UNIVERSITA DEGLI STUDI DI NAPOLI FEDERICO II

SCUOLA DI MEDICINA E CHIRURGIA
Dipartimento di Scienze Biomediche Avanzate

Direttore Prof. Alberto Cuocolo

DOTTORATO DI RICERCA IN SCIENZE BIOMORFOLOGICHE E CHIRURGICHE
XXXl CICLO

Coordinatore Prof. Alberto Cuocolo

TESI DI DOTTORATO

THE ROLE OF IMAGING BIOMARKERS
DERIVED FROM PET/CT STUDIES IN
DIAGNOSIS, THERAPY AND PROGNOSIS OF
CANCER PATIENTS

RELATORE CANDIDATO

Ch.ma Prof.ssa Silvana Del Vecchio Dott.ssa Sara Pellegrino



CONTENTS

1 INTRODUCGTION .....cooiiiiiiiiiemmnmsmnsssnsssssssssssssssssssssssssssssssssssnsssssssnsnssssnnnsnnnnnnnnnns
1.1 Imaging bIOMArKers ... s s s r s s s e man s
1.2 PET/CT imaging modality ..........ccccoiiiiiiimmimmmsss s sssnnnns
1.3 Imaging parameters derived from PET/CT studies ......cccccccvirmmrmcciiiimneenccininnnens
2 AIM AND STRUCTURE OF THE THESIS. .......coo e rrrnmssssssnss e e
3 MATERIALS AND METHODS ........o s rrrrs s s e s
3.1 18F-FDG PET/CT study and image analysis .........ccccccmmrmmmmmmmriiiininnne
3.2 68Ga-DOTA-conjugated peptides PET/CT study and analysis...............cceeneeee
3.3 Statistical analysis ..........ccccoiiiiiiiiiii e ————
4 RESULTS ... e rerrscessssss s s s s s s s s nn s s s s e s e s e s mmm s s s s e e e e e e e nnmmnsnsssnssennnnnn
4.1 LUNG CANCER ... smrr e s s s s mmn e e e s mmn e e e e s e mmnnn e s
4.1.1 Total metabolic tumor volume by 18F-FDG PET/CT for the prediction of
outcome in patients with non-small cell lung cancer ...........cccceeieiiiiiiiiiiinnnneeeennnes
4.1.2 PET-Based Volumetric Biomarkers for Risk Stratification of Non-Small
Cell Lung Cancer Patients ..o
4.1.3 Heterogeneity of glycolytic phenotype in advanced NSCLC................ccccennn.
4.1.4 Performance of FDG-PET/CT in solitary pulmonary nodule based on
pre-test likelihood of malignancy: results from the ITALIAN retrospective
multicenter trial ... ————
4.2 MULTIPLE MYELOMA AND LYMPHOMA ...
4.2.1 Visual and volumetric parameters by 18F-FDG-PET/CT: a head to

head comparison for the prediction of outcome in patients with multiple

0037751 o 3 T T



4.2.2 2-deoxy-2-[18F]fluoro-D-glucose positron emission tomography

computed tomography in primary extranodal lymphomas: treatment

response evaluation and PrognosSis .........cccccciiieeiirrmrrrrrmss e rrnn e rennseenas 24
4.3 THYMIC EPITHELIAL TUMORS........coioiiiiriris s sssns s s 25
4.4 NEUROENDOCRINE TUMORS........ccoiiiriririrns s s sssss s ssssss s ssss s s 27
5 DISCUSSION ... 29
6 CONCLUSIONS ...... . s 35
7 REFERENCES ......... s 35
B TABLES ... 50

O FIGURES. ...t s 55



1 INTRODUCTION

1.1 Imaging biomarkers

Daily clinical practice in oncology requires the use of a number of biomarkers for the
accurate management of cancer patients. These biomarkers can be derived from molecular,
histological or biochemical analysis of patients’ specimens or can be obtained from
measurements made on medical images. The first class of biomarkers includes molecules
such as proteins, DNA, RNA or even pool of genes that can determine the risk to develop
cancer, predict cancer recurrence or response to therapy in a given patient and monitor
disease progression. For instance, EGFR mutational status in non-small cell lung cancer
(NSCLC) predicts response to therapy with EGFR tyrosine kinase inhibitors; PSA levels
allow to monitor disease progression in patients with prostate cancer; expression of estrogen
and progesteron receptors along with HER2 levels guides treatment decisions in patients
with breast cancer. Therefore, according to the definition proposed by the Biomarkers
Definitions Working Group (1), a biomarker of this class is “a characteristic that is objectively
measured and evaluated as an indicator of normal biological processes, pathogenic
processes or pharmacologic responses to a therapeutic intervention”, However, many
treatment decisions in cancer patients are based on imaging findings that contribute for
instance to the definition of clinical TNM stage, the evaluation of tumor response and the
stratification of risk of recurrence. Therefore, the current FDA-NIH biomarker Working Group
definition includes molecular, histological, “radiographic” and physiologic characteristics in
the list of biomarkers (2). The technological evolution of imaging instrumentations and the
continuous progress in image processing increased the number of imaging biomarkers and
they are currently defined as features derived from one or more medical images (2). All
imaging modalities including positron emission tomography (PET) / Computed Tomography

(CT), Magnetic Resonance Imaging (MRI), Computed Tomography (CT) can allow the
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identification and quantitative evaluation of imaging biomarkers (3). When validated, they
can be used in the diagnosis, staging, prognosis and evaluation of treatment response of
cancer patients (3). For these reasons, identification, quantitation and validation of imaging
biomarkers became a research priority in oncological imaging (4).

1.2 PET/CT imaging modality

PET/CT is a non-invasive imaging modality that allows to visualize many biological
processes in the human body (5) including metabolism, proliferation, hypoxia and receptor
expression and provides both qualitative and quantitative parameters that can guide
therapeutic decisions in cancer patients.

A number of PET tracers have been developed and used in clinical trials and in daily
practice. Among these tracers, 18F-labeled 2-deoxy-D-glucose (18F-FDG), a radiolabeled
glucose analogue, is the most widely used in cancer patients. The rationale to use 18F-FDG
PET/CT in the detection of tumor sites relies on the fact that many malignancies have an
oncogene-driven glycolytic phenotype that implies a high glucose demand due to an
inefficient energy production and the consequent dependence of cancer cells from blood
glucose supply (6). In fact, 18F-FDG uptake correlates with the rate of glycolysis, which is
known to be markedly higher in tumors than in normal tissues (7). Therefore, 18F-FDG
PET/CT is used to detect tumor lesions and to assess their aggressiveness throughout the
body identifying primary tumors, lymph node involvement and metastatic lesions thus
contributing to both diagnosis and staging. Moreover, 18F-FDG PET/CT can be helpful in
cancer patients for restaging after treatment, during the follow-up to detect tumor recurrence,
for the evaluation of treatment response and for radiotherapy planning (8). The rationale to
use 18F-FDG PET/CT in the assessment of tumor response to therapy relies on the fact
that conventional cytotoxic agents, by inducing tumor cell death, cause a reduction of cell
viability and glucose demand with a consequent decrease of 18F-FDG uptake that may

precede tumor shrinkage as assessed by anatomical measurements (9-15).



The widespread use of 18F-FDG PET/CT in oncological clinical practice lead indeed to
substantial changes in management strategies of many tumors as a consequence of up-
staging or down-staging of individual patients and recognition of responding and non
responding patients treated with conventional chemotherapy regimens. Furthermore, a large
body of evidences indicate that 18F-FDG PET/CT imaging findings can have a predictive
and prognostic value. For instance in lymphoma patients, interim 18F-FDG PET/CT predicts
tumor response at the end of therapy and subsequent clinical outcome. Therefore, in non
responding patients, therapy might be adapted on the basis of imaging findings to improve
the clinical outcome.

An additional field in which 18F-FDG PET/CT can be helpful is the assessment of
intratumoral heterogeneity that is one of the main causes of therapeutic resistance,
treatment failure and poor overall survival in cancer patients with metastatic disease (16-
18). Heterogeneity of 18F-FDG uptake within tumors has been attributed to several factors
such as cellularity, proliferation, angiogenesis, necrosis and hypoxia that have been
independently associated with more aggressiveness, poorer response to treatment and
worse prognosis (19). Therefore, measuring tumor heterogeneity could be extremely useful
to characterize tumor aggressiveness and to select risk-adapted therapy in individual
patients. In this field, texture analysis is emerging as a new tool for assessing intratumoral
heterogeneity allowing the extraction of texture features from different imaging modalities,
such as CT, PET/CT and MRI. This technique refers to a number of mathematical methods
that may be applied to describe the relationships between the grey level intensity of pixels
or voxels and their position within an image (19).

Among currently available PET radioligands, 68Ga-DOTA-conjugated somatostatin
analogues, that specifically bind to somatostatin receptors (SSTR), are employed in the
management of patients with neuroendocrine tumors. The rationale to use these tracers

relies on the fact that well-differentiated neuroendocrine tumors (NETs) usually express high
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levels of somatostatin receptors. In fact, 68Ga-labelled somatostatin analogues PET/CT
shows a high sensitivity for the detection of most types of NETs, depending on the density
of SSTR. The primary indication of 68 Ga-DOTA-peptides PET/CT imaging is the detection
and follow-up of well-differentiated NETs arising in any anatomic site (20,21). Moreover, this
imaging modality can be used for monitoring disease during and after different types of
treatment including surgery, radiotherapy, somatostatin analogues, chemotherapy or
peptide receptor radionuclide therapy, PRRT.

PRRT employs somatostatin analogues labeled with beta-emitting nuclides to treat patients
with well-differentiated NETs (22). Patient eligibility for PRRT is determined by showing the
avidity of the tumor for SSTR-based radioligands. Therefore 68Ga-peptides PET/CT is
performed in patients with NETs to assess SSTR expression level (23-26). Recently, several
studies have evaluated the prognostic role of imaging biomarkers derived from 68Ga-
peptides PET/CT studies performed in patients candidate to PRRT (27) and their potential
application in the evaluation of PRRT response and in the prediction of outcome (28).
Several imaging biomarkers can be obtained from PET/CT studies and based on the tracer
used, method of extraction and robustness of measurements they can be applied in different
phases of cancer patient management.

1.3 Imaging parameters derived from PET/CT studies

1.3.1 Standardized Uptake Value (SUV)

The standardized uptake value (SUV) is the most frequently used semiquantitative
parameter derived from 18F-FDG PET/CT studies. SUV is determined by measuring the
activity within a region of interest (ROI) normalized for the injected activity and patient’s body
weight and represents the avidity of the tumor for FDG or for a different tracer. The value of
SUV is usually reported as the mean (SUVmean) or maximum SUV (SUVmax) of all voxels
within the ROIl. SUVmax indicates the highest FDG uptake in a single voxel within a ROI

and is currently the most commonly used parameter to estimate the metabolic activity of a
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lesion being easy to calculate and operator independent. A major limitation of this PET-
based parameter is that it provides a semiquantitative estimate of FDG activity in a single
voxel of a tumor lesion and therefore it may not be representative of the metabolic degree
of the whole tumor. A third SUV measurement, SUVpeak, is defined as the average SUV
within a small, fixed-size ROI (ROlpeak) centered on a region of the tumor with a high tracer
uptake.

To achieve more accurate and reproducible measurement of SUV, different normalization
methods have been proposed (29). In addition to normalization for injected dose and body
weight, normalization for lean body mass, body surface area or a combination of body weight
and plasma glucose levels have been used (29). Among these normalization methods, SUV
corrected for lean body mass (SUL) has been selected for treatment evaluation according
to recent guidelines for the assessment of tumor response with PET (PERCIST) (30). SUV
is subjected to several sources of confounders including biological and technological factors
(31). Biological factors, such as patient blood glucose levels, time after tracer injection and
respiratory motion, can have impact on SUV measurements. For instance, plasma glucose
levels are known to cause a significant reduction in tumor FDG uptake and consequently a
reduction in SUV (32). Moreover, even technological factors such as ROI drawn on the
images, interscanner variability in image acquisition and reconstruction parameters can
make a substantial difference (33). Therefore, variations in body composition and injected
dose, differences in scanner hardware and reconstruction methods are important sources
of variation with great impact on generated SUV. To overcome these limitations, achieve
more accurate measurement of SUV and allow reliable comparison of SUV values among
patients or even in the same patient before and after therapy, it is recommended to perform
PET/CT scan on the same scanner using the same imaging protocol and reconstruction
methods.

1.3.2 Metabolic Tumor Volume (MTV) and Total Lesion Glycolysis (TLG)



Metabolic Tumor Volume (MTV) and Total Lesion Glycolysis (TLG) are volumetric imaging
parameters derived from 18F-FDG PET/CT study that have been proposed for metabolic
stratification of cancer patients. While SUVmax is a single voxel value, MTV and TLG
represent three-dimensional parameters including information on both tumor burden and
metabolic activity. MTV represents the volume inside an operator- or algorithm-defined ROI
that segments the metabolically active part of the tumor. TLG is calculated as the product of
MTV and the correspondent value of SUVmean. Moreover, MTV and TLG can be
determined not only in primary tumors but also in lymph nodes and metastatic lesions thus
providing the total metabolic tumor burden of each patient. The sum of MTV and TLG of all
lesions in a patient will reflect the volumetric extension of metabolically active disease and
the aggressiveness of the tumor.

Several methods have been proposed for delineating tumor boundaries on PET images,
using manual, semiautomatic and automatic approaches (34-38). Tumor borders can be
manually drawn by a nuclear medicine physician, a radiologist, or a radiation oncologist
based on visual perception of the tumor border and the volume of that region is calculated
to obtain MTV (39).

Alternatively, tumor borders can be delineated by automatic or semiautomatic methods
using a fixed pre-defined threshold and all voxels with SUV above the threshold are
assigned to tumor and all SUV below the threshold are considered part of the background.
The threshold can be an absolute SUV value (fixed absolute threshold) or can be expressed
as a percentage of SUVmax within the tumor (fixed relative threshold). Among fixed absolute
thresholds, the most widely accepted threshold is a SUV value of 2.5 based on the
assumption that background activity is around that value in 18F-FDG PET/CT studies (40).
When using a relative fixed threshold, the most common threshold chosen for tumor

delineation is 40-43% of SUVmax (41).



Moreover, a background threshold method has been proposed. Using this method, a ROl is
drawn in the liver or in the mediastinal blood pool and then background SUV is measured.
Generally, the threshold is defined as SUV mean plus 1 or 2 standard deviation (SD) of the
background (42,43). More advanced algorithm-based methods have been developed to
delineate tumor borders. Among them, gradient-based methods define tumor borders by
exploiting the image gradient that exists between the high SUV in tumor cells and the lower
SUV in adjacent non-tumor tissues (44). Other algorithm-based methods include classifier-
based methods and statistical methods. In particular, fuzzy c-means (FCM) algorithm and
fuzzy locally adaptive Bayesian (FLAB) algorithm have been used in many types of
malignancies (45,46).

To date, despite the exploitation of several segmentation methods, a standardization has
not been achieved yet and more validation studies are needed. Nevertheless, MTV was
found to be a strong predictor of prognosis irrespective of the method used for its
measurement in many types of tumors (47,48).

1.3.3 Receptor Expressing Tumor Volume (RETV) and Total Lesion Receptor
Expression (TLRE)

Receptor Expressing Tumor Volume (RETV) and Total Lesion Receptor Expression (TLRE)
are volume-based imaging parameters equivalent to MTV and TLG but derived from 68Ga-
DOTA-conjugated peptides PET/CT. They reflect not only SSTR expression but also tumor
volume in NET lesions. Tumor borders visualized on 68Ga-peptides PET images can be
delineated using a fixed pre-defined threshold or by using algorithm-based methods (49-51)
and RETV can be calculated as the volume of this delineated tumor whereas TLRE is
calculated by multiplying RETV by SUVmean of the delineated lesion.

Currently, as for MTV and TLG, there is no consensus about how to delineate RETV and

TLRE and further studies are needed to achieve a standardization.
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2 AIM AND STRUCTURE OF THE THESIS

The aim of the thesis was to analyze PET/CT studies performed with 18F-FDG or 68Ga-
DOTA-TOC in different groups of cancer patients in order to derive imaging biomarkers and
to test their role in the diagnosis, evaluation of treatment response and prognosis of various
types of malignancies.

Following a general description of the materials and methods, the result’s section includes
several chapters and each of them will provide an overview of the study conducted in each
group of patients with non-small cell lung cancer, multiple myeloma and lymphoma, thymic

epithelial tumors and neuroendocrine tumors.

3 MATERIALS AND METHODS

3.1 18F-FDG PET/CT study and image analysis

18F-FDG PET/CT scans were acquired after fasting for 8 h and 60 min after intravenous
administration of 18F-FDG (370 MBq). Hybrid imaging was performed using a PET/CT
Discovery LS scanner (GE Healthcare, Chicago, IL, USA). CT scan was acquired using the
following parameters: 4 x 5 mm collimation (140 kV, 80 mAs), 0.8 s rotation time, pitch of
1.5; a fully diagnostic contrast-enhanced CT was acquired if not previously performed. PET
scan was performed in 2-dimensional mode using 4 min per bed position and six to eight
bed positions per patient, depending on patient height. Iterative images reconstruction was
completed with an ordered subsets-expectation maximization algorithm (2 iterations, 28
subsets). Attenuation corrected emission data were obtained using filtered back projection
of CT reconstructed images (Gaussian filter with 8 mm full width half maximum) to match
the PET resolution. CT and PET images were matched and fused into transaxial, sagittal,

and coronal images and examined and then transferred in DICOM format to a specific
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workstation allowing processing and analysis of data. All areas of focal 18F-FDG uptake
visible on two contiguous PET slices at least and not corresponding to physiological tracer
uptake were considered to be positive. A tridimensional region of interest was drawn around
each tumor lesion and all spatially connected voxels with SUV above a predefined fixed
threshold were grouped. The accuracy of tumor delineation was confirmed on the
corresponding CT images and then volume-based imaging parameters, such as SUVmax,
SUVmean, MTV and TLG were obtained by computed analysis of each ROI.

3.2 68Ga-DOTA-conjugated peptides PET/CT study and analysis
68Ga-DOTA-conjugated peptides PET/CT scans were acquired 60 min after intravenous
administration of 68Ga-peptide (mean+SD, 135+25 MBq) using an Ingenuity TF scanner
(Philips Healthcare, Best, The Netherlands). CT scan was acquired using these parameters:
120 kV, 80 mA, 0.8 s rotation time, pitch of 1.5. PET scan was acquired in 3D mode, from
the top of skull to the upper thigh from 6 to 8 bed positions per patient, depending on height
(3 min/each bed position). Iterative reconstruction of images was performed with an ordered
subsets-expectation maximization algorithm. Attenuation corrected emission data were
obtained using filtered back projection of CT reconstructed images. The resulting transaxial,
sagittal and coronal PET, CT and fusion images were examined using the Ingenuity TF
software, then images were transferred in DICOM format to a specific workstation equipped
with a program to analyze PET data. All focal areas not attributable to physiological uptake
of 68Ga-peptide that showed morpho-structural alterations on the corresponding CT images
were considered to be positive. In case of multiple liver or bone metastases, the lesion with
the highest SUVmax was analyzed. A volume of interest (VOI) for each positive lesion was
obtained by drawing a three-dimensional region around the target lesion using an automatic
segmentation method that groups all spatially connected voxels within a predefined
threshold. In particular, a threshold of SUV> 2.5 was used in all tumor lesions based on the

mean SUVmax value of mediastinal blood pool plus 2 SD, except for liver metastases where,
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due to the high physiological liver uptake, a relative threshold of 30% of the SUVmax was
used to avoid the inclusion of normal parenchyma in the VOI. In addition, the accuracy of
tumor segmentation was confirmed on the corresponding CT images. Volume-based
imaging parameters, such as SUVmax, SUVmean, CoV (Standard Deviation divided by
SUVmean), RETV and TLRE, were obtained by computed analysis of each VOI.

3.3 Statistical analysis

Statistical analysis was performed using the software MedCalc for Windows, version
10.3.2.0 (MedCalc Software, Mariakerke, Belgium). Student's t-test was used to compare
means of unpaired data. A probability value of <0.05 was considered statistically significant.
For survival analysis, univariate and multivariate analyses of clinical and imaging variables
were performed using Cox proportional hazards regression and receiver-operating
characteristic (ROC) curve analysis was performed to estimate the best discriminative value
of independent prognostic variables between patients who had died and survivors and
between patients with and without progression. Finally, Kaplan-Meier analysis and log-rank
tests were performed. Progression-free survival (PFS) was measured from the date of the
baseline 18F- FDG PET/CT to the first observation of progressive disease, relapse, or death.
Overall survival (OS) was measured from the date of the baseline 18F- FDG PET/CT to the

date of death.

4 RESULTS

4.1 LUNG CANCER

4.1.1 Total metabolic tumor volume by 18F-FDG PET/CT for the prediction of outcome

in patients with non-small cell lung cancer (Ref. 52)
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Sixty-five patients (45 men, 20 women) with histologically proven non-small cell lung cancer,
who had undergone 18F-FDG PET/CT scan during initial staging before any therapy, were
included in this study. These patients were in all stages of disease (18 in stage |, 4 in stage
Il, 14 in stage Ill and 29 in stage IV). MTV of each lesion was calculated from PET data
using an automated contouring program setting an absolute threshold for SUVmax at 2.5.
The TLG of each lesion was calculated by multiplying MTV for the correspondent value of
SUVmean. Total MTV (MTVrot) and whole-body TLG (TLGws) were calculated by the sum
of the corresponding values for all primary tumors, regional lymph nodes and distant
metastatic lesions. A total of 298 lesions were analyzed including 65 primary tumors, 114
lymph nodes of both regional and non-regional sites and 119 distant metastases. It was
possible to determine MTV and TLG in 276 out of 298 lesions, including 65 primary tumors,
100 metastatic lymph nodes and 111 distant metastases (10 contralateral lung nodules, 72
bone metastases, 6 hepatic lesions, 3 adrenal metastases and 20 lesions in other sites).
Mean value of MTVtor was 81.83 ml £ 14.63 ml (standard error, SE) whereas mean value
of TLGws was 459.88 g + 77.02 g (SE) (Table 1). Figure 1 shows representative images of
the ROIs drawn around primary tumor, lymph nodes and metastatic lesions in a patient with
stage IVA lung adenocarcinoma. Univariate analysis showed that, among the variables
tested, primary tumor diameter, MTV of primary lesion, MTVtor, TLGws, stage and treatment
predicted PFS in NSCLC patients, while OS was predicted by age, MTV of primary lesion,
MTVrot, TLGws, stage and treatment (Table 2). At multivariate analysis, age, TLGws and
stage were retained in the model for the prediction of PFS (x?=38.2340, p<0.0001) while
age, MTV+ot and stage were retained in the model for the prediction of OS (y?=44.3760,
p<0.0001). Following ROC curve analysis to estimate cutoff levels, survival analysis by
Kaplan-Meier method and log-rank testing showed that patients with TLGws < 54.7 g had a
significantly prolonged PFS as compared to patients having TLGws > 54.7 g (x*>=19.5414,

p<0.0001) (Fig. 2a). Moreover, OS was significantly better in patients with MTVtor < 9.5 ml
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as compared to those having MTVtot > 9.5 ml (x°=16.8284, p<0.0001) (Fig. 2b). Similar
results were obtained in a subgroup of 43 patients with advanced disease (stages Ill and
IV). In particular, in this subgroup of patients, MTVtor was found to be an independent
predictor of both PFS and OS; survival analysis showed that patients with MTV7or< 81.6 ml
had a PFS significantly longer than that of patients having MTVror > 81.6 ml (3°=8.5297,
p=0.0035) (Fig. 3a). Similarly, OS was significantly better in patients with MTVror < 100.2
ml as compared to those with MTVrot > 100.2 ml (?>=8.3283, p=0.0039) (Fig. 3b). This study
shows that MTVtor and TLGws obtained from 18F-FDG PET/CT are able to predict clinical
outcome in patients with NSCLC. In particular, MTVtor can be used as a prognostic
parameter for OS in NSCLC patients in all stages of disease independently from other
established prognostic factors while TLGws is an independent predictor of PFS in the same
patients. Furthermore, in a subgroup of 43 patients with advanced disease, MTVtor was
found to be an independent predictor of both PFS and OS indicating that this parameter may
contribute to the further prognostic stratification of NSCLC patients in the same stage,
allowing risk-adapted therapy in individual patients.

Our findings taken together indicate that volume-based PET parameters are reliable
predictors of PFS and OS in NSCLC patients independently from the stage and they may

be employed for adaptation of therapy in individual patients.

4.1.2 PET-Based Volumetric Biomarkers for Risk Stratification of Non-Small Cell Lung
Cancer Patients (Ref. 53)

This article provides an overview of the studies showing the prognostic and predictive role
of MTV and TLG in NSCLC patients and evaluating the role of MTV and TLG in the new era
of immunotherapy in lung cancer. Among studies evaluating MTV and TLG measured only
in primary tumors of NSCLC patients (Table 3), a meta-analysis by Liu et al (54), including

5807 patients, showed that higher values of SUVmax, MTV and TLG predicted a higher risk
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of disease recurrence or death in patients who were candidates to surgery. The authors
suggested the usefulness of 18F-FDG PET/CT to select patients with higher risk of disease
recurrence or death that may benefit from additional treatment. In another study, Anwar et
al (55) studied 49 patients with stage | NSCLC who underwent 18F-FDG PET/CT at baseline
and then were subjected to complete surgical resection of the tumor. PET/CT scans of these
patients were analyzed in order to obtain imaging parameters capable of identifying patients
at high risk of recurrence thus requiring further post-operative treatment. Their findings
showed that baseline SUVmax, MTV and TLG were statistically significant prognostic
factors in completely resected stage | NSCLC. Moreover, MTV was more accurate than
SUVmax in predicting recurrence with 89% sensitivity and 73% specificity. Another study
conducted by Dosani et al (56) included 134 patients with inoperable early stage NSCLC
treated using stereotactic ablative radiotherapy with curative intent. In this patient cohort,
MTV appeared to be a prognostic factor of local control (LC) and OS. In fact, when patients
were dichotomized into low-MTV and high-MTV subgroups based on the median MTV of
2.4 ml, those with MTV higher than the median value had worse outcome compared to
patients having MTV lower than this cutoff (26.9 vs 48.3 months). Furthermore, other studies
evaluated the predictability of occult lymph node metastasis (OLM) using metabolic
parameters on pretreatment 18F-FDG PET/CT (57,58); for instance, in the study conducted
by Kim et al (57) 63 patients with squamous cell NSCLC clinically node-negative before
surgery were enrolled and volume-based PET parameters were obtained. At multivariate
analysis, high values of SUVmax and MTV showed an association with an increased risk of
OLM. Moreover, ROC curve analysis showed that AUC of MTV (AUC 0.758) for the
prediction of OLM was higher as compared to AUCs of SUVmax (AUC 0.712) and TLG
(AUC 0.737). Additional studies evaluated volume-based PET parameters changes during
treatment and their ability to predict clinical outcome in NSCLC patients (59,60).

Roengvoraphoj et al. (59) studied 65 patients with inoperable locally advanced NSCLC
16



(stage IlIA/B) treated with definitive chemoradiotherapy in order to evaluate the role of MTV
changes before, during, and after chemoradiotherapy (CRT) in primary tumors. Their
findings showed that patients with pre-MTV >63 cm? and those with post-MTV >25 cm? both
had significantly worse outcome.

Among studies evaluating the prognostic role and the stratification power of total or whole-
body MTV or TLG (Table 4), Bazan et al (61) showed that pretreatment whole-body MTV
was an independent predictive factor of OS in a cohort of uniformly treated patients with
stage Ill NSCLC. Another study including only NSCLC patients in stage Ill evaluated the
usefulness of whole-body MTV to stratify patients for the adoption of the most appropriate
therapeutic strategy (62). Their findings showed that PET parameters may help to choose
whether a patient in stage IlIA should receive a more aggressive treatment as that for stage
[IIB or a less intensive regimen as that for stage 1I1B. Chen et al (63) evaluated the prognostic
role of whole-body TLG in 105 NSCLC patients in all stages of disease; their results showed
that whole-body TLG could be a promising tool for patients stratification achieving risk-
adapted therapies. Additional studies evaluated whole-body volume-based PET parameters
changes during treatment testing their ability to predict outcome in NSCLC patients. A study
conducted by Chen et al (64), indeed, evaluated the prognostic role of volumetric metabolic
parameters measured during and after radiation-based therapy in stage Il NSCLC patients.
In their study, ATLG and AMTV, especially ATLG, determined during RT had prognostic
value demonstrating that 18F-FDG PET/CT scan performed during RT could be more useful
than post RT 18F-FDG PET/CT scan for risk stratification.

In the new era of immunotherapy, many studies evaluated the potential role of volume-based
PET parameters in NSCLC patients subjected to immunotherapy (65-70). For instance,
Kaira et al (65) evaluated in their prospective study the role of volumetric parameters
obtained from 18F-FDG PET/CT scans in predicting tumor response to nivolumab in NSCLC

patients. 18F-FDGPET/CT of 24 patients enrolled in the study was performed before and 1
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month after nivolumab administration and SUVmax, MTV, and TLG were calculated on PET
images. They demonstrated that metabolic response assessed as changes of volumetric
parameters (especially TLG) was closely associated with therapeutic response and survival

after nivolumab administration.

4.1.3 Heterogeneity of glycolytic phenotype in advanced NSCLC (manuscript in
preparation)

Eighty-four NSCLC patients (59 men, 25 women) with advanced disease (stages Ill and V)
who had undergone whole-body 18F-FDG PET/CT before any therapy at our Institution were
enrolled in this study. Among all patients, 28 patients were in stage Il (7 IlIA, 11 [lIB and 10
I11IC) while 56 patients were in stage IV (19 IVA and 37 IVB). To obtain volume-based PET
parameters, a VOI of each lesion was delineated on PET images by drawing a tridimensional
region around the target lesion using an automated contouring program setting an absolute
threshold for SUVmax at 2.5, in agreement with previous studies (71). By computed analysis
of each VOI the following parameters were obtained: SUVmean, SUVmax, MTV, TLG and
Coefficient of Variation (CoV, i.e. SD divided by SUVmean). Among the texture features for
the assessment of tumor heterogeneity, CoV is a simple and easy to calculate first order
parameter that indicates the percent variability of SUVmean within the tumor volume
reflecting the heterogeneity of glycolytic phenotype. Moreover, MTVtor and TLGws were
calculated by the sum of the corresponding values for all primary tumors, lymph nodes and
distant metastases; in particular, a total of 417 lesions were analyzed including 82 primary
tumor lesions, 163 lymph nodes (132 regional and 31 non-regional), 14 liver metastases,
105 bone lesions and 53 metastases in other sites. To evaluate the heterogeneity of
glycolytic phenotype, lesions were divided into six subgroups including primary lung tumors,
regional lymph nodes, non-regional lymph nodes and distant metastases (liver, bone and

lesions in other sites). Then coefficient of variation was evaluated in one representative
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lesion of each subgroup in all patients. In case of multiple lymph nodes, liver, bone or other
distant metastases, the lesion with the highest SUVmax was evaluated for each anatomic
district. Therefore, CoV was determined in a total of 194 lesions including 84 primary lung
tumors, 48 regional lymph nodes, 17 non-regional lymph nodes, 9 liver metastases, 23 bone
lesions and 13 metastases in other sites. Figure 4 and Figure 5 show representative images
of the ROIs drawn around primary tumor, lymph nodes and metastatic adrenal lesions in
two patients with NSCLC in stage IVA. There were no statistically significant differences
between mean SUVmax values of primary lesions, regional lymph nodes, non-regional
lymph nodes, liver, bone and other metastases. Moreover, there were no statistically
significant differences between CoV values of primary lesions, regional lymph node
metastases, non-regional lymph nodes, liver, bone and other metastases.

Then survival analysis was performed including age, gender, histology, stage, MTVror,
TLGws and imaging parameters derived from 84 primary lung tumors, such as primary tumor
diameter, MTV, TLG, SUVmax, SUVmean and CoV. In particular, SUVmax, SUVmean and
CoV of primary tumor were dichotomized using the median value as a threshold. At
univariate analysis, OS was predicted by CoV, MTVror, TLGws and stage (Table 5). These
variables along with age were tested in multivariate analysis and only age, CoV, MTVror
and stage were retained in the model (3>=24.4730, p=0.0001). Then Kaplan-Meier analysis
and long-rank testing were performed using the median values of CoV (0.38) and MTVror
(89.5 ml) as cutoff. In particular, patients with CoV > 0.38 showed significantly better OS as
compared to patients having CoV < 0.38 with an OS of 18 months vs 10 months (3*=6.0005,
p=0.0143) (Fig. 6a). Moreover, OS was significantly better in patients with MTVror < 89.5
ml than that of patients having a MTVror > 89.5 ml with an OS of 15 months vs 7 months
(x>=7.4546, p=0.0063) (Fig. 6b). Finally, we combined CoV and MTVror in all possible
arrangements for Kaplan-Meier analysis. Figure 7 shows survival curves in the subgroups

of patients having CoV < 0.38 and MTVror > 89.5 ml, CoV < 0.38 and MTVror < 89.5 ml,
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CoV > 0.38 and MTVtor > 89.5 ml, CoV > 0.38 and MTVror < 89.5 ml. There was a
statistically significant difference among the four survival curves (y>=14.1719, p=0.0027).
Patients with COV < 0.38 and MTVror > 89.5 ml had the worst prognosis in terms of OS.
The best OS was observed in patients with COV > 0.38 and MTV+or < 89.5 ml. The other
two subgroups had an intermediate pattern of survival.

PFS was significantly predicted by MTVror, TLGws, and stage (Table 5); these variables
along with age were tested in the multivariate analysis and only MTVtor and stage were
retained in the model (3>=14.6020, p=0.0007).

Our findings indicated that a simple and easy first order volume-based PET parameter, CoV,
could predict clinical outcome in NSCLC patients, thus reflecting heterogeneity of glycolytic
phenotype. In particular, lower COV values predicted worse OS in these patients suggesting
that a high expression of the glycolytic phenotype in a large number of tumor cells (small
SD and high SUVmean) can be associated to a high aggressiveness of the disease, poor

response to treatment and consequently poor prognosis.

4.1.4 Performance of FDG-PET/CT in solitary pulmonary nodule based on pre-test
likelihood of malignancy: results from the ITALIAN retrospective multicenter trial
(Ref. 72)

This was a multicenter study involving several PET centers in Italy. 18F-FDG PET/CT scans
of 502 patients with solitary pulmonary nodule (SPN) collected from participating centers
were retrospectively reviewed and analyzed. According to the Brock model of pre-test
probability of lung malignancy (73), patients were stratified into low (<5%), intermediate (5-
65%) and high (>65%) category risk, with a further low-risk stratification (< 10%) derived
from the British Thoracic Society (BTS) (74). By the analysis of PET images, FDG uptake in
SPN was assessed using not only a visual 4-point scoring system (1 = absent; 2 = mild; 3 =
moderate and 4 = intense) (74) but also the ratio between the SUVmax in the SPN and
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SUVmean in the mediastinal blood pool (BP) and in the liver (L). The benignity or the
malignancy of SPN was established by histopathology and/or by other imaging data at
follow-up. Therefore, out of 502 patients, SPN was malignant in 180 (36%), benign in 175
(35%) and indeterminate in the remaining 147 (29%). The 355 patients with a known SPN
nature (malignant or benign) were considered for the analysis. At visual analysis, no FDG
uptake was found in 102 patients (28.7%), while 74 (20.8%), 34 (9.6%), and 145 (40.8%)
had a mild (score = 2), moderate (score = 3) and intense (score = 4) FDG uptake in the SPN
respectively. Therefore, FDG uptake was higher than score 2 in 179 patients (50.4%). By
referring to visual data analysis (FDG uptake = 2 vs < 2), sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV) and accuracy of 18F-FDG PET/CT
for the characterization of SPN were 85.6%, 85.7%, 86%, 85.2% and 85.6%, respectively.
Furthermore SUV ratios were significantly higher in patients with a malignant SPN than in
those having a benign pulmonary nodule (SUVmax nodule/SUVmeanL ratio: 3.03 £ 2.16 vs
0.74 £ 0.95; SUVmax nodule/SUVmeanBP ratio: 4.08 £ 3.04 vs 0.97 £ 1.14 respectively;
both p < 0.001). By ROC curve analysis, in all 355 patients the best cutoffs for discriminating
between benign and malignant SPN were 1.56 (AUC: 0.899) and 1.12 (AUC: 0.897) for
SUVmax/SUVmeanBP and SUVmax/SUVmeanL ratios, respectively. By using these
cutoffs, the highest value for sensitivity and specificity was reported in patients with high
likelihood of malignancy and using SUVmax nodule/SUVmeanBP ratio.

These findings showed that visual 18F-FDG PET/CT has an acceptable performance in
patients with SPN, but accuracy improves when SUVratios are introduced, especially in
patients with intermediate and high risk of malignancy. In particular, in high-risk patients with
an indeterminate SPN, the additional information provided by the ratio between SUVmax of
SPN and SUVmean of BP may significantly reduce the false positive rate associated with

the visual analysis alone.
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4.2 MULTIPLE MYELOMA AND LYMPHOMA

4.2.1 Visual and volumetric parameters by 18F-FDG-PET/CT: a head to head
comparison for the prediction of outcome in patients with multiple myeloma (Ref. 75)
Forty-seven patients (29 males, 18 females) with untreated multiple myeloma (MM) in stage
[IIA who had undergone 18F-FDG PET/CT at our Institution were enrolled in this study. To
measure MTV and TLG, a 3D ROI was drawn around each target lesion throughout the
whole-body and SUVmax was determined in the selected volume. In lesions showing
SUVmax > 2.5, MTV was calculated grouping all spatially connected voxels within a
threshold of 40% of the SUVmax, using an in-house developed SUV-based automated
contouring program. The total MTV was defined as the sum of MTV values of all focal lesions
selected. The TLG was obtained by multiplying the MTV of each focal lesion for the
correspondent SUVmean value. The global TLG of each patient was defined as the sum of
TLG values of all focal lesions selected. Moreover, visual parameters based on the Italian
Myeloma Criteria for PET Use (IMPeTUs) were obtained from 18F-FDG PET/CT scan of
each patients, including the metabolic state of the bone marrow according to Deauville scale
(76), the presence of diffuse uptake in limbs and ribs, the site of focal PET-positive lesions,
the number of focal PET-positive lesions, the metabolic state of the hottest lesion according
to Deauville scale, the number of lytic lesions and, finally, the presence of extramedullary
disease (nodal or extranodal), paramedullary disease, and/or fractures (Table 6). Examples
of visual and volumetric parameters derived from 18F-FDG PET/CT scans obtained in the

same patient are reported in Figure 8. For statistical purposes, patients showing progressive
disease or dead were grouped (n=26) to be compared with those in complete or partial
remission (n=21). Similarly, patients with progressive disease, partial, or complete remission
were grouped as survivors (n=23) to be compared with dead (n=24). Among the values of

visual parameters, only the number of lytic lesions was significantly different in patients with
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progressive disease as compared with those without progression (p=0.0220) and between
dead and survivors (p=0.0270). Moreover, SUVmax, MTV, and TLG values were
significantly different in patients with or without progression (p=0.0400, p=0.0065, and
p=0.0115, respectively) and in dead and survivors (p=0.0171, p=0.0037, and p=0.006,
respectively).

At univariate analysis, hemoglobin, plasma cell concentration, f2-microglobulin, spine focal
lesions, number of lytic lesions, MTV and TLG predicted PFS while only MTV and
hemoglobin were retained in the model in multivariate analysis. Following ROC curve
analysis to estimate cutoff levels, survival analysis by Kaplan-Meier method and log-rank
testing showed that PFS was significantly prolonged in patients with MTV < 39.4 ml as
compared with that of patients having MTV > 39.4 ml (x*>=12.49, p=0.0004) (Fig. 9a).
Similarly, patients with hemoglobin levels higher than the median value 12.8 g/dL had a
significantly better PFS than those having hemoglobin < 12.8 g/dL (x>=4.74, p=0.0294) (Fig.
9b). Moreover, in patients with hemoglobin < 12.8 g/dL, PFS was significantly prolonged in
patients with MTV lower than the cutoff of 39.4 ml (¥?=6.735, p=0.0095).

At univariate analysis for OS, hemoglobin, plasma cell concentration, 32-microglobulin,
SUVmax, spine focal lesions, number of lytic lesions, MTV, and TLG were all predictive of
OS while only MTV and hemoglobin were retained in the model in the multivariate analysis
(x?>=11.87, p=0.0026). By Kaplan-Meier method and log-rank test, OS was significantly
prolonged in patients with MTV < 39.4 ml as compared with that of patients with MTV > 39.4
ml (x?>=15.26, p=0.0001) (Fig. 10a). Similarly, patients with hemoglobin > 12.8 g/dL had a
significantly better OS than those having hemoglobin < 12.8 g/dL (y?=4.48, p=0.0342) (Fig.
10b). Moreover, in patients with hemoglobin < 12.8 g/dL, OS was significantly better in
patients showing MTV lower than the cutoff of 39.4 ml (y?=8.73, p=0.0031). This study

demonstrated that MTV can be used in the prediction of PFS and OS of multiple myeloma
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patients and its combination with a classical hematological parameter, hemoglobin levels,

can achieve a better prognostic stratification of these patients.

4.2.2 2-deoxy-2-[18F]fluoro-D-glucose positron emission tomography/computed
tomography in primary extranodal lymphomas: treatment response evaluation and
prognosis (Ref. 77)

Fifty-six patients (32 men, 24 women) with primary extranodal lymphoma (PEL) who had
undergone 18F-FDG PET/CT examination at the time of diagnosis (PET-I) at our Institution
were included in this study; moreover, 50 of these patients (28 men and 22 women) were
subjected to PET/CT scan also 30 = 5 days after the end of chemotherapy (PET-Il). The
primary sites of disease were: stomach (21 patients), bone (5 patients), orbit (5 patients),
soft tissue/skin (5 patients), parotid gland (4 patients), liver (4 patients), lung (4 patients),
bowel (2 patients), breast, lacrimal gland, rhino-pharynx, esophagus, kidney and spleen (6
patients, 1 for each site). According to Ann Arbor staging system, 47 patients were in stage
IE and 9 in stage IVA due to bone marrow involvement. To perform the analysis of data
derived from PET images, focal lesions were defined as identifiable masses = 1 cm in
minimum diameter and showing a SUVmax = 2.5. Metabolic response of PEL patients was
assessed by using the Deauville five point scale (5-PS) and the Lugano classification (78).
Moreover, the percentage of SUVmax reduction or increase between PET-I and PET-II
studies (ASUVmax) was calculated and a cut-off value of 66% according to ltti et al. (79)
was used to further discriminate responders from non responders. Among the 56 PEL
patients, PET-I scan was positive in 50 of them (89%). At the end of treatment, using the
Deauville five points scale, 37 patients had score 1, 3 patients showed score 2, 5 patients
had score 3, 4 patients showed score 4 and 1 patient had score 5. According to Lugano
classification, 45 patients had a complete metabolic response (CMR), 4 a partial metabolic

response (PMR) and 1 a progressive metabolic disease (PMD). Moreover, among the 45
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CMR patients, 41 showed a ASUVmax > 66% (79) whereas among the 5 non responders
(4 PMR and 1 PMD), 4 patients showed a ASUVmax < 66%. After a mean follow-up period
of 76 months, 4 patients were lost, therefore the survival analysis was performed by
including the 52 remaining patients. Among these patients, 45 (86%) achieved a complete
remission, 1 (2%) had a partial response, 1 (2%) relapsed and 5 (10%) patients died. For
statistical purposes, patients in complete or partial remission (n=46) were grouped and
compared with patients who had progressive disease or had died (n=6). At univariate
analysis, PFS was predicted by age, performance status, prognostic index, ASUVmax and
Lugano classification while at multivariate analysis, only Lugano Classification was retained
in the model (p<0.05). By Kaplan-Meier analysis and log-rank testing, patients showing CMR
had a significantly prolonged PFS as compared to patients with PMR or PMD according to
Lugano classification (p<0.01). Univariate analysis for the prediction of OS showed that
performance status, prognostic index, ASUVmax and Lugano classification were predictive
of overall survival while only Lugano classification was retained in the model at multivariate
analysis (p<0.05). The OS curve estimated by Kaplan-Meier method and log-rank test was
significantly better in patients showing CMR as compared to patients with PMR or PMD
according to Lugano classification (p<0.01). These findings taken together showed that 18F-
FDG PET/CT could be a useful tool to evaluate treatment response and to predict clinical
outcome in patients with primary extranodal lymphoma independently from other

conventional reliable prognostic factors.

4.3 THYMIC EPITHELIAL TUMORS

Evaluation of metabolic response with 18F-FDG PET-CT in patients with advanced or

recurrent thymic epithelial tumors (Ref. 80)
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Twenty-seven patients (18 males, 9 females) with advanced (16 patients) or recurrent (11
patients) thymic epithelial tumors who had undergone 18F-FDG PET/CT before and after at
least 3 cycles of standard chemotherapy regimens were enrolled in this study. From baseline
18F-FDG PET/CT scan, a total of 77 lesions were detected, including 18 mediastinal
masses, 15 lymph nodes, 23 pleura/pericardial implants, 16 visceral lesions and 5 bone
lesions. For the assessment of metabolic response, the lesion with the highest SUVmax
value in each patient was selected as the target lesion. After treatment with standard
chemotherapy, morphovolumetric tumor response was assessed by contrast-enhanced CT
according to RECIST criteria (15); in particular, an objective tumor response was observed
in 17 patients (2 complete response CR and 15 partial response PR) whereas in the
remaining patients, 8 showed stable disease SD and 2 had progression disease PD. For
statistical purposes, patients with CR and PR were grouped in the class of responders
whereas patients with SD and PD were considered non responders.

SUVmax values of pre-treatment 18F-FDG PET/CT scan were not significantly different
between responders and non responders (8.80 £ 5.04 vs 8.45 + 4.88, p=0.8645) while
SUVmax values of post-treatment 18F-FDG PET-CT scan were significantly lower in
responders as compared to non responders (3.94 + 3.62 vs 8.99 + 4.34, p=0.0038).

The SUVmax value of the most metabolically active lesion in each scan was used to define
the ASUVmax as follows: ASUVmax = [(SUVmax post — SUVmax pre)/SUVmax pre] x 100.
The normally distributed values of ASUVmax were significantly different in responders and
non responders (p=0.0003) and were significantly correlated with morphovolumetric
response (Spearman’s rank correlation, r=0.64, p=0.001). By ROC curve analysis, a
ASUVmax value of -25% was the best discriminative value able to discriminate responders
from non responders. Representative 18F-FDG PET-CT images of baseline and post-
treatment scans in a patient with metabolic response and a patient with metabolic

progression of the disease, respectively, were shown in Figures 11 and 12.
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This study showed that metabolic response assessed by 18F-FDG PET/CT may improve
current morphovolumetric criteria in the identification of responders and non responders
thus providing an additional guide for adaptation of therapy in patients with advanced or
recurrent thymic epithelial tumors. In particular, a 25% change of 18F-FDG uptake between
baseline and post-treatment scans was able to discriminate responders from non

responders and significantly correlated with tumor response assessed by RECIST criteria.

4.4 NEUROENDOCRINE TUMORS

Heterogeneity of SSTR2 expression assessed by 68Ga-DOTATOC-PET/CT using
coefficient of variation in patients with neuroendocrine tumors (manuscript
submitted for publication, ref. 28)

Thirty-eight patients (25 men, 13 women) with pathologically proven neuroendocrine tumors
who had undergone 68Ga-DOTATOC-PET/CT scan at our Institution were enrolled in this
study. Primary tumor was localized in the gastroenteropancreatic district (25 patients), in the
bronchopulmonary district (7 patients) or in other anatomical districts (6 patients). Among a
total of 44 gallium scans performed in these patients, 18 scans were performed in patients
under treatment with somatostatin analogues using standard regimen as discontinuation of
therapy was not clinically recommended. A total of 107 lesions were analyzed including 35
primary tumors (27 gastroenteropancreatic, 5 bronchopulmonary and 3 in other anatomical
districts), 32 lymph nodes and 40 distant metastases (21 in the liver, 10 in the bones and 9
in other anatomical sites). For each lesion, a VOI was determined by drawing a
tridimensional region around the lesion using an automatic contouring program that groups
all spatially connected voxels within a predefined threshold. In particular, in all lesions was
used a threshold of SUV> 2.5 based on the mean SUVmax value of mediastinal blood pool

plus 2 SD, except for liver lesions where, due to the high physiological liver uptake, a
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threshold of 30% of the SUVmax was used to avoid the inclusion of normal parenchyma in
the VOI. By computed analysis of each VOI, the following imaging parameters were
obtained: SUVmean, CoV, SUVmax, RETV and TLRE. There were no statistically significant
differences between the SUVmax values in malignant lesions (primary tumors, lymph node
and distant metastases) of treated and untreated patients while tracer uptake was
significantly reduced in normal liver (p<0.0001), spleen (p<0.0001) and pituitary gland
(p<0.02) of treated patients. Similarly, neither SUVmean nor CoV in primary lesions
(p=0.3515 and p=0.2718, respectively), lymph node metastases (p=0.4497 and p=0.0748,
respectively) and distant metastases (p=0.1068 and p=0.2128, respectively) were
statistically different between treated and untreated patients. Therefore, the analysis of
imaging parameters was performed in all patients as a whole group. No statistically
significant differences were found between the SUVmax of primary tumors, lymph nodes
and distant metastases, although the SUVmax of distant metastases tended to be higher
than that of primary lesions (p=0.0573). There were no statistically significant differences
between CoV value of primary lesions and lymph node metastases (p=0.1730) or distant
metastases (p=0.3260), while lymph node metastases had a significantly higher CoV than
that of distant metastases (p =0.0253). In a further analysis, distant metastases were divided
in three subgroups including liver, bone and other metastatic lesions; bone metastases had
a significantly higher CoV than both liver lesions (p <0.0001) and metastases of other sites
(p=0.0269). A significant difference was also found between the CoV values of liver
metastases and other metastatic lesions (p=0.0006). Therefore, bone lesions had the
greatest heterogeneity of tracer uptake reflecting somatostatin receptor expression
compared to the other distant metastases. Moreover, the CoV value of bone metastases
was significantly higher than that of primary lesions (p=0.0132). On the other hand, liver
metastases had a significantly lower CoV than that of primary lesions (p=0.0005) and lymph

node metastases (p=0.0001). Finally, RETV and TLRE of distant metastases were
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significantly greater than that of lymph nodes (p=0.0044 and p=0.0028, respectively) while
there were no statistically significant differences between the RETV and TLRE values of
primary lesions and lymph node (p=0.0879 and p=0.2616, respectively) or distant
metastases (p=0.2972 and p=0.1268, respectively).

Our study showed that bone metastases had the highest CoV value followed by lymph node
metastases and primary lesions reflecting the variable expression of somatostatin receptor
which can depend on type and site of the lesion. These findings suggest that the biological
behavior of tumor cells may vary at different sites due to receptor heterogeneity among
lesions thus leading to different pattern of tumor growth, spread and response to treatment

with both labeled and unlabeled somatostatin analogues.

5 DISCUSSION

PET/CT imaging modality can be used to obtain imaging biomarkers that are able to
characterize tumor behavior, to predict treatment response and clinical outcome in many
malignancies. In lung cancer, 18F-FDG PET/CT is currently the recognized tool for clinical
staging and for evaluation of treatment response. Due to the late onset of clinical symptoms,
most patients are already in advanced stages at diagnosis with the presence of distant
metastases and they are candidate to chemotherapy. After an initial good response to
therapy, the majority of these patients will show progression and become resistant to cancer
therapy. Therefore it would be helpful to identify those with higher risk of disease progression
and death allowing the adoption of more aggressive therapy. To date, the most important
prognostic factor remains stage of the disease at initial diagnosis that correctly predicts PFS
and OS of NSCLC patients thus guiding treatment decisions. Nevertheless, a wide variation
of treatment responses and overall outcomes were observed among patients within the

same stage highlighting the need to obtain additional prognostic biomarkers to better stratify
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patients. In our study (52) we tested whether whole-body volumetric imaging parameters
derived from 18F-FDG PET/CT scans, such as MTVror and TLGws, may predict outcome
in NSCLC in all stages of disease. According to our results, MTVtor was found to be a
prognostic parameter for OS in NSCLC patients independently from other established
prognostic factors whereas TLGws was an independent predictor of PFS in the same
patients. Moreover, in a subgroup of 43 patients with advanced disease (stage Ill and 1V),
MTVror was able to predict both PFS and OS indicating that this parameter may contribute
to the further prognostic stratification of patients in the same stage of disease. Our findings
are in agreement with previous studies evaluating the prognostic value of MTVror and
TLGws in NSCLC patients as showed in our overview (53) on PET-based volumetric
biomarkers for risk stratification and prediction of outcome in NSCLC patients.

Lung cancer, as many malignancies, has a glycolytic phenotype that implies a high glucose
demand that is correlated with a high FDG uptake. The evaluation of intratumoral
heterogeneity of glycolytic phenotype has been identified as one of the main research fields
in the last years. In our study (Heterogeneity of glycolytic phenotype in advanced NSCLC,
manuscript in preparation) we tested whether a simple, first order imaging feature, such as
CoV, derived from 18F-FDG PET/CT scans, may predict clinical outcome in NSCLC patients
in advanced disease (stage Il and V). CoV was found to be an independent predictor of
OS; therefore, patients with CoV values < 0.38 had a significantly worse outcome than those
having COV values > 0.38. These findings suggest that a high expression of the glycolytic
phenotype in a large number of tumor cells (small SD and high SUVmean) can be
associated to a high aggressiveness of the disease, poor response to treatment and
consequently poor prognosis. Our results are in agreement with previous study evaluating
the heterogeneity of glycolytic phenotype in lung cancer and other malignancies (81,82).
Lovinfosse et al (81) studied 63 patients with NSCLC treated by stereotactic body radiation

therapy (SBRT) to investigate whether 18-FDG heterogeneity could predict clinical outcome.
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They demonstrated that the textural feature dissimilarity, a second order feature, was a
strong independent predictor of PFS and OS; survival analysis performed by Kaplan-Meyer
method showed that patients with dissimilarity lower or equal than the cutoff level had a
higher risk of recurrence than those having dissimilarity > cutoff level. These findings taken
together underline the role of FDG heterogeneity by PET/CT scan as an imaging biomarker
able to provide additional information regarding clinical outcome in cancer patients.
Bundschuh et al (82) tested the role of tumor heterogeneity in the evaluation of therapy
response by analyzing pretherapeutic (baseline) 18F-FDG PET/CT, changes occurring early
in the course of neoadjuvant radiation chemotherapy (nRCT) and changes between
pretherapeutic and post therapeutic 18F-FDG PET/CT scans in patients with locally
advanced rectal cancer. They demonstrated that tumor heterogeneity assessed by CoV
showed a statistically significant predictive ability of therapy response. Responders were
classified by a reduction in COV reflecting the decrease of tumor heterogeneity during
nRCT. Furthermore, to test the prognostic value of CoV, survival analysis by Kaplan-Meier
method showed that patients with COV < cutoff level had a worse PFS than those having
COV 2 cutoff.

At the beginning, lung cancer can appear as a solitary pulmonary nodule, that is defined
radiologically as an intraparenchymal lung lesion of less than 3 cm in diameter, with no
associated atelectasis or adenopathy (83-85). A SPN can be benign or malignant so its
characterization is a fundamental step in the management of these patients. In our study
(72) we determined the performance of 18F-FDG PET/CT for the characterization of SPN
in 355 patients using both visual and semiquantitative analysis stratifying the risk of patients
according to the likelihood of pulmonary malignancies. According to visual analysis,
sensitivity, specificity, PPV, NPV, and accuracy of 18F-FDG PET/CT for the characterization
of SPN were 85.6%, 85.7%, 86%, 85.2%, and 85.6%. Moreover the addition of

semiquantitative analysis in the form of SUVratios (i.e., SUVmax nodule/SUVmean BP),
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resulted in a sensitivity and a specificity of 91.3% and 100% respectively. The results of this
multicenter study suggested that the diagnostic performance of PET/CT in the evaluation of
SPN significantly improves by including semiquantitative imaging parameters, such as
SUVmax nodule/SUVmean BP ratio, especially in patients with intermediate or high risk of
malignancy.

The ability of 18F-FDFG PET/CT to predict clinical outcome and tumor response has been
evaluated not only in solid tumors but also in lymphoproliferative diseases including
lymphoma and multiple myeloma. In particular, multiple myeloma is a clonal plasma cell
malignancy characterized by the infiltration of the bone marrow and occasionally other extra-
medullary sites (86). In MM patients, 18F-FDG PET/CT allows the characterization of both
skeletal and extra-skeletal disease with high sensitivity, identifying metabolically active
lesions in both pre and post treatment evaluation (87). In the prognostic assessment of these
patients, one of the main factors is the evaluation of the extent of disease and 18F-FDG
PET/CT, being a whole-body imaging modality, can be exploited to measure the metabolic
tumor burden in all lesions throughout the whole body. Nevertheless, to date, due to the
different patterns of bone marrow involvement in MM (88), a standardization of 18F-FDG
PET/CT reports has not been achieved yet. Recently, the IMPeTUs criteria (89-90) were
developed in order to achieve harmonization of the interpretation of 18F-FDG PET/CT
scans. In our study (75) we tested the contribution of visual IMPeTUs-based parameters
and volume-based PET parameters such as MTV and TLG in the prediction of PFS and OS
in MM patients. According to our findings, MTV was able to predict both PFS and OS in
these patients thus representing the whole metabolic burden of tumor lesions and probably
due to this intrinsic characteristic, it is a better prognostic index compared to visual
parameters. Moreover, the combination of MTV with a classical clinical prognostic
parameter such as hemoglobin level improved the prognostic stratification of MM patients

thus allowing adaptation of therapy in individual patients.
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In most lymphomas, 18F-FDG PET/CT represents a recognized tool in the diagnosis,
evaluation of treatment response and prognosis (91-93). According to the WHO
classification, PEL is defined as an isolated extranodal localization of lymphoma with or
without involvement of the adjacent lymph nodes at the moment of diagnosis (94-95). By
clinical presentation, the most common sites of extranodal involvement are stomach, head
and neck region, lung, bone, skin and central nervous system (96,97). In our study (77) we
evaluated the role of 18F-FDG PET/CT in response assessment and prognosis of PEL
patients. Our results showed that 18F-FDG PET/CT is useful in the evaluation of treatment
response and in the prediction of disease progression and death in PEL patients
independently from other conventional prognostic factors. Previous studies (98,99) tested
the prognostic role of 18F-FDG PET/CT after therapy in lymphoma patients showing long-
term remission in patients with negative post-therapy 18F-FDG PET/CT findings (100,101).
Accordingly, our results showed that PEL patients showing complete metabolic response
based on Lugano classification had a better PFS and OS.

Functional imaging based on 18F-FDG PET/CT findings was found to be an important step
in the management of patients with thymic epithelial tumors (TETs) that are rare
malignancies arising in the anterior mediastinum and showing a high variable biological
behavior, from benign lesions to highly aggressive carcinomas (102,103). 18F-FDG PET/CT
imaging modality by its ability to identify more aggressive and invasive subtypes of TETs
provides useful information for the biologically characterization of thymic masses (104-107)
and for disease stage (108-111). Moreover, this imaging technique has been used to monitor
the efficacy of targeted therapy in patients with advanced TETs and a reduction of 18F-FDG
uptake higher than 30% closely correlated with objective tumor response (112). Since
metabolic response usually precedes the morphovolumetric reduction of tumor burden
assessed by RECIST criteria (15), the early detection of treatment failure may indicate the

need to adopt alternative therapeutic regimens (9-11). In our study (80) we tested whether
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18F-FDG PET/CT performed in patients with advanced or recurrent TETs before and after
standard chemotherapy may discriminate responders from non responders and whether
metabolic response correlates with morphovolumetric RECIST criteria of tumor response.
According to our results, the percentage change of 18F-FDG uptake between baseline and
post-treatment scans was able to discriminate responders from non responders and
significantly correlated with tumor response assessed by RECIST criteria. A 25% reduction
of 18F-FDG uptake, indeed, identified responders with a sensitivity of 88% and a specificity
of 80%. In TETs patients, the assessment of tumor response performed using RECIST
criteria has some limitation due to the difference between TETs and other solid tumors in
terms of growth and dissemination patterns especially in advanced stages. Our findings
suggested that 18F-FDG PET/CT scan can contribute to the prediction of tumor response
in TETs patients potentially candidate to several consecutive lines of chemotherapy in order
to guide subsequent therapeutic options.

Among other tracers used in clinical practice, 68Ga-DOTA-conjugates peptides are the most
widely used in the characterization of neuroendocrine tumors. These neoplastic disorders
are a heterogeneous group of rare malignancies arising from the diffuse neuroendocrine cell
system that includes both well-differentiated NETs and poorly differentiated carcinomas. A
common property of well-differentiated NETs is the overexpression of somatostatin
receptors that constitute a target for therapy with unlabeled and labeled somatostatin
analogues (113,114). Among SSTR subtypes, the SSTR2 receptor is the most widely
distributed in normal tissues and human tumors (115). Previous studies showed that high
levels of SSTR2 could predict a good response to therapy with somatostatin analogues and
a prolonged survival (116,117). Nevertheless, to date, it is still unclear how the heterogeneity
of SSTR2 expression within a lesion or among different lesions in the same patient may
affect tumor response to therapy and clinical outcome. In our study (28) we tested the ability

of a first order parameter such as CoV obtained from 68Ga-peptide PET/CT scans to
34



quantify the heterogeneity of SSTR2 expression within primary and metastatic lesions of
NET patients. According to our findings bone metastases had the highest CoV value
followed by lymph node metastases and primary lesions reflecting the variable expression
of somatostatin receptors. The heterogeneity of somatostatin receptor expression among
lesions can derived from the different biological behavior of tumor cells that can vary at
different body sites leading to different pattern of tumor growth and progression as well as
to different response to targeted therapy with somatostatin analogues. As a PET-based first
order parameter, CoV, could be used to predict tumor behavior and tumor response of NET

patients although other large clinical studies are needed to confirm and validate our results.

6 CONCLUSIONS

Imaging biomarkers derived from PET/CT scans can be used to characterize tumor behavior
and aggressiveness, to evaluate and predict tumor response and to predict progression-free
survival and overall survival in many malignancies. These imaging parameters can be
introduced in the management of cancer patients to help clinicians in the prognostic
stratification of these patients in order to adopt risk-adapted individual therapy and to

achieve a prolonged overall survival.
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8 TABLES

Table 1. Volume-based imaging parameters derived from 18F-FDG PET/CT and expressed

as meantSE in NSCLC patients.

Parameter No of patients Mean +SE Range

MTV op 65 B1.83+14.63 0.19-540.98
Primary tumors 65 31.45+6.94 0.16-311.70
Regional nodes 27 78.17+25.17 0.36-531.61
Distant metas- 29 40.15 +9.88 0.42-220.85

tases

TLGwg 65 45988 +77.02  0.44-2524.06
Primary tumors 65 198.04 +41.34  (0.44-1382.30
Regional nodes 27 3BLBS+108.71 0.99-2196.49
Distant metas- 29 230.04 +£59.56  1.38-1364.24

[ases

MTV, . total metabolic umor volume, TLG,, whole-body total

lesion glycolysis

Adapted by permission from: Pellegrino S, Fonti R, Mazziotti E, Piccin L, Mozzillo E, Damiano V, Matano E,

De Placido S, Del Vecchio S. Total metabolic tumor volume by 18F-FDG PET/CT for the prediction of outcome

in patients with non-small cell lung cancer. Ann Nucl Med. 2019; 33:937-944.
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Table 2. Predictors of PFS and OS by univariate analysis of clinical and imaging variables
in NSCLC patients.

Variable Progression-free  Owerall survival

survival

s p s p
Age 1.7910 0.1808  3.6670 0.0550
Gender 0.0271 08692 03870 0.5340
Primary tumor diameter 39440 00470 27060  0.0990
Histology 0.2340 06286 03770 0.5391
Primary tumor SUV___ 1.1040 02935 03340 035635
Primary tumor MTV 47130 0.0299 43260 0.0375
Primary tumor TLG 27850 00951 22010 0.1380
MTV o7 12,9340 0.0003 149640 0.0001
TLGyg 13.5490 0.0002  11.2520 0.0008
Stage 256290 <0.0001 233690 <0.0001
Treatment (surgery vs 21.2330 <0.0001 210400 <0.0001

other)

SUV, . maximum standardized uptake value, MTV metabolic tumor

volume, TLG total lesion glycolysis, MT Vo, total metabolic tumor
volume, TLGy whole-body total lesion glycolysis

Adapted by permission from: Pellegrino S, Fonti R, Mazziotti E, Piccin L, Mozzillo E, Damiano V, Matano E,
De Placido S, Del Vecchio S. Total metabolic tumor volume by 18F-FDG PET/CT for the prediction of outcome
in patients with non-small cell lung cancer. Ann Nucl Med. 2019; 33:937-944.
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Table 3. Clinical studies evaluating the prognostic role of MTV and TLG determined in

primary tumors of NSCLC patients.

- N° of TNM . Volumetric Threshold or Determination Cut-Off Values
it Sludy Patients Stage E“dpmnts Parameters Delineation Method of Cut-Off MTV TLG
Davison et al. 12 mo. - . ) medyaigs | ne 9.7 mL Mg
(2013) [47] # v Survival 05~ MTV/TLG gradient-based ROC curve 79 mL Mg
Hvun et al. mediastinal
Y 529 1A/11B 0S/DFS  MTV/TLG  background SUVavg ROC curve 16 em® 70 g
(2013) [40] plus its 2 SD
Anwar et al. - - . i
2018) [45] 49 IA/1B DES MTV/TLG SUV (2.5) ROC curve 6.6 mL 36.6 g
Dosani et al. inoperable . ;
019) [49] 134 IA/IB LCOS MTV/TLG gradient-based median value 24mL 109g
Ya{gf];?;i‘;fﬁtlal' 258 IB/IV OS/PFS  MTV/TLG 50%S5UVmax ROC curve 57 mL 94¢g
Kim et al. 3
2014 [51] 63 1A/1IB OLM MTV/TLG SUV (2.5) ROC curve 18.9 cm B84 g
5;;;;{;11 139 1 OLM MTV/TLG SUV (2.0) ROC curve 3055mL  9.829g
. ) pre-CRT 63 cm® -
Roengvoraphoj 65 inoperable 05 MTV 50%SUVmax post-CRT 25 cm? -
et al. (2018) [53] IIA /1B A CRT gy i
Roengvoraphoj 60 inoperable 08 MTV 509U Vimax Apost-CRT >80% i

etal. (2018) [54] 1A /B

MTV metabolic tumor volume; TLG total lesion glycolysis; NSCLC non-small cell lung cancer; OS overall survival; ROC receiver operating
characteristic; DFS disease free survival; SUV standardized uptake value; SD standard deviation; LC local control; PFS progression-free
survival; OLM occult lymph node metastasis; CRT chemoradiotherapy.

Table 4. Clinical studies evaluating the prognostic role of whole-body MTV and whole-body
TLG of NSCLC patients.

N° of Volumetric Threshold or Delineation Determination of Cut-Off Values
Clinical Stud TNM 5t Endpoints
< Y Patients 8¢ poin Parameters Method Cut-Off Value MTWV TLG
Bazan et al. . inoperable - 6% adaptive threshold of the A - R
(2017) [57] 230 TIB /1B OsLC MTV SUVpeak within each lesion median value 32mlL
Finkle et al. .
(2017) [55] 330 1B /B 0s MTV gradient-based Log-rank test 292 mL -
A o g
";‘q?;n"]‘l‘;fj‘]ﬂ- 193 operable 1/ TV 0s MTV/TLG 42%SUVmax ROC curve 8.15mL 2185
: : 33.5mL 1073g
Elan e‘f“' 169 “"’ge’able oS MTV/TLG gradient-based tertiles 139mL 5040
(2012) [24] /v 4730mL  18981g
P‘f;“}*’m’ﬁ“]' 65 11V 05 /TF5 MTV/TLG SUV (2.5) ROC curve 95 mL s47g
Chen et al.
(2012) [1] 105 /v 05 /FF5 TLG S0%SUVmax ROC curve 655 g
v ';j“é"l‘;‘l :: ]"1" 105 1/1v OS/PF5 MTV/TLG S50%SUVmax median value l46mL  934g
a et al.
(2017) [43] 278 I/IV os MTV SUV (25) R software 495 mL -
Pu et al 10 mL B
. P - T s i 4 -
(2018) [54] 935 I/1IV 05 MTV gradient-based quartiles 51';54-::t. -
Chin et al. oligometastatic . quartiles (highest vs.
(2018) [65] 55 LV 05 MTV/TLG gradient-based ) 17.8 mL 868 g
Auto-segmentation at median value af-
Kong et al. inoperable - . tumor faorta ratio of 1.5 ter mid-RT with 41 mL -
(2019) [29] 1oz 1/ 5 MIV/TLG  followed by manual editing conventional RT or 46 mL .
according to CT anatomy PET-adapted RT
Chen et al. Amedian value
(2019) [66] 25 1A /TIB OS/PF5 MTV/TLG 50%SUVmax B 42% 65%
fixed source /background ra- vx i 7 L1t s
Xiao et al - w/m RT adjustment TV tio combined with CT mean value pre-RT 36 mL ;
(2017) [67] based on AMTV anatomy based manual 647 mL -

editing

duiring-RT

MTV metabolic tumor volume; TLG total lesion glycolysis; NSCLC non-small cell lung cancer; OS overall survival; LC local control;
SUV standardized uptake value; ROC receiver operating characteristic; PFS progression-free survival; CT computed tomography;
RT radiotherapy; PET positron emission tomography.

From Pellegrino S, Fonti R, Pulcrano A, Del Vecchio S. PET-Based Volumetric Biomarkers for Risk
Stratification of Non-Small Cell Lung Cancer Patients. Diagnostics. 2021; 11(2):210.
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Table 5. Predictors of overall survival and progression-free survival by univariate analysis

of clinical and imaging variables.

Variable Overall survival Progression-free
survival
X’ P X P
Age 1.2300 0.2673 0.0544 0.8155
Gender 0.3720 0.5418 1.7760 0.1826
Primary tumor diameter 0.0062 0.9374 0.0281 0.8668
Histology 1.6550 0.1982 2.0280 0.1545
SUVmax (< 11.63 vs > 11.63) 0.0767 0.7818 0.00001 0.9954
SUVmean (< 5.05 vs > 5.05) 1.2460 0.2643 1.1890 0.2755
COV (= 0.38 vs > 0.38) 5.5600 0.0184 2.3350 0.1265
Primary tumor MTV 0.3550 0.5515 0.7230 0.3951
Primary tumor TLG 0.0918 0.7619 0.2600 0.6099
MTVror 7.8820 0.0050 8.0390 0.0046
TLGws 6.4920 0.0108 7.6680 0.0056
Stage 8.2530 0.0041 8.3320 0.0039

SUVmax: Maximum standardized uptake value; MTV: Metabolic Tumor Volume; TLG: Total Lesion
Glycolysis; MTVrot: Total Metabolic Tumor Volume; TLGws: Whole body Total Lesion Glycolysis
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Table 6. Visual IMPeTUs-based parameters obtained from 18F-FDG PET/CT scans in MM

patients.

IMPeTUs criteria Patients

5-PS of diffuse BM uptake

Score 1 0

Score 2 9 (19%)

Score 3 25(53%)

Score 4 12 (26%)

Score 5 1 (2%)
Diffuse BM upiake in limbs/ribs 37 (79%)
No. of focal lesions

X, (None) 0

X;IN=1w3) 23 (49%)

Xy (N=4 1o 1) 16 (345%)

Xy (N=10 B (17%)
Site of focal lesions

Skull 6 (13%)

Spine 29 (62%)

Exira spine 42 (89%)
5-PS of the hottest lesion

Score 1 0

Score 2 1 (2%)

Score 3 0

Score 4 8 (17%)

Score 5 I8 (819%)
Mo. of lytic lesions

X (None) 0

XaiN=1w3) 26(535%)

Xy iN=410 10) 14 {309%)

XyiN=10) T(15%)
Fracture i]
Paramedullary T(15%)
Extramedullary 3 (6%)

5-PS, 5-point scale; BM, bone marrow

Adapted by permission from: Fonti R, Pellegrino S, Catalano L, Pane F, Del Vecchio S, Pace L. Visual and
volumetric parameters by 18F-FDG-PET/CT: a head to head comparison for the prediction of outcome in
patients with multiple myeloma. Ann Hematol. 2020; 99(1):127-135.
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9 FIGURES
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Figure 1. Representative images of 18F-FDG PET/CT study in a 74-year-old patient with
stage IVA lung adenocarcinoma. Panel a shows the maximal intensity projection image with
arrows indicating primary tumor (orange), lymph node metastasis (blue) and bone
metastasis (green). Panel b and ¢ show transaxial PET images and fusion images of co-
registered PET and CT. Tridimensional regions of interest were drawn around primary
tumor, lymph node metastases and bone lesion and segmentation was performed using an
automated contouring program setting a threshold for SUVmax at 2.5. Examples of
segmentation of primary lung tumor (orange), lymph node metastasis (blue) and bone
metastasis (green) are provided in panels b and ¢. MTVror was 95.68 ml and TLGws was
760.13 g; OS of this patient was 3 months. Adapted by permission from: Pellegrino S, Fonti
R, Mazziotti E, Piccin L, Mozzillo E, Damiano V, Matano E, De Placido S, Del Vecchio S.
Total metabolic tumor volume by 18F-FDG PET/CT for the prediction of outcome in patients
with non-small cell lung cancer. Ann Nucl Med. 2019; 33:937-944.
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Figure 2. Survival analysis in 65 NSCLC patients.

a PFS was evaluated by Kaplan-Meier analysis and log-rank test in 65 patients with NSCLC
using a cutoff of 54.7 g for TLGws as determined by ROC curve analysis. Patients with
TLGws lower than the cutoff had a significantly prolonged PFS as compared to that of
patients with TLGws higher than the cutoff (y>=19.5414, p<0.0001).

b OS was evaluated by Kaplan-Meier analysis and log-rank test in 65 patients with NSCLC
using a cutoff of 9.5 ml for MTVror as determined by ROC curve analysis. Patients with
MTVrot lower than 9.5 ml had a significantly better OS than that of patients with MTV+or
higher than the cutoff () 2=16.8284, p<0.0001). Adapted by permission from: Pellegrino S,
Fonti R, Mazziotti E, Piccin L, Mozzillo E, Damiano V, Matano E, De Placido S, Del Vecchio
S. Total metabolic tumor volume by 18F-FDG PET/CT for the prediction of outcome in
patients with non-small cell lung cancer. Ann Nucl Med. 2019; 33:937-944.

56



a Progression-free survival b
100 i
< —
E—-'I__ Log-rank test: p=0.0035 =2
3‘.54.-
= =
8 =
0 ¥ ]
o === MTWgr S B1.6 ml O
a — MTVror > 816 m O
' =
] —
= R ©
c i 2
5 (I . e
W e A
o I | | I

Qverall survival

Log-rank test: p=0.003%8

_______

]

=== MTVrgr = 1002 m
——MTVszr = 1002 m

Figure 3. Survival analysis in 43 NSCLC patients (out of 65) with advanced disease (stages

Il and V).

a Survival analysis by Kaplan-Meier method and log-rank testing showed that patients with

MTVrtor < 81.6 ml had a PFS significantly prolonged than that of patients with a MTVror >

81.6 ml (1 2=8.5297, p=0.0035).

b OS was significantly better in patients with a MTVror < 100.2 ml as compared to those
with MTVrot > 100.2 ml (?=8.3283, p=0.0039). Adapted by permission from: Pellegrino S,
Fonti R, Mazziotti E, Piccin L, Mozzillo E, Damiano V, Matano E, De Placido S, Del Vecchio
S. Total metabolic tumor volume by 18F-FDG PET/CT for the prediction of outcome in
patients with non-small cell lung cancer. Ann Nucl Med. 2019; 33:937-944.
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Figure 4. Representative images of 18F-FDG PET/CT scan in a 80-year-old patient with
stage IVA non-small cell lung cancer.

Maximal intensity projection images are shown in panel a and b. Transaxial fusion images
of co-registered PET/CT and CT images are shown in panels ¢ and d. Tridimensional
regions of interest were drawn around primary tumor, lymph node metastasis and adrenal
lesion and segmentation was performed using an automated contouring program setting a
threshold for SUVmax at 2.5. Examples of segmentation of primary lung tumor (pink), lymph
node (light blue) and adrenal metastasis (green) are provided in panels ¢ and d. CoV of

primary lung tumor was 0.25 and MTVror was 42.67 ml; OS of this patient was 10 months.
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Figure 5. Representative images of 18F-FDG PET/CT scan in a 72-year-old patient with
stage IVA non-small cell lung cancer.

Maximal intensity projection images are shown in panel a and b. Transaxial fusion images
of co-registered PET/CT and CT images are shown in panels ¢ and d. Tridimensional
regions of interest were drawn around primary tumor, lymph node metastases and adrenal
lesion and segmentation was performed using an automated contouring program setting a
threshold for SUVmax at 2.5. Examples of segmentation of primary lung tumor (pink), lymph
node (light blue) and adrenal metastasis (green) are provided in panels ¢ and d. CoV of
primary lung tumor was 0.52 and MTVtor was 107.07 ml; this patient was still alive after 10

months of follow-up.
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Figure 6. Survival analysis for OS in 84 patients with advanced NSCLC (stages Ill and IV).
a OS was evaluated by Kaplan-Meyer analysis and log-rank test in 84 patients with NSCLC
in advanced disease (stages Il and IV) using the median value of 0.38 as cutoff for CoV.
Patients with CoV > 0.38 showed significantly better OS than those having CoV < 0.38
(x*=6.0005, p=0.0143).

b OS was evaluated by Kaplan-Meyer analysis and log-rank test in 84 patients with NSCLC
in advanced disease (stages Il and IV) using the median value of 89.5 ml for MTVror.
Patients with MTVrot < 89.5 ml showed significantly better OS than those having MTVtort >
89.5 ml (y*=7.4546, p=0.0063).
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Figure 7. Combined model for overall survival analysis in 84 patients with advanced NSCLC
(stages Il and 1V).

OS was evaluated by Kaplan-Meyer analysis and log-rank test in 84 patients with NSCLC
in advanced disease (stages Ill and 1V) using the cutoff of 0.38 for CoV and 89.5 ml for
MTVror. There was a statistically significant difference among the four survival curves
(x=14.1719, p=0.0027). Patients with COV < 0.38 and MTVror > 89.5 ml had the worst OS
whereas patients with CoV > 0.38 and MTVror < 89.5 ml showed the best OS.
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Figure 8. Representative images of 18F-FDG PET/CT scan showing visual and volumetric
parameters obtained in a 54-year-old MM patient.

a Maximal intensity projection image.

b Maximal intensity projection view with overlay of segmented MTV of all myeloma lesions
(MTV =29.8 ml; TLG = 75.6 g).

¢, d, e, f Transaxial fused images. In this MM patient visual parameters were as follows:
diffuse bone marrow uptake according to 5-PS Deauville scale: score 4; presence of focal
PET-positive lesions in the spine (e) and extra spine: left humerus (c), left clavicle (d), and
sacrum (f); n.4 focal PET-positive lesions; metabolic state of the hottest lesion (e) according
to the Deauville 5-PS: score 5; n.3 lytic lesions (d-f). Adapted by permission from: Fonti R,
Pellegrino S, Catalano L, Pane F, Del Vecchio S, Pace L. Visual and volumetric parameters
by 18F-FDG-PET/CT: a head to head comparison for the prediction of outcome in patients
with multiple myeloma. Ann Hematol. 2020; 99(1):127-135.
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Figure 9. Progression-free survival by Kaplan-Meier analysis and log-rank test after 150-
month follow-up in 47 MM patients.

a Statistically significant difference in PFS between MM patients with MTV values lower or
higher than the cutoff level of 39.4 ml, as assessed by the ROC curve analysis (p=0.0004).
b Statistically significant difference in PFS between MM patients with hemoglobin levels
lower or higher than the median value 12.8 g/dL (p=0.0294). Adapted by permission from:
Fonti R, Pellegrino S, Catalano L, Pane F, Del Vecchio S, Pace L. Visual and volumetric
parameters by 18F-FDG-PET/CT: a head to head comparison for the prediction of outcome
in patients with multiple myeloma. Ann Hematol. 2020; 99(1):127-135.
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Figure 10. Overall survival by Kaplan-Meier analysis and log-rank test at 150-month follow-
up in 47 MM patients.

a Statistically significant difference in OS between MM patients with MTV values lower or
higher than the cutoff level of 39.4 ml, as assessed by the ROC curve analysis (p=0.0001).
b Statistically significant difference in OS between MM patients with hemoglobin levels lower
or higher than the median value 12.8 g/dL (p=0.0342). Adapted by permission from: Fonti
R, Pellegrino S, Catalano L, Pane F, Del Vecchio S, Pace L. Visual and volumetric
parameters by 18F-FDG-PET/CT: a head to head comparison for the prediction of outcome
in patients with multiple myeloma. Ann Hematol. 2020; 99(1):127-135.
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Figure 11. Representative images of baseline (a) and post-treatment (b) 18F-FDG PET/CT
study in a patient with thymic carcinoma.

Fusion images of co-registered transaxial 18F-FDG PET and contrast-enhanced CT
sections are shown in panels a and b. In the baseline study SUVmax was 6.60 whereas the
post-treatment scan showed a SUVmax of 3.50. A 47% reduction of 18F-FDG uptake was
found in this patient with partial response (PR) based on RECIST. The same maximum
threshold of SUV was applied to PET images from pre-treatment and post-treatment scans
as shown by the color scale on the left of the figure. From Segreto S, Fonti R, Ottaviano M,
Pellegrino S, Pace L, Damiano V, Palmieri G, Del Vecchio S. Evaluation of metabolic
response with 18F-FDG PET-CT in patients with advanced or recurrent thymic epithelial

tumors. Cancer Imaging. 2017; 17:10.
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Figure 12. Representative images of baseline (a) and post-treatment (b) 18F-FDG PET-CT
study in a patient with thymic carcinoma.

Fusion images of co-registered transaxial 18F-FDG PET and CT sections are shown in
panels a and b. In the baseline study SUVmax was 8.80 whereas the post-treatment study
showed a SUVmax of 14.40. A 64% increase of 18F-FDG uptake was found in this patient
with stable disease (SD) based on RECIST. The same maximum threshold of SUV was
applied to PET images from pre-treatment and post-treatment scans as shown by the color
scale on the left of the figure. From Segreto S, Fonti R, Ottaviano M, Pellegrino S, Pace L,
Damiano V, Palmieri G, Del Vecchio S. Evaluation of metabolic response with 18F-FDG
PET-CT in patients with advanced or recurrent thymic epithelial tumors. Cancer Imaging.
2017; 17:10.
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