymph node metastasis were 80%, 91.2%, and
90.9%, 16.6%, and 99.5%, respectively. All lymph node

Table 1. Clinicopathological characteristics between the
groups

Histopathological
subtypes
IMA LPA pvalue
(n=43) (n=14)
Gender
Males, n (%) 23 (53.5%) | 6 (42.9%) | 0.701
Female, n (%) 20 (46.5%) | 8 (57.1%)
Age, years (mean + SD) 57.9+12.6 |57.4+9.3 | 0.861
(Coz‘;m"therapy Present, N 155 (41.9%) | 2 (14.3%) | 0.011
T classification, n (%)
T1/T2 22(51.2) | 12(85.7) |0.048
T3/T4 21(48.8) |2(14.3)
ls\ig?obnesr of resected LNs 164 69
Number of pathologically
positive LNs 2 2
N classification®, n (%)
NO 30(93.7) | 12 (100)
N1 1(3.1) 0(0)
N2 1(3.1) 0 (0)
N3 0(0) 0(0)
M classification, n (%)
MO 32 (74.4) | 14(100) |0.049
M1 11(25.6) | 0(0)
Stage, n (%)
/1l 25(58.1) | 13(92.9) |0.022
/v 18 (41.9) | 1(7.1)

IMA: Invasive mucinous lung adenocarcinoma, LPA: Lepidic predominant lung
adenocarcinoma, SD: Standard deviation, LNs: Lymph nodes
*Lymph node biopsy and/or dissection were performed in 44 (12 LPA, 32 IMA)
cases. Lymph node metastases were found in only 2 patients

metastases were detected in 2 patients with IMA. PET/
CT imaging revealed extrathoracic metastases in 2 cases
with IMA. There were no pathological nodal involvement
or extrathoracic metastases in LPAs.

Analyses of Differences Between Survivors and Non-
survivors

The mean follow-up duration was 40.9 months (range:
1-102). There was no significant difference in the mean
survival time between IMA and LPA (46.2 versus 36
months, respectively, p=0.075). At the end of this study,
a total of 11/57 (19.2%) patients died, including 9 IMA
and 2 LPA patients (Table 3). One patient with LPA died 4
months after diagnosis. This patient had not undergone
surgery. Another patient with LPA who underwent curative
lower lobectomy died 15 months after the surgery. The
causes of death in these patients were not available in the
medical records.

No significant differences were found between
groups regarding gender (p=0.0001), age (p=0.105),
histopathological subtype of the tumor (0.714), size of
the lesion (p=0.135), and the presence of intralesional
radiolucencies (p=0.219). There were no significant
differences in the incidence of nodular-type tumors versus
mass/pneumonic-type tumors (p=0.386) between groups.
Male gender (p=0.0001), rate of stages T3-T4 (p=0.021), M1
disease (p=0.0001), stages IlI-IV (p=0.0001), multifocality
(p=0.0001), bilateral involvement (p=0.0001), and level of
SUV__ (p=0.031) were higher in the dead group.

max

Table 2. Comparison of '"®F-FDG PET/CT characteristics
between groups

Histopathological
subtypes p-value
IMA LPA
SUV__ of all cases
(mean + SD) 4.48+2.75 | 3.40+2.61 | 0.078
Diameter of lesion (cm), 48433 25412 0.003
mean + SD
CT appearances
Mass/pneumonic type, n (%) | 25(58.1) |2 (14.3) 0.011"
Nodular type, n (%) 18 (41.9) | 12(85.7)
Multifocality, n (%) 12(27.9) |2(14.3) 0.478
Bilateral multifocality, n (%) 1(25.6) |0(0) 0.049
Presence of intralesional
radiolucency, n (%) 34(79.1) | 11(78.6) |1

IMA: Invasive mucinous lung adenocarcinoma, LPA: Lepidic predominant lung
adenocarcinoma, '®F-FDG: F-18 fluorodeoxyglucose, PET/CT: Positron emission
tomography/computed tomography, SUV __: Maximum standardized uptake

value, SD: Standard deviation, "The mass/pneumonic-type was significantly more
common in IMAs
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Discussion

When we compared the CT features between LPAs and IMAs,
we found that pneumonic/mass-type tumors were more
associated with IMAs in our study. Patients with IMA had a
higher incidence of multifocal involvement (Figure 1). These
findings are consistent with those of previous studies (1,7).
Tumor cells tend to spread through air spaces in IMAs. This
pattern of invasion may lead to a pneumonia-like pattern

Table 3. Analyses of differences between survivors and
non-survivors

IR ?uorr\‘/}vors -value

(n=46) (me11) P
Gender
Male, n (%) 18 (62.1) | 11(37.9) | 0.0001
Female, n (%) 28 (100) 0 (0)
Age (years), mean + SD 56.6£11.3 | 62.7£13.1 | 0.105
Histopathological subtype
LPA, n (%) 12 (85.7) | 2(14.3) 0.714
IMA, n (%) 34(79.1) | 9(20.9)
T classification
1/11 31(91.2) |3(8.8) 0.021
/v 15(65.2) | 8(34.8)
M classification
MO 43(93.5) |3(6.5) 0.0001
M1 3(27.3) 8(72.7)
Overall stage
/11 36 (94.7) | 2(5.3) 0.0001
1i/1v 10(52.6) |9 (47.4)
Tumor size (cm), mean = SD | 4.1£3.1 49+2.8 0.135
SUV__ of tumor, mean + SD | 3.66+2 6.52+4.08 | 0.031
Multiple lung involvement
Present 6 (42.9) 8(57.1) 0.0001
Absent 40 (93) 3(7)
Bilateral lung involvement
Present 3(27.3) 8(72.7) 0.0001
Absent 43 (93.5) | 3(6.5)
CT presentation
Nodular type 26 (86.7) | 4(33.3) 0.386
Mass/pneumonic type 20 (74.1) | 7(25.9)
Intralesional air
Present 38(84.4) |4(19.3) 0.219
Absent 8 (66.7) 11(33.3)
SD: Standard deviation, IMA: Invasive mucinous lung adenocarcinoma, LPA: Lepidic
predominant lung adenocarcinoma, SUV,__: Maximum standardized uptake value,
CT. Computed tomography
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and increased rates of intrapulmonary metastasis in these
patients (8). LPAs are more likely to manifest as pure GGO
or subsolid nodules (1). A majority of LPAs manifested as
subsolid nodules in our study. We did not find any mass-
type tumors in the LPAs. Two LPA cases were pneumonic.
Only one LPA exhibited a pure GGO appearance with a
diameter of 3 cm. There was no "F-FDG uptake in this
lesion (Figure 2). The GGO component of lung ADCs
generally corresponds with lepidic tumor growth. The
spreading of malignant cells along the alveolar walls and
septa without destruction in the parenchyma is referred
to as a lepidic growth pattern. There is no invasion into
the stroma, blood vessels, or pleura of this growth type
(9). The solid component within GGO lesions is correlated
with invasive tumor growth, fibrosis, and alveolar collapse
(10). Pure GGO tumors are usually '®F-FDG-negative, slow-
growing, and well-differentiated tumors (11). In addition,

Figure 1. Axial '8F-FDG PET/CT images of a 52-year-old male with
bilateral IMA. a) CT image (lung window) showing pneumonic-type IMA
on the right lower lobe (thick arrow), bilateral parenchymal infiltrates
(arrowhead), and multiple small nodules (thin arrow). b) PET image
demonstrating intense '8F-FDG uptake in the pneumonic-type IMA. Mild-
to-moderate '®F-FDG uptake is observed in the bilateral parenchymal
infiltrates and nodules (arrows)

8F-FDG: F-18 fluorodeoxyglucose, PET/CT: Positron emission tomography/
computed tomography, IMA: Invasive mucinous lung adenocarcinoma

b

Figure 2. Axial "F-FDG PET/CT images of a 54-year-old male with LPA.
a) CT image (lung window) showing a 30-mm-sized pure ground glass
nodule in the right lung (arrow). b) There is no "®F-FDG uptake in the
nodule

"®F-FDG: F-18 fluorodeoxyglucose, PET/CT: Positron emission tomography/
computed tomography, LPA: Lepidic predominant lung adenocarcinoma
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the incidence of nodal and distant metastasis was low in
these tumors. PET/CT imaging is not recommended for the
diagnostic evaluation and staging of GGOs (12).

It has been reported that intralesional radiolucencies (air
bronchogram, air alveologram, pseudocavitation, true
cavitation) are characteristic findings of BACs (13). There
was no significant difference in the presence of intralesional
air between IMAs and LPAs in our study (Figure 3). It has
been reported that cavity formation occurs in 5.6-13.9% of
IMAs (14,15). We found overt cavitation in 6 of 47 patients
with IMA (12.7%). Three of the cases were multifocal
(Figure 4).

Variable '8F-FDG uptake was observed in all 57 cases,
ranging from 0.79 to 14.7. The predominant histologic
subtype is associated with '®F-FDG uptake. Several studies
reported that AIS, MIA, LPA, and IMA had low SUV
values, whereas acinar, papillary, micropapillary, and solid
predominant ADCs had high SUV__ values (16). Consistent
with these studies, the mean SUV__ was low in IMAs and
LPAs in our study (mean SUV__, 4.4 and 3.4, respectively).
However, no statistically significant difference was found
in SUV__ between IMAs and LPAs (p=0.078). LPAs refer to
the proliferation of type Il pneumocyte or Clara cells. IMAs
typically comprise neoplastic goblet or tall columnar cells
with abundant intracytoplasmic mucin (17,18). Tumors
that were formerly called BAC have a small number of
active malignant cells (9). The '8F-FDG uptake intensity is
associated with the number of malignant cells in the tumor.

L&

[

Figure 3. Axial "®F-FDG PET/CT images of a 47-year-old female patient
with a solitary LPA. a) CT image (lung window) showing a 25-mm-sized
lobulated and spiculated nodule containing internal air densities in the
right lung (arrow). b) PET image demonstrating '8F-FDG uptake in the
nodule with an SUV__ of 2.29

BE-FDG: F-18 fluorodeoxyglucose, PET/CT: Positron emission tomography/
computed tomography, LPA: Lepidic predominant lung adenocarcinoma, SUV__:
Maximum standardized uptake value

It is known that tumor size is correlated with "®F-FDG
uptake (19). Consistent with the literature, we found a
positive and significant correlation between SUV __ and
tumor size (p=0.002). The size of LPAs was significantly
smaller than that of IMAs (p=0.003). Additionally, the SUV
was significantly lower in the nodular group than in the
mass/pneumonic-type group (p=0.0001). Lee et al. (20)
found that consolidative patterns exhibited higher SUV,__
than nodular patterns in IMAs.

The risk of lymph node involvement is associated with
lung ADC subtypes. The incidence of regional nodal
involvement was low for LPAs and IMAs (21,22). Yu
et al. (21) investigated lymph node involvement in
lung ADC with a tumor size <3 cm. They found that
the percentages of lymph node involvement were:
47.6%, 47.2%, 24.0%, 18.9%, 18.1%, 0%, 0%, and
0% for solid predominant, micropapillary predominant,
variants of invasive ADC, papillary predominant, acinar
predominant, lepidic predominant, MIA, and AIS,
respectively (21). The diameter of the tumor was 6 cm
in a patient with LPA in our study. No lymph node was
involved in this patient. The diameter of primary tumors
was =3 c¢m in all other LPAs. In addition, we found
lymph node involvement in 2 of 32 patients (6.25%)
who underwent lymph node biopsy and/or dissection.
Beck et al. (22) reported lymph node involvement in 7
of 46 patients (15.2%) with IMA. The overall sensitivity
and specificity of PET/CT for the detection of lymph
node involvement were 80% and 91.23%, respectively,
in our study.

The prognosis of IMA is controversial. Several previous
studies have demonstrated that mucinous ADCs are
associated with poor survival (23,24). Kirsten rat sarcoma
viral oncogene homolog (KRAS) mutation is detected in 28-
87% of IMAs. The frequency of epidermal growth factor

Figure 4. Axial "®F-FDG PET/CT images of a 57-year-old female patient
with IMA presenting as multiple cavitary lesions. a) CT image (lung
window) showing multiple bilateral small cavitary nodules (arrow). b) PET
image demonstrating mild '®F-FDG uptake in the nodules (arrow)
"®F-FDG: F-18 fluorodeoxyglucose, PET/CT: Positron emission tomography/
computed tomography, IMA: Invasive mucinous lung adenocarcinoma
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receptor (EGFR) mutations in IMAs is 5% (25). LPAs, AlS,
and MIAs are positively associated with EGFR mutations
(26). Patients with EGFR mutation-positive tumors are
sensitive to EGFR tyrosine kinase inhibitors. These agents
are associated with significantly prolonged progression-
free survival compared with standard chemotherapy (27).
However, some recent studies have indicated that IMAs
have a better prognosis than most ADCs (28,29). Cai et
al. (29) indicated that there were no differences in overall
survival (OS) between patients with IMAs and those with
mucus-negative  ADCs (OS: 49.5 months versus 63.5
months, p=0.524). Lee et al. (20) showed no significant
difference in 5-year OS between IMAs, intermediate
(acinar/papillary ~ predominant) non-mucinous  ADCs,
and high-grade (micropapillary/solid predominant) non-
mucinous ADCs. They found that patients with LPA (low-
grade non-mucinous ADCs) had significantly better OS
and DFS than those with other subtypes. Lee et al. (20)
reported that the median survival of patients with IMAs
was 47.8 months. Similarly, the median survival time was
46.2 months in patients with IMA. Although statistically
insignificant, we found that the median survival time of
patients with IMA was shorter than that of patients with
LPA (69.3 months).

During follow-up, 11 (9 IMA and 2 LPA) patients died in
our study. Male sex, rate of stage lll-IV, T3-T4, M1 diseases,
multifocality, and bilateral involvement were higher in
the non-survivors group in our analyses. Previous studies
reported that multifocal nodular tumors were associated
with poor OS rates in IMAs (20). M1 disease was
associated with multifocal lung involvement in our series.
The incidence of extrathoracic metastases was low in both
LPAs and IMAs (30,31). Consistent with previous reports,
extrathoracic metastases were detected in only 2 patients
with IMA in our study.

We found no significant difference between the nodular
and mass/pneumonic forms in survivors and non-survivors.
However, Lee et al. (20) demonstrated that IMAs with
consolidative patterns had relatively poorer OS compared
with nodular patterns. The differences were not statistically
significant. Epstein (32) reported that the consolidative
form has a poorer prognosis than the localized nodular
form in patients with BAC. We found significantly higher
T stages in IMAs than in LPAs (p=0.048). Tumors with
a consolidative form tend to be large and occur in the
advanced T stage.

There was no association between the presence of
intralesional air and poor prognosis in our study. However,
Yoshino et al. (33) demonstrated that air bronchogram
was a good independent prognostic factor for stage | lung
ADC. It has been reported that intralesional radiolucency

corresponds to patent intratumoral bronchioles (14).
However, contrary to these results, Zhang et al. (34)
showed that the number of air bronchogram progressively
increased  from  preinvasive  atypical adenomatous
hyperplasia (5.3%) and AIS (17.7%) to invasive MIA
(30.5%) and IAC (54.1%). They also demonstrated the
relationship between air bronchogram patterns and lung
ADC invasiveness. As invasiveness increased, the dilated or
tortuous bronchus lumen and obstructed bronchus were
observed more frequently in their study. They suggested
that tumor cell infiltration of bronchioles leads to airway
tortuosity, ectasis, and obstruction.

The SUV__ was higher in the death group than in the
survival group (p=0.031) in our study. Lee et al. (20) found
that SUV__ was a significant independent poor prognostic
predictor for DFS but not OS in patients with IMA. They
reported that patients with SUV__ below 4.4 and those
with an SUV__ of 4.4 or higher were associated with
significantly different rates of DFS.

Study Limitations

Our analysis has some limitations. First, this is a single-
institution study. In addition, IMAs are rare tumors,
accounting for approximately 5% of all lung ADCs (35).
First, the number of patients was low. Second, this was a
retrospective study. Further larger prospective studies are
needed to validate these results.

Conclusion

CT has an important role in the differential diagnosis of
IMAs and LPAs. Multifocal lung involvement and mass/
pneumonic type presentation are related to IMAs. However,
SUV__ was not a determinative factor in the differential
diagnosis between the two groups. SUV, _ may be an

important factor affecting the prognosis of IMAs and LPAs.
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Assessment of Y-90 Radioembolization Treatment Response for
Hepatocellular Carcinoma Cases Using MRI Radiomics

MRG Radiomics Kullanilarak Hepatoselltiler Karsinom Olgularinda Y-90
Radyoembolizasyon Tedavisine Yanitin Degerlendirilmesi
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Abstract

Obijectives: This study aimed to investigate the ability of radiomics features extracted from magnetic resonance imaging (MRI) images to
differentiate between responders and non-responders for hepatocellular carcinoma (HCC) cases who received Y-90 transarterial radioembolization
treatment.

Methods: Thirty-six cases of HCC who underwent MRI scans after Y-90 radioembolization were included in this study. Tumors were segmented
from MRI T2 images, and then 87 radiomic features were extracted through the LIFEx package software. Treatment response was determined 9
months after treatment through the modified response evaluation criteria in solid tumours (mRECIST).

Results: According to mRECIST, 28 cases were responders and 8 cases were non-responders. Two radiomics features, “Grey Level Size Zone Matrix
(GLSZM)-Small Zone Emphasis” and “GLSZM-Normalized Zone Size Non-Uniformity”, were the radiomics features that could predict treatment
response with the area under curve (AUC)= 0.71, sensitivity= 0.93, and specificity= 0.62 for both features. Whereas the other 4 features (kurtosis,
intensity histogram root mean square, neighbourhood gray-tone difference matrix strength, and GLSZM normalized grey level non-uniformity)
have a relatively lower but acceptable discrimination ability range from AUC= 0.6 to 0.66.

Conclusion: MRI radiomics analysis could be used to assess the treatment response for HCC cases treated with Y-90 radioembolization.
Keywords: MRI, radiomics, Y-90 radioembolization

Oz

Amagc: Bu calisma, Y-90 transarteriyel radyoembolizasyon tedavisi géren hepatosellliler karsinomlu (HCC) olgularda manyetik rezonans
goruntileme (MRG) ile elde edilen goriintilerden gikarilan radiomics 6zelliklerinin tedaviye yanit verenler ile yanit vermeyenler arasinda ayrim
yapma yetenegini arastirmayl amaglamaktadir.

Yoéntem: Y-90 radyoembolizasyonundan sonra MRG taramalari yapilan 36 HCC olgusu bu ¢alismaya dahil edildi. Timorler MRG T2 goriintilerinden
segmentlere ayrildi ve ardindan LIFEx paket yazilimi araciligiyla 87 radiomics 6zelligi gikarildi. Tedavi yanrti, tedaviden 9 ay sonra solid timérlerde
yanit degerlendirme kriterleri (mRECIST) ile belirlendi.

Bulgular: mRECIST'e gore 28 olgu yanit veren ve 8 olgu yanit vermeyen olgulardi. iki radiomics ézelligi “Gri seviye boyut bélgesi matrisi (GLSZM)-
kiicik bolge vurgusu” ve “GLSZM-normalize bélge boyutunun tekdiize olmamasi”, her iki 6zellik icin de egri altindaki alan (AUC)= 0,71 ve
duyarlilik= 0,93 ve 6zguilliik= 0,62 ile tedavi yanitini tahmin edebilen radiomics 6zellikleriydi. Diger 4 6zellik (kurtozis, yogunluk histogrami ortalama
karekokd, komsuluk gri ton farklilik matrisi gticti, GLSZM normalize gri seviye tekdlize olmamasi) ise nispeten distik ancak kabul edilebilir bir ayrim
yetenegi araligina sahiptir ve AUC= 0,6 ile 0,66 arasindadir.

Sonuc: MRG radiomics analizi, Y90 radyoembolizasyonu ile tedavi edilen HCC vakalarinda tedavi yanitini degerlendirmek icin kullanilabilir.
Anahtar kelimeler: MRG, radiomics, Y-90 radyoembolizasyonu

Address for Correspondence: Ko-Han Lin MD, Taipei Veterans General Hospital, Clinic of Nuclear Medicine, Taipei, Taiwan
Phone: +0228712121 E-mail: khlin1979@gmail.com ORCID ID: orcid.org/0000-0002-1464-3483
Received: 19.10.2023 Accepted: 04.08.2024 Epub: 03.10.2024

@ Copyright® 2024 The Author. Published by Galenos Publishing House on behalf of the Turkish Society of Nuclear Medicine.
This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.

156


https://orcid.org/0000-0003-4329-2405
https://orcid.org/0000-0002-1464-3483
https://orcid.org/0000-0002-6308-2272
https://orcid.org/0000-0002-3594-3629

Mol Imaging Radionucl Ther 2024;33:156-166

Ko-Han Lin et al. MRI Radiomics for HCC Y90 Assessment MRI

Introduction

Hepatocellular carcinoma (HCC) stands as a significant
contributor to cancer-related mortality worldwide,
particularly prevalent in Asia and Africa (1). Yttrium-90
(Y-90) radioembolization emerges as a potent therapeutic
modality for unresectable HCC, enabling precise delivery
of high-dose of beta-radiation to the tumor while sparing
adjacent healthy tissue (2). However, response to Y-90
radioembolization exhibits variability across patients,
underscoring the importance of accurate response
assessment in gauging treatment efficacy and guiding
subsequent clinical decisions (3). Current response
assessment criteria, such as modified response evaluation
criteria in solid tumors (mRECIST), rely primarily on changes
in tumor size, often falling short of capturing the nuanced
treatment (4).

Radiomics, an advancing domain within  medical
imaging, presents a promising avenue for extracting
quantitative features from medical images, potentially
enhancing treatment response assessment. Moreover,
radiomics delves into subtle nuances in image texture,
shape, and intensity, imperceptible to the naked eye,
yet likely correlated with tumor biology and treatment
response (5). Notably, magnetic resonance imaging
(MRI) radiomics has featured prominently in various
studies predicting treatment responses in HCC patients.
While some researchers have explored the utility of MRI-
derived radiomics features in prognosticating response to
transarterial chemoembolization (TACE) (6-10), few have
examined their role in assessing response to transarterial
radioembolization employing Y-90 in HCC patients
(11,12). The aim of this current study is to investigate the
efficacy of radiomic features extracted from MRI images in
discriminating between responders and non-responder to
Y-90 radioembolization in HCC patients.

Materials and Methods

Patients

A cohort of 36 patients with HCC (6 females and 30 males)
were included in this study. Patients aged from (37 to
87) years with average age of 67.43 years. The patients’
characteristics were shown in Figure 1. This study protocol
was reviewed and approved by the Ethics Committee of
Taipei Veterans General Hospital (IRB no: 2020-04-013BC,
date: 13.04.2020). Informed consent was obtained from
all subjects during inclusion in the study. Informed consent
was obtained from all individual participants included in
the study.

Imaging techniques

Planning Angiography and Technetium- 99m Macroaggregated
Albumin (Tc-MAA) Single Photon Emission Computed
Tomography (SPECT)/(CT)

All patients underwent a diagnostic angiogram and
administration of 185 MBq (5 mCi) of Tc-MAA, followed
by planar and SPECT/CT acquisitions on a hybrid SPECT/CT
scanner (GE Discovery NM/CT670, USA) within one hour
after TeMAA injection. Tc-MAA images were reconstructed
on a GE Xeleris 3 workstation. The prescribed activity of
the Y-90 microsphere was determined by medical internal
radiation dosimetry (MIRD) model to reach a 120 Gy
average dose in the target region for the glass microspheres
and by partition model to reach tumor dose of 120 Gy.

—

Y-90 Radioembolization and Y-90 PET/MRI

All'Y-90 treatments were done within 10 days after planning
angiography using Y-90 glass microspheres (TheraSphere®;
Boston Scientific Corp.) or Y-90 resin microspheres (SIR-
Spheres®; Sirtex Medical Ltd.). After treatment, the
post-Y90 internal pair production PET was obtained on a
GE hybrid SIGNA PET/MRI with a maximum of two bed
positions and 20-min acquisition per bed. MRI-T2 sequence
was performed with 2D method, slice sequence= 6 mm,
repetition time= 10000 msec, echo time= 106.88 msec,
fat saturation= 3. All these scans and treatments occurred
at our hospital between March 2018 and December 2021.

Radiomics Features

Images loaded to LIFEx Package versions 7.3.0 www.
lifexsoft.org (13). Then images were segmented through
three-dimensional semiautomatic tools in the package,
and then 87 radiomic features were extracted, including

Characteristics of Patients
M:F=30:6
37 - 87 years (mean: 67.43)
2.4-20.6 (mead * SD: 7.0 £4.3)

oo

>
[}

Lung shunt fraction (%)
Treatment characteristics
1.1-7.3 GBq (mead £ SD: 3.1+ 1.5)
Resin (n-17) 0.5-3.9 GBq (mead +SD: 1.8+1.2)
Bi-lobar treatment 28
Lobar treatment 4
Segmental treatment 4
Clinical features
Child-Pugh score A5 (n=30); A6 (n=6)
BCLC stage B (n=26); C (n=10)

1.74 - 377340 ng/mL (median: 811)

Alpha-fetoprotein

Figure 1. Summary of patient characteristics that were included in this
study
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31 histogram features, 24 grey-level co-occurrence matrix
Grey Level Cooccurrence Matrix (GLCM) features, 11
neighbourhood grey-level different matrix (GLRLM) features,
5 features grey-level run length matrix neighbourhood gray-
tone difference matrix (NGTDM) features, and 16 Grey
Level Size Zone Matrix (GLSZM) features. Figure 2 shows
examples of HCC cases before and after segmentation.

Objective Response Rate (ORR)

The localized tumour response was defined as the response
or progression within the radioembolization-treated liver.
The response was evaluated using the mRECIST for HCC
(14). Based on the best response of tumours observed
on contrast-enhanced MRI or CT within 9 months after
radioembolization. The ORR was defined as the sum of the
complete response and the partial response. Eight cases
were non-responders, while 28 cases were responders to
treatment.

Statistical Analysis

The study used the Mann-Whitney U test to compare the
responder and non-responder groups. The area under the
curve from the receiver operating characteristic (ROC)
was used to determine which features are sensitive to
differentiating between responders and non-responders.
The significance value for the tests was set at 0.05. All
statistical tests were performed using Government of
National Unity Public Social Private Partnership version
1.6.0.

Results

According to the Mann-Whitney U test, the only
features with a significant difference between responders

(A)

and non-responders had a significance value of 0.02
(Table 1), whereas most of the features had a significance
value higher than 0.05, indicating that there was no
significant difference between the two groups, as shown
in Table 2. The area under curve (AUC) was significant for
two features, "GLSZM-Small Zone Emphasis” and “GLSZM-
Normalized Zone Size Non-Uniformity”, with an AUC of
0.71, and sensitivity= 0.93 and specificity= 0.62 for both
features, as presented in Table 3 and Figure 3. Four features,
kurtosis, intensity histogram root mean square, NGTDM
strength, and GLSZM normalized grey level non-uniformity,
had relatively lower but acceptable discrimination ability,
with AUCs of 0.64, 0.66, 0.6, and 0.61, respectively.

The optimal cut-off values for the two highest features to
distinguish between responders and non-responders were
obtained using the maximum Youden index (sensitivity +
specificity- 1), as shown in Table 3. Figure 4 shows a boxplot
of the significant values for the optimal cut-off values
obtained using the maximum Youden index.

Discussion

Several studies have explored the radiomic features of
HCC patients undergoing Y-90 radioembolization, akin to
our investigation. A study by Aujay et al. (11) examined
22 cases of HCC post-Y-90 radioembolization, identifying
14 patients as non-responders and 8 as responders.
They extracted 107 radiomic features from arterial-phase
and portal-venous phase MRI images. Their ROC analysis
highlighted four radiomic parameters (long run emphasis,
minor axis length, surface area, and grey level non-
uniformity on arterial phase images) as predictors of early
response. However, none of the statistically significant

Figure 2. A case of a 58 years-old male with HCC (A) before, and (B) after segmentation in the LIFEx package

HCC: Hepatocellular carcinoma
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Table 1. The results of the Mann-Whitney U test used to compare the responder and non-responder groups

Variable Test statistics z, p-value
Intensity histogram mean -0.019 0.98
Intensity histogram variance -0.704 0.48
Intensity histogram skewness 0.209 0.83
Intensity histogram kurtosis 1.199 0.23
Intensity histogram median 0.114 0.91
Intensity histogram 10" percentilei 0.514 0.61
Intensity histogram 25 percentile 0.114 0.91
Intensity histogram 50" percentile -0.209 0.83
Intensity histogram75™ percentile -0.45 0.65
Intensity histogram 90" percentile -0.704 0.48
Intensity histogram standard deviation -0.305 0.76
Intensity histogram modei -0.93 0.35
Intensity histogram mean absolute deviation -0.704 0.48
Intensity histogram robust mean absolute deviation -0.704 0.48
Intensity histogram median absolute deviation -0.66 0.51
Intensity histogram coefficient of variation -1.123 0.26
Intensity histogram quartile coefficient of dispersion -1.16 0.24
Intensity histogram entropy log™® 0.74 0.46
Intensity histogram entropy log? 0.74 0.46
Intensity histogram area under curve -0.59 0.55
Intensity histogram uniformity 0.78 0.43
Intensity histogram root mean square 1.31 0.19
Intensity histogram maximum histogram gradient -0.59 0.55
Intensity histogram maximum histogram gradient grey level 0 1
Intensity histogram minimum histogram gradient 0.59 0.55
Intensity histogram minimum histogram gradient grey level -0.019 0.98
Histogram intensity peak discretized volume sought 0.305 0.76
HISTOGRAM global intensity peak 0.5mL -0.89 0.37
Intensity peak discretized volume sought 1mL -0.87 0.38
Histogram global intensity peak 1mL -1.23 0.21
GLCM joint maximum -0.552 0.58
GLCM joint average -0.209 0.83
GLCM joint variance 0.74 0.46
GLCM joint entropy log? 0.43 0.66
GLCM joint entropy log™ 0.43 0.66
GLCM difference average 0.51 0.61
GLCM difference variance 0.36 0.72
GLCM difference entropy -0.43 0.66
GLCM sum average -0.209 0.83
GLCM sum variance -0.971 0.33
GLCM sum entropy -0.43 0.66
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Table 1. Continued

Variable Test statistics z, p-value
GLCM angular second moment 0.47 0.63
GLCM contrast 0.36 0.71
GLCM dissimilarity 0.51 0.61
GLCM inverse difference 0.36 0.72
GLCM normalised inverse difference -0.51 0.61
GLCM inverse difference moment 0.32 0.75
GLCM normalised inverse difference moment 0.4 0.68
GLCM inverse variance -0.55 0.58
GLCM correlation -1.04 0.29
GLCM autocorrelation -0.171 0.86
GLCM cluster tendency -0.97 0.33
GLCM cluster shade -0.47 0.63
GLCM cluster prominence -0.85 0.39
GLRLM short runs emphasis 0.362 0.71
GLRLM long runs emphasis 0.43 0.66
GLRLM low grey level run emphasis -0.43 0.66
GLRLM high grey level run emphasis -0.28 0.77
GLRLM short run low grey level emphasis -0.095 0.92
GLRLM short run high grey level emphasis -0.43 0.66
GLRLM long run low grey level emphasis -0.476 0.63
GLRLM long run high grey level emphasis -0.81 0.41
GLRLM grey level non uniformity -0.704 0.48
GLRLM run length non uniformity -1.047 0.29
GLRLM run percentage 0.209 0.83
NGTDM coarseness 0.72 0.47
NGTDM contrast -0.209 0.83
NGTDM busyness -0.78 0.43
NGTDM complexity 4 0.68
NGTDM strength 0.81 0.41
GLSZM small zone emphasis 1.8 0.07
GLSZM large zone emphasis -0.85 0.39
GLSZM low gray leve Izone emphasis -0.43 0.66
GLSZM high gray level zone emphasis 0.13 0.89
GLSZM small zone low grey level emphasis -0.24 0.804
GLSZM small zone high grey level emphasis 0.17 0.86
GLSZM large zone low grey level emphasis -0.62 0.52
GLSZM large zone high grey level emphasis -1.04 0.29
GLSZM grey level non-uniformity -0.66 0.51
GLSZM normalized grey level non-uniformity 0.895 0.37
GLSZM zone size non-uniformity 0.7 0.48
GLSZM normalized zone size non-uniformity 1.808 0.07
GLSZM zone percentage 0.704 0.48
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Table 1. Continued

Variable Test statistics z, p-value
GLSZM grey level variance 0.74 0.46
GLSZM zone size variance -0.704 0.48
GLSZM zone size entropy 2.3 0.02

GLCM: Grey Level Co-occurrence Matrix, GLRLM: Gray Level Run Length Matrix, NGTDM: Neighbourhood gray-tone difference matrix, GLSZM: Grey Level Size Zone Matrix

0.8 -

0.4 4

1-1 - Specificity

0.2

0.0 - r r
0.0 0.2 0.4

o'e
Sensitivity

0.8 1.0

Figure 3. ROC curve for GLSZM-Small Zone Emphasis and GLSZM-
Normalized Zone Size Non-Uniformity

ROC: Receiver operating characteristic, GLSZM: Grey Level Size Zone Matrix

features from their study aligned with our findings.
Conversely, ince et al. (12) conducted a study with a larger
cohort comprising 82 HCC patients (65 responders and 17
non-responders). They analyzed 1128 radiomic features
extracted from pretreatment contrast-enhanced T1-
weighted MRI scans obtained within three months before
Y-90 treatment. Employing machine learning models, they
identified eight radiomic features (including four first-

0.8 4
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Normalised Zone Size NonUniformity

order features, such as kurtosis, three GLCM features, and
one shape feature) as optimal predictors for treatment
response. Interestingly, one significant feature from their
study (Kurtosis) corroborates our findings. Table 4 presents
a comparison between previous studies and our current
investigation.

Other studies have explored the Y-90 treatment response
for HCC or other liver malignancies using diverse imaging
modalities(15-17). Reimer et al. (15) assessed the efficacy
of texture analysis based on post-treatment MRI of liver
metastases in 37 patients to predict response to Y-90
radioembolization during follow-up for colon cancer. They
exclusively utilized first-order histogram features, with
Kurtosis being the sole feature aligning with our current
study. Blanc-Durand et al. (16) employed whole-liver
radiomics to devise a scoring system predicting progression-
free survival and overall survival in unresectable HCC
patients undergoing Y-90 radioembolization. Utilizing 39
imaging features, they developed a two-predictive scoring
system categorizing HCC patients into low- and high-
risk subgroups in a retrospective cohort of 47 patients.
Key radiomics features in their predictive model included
variance and NGTDM strength, mirroring aspects of our
study. In a separate study, Wei et al. (17) utilized a cohort
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Figure 4. Box plot of (A) GLSZM-Small Zone Emphasis and (B) GLSZM-Normalized Zone Size Non-Uniformity

GLSZM: Grey Level Size Zone Matrix
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Table 2. Area under curve (AUC) as calculated from ROC. The below cell shows the features with a good agreement
level to differentiate between responders and non-responders. Where green cells show the features with acceptable
discrimination values

Asymptotic Sig.
Variable Area Std. Error Upper bound Lower bound
Intensity histogram mean 0.5 0.11 1 0.32
Intensity histogram variance 0.42 0.1 0.493 0.25
Intensity histogram skewness 0.53 0.1 0.819 0.37
Intensity histogram kurtosis 0.64 0.11 0.223 0.46
Intensity histogram median 0.52 0.11 0.894 0.34
Intensity histogram 10%" percentile 0.58 0.11 0.493 0.4
Intensity histogram 25" percentile 0.56 0.1 0.594 0.4
Intensity histogram 50™" percentile 0.52 0.11 0.894 0.34
Intensity histogram75" percentile 0.48 0.11 0.849 0.3
Intensity histogram 90" percentile 0.45 0.11 0.662 0.27
Intensity histogram standard deviation 0.42 0.1 0.493 0.25
Intensity histogram modei 0.47 0.11 0.775 0.29
Intensity histogram mean absolute deviation 0.39 0.11 0.361 0.22
Intensity histogram robust mean absolute deviation 0.42 0.11 0.493 0.24
Intensity histogram median absolute deviation 0.42 0.1 0.518 0.25
Intensity histogram coefficient of variation 0.37 0.11 0.27 0.2
Intensity histogram quartile coefficient of dispersion 0.37 0.11 0.254 0.19
Intensity histogram entropy log™ 0.42 0.1 0.47 0.24
Intensity histogram entropy log? 0.42 0.1 0.47 0.24
Intensity histogram area under curve 0.43 0.12 0.568 0.24
Intensity histogram uniformity 0.59 0.11 0.424 0.42
Intensity histogram root mean square 0.66 0.13 0.183 0.44
Intensity histogram maximum histogram gradient 0.43 0.12 0.568 0.23
Intensity histogram maximum histogram gradient grey level 0.5 0.1 0.985 0.33
Intensity histogram minimum histogram gradient 0.57 0.12 0.543 0.37
Intensity histogram minimum histogram gradient grey level 0.5 0.11 1 0.32
Histogram intensity peak discretized volume sought 0.54 0.11 0.746 0.36
Histogram global intensity peak 0.5mL 0.4 0.12 0.381 0.2
Intensity peak discretized volume sought 1TmL 0.4 0.1 0.392 0.23
Histogram global intensity peak 1TmL 0.36 0.13 0.223 0.15
GLCM joint maximum 0.44 0.1 0.594 0.28
GLCM joint average 0.48 0.11 0.849 0.3
GLCM joint variance 0.42 0.1 0.47 0.25
GLCM joint entropy log? 0.45 0.11 0.676 0.27
GLCM joint entropy log'® 0.45 0.11 0.676 0.27
GLCM difference average 0.56 0.12 0.594 0.37
GLCM difference variance 0.54 0.12 0.704 0.35
GLCM difference entropy 0.45 0.11 0.676 0.27
GLCM sum average 0.48 0.11 0.849 0.3
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Table 2. Continued

Asymptotic Sig.
Variable Area Std. Error Upper bound Lower bound
GLCM sum variance 0.39 0.1 0.341 0.22
GLCM sum entropy 0.45 0.11 0.676 0.27
GLCM angular second moment 0.56 0.1 0.621 0.39
GLCM contrast 0.54 0.11 0.704 0.36
GLCM dissimilarity 0.56 0.12 0.594 0.37
GLCM inverse difference 0.46 0.11 0.732 0.27
GLCM normalised inverse difference 0.44 0.12 0.621 0.25
GLCM inverse difference moment 0.46 0.11 0.761 0.28
GLCM normalised inverse difference moment 0.46 0.11 0.704 0.27
GLCM inverse variance 0.44 0.1 0.594 0.28
GLCM correlation 0.38 0.13 0.304 0.17
GLCM autocorrelation 0.48 0.11 0.879 0.3
GLCM cluster tendency 0.39 0.1 0.341 0.22
GLCM cluster shade 0.45 0.12 0.648 0.25
GLCM cluster prominence 0.4 0.1 0.403 0.24
GLRLM short runs emphasis 0.54 0.12 0.704 0.35
GLRLM long runs emphasis 0.45 0.11 0.676 0.27
GLRLM low grey level run emphasis 0.45 0.11 0.676 0.27
GLRLM high grey level run emphasis 0.49 0.11 0.909 0.31
GLRLM short run low grey level emphasis 0.47 0.11 0.79 0.28
GLRLM short run high grey level emphasis 0.49 0.11 0.939 0.31
GLRLM long run low grey level emphasis 0.45 0.11 0.648 0.27
GLRLM long run high grey level emphasis 0.41 0.1 0.424 0.23
GLRLM grey level non uniformity 0.42 0.13 0.493 0.21
GLRLM run length non uniformity 0.38 0.13 0.304 0.16
GLRLM run percentage 0.53 0.11 0.819 0.34
NGTDM coarseness 0.59 0.13 0.458 0.38
NGTDM contrast 0.48 0.11 0.849 0.3
NGTDM busyness 0.41 0.13 0.447 0.2
NGTDM complexity 0.55 0.11 0.676 0.36
NGTDM strength 0.6 0.14 0.403 0.37
GLSZM small zone emphasis 0.71 0.13 0.068 0.51
GLSZM large zone emphasis 0.4 0.12 0.403 0.2
GLSZM low gray leve Izone emphasis 0.45 0.11 0.676 0.27
GLSZM high gray level zone emphasis 0.49 0.11 0.909 0.3
GLSZM small zone low grey level emphasis 0.47 0.11 0.819 0.29
GLSZM small zone high grey level emphasis 0.52 0.12 0.849 0.33
GLSZM large zone low grey level emphasis 0.43 0.11 0.543 0.24
GLSZM large zone high grey level emphasis 0.38 0.12 0.304 0.19
GLSZM grey level non-uniformity 0.42 0.13 0.518 0.2
GLSZM normalised grey level non-uniformity 0.61 0.11 0.361 0.43
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Table 2. Continued
Asymptotic Sig.
Variable Area Std. Error Upper bound Lower bound
GLSZM zone size non-uniformity 0.42 0.13 0.493 0.2
GLSZM normalised zone size non-uniformity 0.71 0.13 0.068 0.51
GLSZM zone percentage 0.58 0.12 0.47 0.39
GLSZM grey level variance 0.42 0.11 0.47 0.24
GLSZM zone size variance 0.42 0.12 0.493 0.23
GLSZM zone size entropy 0.23 0.13 0.022 0.02
ROC: Receiver operating characteristic, GLCM: Grey Level Co-occurrence Matrix, GLRLM: Gray Level Run Length Matrix, NGTDM: Neighbourhood gray-tone difference matrix,
GLSZM: Grey Level Size Zone Matrix

Table 3. Cut-off values for the two highest significant features obtained using the maximum Youden index

Feature Cut-off value Sensitivity Specificity Yudin index
GLSZM-Small Zone Emphasis 0.53 0.93 0.62 0.51
GLSZM-Normalised Zone Size Non-Uniformity 0.27 0.93 0.62 0.55

GLSZM: Grey Level Size Zone Matrix

Table 4. Summarized comparison between the current study and previous studies

Factor/study

Aujay et al. (2022) (11)

ince et al. (2023) (12)

Current study

Treatment type

Y-90 (glass+resin)

Y-90 (glass+resin)

Y-90 (glass+resin)

Patients population

22(5 glass, 17 resin)

82 (54 glass, 28 resin)

36 (19 glass, 17 resin)

Responders= 14,

Responders= 65,

Responders= 28,

R Non-responders= 8 Non-responders= 17 Non-responders= 8
Arterial phase and portal venous .
MRI phase phase MRI one month before and contrast-enhanced T1-weighted MRI | T2- MRI at the same day of

one month after treatment

within 3 months before treatment

receiving treatment

Post processing

Number of Feature

86 (the software extract 165
feature but some have errors and

extracted 107 1.128 some not applicable on MRI so
86 features only included on the
statistical work)
I 4 (from the post arterial images
b ot g ez pre and portal phase was non 8 features 2 features

features

significance)

The most significant
feature

GLRLM Long run emphasis
With AUC= 1

Combined the 8 radiomics feature
with 4 clinical feature to make 4
machine learning model models
accuracy for the model between
80-87%

GLSZM-small zone emphasis, and
GLSZM-normalized zone size non-
uniformity with AUC= 0.71

MRI: Magnetic resonance imaging, GLSZM: Grey Level Size Zone Matrix, AUC: Area under curve,

of 30 patients with primary and secondary liver tumors
treated with Y-90 and employed radiomics derived from
Y-90 PET to predict treatment response. They identified 15
significant features, including NGTDM strength, consistent
with our findings.

Discrepancies in features may stem from variations in sample
size and the statistical analysis methodology. Additionally,
radiomics holds promise in enhancing medical diagnosis,
yet studies have uncovered variability in radiomics values
due to several factors. These factors include the voxel size
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(18,19), the algorithms used for reconstruction (20,21), the
methods used for tumor segmentation (22,23), and the
discretization of grey-level values (24,25). This variability in
radiomics values can pose a challenge to the accuracy and
reliability of radiomics-based diagnosis.

Study Limitations

The current study has certain limitations worth noting,
such as a relatively small sample size, a restricted
number of radiomic features analyzed, and absence of
a comparison between our findings and other clinical
information, such as histopathology results. Furthermore,
we did not correlate the radiomics results with the clinical
progression of the disease or liver function parameters.
However, it's essential to emphasize that the primary
objective of this study was to explore the predictive
capacity of radiomics in determining Y-90 treatment
response, with plans to expand upon these findings in
our future research endeavors.

Conclusion

In conclusion, this study shows that radiomics extracted
from MRI-T2 images could be used as a non-invasive tool
for predicting the response of HCC to Y-90 treatment.
Two radiomic features, “GLSZM-Small Zone Emphasis”
and "“GLSZM-Normalized Zone Size Non-Uniformity”,
were found to have the highest discrimination ability for
differentiating responders from non-responders.
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Prognostic Importance of '®F-FDG Positron Emission Tomography
in Uterine Cervical Cancer
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Abstract

Objectives: The aim of this study was to evaluate the prognostic value of '®F-fluorodeoxyglucose ('®F-FDG) positron emission tomography/
computed tomography (PET/CT) in the uterine cervix cancer patients.

Methods: Thirty-two women (mean age: 52.7+12.6) who underwent "®F-FDG PET/CT for staging of uterine cervix cancer were retrospectively
recruited for the study. Maximum standardized uptake value (SUV,__), SUV__, metabolic tumor volume (MTV), and total lesion glycolysis (TLG)
for primary tumors, lymph nodes, and distant metastases were calculated from "®F-FDG PET/CT images using the 40% threshold. Patients were
divided into groups according to the presence of pelvic and para-aortic lymph node involvement on "®F-FDG PET/CT images. Life tables and Kaplan-
Meier analyses were performed to compare the mean survival times of the different groups.

Results: Primary tumor of 27 (84%) patients were "F-FDG avid. The median SUV__, SUV__ MTV, and TLG of the primary tumors were 12.4,
6.1, 13.2 cm?® and 87.8 g/mL x cm? respectively. Pathological uptake was detected in pelvic 14 (44%) patients and in paraaortic lymph nodes in
3 (10%) para-aortic lymph nodes. The median whole-body MTV and TLG were 21.7 cm?®and 91.1 g/mL x cm?. Disease progression was detected
in 7 (22%) patients within a median follow-up period of 20.9 (minimum-maximum: 3-82) months. The only significant PET parameter to predict
progression-ree survival was SUV, _ in the primary tumor (p=0.038). During follow-up period 8 patients died. SUV __ (p=0.007), MTV (p=0.036),
TLG (p=0.001) of primary tumor, presence of pathological uptake on pelvic or paraaortic lymph nodes (p=0.015), whole-body MTV (p=0.047) and
whole-body TLG (p=0.001) were found statistically significant PET parameters to predict overall survival.

Conclusion: Metabolic parameters of primary tumors derived from ®F-FDG PET/CT images have prognostic importance for patients with uterine
cervical carcinoma. In patients with metastatic disease, higher whole-body MTV and TLG are also associated with poor prognosis.

Keywords: Uterine cervix cancer, '8F-FDG PET/CT, prognosis

0z
Amag: Bu calismanin amaci uterin serviks kanserli hastalarda '®F-florodeoksiglukoz ("8F-FDG) pozitron emisyon tomografisi/bilgisayarli tomografinin
(PET/BT) prognostik degerinin arastirilmasidir.

Yontem: Uterin serviks kanseri evrelemesi icin '®F-FDG PET/BT yapilan 32 kadin (ortalama yas: 52,7+12,6) retrospektif olarak calismaya dahil

edildi. Primer tumdrler, lenf nodlan ve uzak metastazlar icin maksimum standardize tutulum degeri (SUV. ), SUV_, metabolik timdr hacmi
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(MTV) ve toplam lezyon glikolizi (TLG) parametreleri, 'F-FDG PET/BT gérintulerinden %40 esik degerine gore hesaplandi. Hastalar ®F-FDG PET/BT
goruntulerinde pelvik ve paraaortik lenf nodu tutulumu varligina gére gruplara ayrildi. Farkli gruplarin ortalama sagkalim strelerinin karsilastiriimasi
icin sagkalim ve Kaplan-Meier analizleri yapildi.

Bulgular: Hastalarin 27'sinde (%84) primer timdérde "®F-FDG tutulumu gézlendi. Primer lezyonlarin SUV,__ , SUV_, MTV ve TLG ortanca degerleri
siraslyla 12,4, 6,1, 13,2 cm? ve 87,8 gr/mL x cm?olarak hesaplandi. Hastalarin 14’tinde (%44) pelvik ve 3’linde (%10) paraaortik lenf nodlarinda
patolojik tutulum tespit edildi. Tim vicut MTV ve TLG icin ortanca degerler 21,7 cm? ve 91,1 gr/mL x cm?® olarak hesaplandi. Ayrica 20,9 aylik
medyan takip (minimum-maksimum: 3-82) stresinde 7 (%22) hastada progresyon izlendi. Progresyonsuz sagkalimi 6ngéren tek anlamli parametere
primer lezyonun SUV__ ‘i olarak bulundu (p=0,038). Takip stresi boyunca 8 hasta eksitus oldu. Genel sagkalimi 6ngéren parametreler ise primer
lezyonun SUV__ " (p=0,007), MTV'si (p=0,036), TLG'si (p=0,001), pelvik veya paraaortik lenf nodlarinda patolojik tutulum varligi (p=0,015), tim
viicut MTV (p=0,047) ve tlim viicut TLG (p=0,001) olarak bulundu.

Sonug: Uterin servikal karsinom hastalarinda "®F-FDG PET/BT goriintllerinden elde edilen primer tlimoriin metabolik parametreleri prognostik

Mol Imaging Radionucl Ther 2024;33:167-173

Oneme sahiptir. Metastatik hastalik durumunda daha yUksek toplam MTV ve TLG degerleri de kotl prognoz ile iliskilidir.

Anahtar kelimeler: Uterin serviks kanseri, '®F-FDG PET/BT, prognoz

Introduction

Uterine cervical cancer is one of the most common cancers
and the fourth leading cause of cancer-related death in
women (1). Recurrence rates are changing based on the
International Federation of Gynecology and Obstetrics
(FIGO) staging range between 11% and 64% (2). In
cases of recurrent disease, different treatment options
are available according to disease spread. If local disease
recurrence occurs, radical retreatment can be performed.
However, this widespread disease can be treated with only
systemic chemotherapy or supportive care (3).

FIGO stage, tumor size, presence of parametrial invasion,
and presence of lymph node metastasis are well-known
prognostic factors (4,5,6). Although they are not
mandatory in disease staging, the role of non-invasive
imaging modalities in the management of uterine cervical
cancer is increasing (7,8,9). As a combined imaging
technique, '8F-fluorodeoxyglucose  (®F-FDG) positron
emission tomography/computed tomography (PET/CT)
has been proven to be a valuable tool in several aspects
of uterine cervical cancer (10,11,12). Although maximum
standardized uptake value (SUV ) is the most widely used
semiquantitative parameter for PET/CT evaluation, SUV__
has limitations, such as it is susceptible to noise and does
not represent the entire tumor. For this reason, volume-
based parameters, such as metabolic tumor volume (MTV)
and total lesion glycolysis (TLG), are utilized to predict the
biological behavior of tumors. They have been shown to
be effective in prognostic prediction in several solid tumors
(13,14). However, their role in patients with uterine cervical
cancer is not yet well-established. For this reason, in this
study, we aimed to evaluate the prognostic value of 8F-FDG
PET/CT in the uterine cervix cancer patients.

Materials and Methods

Patient Population

Thirty-two women (mean age: 52.7+12.6) who underwent
®FFDG PET/CT for the staging of uterine cervix cancer
were retrospectively recruited for the study. All patients had
pathologically proven uterine cervix cancer diagnosis. Patients
were enrolled consecutively from January 2012 to September
2022. Informed consent was obtained from the patients for
the scan and for accessing their hospital records. After PET/
CT, patients were treated according to disease stage.

The Human Research Ethics Committee of Ankara University
Faculty of Medicine approved this study (decision no.:
i01-68-24, date: 06.02.2024).

"8F-FDG PET/CT Imaging

'8F-FDG PET/CT imaging was performed using a GE Discovery
710 PET/CT scanner (GE Medical Systems, Milwaukee,
USA) according to published guidelines for tumor imaging
with PET/CT (15). Patients fasted at least 6 h before the
examination, and their glucose levels were assessed. After
5.5 MBqg/kg '8F-FDG injection, to clear background activity
and reduce radiation exposure, patients were subjected to
imaging after resting for 60 min in a quiet lead-lined room
on semi-recumbent chairs. PET images were acquired for 4
min per bed position. The following parameters were used
to obtain a low-dose CT scan before the PET scan. 140 kV,
70 mA, tube rotation time of 0.5 s per rotation, pitch of 6,
and slice thickness of 5 mm.

Follow-up

Follow-up data were obtained from medical records, and
surveillance was performed clinically, with aging [CT and/
or magnetic resonance imaging (MRI) and/or '8F-FDG PET-
CT] performed once a year, with a maximum (max) follow-
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up period of up to 10 years. Progression was defined
as the occurrence of cancer-related death, new lesions
observed on follow-up imaging, or progression in the size
and/or metabolic activity of existing lesions. Progression-
free survival (PFS) was calculated from the day of PET/CT
examination until disease progression was detected or the
end of the follow-up period if no progression was detected.
Overall survival (OS) was calculated from the day of PET/
CT examination until death or end of the follow-up period
if the patient was alive.

Image and Data Analysis

Reconstructed images were displayed as max intensity
projection images, PET, CT, and fused PET/CT images
in the axial, coronal, and sagittal planes re-evaluated
retrospectively on a dedicated workstation (Advance
Workstation 4.7 GE Medical Systems, Milwaukee, USA) for
the presence of pathological uptake on primary tumors,
pelvic lymph nodes, and distant organs by two experienced
nuclear medicine specialists by consensus. Suv_ ., Suv__
MTV, and TLG for primary tumors, lymph nodes, and
distant metastases were calculated from 8F-FDG PET/CT
images by the 40% threshold. In addition, whole-body
MTV and TLG values were calculated by summing the
MTV and TLG values for the primary tumor, lymph node,
and distant organ metastases. Patients were divided into
groups according to the presence of pelvic and para-aortic
lymph node involvement on "8F-FDG PET/CT images.

Statistical Analysis

Baseline clinical and demographic information on the
patients was analyzed using descriptive statistics.
Categorical data are presented as frequencies, whereas
continuous variables are presented as mean + standard
deviation or median (interquartile range). Statistical
analysis was performed using the commercially available
software package SPSS 28.0. Normalcy was assessed using
the Kolmogorov-Smirnov test. For non-normally distributed
data, the Mann-Whitney U test, Kruskal-Wallis test, and
Spearman rank test were used when appropriate. For
normally distributed data, ANOVA with post-hoc Bonferroni
correction, the student t-tests and the Pearson correlation
test were used when appropriate. Life Tables and Kaplan-
Meier analyses were performed to compare the mean
survival times of the different groups. The log-rank method
was used for this comparison. Statistical significance was
defined as a p-value <0.05.

Results

In total, 32 women with mean age: 52.7+12.6 were
included to the analysis. The majority of patients (75%)

had the squamous cell subtype, and the rest had
adenocarcinoma. Following PET/CT imaging, 19 patients
(60%) underwent total abdominal hysterectomy and
bilateral salpingoophorectomy +/- pelvic lymph node
dissection, 21 (65%) received radiation therapy, and 17
(53%) received chemotherapy. Patients were followed
up for a mean of 52 months [minimum (min)- maximum
(max): 3-133].

Primary tumors of 27 (84%) patients were "®F-FDG-avid.
The median SUV__, SUV ., MTV, and TLG of the primary
tumors were 12.4, 6.1, 13.2 cm?® and 87.8 g/mL x cm?
respectively. Pathological uptake was detected in pelvic
lymph nodes of 14 (44%) patients and in paraaortic
lymph nodes in 3 (10%) para-aortic lymph nodes. Distant
organ metastasis was detected in 7 (21%) patients. Two
(6%) patients had peritoneal lymph node metastasis, 1
(%3) patient had surrenal gland metastasis, and 4 (13%)
patients had distant lymph node metastasis. The median
whole-body MTV and TLG were 21.7 cm®and 91.1 g/mL
x cm?.

Disease progression was detected in 7 (22%) patients
within a median follow-up period of 20.9 (min-max: 3-82)
months. The only significant PET parameter to predict PFS
was SUV__in the primary tumor. While patients who had
a primary tumor with SUV__higher than or equal to 12.4
had median 66.2+13.6 months PFS, patients who have
lower than 12.4 had 116.1+8.5 months (p=0.038).

During the follow-up period 8 patients died. MTV (118.8+9.1
vs. 78.8+14.1 months, p=0.036), TLG (126.8+6.4 vs.
47.4+6.8 months, p=0.001), and SUV__ (125.6x7.9 vs.
60.9+10.1 months, p=0.007) values of the primary tumor,
presence of pathological uptake on pelvic or para-aortic
lymph nodes (111.0+£8.2 vs. 72.8+17.2 months, p=0.015),
whole-body MTV (118.8+9.1 vs. 80.4+14.0 months,
p=0.047), and whole-body TLG (126.8+6.4 vs. 47.4+6.8
months, p=0.001) were found to be statistically significant
PET parameters to predict OS. Survival analyses are detailed
in Table 1. Examples of patients showing the relationship
between PET/CT parameters and prognosis are shown in
Figures 1 and 2. Survival curves of the different patient
groups are presented in Figure 3. OS was better in patients
without distant organ metastases, but the difference was
not statistically significant (106.2 vs. 47.4 months, p=0.11).

Discussion

Because of the limitations of "8F-FDG PET/CT in the evaluation
of primary tumors associated with myometrial and
parametrial invasion, it is recommended for the assessment
of pelvic lymph nodes and distant metastases in uterine
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Table 1. Details of survival data of different patient groups
Median OS

Parameter (months) SD p-value
MTV of primary tumor
=13.2 78.8 14.2

0.036
<13.2 118.9 9.1
TLG of primary tumor
=>87.8 47.4 6.8

0.001
<87.8 126.8 6.4
SUV__ of primary tumor
=12.4 60.9 10.1

0.007
<124 125.6 7.9
Presence of lymph node metastasis
Present 72.8 17.2

0.015
Absent 111.0 8.2
Whole-body MTV
>21.7 80.4 9.1

0.047
<21.7 118.8 14.0
Whole-body TLG
>91.1 47.2 6.8

0.001
<91.1 126.8 6.4
SUV: Standardized uptake value, MTV: Metabolic tumor volume, TLG: Total lesion
glycolysis, OS: Overall survival, SD: Standard deviation

cervical cancer staging. However, metabolic parameters
of primary tumors are known to have a prognostic role
by providing information about the biological behavior of
tumors in several solid tumors (16,17). Because of the rare
incidence of uterine cervical cancer compared with other
gynecological malignancies, the prognostic role of the
metabolic parameters of the primary tumor assessed using
'8F-FDG PET/CT is needed.

In this study, we investigated the prognostic role of "8F-FDG
PET/CT in patients with uterine cervical carcinoma in terms
of OS and PFS. Volume-based parameters, such as MTV and
TLG, have been identified as predictors of PFS in patients
with uterine cervical cancer in previous analyses (18,19).
In a recent study, Markus et al. (20) showed that MTV
and TLG were more effective in predicting the survival of
patients with cervical cancer. In our study, we showed that
primary tumor and whole-body MTV and TLG values were
effective in predicting the OS. In addition, the SUV of the
primary tumor and the presence of para-aortic-pelvic lymph
nodes were found to be effective in predicting OS in our
study. Budak et al. (21) showed that TLG and MTV were
associated with PFS. In contrast to these findings in our
analysis, only the SUV__ value of the primary tumor was
found to be effective in predicting PFS for the prediction.

-3

ROI 1 (PET): 8:48cm3 M=6.13 Tig=29.0g/ml x cm3

Figure 1. Maximum intensity projection PET (A), fused transaxial (B),
coronal (C) and sagittal (D) PET/CT images of a 70 year-old woman with
squamous cell uterine cervix carcinoma. She had a primary tumor with
SUV__:6.13, MTV: 8.48 cm?® and TLG: 29.0 g/mL x cm? without lymph
node metastasis. After PET/CT imaging, she underwent TAH + BSO
following by adjuvant chemo-radiation therapy. She has been followed-
up for 46 months with no recurrent disease and still alive

PET: Positron emission tomography, CT: Computed tomography, SUV_ -
Maximum standardized uptake value, MTV: Metabolic tumor volume, TLG: Total
lesion glycolysis, TAH + BSO: Total abdominal hysterectomy with bilateral salpingo-
oophorectomy, ROI: Region of interest

The limited number of included patients and different
treatment strategies could be the reason for this difference
in our group.

Despite these limitations in predicting OS, beyond SUV__,
MTV, and TLG were found to be significant factors. It is
predicted that volume-based metabolic parameters have
great potential for disease progression in uterine cervical
cancer due to the heterogeneous nature of uterine cervical
tumors due to the intra-tumoral variability of hypoxia,
cellular proliferation, and blood flow; "®F-FDG uptake of
the tumor is generally heterogeneous (5). Thus, SUV may
not reflect exact metabolic activity of the entire tumor. The
MTV reflects the volume of the area with higher uptake
than the SUV__ threshold. The prognostic importance of
TLG was not a surprise due to the known prognostic role
of the tumor itself. TLG is calculated by multiplying MTV
and SUV,__ . and it is hypothesized as a marker for the
biological behavior of the tumor by providing information
for tumor volume and glycolytic activity together. Despite
the limited number of included patients, our analysis
supported the hypothesis.
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ROI 1 (PET): 37.84cm3 M=18.45 Tig=377.9g/

ROI 1 (PET): 37.94cm3 M=18.45 Tig=377.9g/ml x cm3 ROI 1 (PET): 37.94cm3 M=18.45 Tlg=377.9g/ml x cm3

Figure 2. Maximum intensity projection (MIP) PET (A), fused transaxial
(B), coronal (C) and sagittal (D) PET/CT images of a 33 year-old woman
with squamous cell uterine cervix carcinoma. She had a primary tumor
with SUV__: 18.45, MTV: 37.94 cm® and TLG: 377.9 g/mL x cm® with
pelvic lymph node metastases. After PET/CT imaging, she underwent TAH
+ BSO following by adjuvant chemo-radiation therapy. She had recurrent
disease at the 7" month and died at the 12" month after PET/CT

PET: Positron emission tomography, CT: Computed tomography, SUV -
Maximum standardized uptake value, MTV: Metabolic tumor volume, TLG: Total
lesion glycolysis, TAH + BSO: Total abdominal hysterectomy with bilateral salpingo-
oophorectomy, ROI: Region of interest
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The presence of lymph node metastases is a well-known
prognostic factor in the uterine cervical cancer patients
(22,23). Assessment of lymph node involvement using
different imaging modalities showed a higher overall
diagnostic performance of PET/CT in the per-patient and
region- or node-based analyses. The sensitivity was 82%,
50%, and 56%, and the specificity was 95%, 90%, and
91% for PET/CT, CT, and MRI, respectively (23). In addition
to the high diagnostic performance of '®F-FDG PET/CT in
the detection of lymph node metastases, the presence of
pathological uptake in pelvic and para-aortic lymph nodes
was found to be a significant prognostic factor in our analysis.

An advantage of '8F-FDG PET/CT is that it is a whole-
body imaging method. With this advantage, distant organ
metastases were detected in 7 (22%) patients. To assess
the prognostic importance of '8F-FDG-positive distant organ
metastasis, we additionally evaluated the prognostic role
of whole-body MTV and TLG. Patients with a whole-body
MTV higher than 21.7 cm?® and TLG >91.1 gr/mL x cm?
were associated with shorter OS times than those without.

In a study investigating the effect of PET/MRI on survival
in patients with cervical cancer, the SUV__, MTV, and TLG
values of the primary tumor were associated with PFS, but
the SUV__ value was an independent predictor of PFS. It
was also reported that the minimum apparent diffusion
coefficient value was an independent predictor of OS. No
significant correlation was found between MTV TLG and
SUV__and OS. This result was thought to be due to the
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small number of patients. In our study, we observed that
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Figure 3. Kaplan-Meier survival curves of different subgroups of patients. Association of primary tumor MTV, TLG, SUV __ values with overall survival (A, B, C), Association
of the presence of pelvic or paraaortic pathologic lymph nodes with overall survival (D), Association of whole-body MTV value with overall survival (E), Association of

primary tumor SUV,__ with progression-ree survival (F). P-values were calculated with the long rank method
MTV: Metabolic tumor volume, TLG: Total lesion glycolysis, SUV,__ : Maximum standardized uptake value
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OS and PFS were lower in patients with higher SUV__
values for the primary tumor (24).

There are limitations to this study. First, it has a
retrospective design and a limited number of patients.
Second, the disease stages of the included patients
were heterogeneous, and treatment strategies were not
standardized. However, owing to its limitations, this study
may contribute to the definition of the prognostic role of
metabolic PET parameters for the prediction of uterine
cervical cancer patients by considering the existence of
limited data in this area.

Conclusion

Metabolic parameters of primary tumors derived from
"8F-FDG PET/CT images have prognostic importance for
patients with uterine cervical carcinoma. In patients with
metastatic disease, higher whole-body MTV and TLG are
also associated with poor prognosis.
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Cooccurrence of Capsular Liver Lesions Along with Peritoneal

Carcinomatosis and Hematogenous Metastases in Ovarian Cancer
Patients on Consecutive '®F-FDG PET/CT Studies

Ardisik '®F-FDG PET/BT Incelemeleri Olan Over Kanseri Hastalarindaki Kapstiler Karaciger
Lezyonlarinin, Peritoneal Karsinomatozis ve Hematojen Metastazlar ile Birlikteligi

® Kemal Unal, ® Levent Giiner, ® Erkan Vardareli
Acibadem University Faculty of Medicine, Department of Nuclear Medicine, Istanbul, Tiirkiye

Abstract

Objectives: The aim of our study was to evaluate the cooccurrence of capsular liver lesions along with peritoneal carcinomatosis and hematogenous
metastases in other regions of the body in ovarian cancer patients on follow-up F-18 fluorodeoxyglucose ('8F-FDG) positron emission tomography/
computed tomography (PET/CT) studies.

Methods: Consecutive '®F-FDG PET/CT studies of 54 women with ovarian cancer between August 2012 and January 2020 and a total of 192
scans were analysed retrospectively. All patients had at least one hepatic and/or capsular lesion with high '®F-FDG uptake and at least two PET/
CT examinations.

Results: According to interpretation, of 54 patients with hepatic or capsular lesions, 44 (81.4%), 5 (9.3%) and 5 (9.3%) of them were concluded
as perihepatic implants, hematogenous liver metastases and both, respectively. Accompanying peritoneal carcinomatosis on follow-up PET/CT
images was found in 42 (95.4%) and 3 (60%) patients with solely capsular lesions and solely hematogenous liver metastases, respectively.
Extrahepatic hematogenous organ metastases on follow-up PET/CT images were seen in 4 (9.0%) and 3 (60%) patients with solely capsular
lesions and solely hematogenous liver metastases, respectively. Lungs, bones, spleen and brain were detected metastases sites.

Conclusion: Cooccurrence of peritoneal carcinomatosis in other regions of abdomen was found to be higher in comparison to hematogenous
organ metastases on consecutive PET/CT studies of ovarian cancer patients with capsular liver lesions. The primary opinion of the nuclear medicine
physician is essential along with the other patient data for differential diagnosis and treatment approach in this particular patient group.
Keywords: Ovarian cancer, implants, liver metastasis, PET/CT

Oz

Amag: Bu calismanin amaci over kanseri hastalarinin ardisik F-18 florodeoksiglukoz ("®F-FDG) pozitron emisyon tomografisi/bilgisayarll tomografi
(PET/BT) calismalarinda gérilen kapstler karaciger lezyonlarinin, peritoneal karsinomatozis ve diger viicut bélgelerindeki hematojen metastazlar
ile olan birlikteligini degerlendirmektir.

Yontem: Over kanseri tanisi olan 54 kadinin Agustos 2012 ile Ocak 2020 tarihleri arasindaki toplam 192 ardisik'®F-FDG PET/BT incelemesi
retrospektif olarak degerlendirildi. Tim hastalarin ylksek dizeyde "®F-FDG tutulumu gdsteren en az bir adet hepatik ve/veya kapstler lezyonu ve
en az iki tane PET/BT incelemesi vardi.

Bulgular: Degerlendirme sonrasi hepatik veya kapsller lezyonlari olan 54 hastadan 44 tanesi (%81,4) perihepatik implant, 5 tanesi (%9,3)
hematojen karaciger metastazi ve 5 tanesi de (%9,3) her iki patolojiye de sahip olarak yorumlandi. Sadece kapstiler lezyon saptanan hastalarin 42
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tanesinde (%95,4) ve sadece hematojen karaciger metastaz saptanan hastalarin da 3 tanesinde (%60) takip PET/BT incelemelerinde eslik eden
peritoneal karsinomatozis goriildu. Sadece kapstler lezyon saptanan hastalarin 4 tanesinde (%9,0) ve sadece hematojen karaciger metastazi
saptanan hastalarin da 3 tanesinde (%60) ise takip PET/BT incelemelerinde eslik eden ekstrahepatik hematojen organ metastazi gordldu.

Akcigerler, kemikler, dalak ve beyin tespit edilen metastaz sahalari idi.

Sonug: Ardisik PET/BT incelemeleri olan over kanseri hastalarinda, kapstler karaciger lezyonlarina eslik eden peritoneal karsinomatozis, hematojen
organ metastazlarina oranla daha sik saptandi. Bu hasta grubu 6zelinde nikleer tip uzmaninin gérist, ayirici tani ve tedavi yaklasimi agisindan

Onemli bir role sahiptir.

Anahtar kelimeler: Over kanseri, implantlar, karaciger metastazi, PET/BT

Introduction

The second most common gynaecological cancer among
women is ovarian cancer. Early diagnosis is important, but
mostly difficult due to low symptom rates. Most of the
patients are diagnosed at advanced stage (1). It is more
common in older women. Ovarian cancer has a high
mortality rate with local and distant spread characteristics.
Peritoneal, hematogenous and lymphatic metastases can
be detected with several imaging modalities. Positron
emission tomography/computed tomography (PET/CT),
magnetic resonance imaging (MRI), CT, ultrasonography
and bone scan are widely used for imaging. Each modality
has its own advantages and limitations. Tumour markers
can monitor disease progression. Surgical staging and
interventional diagnostic procedures are also used for
diagnostic and therapeutic approaches.

Cytoreductive surgery plays an important role in the
treatment of ovarian cancer. Therefore, accurate staging
or restaging should be done precisely. Implants can be
seen especially in diaphragmatic, perihepatic, omental and
paracolic regions (2). Hematogenous metastases are seen
commonly in liver, lungs, bones and brain (3). Lymphatic
spread is seen in pelvic, retroperitoneal, thoracic and
supraclavicular stations.

8F-fluorodeoxyglucose ('®F-FDG) is a glucose analogue
with positron emission, which is used for PET/CT imaging.
It is useful especially in detecting aggressive and poorly
differentiated tumours. Whole-body scanning allows
accurate imaging of cancer patients by detecting occult
metastases or ruling out known suspicious lesions. Tissues
with high metabolism have high glucose transporter activity,
therefore, high 8F-FDG uptake is seen in these lesions.
"F-FDG PET/CT also allows to point the accurate biopsy
site for lesions with faint borders or large necrotic
components. High "®F-FDG uptake is generally informative
about poor prognosis. Lymphatic metastases without
pathological enlargement can be detected by 'F-FDG
PET/CT. However, due to resolution characteristics of PET
devices, subcentimeter foci may be missed, especially the
lesions with low '™8F-FDG avidity. False positive findings

include infectious, inflammatory diseases and various
benign pathologies. CT component of the device may be
useful in differential diagnosis in these cases. Since "®F-FDG
is excreted via kidneys, lesions near bladder or ureters can
be masked by these adjacent radiation sources. Intravenous
diuretics, bladder catheterization and dual-phase images
help reduce this limitation.

Peritoneal metastases adjacent to liver and subcapsular liver
metastases are not rare conditions. Therefore, it is essential
to differentiate peritoneal and hematogenous spread for
accurate disease staging and decide treatment options.

The aim of our study was to evaluate the cooccurrence of
capsular liver lesions along with peritoneal carcinomatosis
and hematogenous metastases in other regions of the
body in ovarian cancer patients on follow-up '®F-FDG PET/
CT studies.

Materials and Methods

Consecutive '®F-FDG PET/CT studies of 54 women with
ovarian cancer between August 2012 and January 2020
and a total of 192 scans were analysed retrospectively.
All patients had at least one hepatic and/or capsular
lesion with high ®F-FDG uptake and at least two PET/CT
examinations. Since all lesions in this particular group have
high "8F-FDG avidity, possible false negative PET studies were
not evaluated in this paper. The median age of the patients
was 58 years in our study (ranging 22-85). Imaging was
performed 45-60 minutes after the intravenous injection
of 0.1 mCi/kg FDG. Maximum standardized uptake value
(SUVmax) measurement of the hottest lesion was calculated by
volume of interest. Informed consent, patient preparation,
imaging and reconstruction were made properly according
to the European Association of Nuclear Medicine guideline
(4). Follow-up PET/CT studies were performed after
a minimum interval of three months (Figure 1). The
mean number of PET/CT imaging per patient was 3.56
(ranging 2-12).

This study protocol was reviewed and approved by
the Ankara Bilkent City Hospital Clinical Studies Ethics
Committee (decision no.: E2-24-8598, date: 10.07.2024).
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Figure 1. Fusion and maximum intensity projection images of '8F-FDG
PET/CT studies. No sign of capsular lesion on the bottom row images,
which are the oldest dated. Development of hypermetabolic lesion on
mid row. Progression and peritoneal carcinomatosis on top row, which
are the most recent

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

Statistical Analysis

Statistical analysis performed by International
Business Machines (IBM) Statistical Package for the Social
Sciences Statistics for Windows (version 23.0, IBM Corp,
Armonk, New York) software. For all analyses a p-value
<0.05 was considered statistically significant. In this
retrospective analysis, meantStandard deviation of groups
was calculated. Student's t-test was used to compare

measurements of metastatic patient groups.

was

Results

According to interpretation, of 54 patients with hepatic or
capsular lesions, 44 (81.4%), 5 (9.3%) and 5 (9.3%) of them
were concluded as perihepatic implants, hematogenous
liver metastases and both, respectively. Mean SUV__
measurements were calculated as 13.8 [standard deviation
(SD)+ 7.1] for capsular lesions and 16.2 (SD+ 11.9) for liver
metastases. No significant SUV__ difference was noted
between these lesion groups (p=0.2).

Accompanying peritoneal carcinomatosis in other regions
of abdomen on follow-up PET/CT images was found in 42
(95.4%) and 3 (60%) patients with solely capsular lesions
and solely hematogenous liver metastases, respectively.

Lymphatic metastases on follow-up PET/CT images were
detected in 31 (70.4%) and 3 (60%) patients with solely
capsular lesions and solely hematogenous liver metastases,
respectively.

Extrahepatic hematogenous organ metastases on follow-up
PET/CT images were seen in 4 (9.0%) and 3 (60%) patients
with solely capsular lesions and solely hematogenous liver
metastases, respectively (Table 1). Lungs, bones, spleen
and brain were detected metastases sites.

The ratio of “peritoneal carcinomatosis in other regions
of abdomen” to “extrahepatic hematogenous organ
metastases” in patients with solely capsular lesions were
42/4(10.5). This ratio was found to be 3/3 (1) for patients
with solely hematogenous liver metastases.

The ratio of “peritoneal carcinomatosis in other regions
of abdomen” to “lymphatic metastases” in patients with
solely capsular lesions were 42/31 (1.35). This ratio was
found to be 3/3 (1) for patients with solely hematogenous
liver metastases.

Discussion

Hypermetaboliclesion on '®F-FDG PET/CT imaging in capsular
region of liver can be a challenging diagnosis to locate, if it
is an extracapsular implant or a subcapsular hematogenous
metastasis. CT images of the study may even seem normal,
especially when intravenous contrast agent is not used. We
do not routinely inject intravenous contrast like most of
the PET/CT facilities in our country. MR or PET/MRI may

Table 1. Cooccurrence of hepatic and extrahepatic lesions in ovarian cancer patients on "®F-FDG PET/CT studies
Number of Peritoneal carcinomatosis in | Extrahepatic hematogenous Lymphatic
patients other regions of abdomen organ metastases metastases

Solely capsular lesions 44 42 (95.4%) 4(9.0%) 31 (70.4%)

Solely hematogenous liver metastases | 5 3 (60%) 3 (60%) 3 (60%)

Both capsular and parenchymal lesions | 5 5 (100%) 1 (20%) 3 (60%)

'8F-FDG: F-18 fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography
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be helpful in these cases. Surgical staging also plays an
important role in ovarian cancer (5). Since ovarian cancer
tends to spread through peritoneal fluid and cytoreductive
surgery plays an important role in treatment, differential
diagnosis of peritoneal and hematogenous lesions are
essential. Capsular region is the intersection of these two
entities. Furthermore, patients with liver metastases have
a poorer prognosis than patients with peritoneal implants.
Our goal in this study was not to verify the exact location
of capsular lesions of our patients. We used our data to
identify the cooccurrence of these lesions along with
peritoneal carcinomatosis and hematogenous metastases
in other regions of the body on follow-up '8F-FDG PET/CT
studies.

In the literature, '®F-FDG PET/CT was reported to alter
the management of 60% of recurrent ovarian cancer
patients by detecting especially subdiaphragmatic occult
lesions (6). "8F-FDG PET/CT is known to be valuable when
detecting peritoneal carcinomatosis (7). Better diagnostic
performance than MRl is also reported in the literature (8).

Most of the patients with capsular lesions had peritoneal
carcinomatosis on follow-up PET/CT examinations in our
study. On the contrary, few of these patients developed
extrahepatic metastatic disease on follow-up PET/CT
studies. The high cooccurrence of capsular lesions with
peritoneal carcinomatosis may be helpful when concluding
PET/CT reports. This might also alert the nuclear medicine
physician to acquire additional images to detect more
implants in abdomen (9).

Furthermore, same cooccurrence was not found with
lymphatic metastases. Since the mechanism of lymphatic
spread is different than peritoneal and hematogenous
metastases, it should be accurate to define hypermetabolic
lymph nodes in comparison with previous studies and
according to patient’s clinical info, like histopathological
type of tumour or infection and surgery history.

Study Limitations

The major limitation of our study is the lack of surgical
and histopathological confirmation of lesions. However,
unlike lymphatic or pulmonary lesions, few false-positive
results have been found in literature (10,11) in perihepatic
region, especially a long interval after surgery. The number
of patients with solely hematogenous liver metastases were
low. This may be another limitation of the study. However,
our main purpose was to evaluate and follow-up capsular
lesions.

Since the liver has moderate metabolic activity, it is obvious
that capsular lesions must have higher "®F-FDG uptake than
adjacent parenchyma. This is one of the main limitations of

'8F-FDG PET/CT especially in small lesions with no significant
mass formation on CT images. Perihepatic implants in our
study had variable SUV__ measurements, all of which were
higher than liver activity. No significant SUV__ difference
was noted between perihepatic implants and hematogenous
liver metastases. Literature results also reported variable
8F-FDG uptake in these patient groups (12,13,14).
Extrahepatic hematogenous metastases sites in our study
were consistent with the literature (3). '®F-FDG PET/CT has
also the capability of diagnosing second primary tumours
(15). However, all extrahepatic lesions in our study were
concluded as metastases related to ovarian cancer.

Conclusion

Hypermetabolic lesions in capsular region of liver on "8F-FDG
PET/CT imaging may be related to perihepatic implants or
hematogenous liver metastases in ovarian cancer patients.
The primary opinion of the nuclear medicine physician is
essential along with the other patient data for differential
diagnosis and treatment approach in this particular patient
group. Cooccurrence of peritoneal carcinomatosis in other
regions of abdomen was found to be higher in comparison
to hematogenous organ metastases on follow-up PET/CT
studies of these patients. Further studies with surgical and
histopathological confirmation may help describing uptake
patterns and the most common locations of perihepatic
implants.
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An Unusual Case of Oligometastases in a Patient with Renal Cell
Carcinoma: Insights from '*F-FDG PET/CT

Renal Hcreli Karsinomlu Bir Hastada Olagandisi Bir Oligometastaz Olgusu:
'F-FDG PET/BT'nin Faydasi
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Abstract

Renal cell carcinoma (RCC) is a significant cause of mortality worldwide. To date, many atypical metastatic sites have been observed and reported
in patients with RCC. However, to the best of our knowledge, there have been no reported cases of thyroid cartilage metastasis in the context of
RCC metastasis. Herein, we present the case of a 68-year-old man who developed left arm pain that led to an RCC diagnosis. First, evaluation by
pan-computed tomography (CT) denoted right kidney RCC and identified left humeral metastasis. Subsequently, '#F-fluorodeoxyglucose positron
emission tomography/CT ("®F-FDG PET/CT) was performed after right nephrectomy and left humeral lesion excision and fixation. Interestingly,
few intramedullary hypermetabolic lesions were observed in addition to a single intensely hypermetabolic thyroid cartilage lesion indicative of
oligometastases. This case underscores the importance of '®F-FDG PET/CT in the evaluation of RCC disease for baseline staging and beyond.
Keywords: Renal cell carcinoma, thyroid cartilage, renal cancer, '®F-FDG, cartilage metastasis, '8F-FDG PET/CT

Oz

Renal hiicreli karsinom (RHK) diinya capinda énemli bir 6lim nedenidir. Bugline kadar RHK'li hastalarda bircok atipik metastatik bolge gézlemlenmis
ve rapor edilmistir. Ancak bildigimiz kadariyla RHK metastazi baglaminda tiroid kikirdak metastazi bildirilmis bir olgu bulunmamaktadir. Burada
RHK tanisi ile sonuclanan sol kol agrisi gelisen 68 yasinda bir erkek hastayi sunuyoruz. ilk olarak, pan-bilgisayarli tomografi (BT) ile yapilan
degerlendirmede sag bobrekte RHK ve sol humerusta metastaz saptandi. Ardindan sag nefrektomi ve sol humerus lezyonunun eksizyonu ve
fiksasyonu sonrasi "8F-florodeoksiglukoz pozitron emisyon tomografisi/BT ("8F-FDG PET/BT) yapild. ilging bir sekilde, oligometastazin géstergesi
olan tek bir yogun hipermetabolik tiroid kikirdak lezyonuna ek olarak az sayida intrameddiller hipermetabolik lezyon gézlendi. Bu olgu, baslangic
evrelemesi ve Gtesi icin RHK degerlendirmesinde '8F-FDG PET/BT'nin Gneminin altini gizmektedir.

Anahtar kelimeler: Renal hiicreli karsinom, tiroid kikirdak, bobrek kanseri, ®F-FDG, kikirdak metastazi, '8F-FDG PET/BT
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Figure 1. A 68-year-old male patient was recently diagnosed with renal cell carcinoma (RCC) of the right kidney. This was established after a major
complaint of left arm pain, which necessitated further evaluation by pan-computed tomography (CT), which revealed evidence of a primary right renal
malignancy and a single metastatic destructive left humeral shaft lesion. There was no radiological evidence of any other lesions elsewhere. Therefore,
surgical interventions for both the primary and metastatic lesions were performed and included right nephrectomy and left humeral metastectomy
with open reduction and internal fixation. The patient was then transferred to our cancer center for further management. Before starting therapy, a
multidisciplinary clinic evaluation advocated further evaluation with "8F-fluorodeoxyglucose positron emission tomography/CT ("8F-FDG PET/CT) before
therapy initiation. The scan was conducted following the standard protocol after 60 min of intravenous administration of 7.3 mCi of '8F-FDG. Maximum
intensity projection image revealing evidence of multiple hypermetabolic metastatic extrarenal sites (A; arrows). This was observed concurrently
with unremarkable surgical sites for both the primary tumor and the previously identified metastatic left arm lesion (A-C; asterisks). Notably, there
is evidence of an intense hypermetabolic focus involving the left thyroid cartilage (maximum standardized uptake value of 13.9; arrowhead, D). In
addition, multiple hypermetabolic intramedullary lesions were observed within the right proximal humerus, left iliac bone, and left femoral shaft
(arrows; E-H). Histopathological examination of the oligometastatic lesions was considered unnecessary because of the patient’s refusal and its lack of
impact on the forthcoming management strategy. The hypermetabolic left thyroid cartilage deposit, which lacks identifiable structural characteristics,
strongly suggests metastasis rather than primary involvement (1). This inference is supported by its distinct "®F-FDG uptake, which is contrary to
typical primary cartilaginous lesions, which usually exhibit lower "®F-FDG uptake and evident radiographic manifestations (2). The lesion’s unifocal
and intense "®F-FDG expression further diminishes the likelihood of a benign process. RCC is a lethal tumor that accounts for approximately 3% of all
adult malignancies (3). The adoption and widespread use of molecular imaging techniques have led to a noteworthy rise in the accidental discovery
of atypical metastatic manifestations (4). Our patient was initially diagnosed with a primary renal malignancy based on the presence of left arm
discomfort caused by metastasis. Therefore, the traditional belief that primary RCC signs and symptoms should precede metastatic manifestations is
more of an exception to a widespread principle. The progression of metastatic RCC does not always adhere to the traditional sequential metastatic
pattern, suggesting a complex metastatic pathway (5). To date, numerous uncommon sites of metastasis have been identified (5). To the best of our
knowledge, this is the first imaging instance where a patient with renal RCC established thyroid cartilage deposition as depicted on "®F-FDG PET/CT.
Thyroid cartilage metastasis is rare in all types of malignancies. Poor vascular supply of cartilaginous tissue is considered a contributing factor to its
reduced tendency for metastasis (1). Nonetheless, there have been only a small number of documented instances where metastasis has occurred in
the thyroid cartilage, typically associated with advanced cancer and serving as an indication of widespread metastatic disease (1,6,7,8,9). What makes
this case more interesting is that thyroid cartilage metastasis is observed in patients with oligometastases. Notably, the previous evaluation using pan
CT failed to depict cartilage and bone marrow oligometastases. This signifies the vital utility of "8F-FDG PET/CT in the evaluation of RCC disease for
baseline staging and beyond.
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'*F-FDG PET/CT and ®Ga-DOTATATE PET/CT Findings of
Polycystic Kidney-derived Paraganglioma
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Abstract

Paragangliomas (PGLs) are neuroendocrine tumors originating from the neural crest. They usually arise from the adrenal medulla and sympathetic
or parasympathetic ganglions. Approximately 10% of PGLs are located in the extra-adrenal gland. Renal PGL is a rare condition. In this case report,
we present the "8F-fluorodeoxyglucose positron emission tomography/computed tomography (PET/CT) and ®Ga-DOTATATE PET/CT findings of
polycystic kidney-derived PGL.

Keywords: Renal paraganglioma, '8F-FDG PET/CT, %Ga-DOTATATE PET/CT

Oz

Paragangliomalar (PGL'ler), noral krestten koken alan néroendokrin timérlerdir. Genellikle adrenal medulla ve sempatik veya parasempatik
ganglionlardan koken alirlar. PGL'lerin yaklasik %10'u ekstraadrenal yerlesimlidir. Renal PGL nadir gérilen bir durumdur. Bu olguda polikistik
boébrek kaynakli PGL'nin '#F-florodeoksiglukoz pozitron emisyon tomografisi/bilgisayarli tomografi (PET/BT) ve ®#Ga-DOTATATE PET/BT bulgularini
sunuyoruz.
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Figure 1. A 46-year-old man with no known medical conditions presented to the urology outpatient clinic with a complaint of left side pain and
abdominal swelling that had been ongoing for 3 weeks. Blood and urine tests were normal. Abdominal magnetic resonance imaging and ultrasound
revealed a mass in the lower pole of the left kidney measuring approximately 10x15 cm. '®F-fluorodeoxyglucose positron emission tomography/
computed tomography ("®F-FDG PET/CT) scan was performed with a preliminary diagnosis of renal cell cancer (RCC) (A). Transaxial CT sections showed
a mass lesion with irregular borders measuring 8.5x15 cm that extended anteriorly from the inferior part of the left kidney and contained calcifications
(B). Intense ™®F-FDG uptake was detected on the fusion images [maximum standardized uptake value (SUV,__): 32.7] (C). There were no regional or
distant metastases. Tru-cut biopsy of the mass was diagnosed as paraganglioma (PGL) (Figure 2). ®Ga-DOTATATE PET/CT imaging was performed
for staging (F). Transaxial CT sections showed the left kidney to have a polycystic appearance, and a mass lesion measuring approximately 10x15 cm
was present in the medial part of the left kidney (D). Intense DOTATATE receptor activation was observed on the fusion images (SUV, _: 75.8) (E). No
regional or distant metastases were observed.

Extra-adrenal PGLs most commonly occur in the carotid body, vagal body, mediastinum, and retroperitoneum (1). Renal PGL is rare (1,2). In the
genitourinary tract, the renal pelvis (4.9%) is the third primary site of PGLs, followed by the bladder (79.2%) and urethra (12.7%) (3). The clinical
symptoms depend on the location of the mass in the kidney (2,4). Functional imaging methods play an important role in confirming diagnosis, staging,
and restaging (5). PGLs contain high levels of somatostatin receptors (6,7). In a study evaluating 22 PGL patients with %Ga-DOTATATE PET/CT, the
detection rate of lesions was 100% (8). In another study evaluating 23 patients with PGLs using "®F-FDG PET/CT and ®Ga-DOTATATE PET/CT, many
regions were ®Ga-DOTATATE and "®F-FDG positive, but "F-FDG uptake was lower than ®Ga-DOTATATE uptake (median SUV __ values were 12.5-21,
respectively) (9). ®Ga-DOTATATE PET/CT has higher diagnostic accuracy than '8F-FDG PET/CT (10). Renal PGL should be considered when evaluating
kidney masses because it can mimic RCC, and caution should be exercised.

e
LI., E"’.-;’ o Lol
Figure 2. Tumor cells are arranged in a Zellballen pattern within a fibrovascular stroma (A, H&E x200). The tumor is strongly positive for chromogranin-A

(B, x200). S-100 immunostain highlighting the focally preserved sustentacular cells (C, x200). Strong cytoplasmic positivity for tyrosine hydroxylase
confirms the diagnosis of PGL (D, x200).
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Testicular Incidentaloma on '8F-choline PET/CT in a Patient with
Prostatic Adenocarcinoma

Prostatik Adenokarsinomlu Bir Hastada '®F-kolin PET/BT ile Saptanan Testikuler
Insidentaloma

©® Chaymae Bensaid, ® Salah Oueriagli Nabih, ® Meryem Aboussabr, ® Omar Ait Sahel, ® Yassir Benameur,
® Abderrahim Doudouh

Mohammed V Military Training Hospital, Clinic of Nuclear Medicine, Rabat, Morocco

Abstract

Prostatic adenocarcinoma is characterized by elevated phosphatidylcholine metabolism. '8F-choline positron emission tomography/computed
tomography (PET/CT) is widely used for patients with biochemical recurrence and a prostate-specific antigen threshold above 2 ng/mL. We
report a case of a patient with high-risk prostatic adenocarcinoma undergoing '®F-choline PET/CT for biochemical recurrence. In addition to
hypermetabolic abdominal lymph nodes, an unexpected right testicular hypermetabolism was observed. Such findings on '®F-choline PET/CT
may suggest a primary tumor or testicular metastasis of prostate cancer. Bilateral orchiectomy revealed a vitelline tumor associated with known
primary prostatic cancer. The incidental discovery of a testicular vitelline tumor during prostate cancer imaging is rare, highlighting the importance
of thorough diagnostics. This case underscores the need for comprehensive care in managing complex and atypical cancer cases, emphasizing
the potential for unrelated tumor discoveries during diagnostic workup. Further research is essential for a better understanding of these rare co-
occurring cancers and their treatment implications.

Keywords: '®Fcholine positron emission tomography/computed tomography, yolk tumor, prostatic adenocarcinoma

Oz

Prostatik adenokarsinom, yiksek fosfatidilkolin metabolizmasi ile karakterizedir. '8F-kolin pozitron emisyon tomografisi/bilgisayarli tomografi (PET/
BT), biyokimyasal niiks olan ve prostat spesifik antijen diizeyi 2 ng/mL'nin Uzerinde olan hastalarda yaygin olarak kullaniimaktadir. Biyokimyasal
niiks nedeniyle '"®F-kolin PET/BT uygulanan yuksek riskli prostat adenokarsinomlu bir hastayi bildiriyoruz. Hipermetabolik karin lenf nodlarina
ek olarak sag testiste beklenmedik bir hipermetabolizma da gdzlendi. "®F-kolin PET/BT'deki bu tiir bulgular, bir primer timorl veya prostat
kanserinin testikiler metastazini diistindirebilir. Bilateral orsiektomi, bilinen primer prostat kanseri ile iliskili bir vitellin timori ortaya gikardi. Prostat
kanseri gorlntilemesi sirasinda testikdler vitellin timorinin tesadifen kesfedilmesi nadirdir, bu da teshise yonelik kapsamli arastirmanin énemini
vurgulamaktadir. Bu olgu, karmasik ve atipik kanserli olgularinin yonetiimesinde kapsamli bakim ihtiyacinin altini gizmekte ve teshis icin yapilan
arastirmalar sirasinda ilgisiz timor kesiflerinin potansiyelini vurgulamaktadir. Nadiren birlikte ortaya cikan bu kanserlerin ve bunlarin tedavilerinin
yol acacag etkilerin daha iyi anlasilmasi icin daha fazla arastirma yapilmasi gerekmektedir.
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Figure 1. A 69-year-old patient was followed up since 2019 for high-risk prostatic adenocarcinoma Gleason 9 (4+5), which was treated by external
radiotherapy and subsequently introduced to novel hormonotherapy. The evolution was unremarkable for 2 years. The patient was lost to follow-up
for 1 year and returned in 2023 with a prostate-specific antigen level of 7.3 ng/mL. ®F-choline positron emission tomography/computed tomography
(PET/CT) scan was ordered as part of recurrence assessment, which showed the physiological and pathological distribution of the radiopharmaceutical
("®F-choline) (maximum intensity projection; A) and revealed the presence of a suspicious pathological hypermetabolic lymphadenopathy interaortic
cavity [the maximum standardized uptake value (SUV__ ) was 4.4], suggesting of lymph node recurrence (CT and fusion images in axial sections; arrow;
B), besides the absence of suspicious hypermetabolism in the prostatic lodge.

In the CT and fusion images in axial sections (arrow; C), we also noted the presence of a suspicious right testicular nodule measuring 43x30 mm with
an intense hypermetabolism (SUV__ =8.8). Our findings suggest two diagnoses: primary cancer or rare testicular metastasis of prostate cancer.

Rare testicular hypermetabolism requires prompt reporting by the nuclear medicine physician, prompting a follow-up testicular ultrasound, especially
if CT scan shows suspicious abnormalities. Testicular ultrasonography showed two contiguous, wellHimited, heterogeneous tissue nodules taking color
Doppler and containing microcalcifications, measuring 23x27 mm and 19x20 mm respectively.

Few cases of testicular involvement in prostate cancer have been reported in the literature using '®F-choline PET/CT. Identifying a testicular lesion in
a familial neoplastic context, particularly in prostatic cases, requires careful investigation and histological confirmation to distinguish metastatic from
primary origin (1).
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Figure 2. The patient underwent bilateral orchiectomy (bilateral orchiectomy surgical specimen; A), and the morphological and immunohistochemical
profile was consistent with a testicular primary cancer (pathological section of the poorly differentiated carcinomatous testicular process; B), in
particular a yolk tumor. "®F-choline PET/CT allowed us to discover, in addition to lymph node reccurrence, a rare and asymptomatic testicular primary
cancer, which was accessible and resectable. Orchiectomy seemed essential in the absence of histological evidence that could confirm the diagnosis.
The yolk tumor discovered fortuitously is an uncommon histological variant of non-seminomatous germ cell tumors in adults (2), and its binding to
'8F-choline remains non-specific and poorly defined. Calabro et al. (3) reported also a case of incidental finding of testicular seminoma by '®F-choline
PET/CT in a prostate cancer patient. Also, Cegla et al. (4) reported that incidental detection of a second primary cancer in prostate cancer patients
using '®F-choline PET/CT is not very common and that lung cancer and hematologic malignancies are most frequently detected at 50% and 19% of
cases, respectively, and less often a testicular cancer.

Moreover, the presence of this unusual testicular hypermetabolism poses challenges in terms of differential diagnosis, especially testicular secondary
involvement, which is uncommon (2-3% prevalence) and is typically discovered during autopsy or orchidectomy. Prostate cancer nearly constitutes half
of all testicular metastases, with suggested dissemination through different ducts or vascular networks, emphasizing an unconventional metastatic
pathway. Foret et al. (5) reported a rare instance of isolated testicular recurrence of prostatic adenocarcinoma identified via "®F-fluorocholine PET/CT.
Furthermore, there are no studies in the literature addressing the various diagnoses to consider in the presence of this testicular hypermetabolism,
particularly benign testicular pathologies unrelated to neoplastic contexts.

This case underscores the pivotal role of ®F-choline PET/CT in the management of prostatic neoplasia, revealing a rare primary testicular cancer. It
highlights the need for additional scientific studies and emphasizes the importance of systematic pathological examination post-surgical castration
for improved differential diagnosis and enhanced control of prostatic neoplasia, especially after addressing lymph node recurrence. In addition, the
discovery of a testicular vitelline tumor during 'F-choline investigation for prostate cancer emphasizes the significance of thorough imaging and
testing. It stresses the requirement for comprehensive, multidisciplinary care in addressing complex cases, urging further research to understand the
implications and potential treatment strategies for these uncommon concurrent cancers.
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'"8F-FDG PET/CT Correctly Differentiates Idiopathic Pericarditis
from Recurrent Lymphoma in a Patient with Primary Mediastinal
Lymphoma

SF-FDG PET/BT, Primer Mediastinal Lenfomali Bir Hastada Idiyopatik Perikarditi
Tekrarlayan Lenfomadan Dogru Sekilde Ayirt Eder
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Abstract

A man in his 30s awaiting end-of-treatment '"®F-fluorodeoxyglucose positron emission tomography/CT (®F-FDG PET/CT) for primary mediastinal
B-cell lymphoma developed chest pain and pericardial effusion. His interim "®F-FDG PET/CT showed complete metabolic responses. His blood
test revealed elevated levels of inflammatory markers, including Creactive protein of 204.1 mg/L and erythrocyte sedimentation rate of 106
mm/h. His pericardial biopsy revealed organizing fibrinous pericarditis with hemosiderin pigment deposition and no evidence of malignancy or
granuloma. The "®F-FDG PET/CT performed during this episode of illness revealed a mild degree of '®F-FDG uptake along the pericardial lining
[maximum standardized uptake value (SUV._ ) =6.76] compared with the blood pool activity (SUV, _ =3.17), which favors pericarditis over
relapsed lymphoma. His symptoms subsided 2 weeks after treatment with an non-steroidal anti-inflammatory drug, and he had no sign of relapsed
lymphoma on subsequent follow-ups.

Keywords: Nuclear medicine, pericarditis, non-Hodgkins lymphoma, cardiology

Oz

Primer mediastinal B hcreli lenfoma icin tedavi sonu '®F-florodeoksiglukoz pozitron emisyon tomografisi/bilgisayarl tomografi
("®F-FDG PET/BT) bekleyen 30’lu yaslarindaki bir erkek hastada gégus agrisi ve perikardiyal eflizyon gelisti. Ara degerlendirmedeki '®F-FDG PET/
BT'si tam metabolik yanit géstermekteydi. Kan testinde enflamatuvar belirteclerde artisi gosterecek sekilde C-reaktif protein diizeyi 204,1 mg/L ve
eritrosit sedimantasyon hizi 106 mmy/saat idi. Perikard biyopsisinde hemosiderin pigment birikimi ile birlikte organize fibrindz perikardit saptandi ve
malignite veya granilom kaniti yoktu. Hastaligin bu epizodu sirasinda yapilan '®F-FDG PET/BT, lenfoma niikstine gore perikarditi destekleyen kan
havuzu aktivitesiyle [maksimum standardize tutulum degeri (SUV. ) =3,17] karsilastinldiginda perikardiyal hat boyunca hafif derecede "*F-FDG
tutulumunu (SUV_ =6,76) ortaya cikards; bu da niikseden lenfomaya kiyasla perikarditi digtindirlr. Hastanin semptomlarn steroid olmayan anti-
enflamatuvar ilag tedavisinden 2 hafta sonra azaldi ve sonraki takiplerde nikseden lenfoma belirtisi gérilmedi.
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Figure 1. A man in his 30s had an underlying primary mediastinal B-cell lymphoma. The initial staging fluorine-18 fluorodeoxyglucose ('¢F-FDG)
positron emission tomography/computed tomography (PET/CT) for his lymphoma demonstrated multiple abnormal "8F-FDG-avid lymph nodes in the
mediastinum, which was consistent with lymphomatous involvement (a, b). He received chemotherapy sessions. His interim '®F-FDG PET/CT showed
complete metabolic responses of the mediastinal lesions (c, d).
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Figure 2. Approximately 1 month after the conclusion of his chemotherapy session, the patient experienced pruritic chest pain with fever and presented
at the emergency department. Bedside echocardiography revealed recently developed 3 c¢m thick loculated pericardial effusion. A pericardial biopsy
was performed, which yielded organizing fibrinous pericarditis with hemosiderin pigment deposition on pathological examination, without evidence
of malignancy or granuloma. His erythrocyte sedimentation rate (ESR) was 106 mm/h and serum C-reactive protein (CRP) level was 204.1 mg/L.
Follow-up "8F-FDG PET/CT was performed to assess the end-of-treatment response to chemotherapy and rule out the possibility of relapsed lymphoma
(a). "8F-FDG PET/CT revealed the recent development of nodular '8F-FDG uptake foci along the pericardial lining with a maximum standardized uptake
value (SUV__ ) of 6.76 (b, c). No other evidence of recurrent lymphoma was detected. As an internal reference, the measured SUV__ of the ventricular
blood pool was 3.17 (d). The patient was diagnosed with acute idiopathic pericarditis and was treated with the non-steroidal anti-inflammatory drug
ibuprofen. His chest pain and fever subsided approximately 2 weeks after the initiation of ibuprofen. His ESR was 15 mm/h, and his CRP was 4.35
mg/L 4 weeks after ibuprofen treatment. No "®F-FDG PET/CT was performed afterward to follow up on his pericarditis.

Although "8F-FDG PET/CT has not yet been established as a standard investigation for pericarditis, potential uses of '®F-FDG PET/CT have been proposed
for multiple pericardial diseases (1). One potential use of '®F-FDG PET/CT is to differentiate between malignant and benign pericardial diseases. A study
by Shao et al. (2) proposed a cut-off of SUV__ lesion/SUV __ blood pool ratio of >2.4 to indicate malignant pericardial disease with a sensitivity of 92.3%
and specificity of 90.0%. In this study, the SUV__ ratio was 2.13, which correctly classified the uptake as benign. Other potential uses of '*F-FDG PET/
CT in acute idiopathic pericarditis include predicting the risk of pericarditis relapse (3) and differentiating tuberculous from idiopathic pericarditis (4,5).
Our case report supports the idea that 'F-FDG PET/CT can be a reliable diagnostic tool for differentiating malignant from non-malignant pericardial
diseases.
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A Case of Diffuse Infiltrative Hepatocellular Carcinoma with
Marked Response to Sorafenib Treatment Evidenced by '|F-FDG
PET/MRI

F-FDG PET/MRG ile Sorafenib Tedavisine Belirgin Yanit Verdigi Gosterilen Difftiz
Infiltratif Hepatoselliler Karsinom Olgusu
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Abstract

A 73-year-old woman with known diagnosis of chronic hepatitis B infection referred for "®F-fluorodeoxyglucose positron emission tomography/
computed tomography (*®F-FDG PET/CT) and magnetic resonance imaging (MRI) after detection of a liver mass with 9 cm diameter in contrast
enhanced CT. However, "®F-FDG PET/CT and MRI revealed diffuse infiltrating hepatocellular carcinoma lesions other than previously defined mass.
After 9 months of Sorafenib treatment serum alpha feto protein levels dropped from 60,500 ng/mL to 801 ng/mL. Later '8F-FDG PET/MRI was
performed for evaluation of response to treatment and revealed marked response to treatment.

Keywords: Hepatocellular carcinoma, positron emission tomography, fluorodeoxyglucose, magnetic resonance imaging, sorafenib

Oz

Bilinen kronik hepatit B enfeksiyonu tanili hasta kontrastli bilgisayarli tomografide (BT) karacigerde 9 cm boyutlu kitle saptanmasi Uzerine
'8F-florodeoksiglukoz pozitron emisyon tomografisi/BT ('®F-FDG PET/BT) ve manyetik rezonans goérlntileme (MRG) icin yonlendirildi.
Ancak, '8F-FDG PET/BT ve MRG'de Onceki tanimlanan kitle disinda parankimde diffliz infiltratif hepatoselliler karsinom lezyonlari saptandi.
Dokuz aylik sorafenib tedavisini takiben serum alfa fetoprotein degerleri 60.500 ng/mL'den 801 ng/mL’ye kadar geriledi. Tedavi yaniti icin cekilen
'8F-FDG PET/MRG'de de belirgin tedavi yaniti gosterildi.

Anahtar kelimeler: Hepatosellller karsinom, pozitron emisyon tomografisi, florodeoksiglukoz, manyetik rezonans goriintlleme, sorafenib
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Figure 1. A 73-year-old woman with hepatitis B infection presented with abdominal pain and dynamic liver computed tomography (CT) revealed a 9
cm lesion in the liver (A, orange arrow). The patient’s serum alpha feto protein (AFP) levels were measured as high as 60,500 ng/mL. The patient was
referred for '8F-fluorodeoxyglucose positron emission tomography/CT ('8F-FDG PET/CT) and magnetic resonance imaging (MRI) for staging of probable
hepatocellular carcinoma (HCC) diagnosis. However, '8F-FDG PET/CT and MR revealed diffuse infiltrating HCC lesions in both lobes of liver in addition
to the previously defined 9 cm mass. The diffuse infiltrating lesions (blue arrows) were hyperintense in axial T2-weighted MRI (B, C) images and showed
intense "®F-FDG uptake with maximum standardized uptake value (SUV,__): 12.5 as visualized in the maximum intensity projection (MIP) (D), axial
PET/CT MRI fusion images (E, F). Additionally, the previously defined 9 cm lesion (orange arrows) had very mild '®F-FDG uptake. Sorafenib treatment
was initiated after the detection of advanced disease.

Figure 2. After 9 months of sorafenib treatment AFP levels were measured as low as 801 ng/mL. Post-treatment integrated '®F-FDG PET/MRI revealed
that diffuse infiltrating lesions had largely regressed. A few "®F-FDG-avid lesions (green arrows) with maximum SUV__: 10.9 including tumor thrombosis
in right hepatic vein, could be visualized in MIP (A), axial T2-weighed MRI (E, F), axial PET/MRI fusion (B, C, D) images. There was no significant
difference in MRI findings of large mass as it had a minimal decrease in diameter to 8 cm and is still mildly '®F-FDG-avid (B-orange arrow).

194



Mol Imaging Radionucl Ther 2024;33:193-195

Ozkan et al. Response to Sorafenib Imaged with PET/MRI

HCC is one of the most prevalent cancers in the world (1,2).
In advanced HCC cases treatment choices can be limited
to systemic treatments such as tyrosine-kinase receptor
inhibitors, vascular endothelial growth factor inhibitors
and immunotherapy agents (3,4,5). As one of the most
commonly used tyrosine-kinase inhibitors, sorafenib can
increase overall survival in HCC patients (6). It has been
shown that pretreatment "8F-FDG PET/CT parameters have
a prognostic value in HCC patients treated with sorafenib
but intensity of ®F-FDG uptake may not predict response
to sorafenib treatment (7,8). In this case the lesions
previously undetected in CT were demonstrated with both
components of PET/MRI. Additionally, "®F-FDG PET revealed
different characteristics of these two pathologies, one
being solitary non-FDG avid mass, other being intensely
FDG-avid infiltrating lesions. Furthermore, more '®F-FDG
avid infiltrating lesions had a marked response to sorafenib
while the other large solid mass was merely exhibiting
stable disease. An effective response to sorafenib is rare,
and in this case both PET and MRI revealed dramatic
response of infiltrating lesions to treatment, consistent with
clinical findings. In conclusion, PET can reveal metabolic
characteristics of HCC lesions and usage of high soft tissue
contrast of MRI can help identify corresponding lesions in
liver. This could make the usage of PET/MRI valuable for
diagnosis, staging and as demonstrated above evaluation
of response to treatment.
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Distinguishing Bronchial Carcinoid from Benign Bronchocele using
*Ga-DOTATOC PET/CT Imaging

%Ga-DOTATOC PET/BT Géruntuleme Kullanilarak Bronsiyal Karsinoidin Benign
Bronkoselden Ayinimasi
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Abstract

Bronchial carcinoids are low-grade neuroendocrine tumors with slow growth rates and the potential to spread to nearby lymph nodes. Here we
present a challenging case of bronchial carcinoid visualized alongside an adjacent benign bronchocele. Chest computed tomography (CT) identified
the endobronchial mass with unclear morphological and diagnostic insights. A differential diagnosis of several benign and malignant etiologies
was made. Subsequently, an endobronchial biopsy confirmed lung carcinoid. For better evaluation, a ®Ga-labeled 1,4,7,10-tetraazacyclododecane-
N,N’,N"",N"""-tetraacetic acid-d-Phe 1-Tyr3-octreotide (**Ga-DOTATOC) positron emission tomography/CT scan was performed. The scan revealed a
locally confined endobronchial mass with intense ®Ga-DOTATOC expression. Adjacent benign bronchocele was visualized with insignificant ®Ga-
DOTATOC expression. Histopathological examination of the resected upper lobe confirmed these findings. This case highlights the importance of
somatostatin receptor imaging in accurately identifying the extent of carcinoid tumors in the primary, nodal, and metastatic domains.
Keywords: Bronchocele, bronchial carcinoid, diagnostic challenge, ®Ga-DOTATOC, somatostatin receptor imaging, PET/CT

Oz

Bronsiyal karsinoidler, yavas blylme oranlarina sahip ve yakindaki lenf diigimlerine yayllma potansiyeli olan disik dereceli néroendokrin
tUmorlerdir. Burada komsu benign bronkoselin yaninda goérintilenen zorlu bir bronsiyal karsinoid olgusu sunulmaktadir. Bilgisayarli toraks
tomografisi (BT), belirsiz morfolojik ve tanisal bilgilerle endobronsiyal kitleyi tanimladi. Cesitli benign ve malign etiyolojilerin ayirici tanisi yapildi. Daha
sonra endobronsiyal biyopsi akciger karsinoidini dogruladi. Daha iyi degerlendirme igin, %Ga etiketli 1,4,7,10-tetraazasiklododekan-N,N’,N"",N"""-
tetraasetik asit-d-Phe1-Tyr3-oktreotid (®*Ga-DOTATOC) pozitron emisyon tomografisi/BT taramasi yapildi. Tarama, yogun %Ga-DOTATOC
ekspresyonuna sahip lokal olarak sinirli bir endobronsiyal kitleyi ortaya cikardi. Komsu benign bronkosel, 6nemsiz ®Ga-DOTATOC ekspresyonuyla
gorlntilendi. Rezeke edilen Ust lobun histopatolojik incelemesi bu bulgular dogruladi. Bu olgu, primer, nodal ve metastatik alanlardaki karsinoid
timorlerin boyutunun dogru bir sekilde belilenmesinde somatostatin reseptéri gorintllemesinin énemini vurgulamaktadir.
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Figure 1. A 36-year-old female presented with progressive, productive cough over the last 2 months. Upon consultation, the patient denies any previous
history of medical diseases or surgical operations but reports a positive family history of cancer. Chest computed tomography (CT) revealed a large right
peribronchial mass lesion (A, B; arrows), an adjacent cystic density (B, arrowhead), and few prominent mediastinal lymph nodes (B, C, dotted arrows).
The differential diagnosis includes endobronchial obstructing tumor, atypical pneumonia, or granulomatous disease. Therefore, an endobronchial
biopsy was performed for a definitive diagnosis and revealed evidence of lung carcinoid. Shortly thereafter, the patient was transferred to our
cancer center for further examination. For optimal staging prior to surgical intervention, a whole-body %Ga-labeled 1,4,7,10-tetraazacyclododecane-
N,N’,N",N"""-tetraacetic acid-d-Phe1-Tyr3-octreotide (*®Ga-DOTATOC) tumor, nodal, metastatic domains (TNM) scan was ordered. The scan identified
the right endobronchial mass with intense somatostatin receptor (SSTR) expression (D, E, F, arrows). The maximum standardized uptake value was
89.2 (D, E, F, arrows). In addition, the adjacent cystic density demonstrated insignificant SSTR expression, indicating a benign etiology and confirming
post-obstructive bronchocele (F, arrowhead). Moreover, few mediastinal lymph nodes with insignificant ®Ga-DOTATOC avidity were concluded to
be mostly benign in nature (F, G; dotted arrows). Following a multidisciplinary clinic meeting, the patient underwent a right upper lobectomy with
mediastinal lymphadenectomy, which revealed a locally confined 2.5 cm typical carcinoid tumor. The tumor, nodal, and metastatic domains (TNM)
staging was found to be T1cNO and was labeled as stage IA disease. The patient is doing well after surgery and will undergo the necessary follow-up
after that.

Bronchial carcinoids constitute 2% of all pulmonary malignancies (1). These tumors display various clinical, morphological, and biological patterns (1).
Bronchial carcinoids may exhibit concurrent bronchocele in proximity (2). Bronchoceles, also termed bronchial mucocele, are typically benign but may
masquerade as part of the primary tumor, leading to disease upstaging (2). CT evaluation alone may complicate precise tumor size determination due
to density similarities and proximity (3). Occasionally, cystic malignancies were incorrectly identified by CT as mucocele or bronchocele (4,5). In such
scenarios, SSTR imaging aids in accurate disease diagnosis. This unique case highlights the first instance in which ®#Ga-DOTATOC PET/CT discriminated
a bronchial carcinoid tumor from a subsequent bronchocele. These findings underscore the important role of SSTR imaging in distinguishing benign
bronchocele from endobronchial carcinoid, ensuring precise staging across TNM.
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Paget’s Disease Mimicking Prostate Cancer Metastasis with
®Ga-PSMA PET/CT

Ga-PSMA PET/BT'de Prostat Kanseri Metastazini Taklit Eden Paget Hastaligi
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Abstract

%Ga-prostate-specific membrane antigen (PSMA) positron emission tomography/computed tomography imaging successfully detects bone
metastases in prostate cancer (PCa). However, assuming that all detected PSMA-avid bone lesions are metastases should be avoided. It is essential
to evaluate PCa patients with clinical findings and to consider possible differential diagnoses, especially in low-risk patients. Herein, we present
the case of a 62-year-old male patient recently diagnosed with low-risk prostate adenocarcinoma with a PSMA-avid bone lesion corresponding to
Paget's disease.

Keywords: PET/CT, Paget's disease of bone, prostate cancer

Oz

#Ga-prostat-spesifik membran antijeni (PSMA) pozitron emisyon tomografisi/bilgisayarli tomografi gérintileme; prostat kanserinde (PCa) kemik
metastazlarini basarili bir sekilde tespit eder. Ancak, PSMA tutulumu gosteren kemik lezyonlarinin tamaminin metastaz olarak degerlendirilmesinden
kaginilmalidir. Ozellikle diistik riskli PCa hastalarinin klinik bulgulari ile birlikte degerlendirilmesi ve muhtemel ayirici tanilarin géz éniinde
bulundurulmasi gerekmektedir. Bu yazida, yakin zamanda disuk riskli prostat adenokarsinomu tanisi alan ve Paget hastaligi ile uyumlu olarak
degerlendirilen PSMA tutulumu gdsteren kemik lezyonu bulunan 62 yasinda bir erkek hasta sunulmustur.
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Figure 1. A 62-year-old male patient with bone pain in the left pelvic region underwent "®F-fluorodeoxyglucose ('¢F-FDG) positron emission tomography/
computed tomography (PET/CT) for malignancy screening after detecting a lesion in the left iliac bone with CT. On axial '®F-FDG PET/CT images (A), an
FDG-avid lesion with sclerotic areas was detected [maximum standardized uptake value (SUV__ ): 6.3]. No other findings were suspicious for FDG-avid
primary tumor or metastases (B).
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Figure 2. Subsequently, the patient was diagnosed with prostate cancer (PCa) [Gleason score: 3+3=6, ISUP grade 1; initial prostate-specific antigen
(PSA) 2.54 ng/mL] after nodule detection at the urology consultation. Thus, 2 months after '8F-FDG PET/CT, he underwent #Ga-PSMA PET/CT for
disease staging considering the previous '®F-FDG PET/CT and a slightly elevated bone alkaline phosphatase level of 23.6 mg/L (1,2). In %¥Ga-PSMA
PET/CT images, intense PSMA expression was observed in the left iliac bone lesion (SUV,__: 17.85). However, CT images appeared Pagetdike, such
as cortical thickening and sclerosis (A, arrows). Meanwhile, no other finding could be detected in %Ga-PSMA PET/CT images, rather than a faint
heterogeneous PSMA expression in the prostate gland (B, arrows; C).

In PCa staging, bone metastases are uncommon at low total PSA levels. The lesion in the left iliac bone was interpreted as Paget's disease, and he
was referred to an internal medicine specialist (3,4,5,6). Paget’s disease is a benign bone pathology demonstrated by abnormal bone remodeling; the
pelvis, spine, femur, tibia, and skull are the main affected body parts. The main symptom of Paget’s disease is bone pain due to high bone turnover,
which can be relieved by bisphosphonate (7). The patient belonged to a lower-risk PCa group; therefore, the clinician opted for active surveillance
(AS). Six months later, the patient had a total PSA level of 1.87 ng/mL without any treatment. Major urology guidelines suggest that patients with
PCa with ISUP grade 1 having a low clinical stage and low total PSA values should be considered for AS (8). Consequently, it is essential to evaluate
the data obtained from %Ga-PSMA PET/CT images with the patient’s clinical presentation and consider the possible benign pathologies that can be
mistaken for malignancy.
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Bone Marrow Necrosis with Underlying Skeletal Lymphoma
Evaluated by '*F-FDG PET/CT and MRI

8F-FDG PET/BT ve MRG ile Saptanan Altta Yatan Iskelet Lenfomasina Bagli Kemik [ligi
Nekrozu
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Peking University Third Hospital, Departments of Nuclear Medicine, Beijing, China
*Contributed equally to this work as co-first authors.

Abstract

Bone marrow necrosis (BMN) is usually associated with malignancies and is characterized by multiple geographic signal abnormalities on magnetic
resonance imaging (MRI). We report a 28-year-old female with BMN and underlying diffuse large B-cell lymphoma. Diffuse abnormal signal
intensities through the vertebral column were demonstrated on her pretreatment MRI, and the diagnosis of BMN was challenging. Positron
emission tomography/computed tomography (PET/CT) for lymphoma staging showed multiple decreased or absent '8F-fluorodeoxyglucose
("F-FDG) uptake within the vertebrae and pelvis. Marrow biopsy pathological examination showed lymphoma infiltration and massive necrosis.
On the follow-up MRI obtained approximately 21 months after the PET/CT scan, multiple geographic abnormal signal intensities were detected
within the vertebral column and were consistent with the areas of decreased "®F-FDG uptake on PET/CT. This case indicates that '*F-FDG PET/CT
is helpful in the diagnosis of BMN with atypical MRI appearances.

Keywords: Bone marrow necrosis, lymphoma, '®F-FDG PET/CT, MRI

Oz

Kemik iligi nekrozu (KIN) genellikle malignitelerle iliskilidir ve manyetik rezonans gériintiilemede (MRG) coklu bélgelerde sinyal anormallikleri ile
karakterizedir. KIN'li ve altta yatan yaygin biyiik B-hiicreli lenfomali 28 yasinda bir kadin hasta sunulmaktadir. Tedavi 6ncesi MRG'de vertebral
kolon boyunca yaygin anormal sinyal yogunluklari gosterildi ve KIN tanisini koymak gliclesti. Lenfoma evrelemesi icin yapilan pozitron emisyon
tomografisi/bilgisayarli tomografi (PET/BT), omurlarda ve pelviste birden fazla 'F-florodeoksiglikoz ("8F-FDG) alminin azaldigi veya olmadigi
bolgeleri gosterdi. Kemik iligi biyopsisinin patolojik incelemesinde lenfoma infiltrasyonu ve masif nekroz gérildi. PET/BT taramasindan yaklasik
21 ay sonra elde edilen takip MRG'de vertebral kolonda ¢ok sayida bélgede anormal sinyal yogunlugu tespit edildi ve PET/BT'de "8F-FDG aliminin
azaldigi alanlarla uyumluydu. Bu olgu, "8F-FDG PET/BT'nin atipik MRG gériiniimii olan KiN’nin tanisinda yardimci oldugunu géstermektedir.
Anahtar kelimeler: Kemik iligi nekrozu, lenfoma, '®F-FDG PET/BT, MRG
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Figure 1. A 28-year-old woman with a histology of back pain for 5 months complained of pain aggravation, weakness in her legs, and dysuria for 2
weeks. She underwent a thoracic spine magnetic resonance imaging (MRI) scan. T1-weighted (A) and T2-weighted (B) images showing an epidural
mass compressing the spinal cord (red arrows) and diffuse abnormal signal intensity through the vertebral column. The patient underwent surgical
resection of the epidural lesion 5 days after the MRI scan, and diffuse large B-cell lymphoma was confirmed by postoperative histological examination.
Nine days after the operation, she underwent an '8F-fluorodeoxyglucose ('8F-FDG) positron emission tomography/computed tomography (PET/CT)
scan for further evaluation.
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Figure 2. PET/CT images (A, maximum intensity projection; B, PET; C, CT; D, PET/CT) demonstrated diffuse lesions with increased "F-FDG uptake
involving the skeleton, lymph nodes, bilateral breasts, liver, vertebral canal, etc. Multiple radioactive defects were also detected within the spine
(blue arrows in B, D) and pelvis, whereas the corresponding CT scan did not show any obvious abnormality. The day after the PET/CT scan, bone
marrow aspiration on the bilateral posterior iliac crest was performed, and dry taps were obtained. Marrow biopsy pathological examination showed
lymphoma infiltration and massive necrosis. She underwent chemotherapy and autologous stem cell transplantation, achieved a complete response,
and has remained relapse-free. On the T2-weighted MRIs (E) obtained approximately 21 months after the PET/CT scan, multiple geographic abnormal
(central high with peripheral low) signal intensities were detected within the vertebral column (red arrows) and were consistent with the areas of
decreased '"8F-FDG uptake on PET/CT. Bone marrow necrosis (BMN) was considered according to marrow pathology and MRI findings and was
assumed to be secondary to the marrow involvement of lymphoma.

BMN is caused by microcirculation failure (1) and is characterized as necrosis of myeloid tissue and medullary stroma. BMN is usually associated with
malignancies and mainly involves the spine and pelvis (1). It can lead to bone pain, fever, and fatigue (2). Sulfur colloid marrow scan was once thought
to be useful in the diagnosis and assessment of the extent of BMN (3,4,5). Later, BMN was more commonly evaluated by MRI with its characteristic
geographic signal abnormalities: central hyperintensity without enhancement surrounded by a peripheral band of hypointense signal (6,7). However,
the diagnosis of BMN may be challenging based on MRI because MRI appearances may vary at different stages of BMN and may be influenced by
the underlying marrow composition. As shown in this study, typical geographic signal abnormalities were not obvious on preoperative MRI. However,
BMN should be suspected based on PET/CT findings of decreased or absent '8F-FDG uptake in multiple vertebrae (8). The case indicates that PET/CT
is complementary to MRI in the early diagnosis of BMN.
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Multiple Bone Involvement in Low-grade Myofibroblastic Sarcoma
Demonstrated on '®F-FDG PET/CT

Dusuk Dereceli Miyofibroblastik Sarkomda '"®F-FDG PET/BT'de Gésterilen Coklu Kemik
Tutulumu
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Abstract

A 68year-old woman with low back pain for 2 months was admitted. T2-weighted fatsaturated imaging revealed hyperintense lesions in
multiple lumbar regions, suggesting the possibility of bone metastases. Multiple osteolytic and mixed osteolytic-osteoblastic lesions with significant
"®r-fluorodeoxyglucose ('®F-FDG) uptake, as well as multiple osteoblastic lesions with mild '8F-FDG uptake, were observed on subsequent '®F-FDG
positron emission tomography/computed tomography without an identifiable primary lesion. This patient was pathologically diagnosed with low-
grade myofibroblastic sarcoma (LGMS) after biopsy and surgery. Although multiple bone involvement in LGMS is extremely rare, this case suggests
that it should be considered in the differential diagnosis of multiple bone metastases.

Keywords: Low-grade myofibroblastic sarcoma, bone destruction, '8F-FDG PET/CT

Oz

Altmis sekiz yasinda kadin hasta 2 aydir bel agrisi sikayetiyle basvurdu. T2 agirlikli yaga doymus goériintiilemede birden fazla lomber bolgede
hiperintens lezyonlar saptandi ve bu da kemik metastazi olasiligini diistindlrdi. '8F-florodeoksiglukoz ('®F-FDG) pozitron emisyon tomografisi/
bilgisayarli tomografisinde tanimlanabilir bir primer olmaksizin, belirgin '®F-FDG alimina sahip coklu osteolitik ve mikst osteolitik-osteoblastik
lezyonlarin yani sira hafif "8F-FDG alimina sahip coklu osteoblastik lezyonlar gézlendi. Bu hastaya biyopsi ve cerrahi sonrasinda patolojik olarak
dustk dereceli miyofibroblastik sarkom (LGMS) tanisi konuldu. LGMS'de ¢oklu kemik tutulumu son derece nadir olmakla birlikte, bu olgu LGMS'nin
coklu kemik metastazlarinin ayiric tanisinda dikkate alinmasi gerektigini distindtrmektedir.
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Figure 1. A 68-years-old woman with low back pain for 2 months was admitted. T2-weighted fat-saturated imaging revealed heterogeneous
hyperintense lesions in multiple lumbar regions, indicating the likelihood of bone metastases. To identify the primary lesion and determine the tumor
stage, the '®F-fluorodeoxyglucose (*®F-FDG) positron emission tomography/computed tomography (PET/CT) was performed (A, MIP; B, sagittal T2-
weighted fat-saturated magnetic resonance imaging; C, sagittal CT; D, sagittal PET/CT; E, J, K, axial PET/CT; F, I, L, axial CT; G, H, M, axial PET). Multiple
osteolytic (solid arrow) and mixed osteolytic-osteoblastic (bend arrow) lesions with significant '®F-FDG uptake, as well as multiple osteoblastic lesions
(dotted arrow) with mild '8F-FDG uptake, were observed in the thoracic vertebra (black arrow), lumbar vertebra (red arrow), sacrum (yellow arrow),
right 12% rib, left ilium (green arrow), left pubis (blue arrow), and femur (arrowhead), without an identifiable primary lesion. In addition, intense
activity was found in the oral cavity and left cheek area, with no abnormalities detected on the corresponding CT scans, indicating unspecific uptake.
This patient underwent biopsy of the left iliac region and surgery of L3 and was pathologically diagnosed with low-grade myofibroblastic sarcoma
(LGMS). LGMS is a rare mesenchymal tumor that was previously thought to mainly originate from the head and neck region, but a recent study
suggested it may be more common in the extremities (1,2). The majority of LGMS occurs in the soft tissue and is infrequent in the bone (2,3). The
distal femur is the most prevalent site for bone LGMS, followed by the ilium, and the vertebrae are rare (3,4,5). LGMS has been described as having a
low-grade malignant potential that may locally recur and less frequently metastases (2). Multifocal involvement is extremely rare, with only one case of
multicentric soft tissue involvement described by Wechalekar et al. (6). We report an extremely rare LGMS case of multiple bone involvement (multiple
vertebrae, rib, ilium, pubis, and femur) without any soft tissue lesions. Furthermore, in this case, different types of bone destruction (osteolytic,
mixed osteolytic-osteoblastic, and osteoblastic) were observed, which is quite different from the primary and metastatic bone lesions in the previous
studies, which typically manifest as osteolytic bone destruction (1,4,5,7,8). '®F-FDG PET/CT scan is an important approach in differentiating malignant
sarcomatous lesions from benign lesions, especially for the equivocal lesions on conventional imaging, as well as a primary diagnostic tool for
metastatic lesion detection (9,10). The presence of primary bone LGMS on the ®F-FDG PET/CT scan has been reported by Hou et al. (8). To the best of
our knowledge, this is the first case of LGMS involving numerous bones and causing different types of bone destruction with heterogeneous ®F-FDG
uptake on the "®F-FDG PET/CT. Despite its rarity, this case suggests that LGMS with multiple bone involvement should be considered when multiple
bone metastases are suspected.
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Intrathyroidal Parathyroid Adenoma

Intratiroidal Paratiroid Adenomu
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Abstract

Intrathyroidal parathyroid adenoma is a rare anomaly with an incidence of 1.46%. A cause of failure in the therapeutic management of
hyperparathyroidism is the ectopic localization of the adenoma, particularly intrathyroidal. This is the case of a 51-year-old patient with no
particular pathological history who presented with neck pain and whose clinical examination revealed a goiter. Parathyroid myocardial perfusion
imaging (MIBI) scintigraphy revealed an elective MIBI-fixing focus with an upper left polar projection compatible with a parathyroid origin. A left
loboishmectomy was performed. Anatomopathological study showed a parathyroid adenoma associated with dystrophic thyroid parenchyma,
with no obvious histological signs of malignancy. Post-therapeutic laboratory work-up was normalized. Parathyroid adenoma, intrathyroidal, is an
uncommon lesion but may be responsible for therapeutic failure in hyperparathyroidism. MIBI parathyroid gland scintigraphy is the gold standard
for the diagnosis of parathyroid ectopy.

Keywords: Intrathyroidal parathyroid adenoma, parathyroid ectopy, MIBI scintigraphy

Oz

intratiroidal paratiroid adenomu nadir gériilen bir anomali olup gériilme sikligi %1,4-6'dir. Hiperparatiroidizmin terapotik tedavisindeki basarisizligin
bir nedeni, adenomun ektopik lokalizasyonu, 6ézellikle intratiroidal olmasidir. Burada, 6zel bir patolojik gegmisi olmayan, boyun agrisi sikayetiyle
basvuran ve klinik muayenesinde guatr tespit edilen 51 yasinda bir hasta sunulmaktadir. Paratiroid miyokardiyal perflizyon gérintileme (MIBI)
sintigrafisi, paratiroid kokeniyle uyumlu projeksiyonlu MIBI tutulum odagini ortaya cikardi. Sol lobektomi yapildi. Anatomopatolojik calisma, belirgin
bir histolojik malignite belirtisi olmayan, distrofik tiroid parankimi ile iliskili bir paratiroid adenomunu gésterdi. Tedavi sonrasi laboratuvar calismalari
tamamlandi. intratiroidal paratiroid adenomu nadir gérilen bir lezyondur ancak hiperparatiroidizmde tedavi basarisizigindan sorumiu olabilir. MIBI
paratiroid bezi sintigrafisi paratiroid ektopisinin tanisinda altin standarttir.
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Figure 1. This is the case of a 51-year-old patient, with no particular pathological history, who was consulted for cervical pain and swelling. Clinical
examination revealed cervical goiter. Biological workup showed a profile characteristic of hyperparathyroidism, with parathyroid hormone (PTH)
elevated to 922.3 pg/mL, hypercalcemia to 152 mg/L, and hypophosphatemia to 10 mg/L. Cervical ultrasound revealed a normal-sized thyroid gland
with a left upper lobar thyroid nodule classified as EU-TIRADS 5 and measuring 1.4x2 cm. Myocardial perfusion imaging (MIBI) scintigraphy revealed
an elective MIBI-fixing focus with an upper left polar projection (A) compatible with parathyroid origin. In addition, single-photon emission computed
tomography/computed tomography (SPECT/CT) images (B) and CT images (C) confirmed the intra-thyroidal location of the parathyroid nodule. A left
loboishmectomy was performed, and the anatomopathological study showed a parathyroid adenoma associated with dystrophic thyroid parenchyma,
with no obvious histological signs of malignancy. (D) Biological tests performed 1 week after surgery showed normal levels, with calcemia =83 mg/L
and PTH =61.2 pg/mL.

Hyperparathyroidism is the third most common endocrinopathy, with parathyroid adenoma being the most common etiology. The latter may be
located ectopically in 11-25% of cases, secondary to embryonic migration anomalies (1). Intrathyroidal parathyroid adenoma is a rare anomaly
with an incidence of 1.4-6%. One of the causes of failure in the therapeutic management of hyperparathyroidism is the ectopic localization of the
adenoma, particularly intrathyroidal (2). The diagnosis of the location of the ectopic gland depends mainly on imaging studies, such as ultrasound,
CT, magnetic resonance imaging (MRI), Tc:-99m-MIBI SPECT/CT, or "#F-fluorocholine positron emission tomography (PET)/CT (3). T99m-MIBI SPECT/
CT represents additional advantages in the evaluation of parathyroid adenoma. It can be used to estimate the function of the parathyroid gland and
the extent of its hyperplasia is the simplest and most widely used noninvasive method for preoperative determination of the location and position of
the gland (4). Numerous studies have confirmed the usefulness of MIBI scintigraphy in the exploration of the parathyroid gland in the management
of hyperparathyroidism. In a group of over 1,500 cases, Roy et al. (5) observed a parathyroidectomy success rate of over 95% and the presence of
an ectopic parathyroid gland in 6-16% of cases (38% located in the thymus, 31% in the retropharynx and 18% intra-thyroid). In such cases, these
authors found MIBI scintigraphy was diagnostically superior, with a sensitivity of 89% compared with ultrasound (sensitivity 59%) (5). Ishibashi et al.
(6) recommended that MIBI scintigraphy be performed before any other diagnostic means of localization, such as CT or MRI. This author observed a
sensitivity of 70% and a specificity of 88% for scintigraphy, which is superior to CT (40% and 88% respectively) and MRI (60% and 88%) (6). Other
studies also point to MIBI scintigraphy as the best performing diagnostic technique, with sensitivity approaching 90% (7). However, MIBI scintigraphy
has certain limitations. For example, when parathyroid hyperplasia is not evident, or the focus is too small to be covered by thyroid tissue, or when
associated with a multinodular goiter, false-negative results can occur; hence, it is also of interest in the differential diagnosis of benign thyroid disease.
Furthermore, when ultrasound and Tc-99m-MIBI SPECT/CT cannot determine intrathyroid nodules, PET/CT may be a better alternative (8).
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Tc-99m-MDP Uptake in Extraosseous Metastases from Ovarian
Papillary Serous Adenocarcinoma

Over Papliller Seréz Adenokarsinomuna Bagli Ekstraossebz Metastazlarda Tc-99m-MDP
Tutulumu

©® Komal Bishnoi, ® Kanhaiyalal Agrawal, ® P. Sai Sradha Patro, ® Girish Kumar Parida

All'India Institute of Medical Sciences, Department of Nuclear Medicine, Bhubaneswar, India

Abstract

The uptake of Tc99m-uptake of Tc99m-methylene diphosphonate (MDP) on bone scintigraphy can be seen at sites other than bone in a
varying number of benign and malignant conditions. Extraosseous metastatic calcifications can occur in ovarian papillary serous adenocarcinoma
(PSAC). These extraosseous calcifications show Tc99m-MDP uptake. We report a case of a female in her sixties who had a previous history of
PSAC of the ovary. The patient had undergone neoadjuvant chemotherapy (NACT) followed by total abdominal hysterectomy and bilateral
salpingo-oophorectomy. She also received adjuvant chemotherapy. Tc99m-MDP bone scan was performed post chemotherapy because the
patient complained of lower backache. The scan showed increased uptake in the lower thoracic and lumbar vertebral regions. However, single-
photon emission computed tomography/computed tomography (CT) localizes the uptake to metastatic calcified peritoneal deposits. Further
'8F-fluorodeoxyglucose positron emission tomography/CT confirmed widespread peritoneal and omental metastatic disease with increased uptake.
Keywords: Tc-99m-MDP, metastases, ovarian papillary serous adenocarcinoma

Oz

Kemik sintigrafisinde Tc99m-metilen difosfonatin (MDP) Tc-99m alimi, gesitli iyi huylu ve ko6t huylu durumlarda kemik disindaki bolgelerde de
gorilebilir. Yumurtalik papiller seréz adenokarsinomunda (PSAC) ekstraossedz metastatik kalsifikasyonlar meydana gelebilir. Bu ekstraosse6z
kalsifikasyonlar Tc99m-MDP alimini gostermektedir. Daha 6nce overde PSAC 6ykist olan altmisl yaslarindaki bir kadin hasta bildirilmektedir.
Hastaya neoadjuvan kemoterapi (NACT), ardindan total abdominal histerektomi ve iki tarafli salpingo-ooferektomi uygulandi. Ayrica hasta adjuvan
kemoterapi de aldi. Hastanin bel agrisi sikayeti nedeniyle kemoterapi sonrasi Tc99m-MDP kemik taramasi yapildi. Tarama, alt torasik ve lomber
vertebral bolgelerde artan alim gosterdi. Bununla birlikte, tek foton emisyonlu bilgisayarli tomografi/bilgisayarl tomografi (BT), metastatik kalsifiye
peritoneal birikimlerin alimini lokalize etmektedir. ilave '8F-florodeoksiglukoz pozitron emisyon tomografisi/BT, artan alimla birlikte yaygin peritoneal
ve omental metastatik hastaligi dogruladi.

Anahtar kelimeler: Tc99m-MDP, metastaz, over papiller seréz adenokarsinomu
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Figure 1. Ovarian cancer is the seventh most common cancer worldwide in women (1). The mortality rate is high, attributable to diagnosis at an
advanced stage, which is often known to be a “silent killer” (2,3). Tc:99m-methylene diphosphonate (MDP) is a bone-seeking radiopharmaceutical used
to rule out bone metastases. On bone scintigraphy, the uptake can be seen at sites other than the bone in a varying number of benign and malignant
conditions. In this case, a woman in her sixties had stage Ill papillary serous adenocarcinoma (PSAC) ovary diagnosed almost 3 years ago (in 2020).
She received three cycles of neoadjuvant chemotherapy and underwent total abdominal hysterectomy and bilateral salpingo-oophorectomy, infra-
epiploic omentectomy, left paracolic peritoneum, and pelvic peritoneum removal. Thereafter, the patient was asymptomatic and was followed up.
A follow-up contrast-enhanced computed tomography (CT) scan of the abdomen showed few hypodense lesions in the liver and multiple soft tissue
lesions indenting the liver surface in the peritoneum and abdominal wall with few small bilateral lung nodules, which were suspicious for widespread
metastases. Therefore, the patient received 9 cycles of adjuvant chemotherapy with paclitaxel and bevacizumab for 6 months. The patient presented
with lower backache during the course of chemotherapy. Tc-99m-MDP bone scan was performed to rule out any bone metastases. (A, B): anterior
and posterior planar bone scan images show increased tracer uptake in the lower thoracic and lumbar vertebrae region, although the uptake in the
lower thoracic vertebrae region is not limited to the bones. To rule out this dilemma, single-photon emission computed tomography/CT (SPECT/CT)
of the abdomen and pelvis was performed. (C, D, E, F): axial CT and fused SPECT/CT images of the abdomen show tracer uptake in the calcified
deposits along the surface of the liver (peritoneal) and other peritoneal deposits (arrows), suggestive of peritoneal metastatic disease ruling out bone
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Figure 2. A further whole body (vertex to mid-thigh) ®F-fluorodeoxyglucose positron emission tomography (PET)/CT was performed to assess the
extent of metastatic disease. (A): maximum intensity projection image shows multifocal increased tracer uptake in the abdomen and pelvis in a pattern
similar to Tc-99m-MDP uptake suggesting metastatic lesions. (B, C, D, E): axial CT and fused PET/CT images of the abdomen show hypermetabolic
calcified deposits along the surface of the liver (peritoneal) and peritoneal deposits (arrows) suggestive of metastatic peritoneal disease. This finding
of metastatic disease was supported by the serum CA 125 level, which was 1183.1 U/mL (normal <30.2 U/mL). The patient is further started on a
chemotherapy regimen including bevacizumab and carboplatin.

Many previously published studies have shown the uptake of Tc-99m-MDP in calcified metastases from Krukenberg tumor (4), endometrium, and ovary
(5,6). This uncommon extraosseous accumulation can be explained by the affinity of T-99m-MDP for hydroxyapatite crystals and calcium precipitates
(7) in soft tissue metastases from ovarian PSAC. Another explanation could be altered extracellular fluid and tracer handling dynamics and tumor
neovascularization with altered capillary permeability (4,8). This extraosseous uptake on bone scans leads to misdiagnosis of bone metastases. Hybrid
imaging like SPECT/CT, provides additional anatomic information and leads to localization of tracer uptake for further clarification, as in this case.
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