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ARTICLE INFO ABSTRACT
Keywords: Purpose: Ewing sarcoma (EwS) is the second most prevalent malignant bone tumour among juvenile patients. Due
PET-MRI to its highly malignant character, itis crucial to identify patients with unfavourable courses as early as possible.

Ewing Sarcoma
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In this context, integrated 18F-FDG-PET/MRI combines high-contrast morphological information with functional
diffusion imaging and metabolic data and thereby provides ADC and SUV ax/SUVean as established parameters
for tumour cellularity and metabolic activity in a single examination. Therefore, our study evaluated the use of
ADC and SUVp,x/SUVpean as prognostic parameters for treatment response and overall survival (OS) in this rare
entity. .

Methods: In a monocentric retrospective study, patients with histopathologically-proven EwS who underwent
18F-FDG-PET/MRI before therapy start were included .A polygonal ROI was drawn encompassing the entire
tumour mass on fused PET/MR images to determine SUV ¢ and SUVyean and copied onto the ADC maps to
quantify ADCpean and ADCpn. Dependencies between these parameters and Salzer-Kutschik-Scale(SKS) were
analysed by Spearman’s correlation coefficients and Hazard ratio for OS.

Results: 39 patients (14 female, median age 16yrs[IQR: 11-23]) were evaluated. Strong inverse correlations
between SUVpax and ADCpean(p = -0.709,p < 0.001) and SUVpean and ADCpean(p = -0.689,p < 0.001) were
observed. Furthermore, moderate correlations between SKS and SUVyax(p = 0.502,p = 0.009), SUVpean(p =
0.389,p = 0.049) and ADCpean(p = -0.425,p = 0.03) were seen as well as correlations between OS and SUV-
max(HR:5.324,95 %-CI 1.065-26.615,p = 0.042) and SUV yean(HR:5.558, 95 %-CI 1.114-27.733,p = 0.037).
Conclusion: Hence, our study demonstrates a strong correlation between metabolic activity(SUVmax/SUVmean)
and tumour cellularity(ADC) in EwS and proposes SUVpax and SUVpean as prognostic markers for neoadjuvant
treatment response and OS. ADCp,ean also correlates inversely with treatment response but calculating ADCpean
and SUVpax/SUVpean ratios does not improve prognostic value.

Abbreviations: ADC, Apparent diffusion coefficient; CT, Computed Tomography; CTx, Chemotherapy; EwS, Ewing Sarcoma; HR, Hazard ratio; IQR, Interquartile
Range; LNM, Lymphnode metastasis; MTV, metabolic tumour volume; mg/dl, milligram/decilitre; OS, overall survival; PET, Positron Emission Tomography; RTx,
Radiotherapy; SKS, Salzer Kuntschik Scale; SUV, standardized uptake value; TLG, total lesion glycolysis; 18-F-FDG, 18-Fluor-Desoxy-Glucose.
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1. Background

Ewing sarcoma (EwS) is the second most frequent malignant bone
tumour among paediatric and juvenile patients with a prevalence of
2.93 cases/100000 in the US and a median age of 15 years at initial
diagnosis. Due to its highly malignant character, prompt and accurate
diagnosis of this entity is crucial to determine the most suitable treat-
ment approach [1]. Although current multimodal therapy concepts
combining chemotherapy and local therapy have improved 5-years
overall survival (OS) of EwS patients over the last decades up to 75 %
in localised disease, 5-years OS of multi-metastatic disease is still low
with 20-25 % [1-4]. Therefore, the availability of prognostic imaging
parameters for therapy response or survival prediction would be bene-
ficial to identify patients with unfavourable courses of disease as early as
possible.

Current guidelines recommend MRI for local tumour evaluation and
whole-body MRI or 18-F-FDG-PET for whole-body staging in sarcoma
[5,6]. In this context, the introduction of 18-F-FDG-PET/MRI in clinical
practice offers new possibilities by combining the advantages of the high
soft-tissue contrast achieved by MRI and metabolic information given by
PET [7-10]. Moreover, diffusion weighted imaging (DWI) can deliver
additional information regarding tumour cellularity which has been
reported to be associated with aggressiveness in sarcoma [11]. In this
context, multiple studies have evaluated the prognostic impact of
tumour metabolism quantified by SUV and tumour cellularity measured
by ADC for various entities [12-14].Here, an inverse correlation be-
tween SUV and ADC was shown for different tumours including osseus
as well as non-osseus lesions [4,12,15-17]. In pretherapeutic situation,
especially high SUVya.x was associated with high histopathological
grading, poor treatment response and a reduced overall survival in
different entities including NSCLC, lymphoma or colorectal cancer
[14,18-20].

Regarding sarcoma and especially EwS, data evaluating the prog-
nostic impact of SUV and ADC are based on selected studies only
[13,21]. Chodyla et al. proposed 18-F-FDG PET/MRI as a feasible tool
for therapy response prediction of soft-tissue sarcoma following of iso-
lated limb perfusion in general [22]. Furthermore, they reported a
strong correlation between metabolic activity of soft-tissue sarcoma and
neoadjuvant treatment response but found no significant correlation
between ADC and treatment response [13]. Additionally, Dudeck et al.
as well as Byun et al. suggested a further benefit from ADC analysis for
therapy evaluation and patient’s survival [23,24]. A detailed (subgroup)
analysis on EwS is missing in all these studies. Specific studies on EwS
solely focus on PET data from PET/CT as prognostic parameters and
deliver contradictory results as Jamet et al. reported a correlation be-
tween high SUV,.x and poor prognosis as well as Annovazzi and El-
Hennawy who proposed metabolic tumour volume (MTV) and total
lesion glycolisis (TLG) as prognostic parameters [25-27]. In contrast to
that, Albano et al. did not find a correlation between metabolic data and
outcome [28]. In this context, detailed data on the prognostic value of
both — ADC and SUV ,4x/SUV ean using integrated 18F-FDG PET/MRI —
specifically focussing on EwS are not available yet. Therefore, the aim of
our study was to evaluation a possible correlation between ADC and-
SUViean/SUVmax in EwS and the use of these as prognostic parameter for
therapy response as well as overall survival prediction in this highly
malignant entity using a hybrid PET/MRI setup.

2. Methods
2.1. Patients

For this retrospective study, the institutional databases were
reviewed to identify patients that received PET/MRI imaging for EwS
evaluation between 01.01.2000 and 30.11.2024. Approval by the local
ethics committee was obtained and the need for informed consent was
waived due to the retrospective nature of this study (application
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number: 24-11729-BO; approval date: 23.02.2024).

We included only patients who received the PET/MRI within three
months prior to the start of any kind of primary tumour therapy. The
EwS needed to be histopathologically proven. Additional clinical data
regarding patient’s age at initial diagnosis, sex, tumour localisation,
clinical stage according to the AJCC classification (8th version) at
therapy start as well as the selected therapy were examined.

2.2. Reference standard

For evaluation of neoadjuvant chemotherapy response, Salzer-
Kuntschik regression scale (SKS) of the resection specimen was used as
reference standard (I: no vital tumour cells, II: single vital tumour cells,
III: <10 % vital tumour cells, IV: 10-50 % vital tumour cells, V: >50 %
vital tumour cells, VI: completely vital tumour) [29]. No response
analysis was performed for the primary radiotherapy subgroup. Overall
survival was defined as the timespan between initial diagnosis and date
of death respectively last clinical visit. Patient’s survival data were ob-
tained from clinical database and the corresponding resident registra-
tion office.

2.3. PET/MRI acquisition

Before PET/MRI acquisition a body weight-adapted dosage of 18F-
fluorodeoxyglucose (18F-FDG) was injected intravenously. Blood
glucose levels were measured to ensure values below 150 mg/dl.
Calculated activity of administered tracer agent amounted to 208 MBq
[IQR: 135-239] 212. The whole-body PET/MRI scans were performed
systematically with a delay of 60 min after tracer injection using a 3
Tesla integrated PET/MR system (Biograph mMR, Siemens Healthi-
neers, Germany) in 4-5 bed positions (depending on patients’ size) with
a PET-data acquisition time of 4 min per bed. In addition, PET-data of
the primary tumour were obtained with an acquisition time of 15 min
simultaneously with the dedicated MRI scan of the tumour site. For PET
image reconstruction the iterative ordered-subset expectation maximi-
zation algorithm, 3 iterations and 21 subsets, a Gaussian filter with 4.0
mm full width at half maximum and a 344 x 344 image matrix were
used. Attenuation correction was performed with a vendor supplied
software solution comprising a four-compartment-model attenuation
map (p-map) calculated from fat-only and water-only datasets, as ob-
tained by Dixon-based sequences as well as an atlas-CT-based bone-
anatomy compensation was used. MR images and PET-data were ac-
quired simultaneously. Applied MR sequence protocols depended on the
primary tumour localisation and are given in supplementary Tables 1
and 2. Monoexponential ADC-Maps were calculated following image
acquisition using the preinstalled software supplied by the vendor on the
associated PET/MRI console.

2.4. Image analysis

All images were analysed using the dedicated image processing
software SyngoVia (Siemens Healthineers). Axial Tlw VIBE post
contrast was co-registered with PET images as well as the ADC map. The
primary EwS was identified on the co-registered PET/VIBE images and a
freehand polygonal region of interest (ROI) was drawn encompassing
the biggest extend of the tumour on axial images. The ROI was copied to
the same position on the ADC maps (Fig. 2). To avoid pixel void, the ROI
was adapted manually. SUVyax, SUViean, ADCrean and ADCp,in were
automatically calculated by SyngoVia and recorded for the primary
tumour mass of all patients. SUVax/ADCean and SUViean/ ADCrean
ratios were calculated manually according to Bruckmann et al. [14]. The
ROI analysis was done in a consensus reading session by two radiologists
(M.D. with 5 years and B.S. with 12 years of experience in hybrid-
imaging).
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\
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Fig. 1. Flow diagram of included patients.

Fig. 2. 10-year-old patient with EwS of the left thigh. Polygonal ROI (dotted line) encompasses the primary tumour mass on PET/VIBE post contrast-MRI fusion

image (A) and corresponding ADC-map (B).
2.5. Statistics

Correlation between SUVhax, SUVimean, ADCean and ADCpyin as well
as Salzer Kuntschik Scale were determined using Spearman’s correlation
coefficient and interpreted according to Cohen (1988) for the neo-
adjuvant chemotherapy plus surgery subgroup only. No treatment
response analysis was performed for the primary radiochemotherapy
subgroup.

To evaluate the correlation of SUV and ADC values with the overall
survival, a ROC analysis and Cox regression test was done to determine
optimal cut-off values for risk stratification of each measurement. Here,
the top-left value of the ROC was used as cut-off [30]. According to these
cut-off-values, the cohort was divided into a low- and a high-risk group
for each measurement. Kaplan-Meier Curves were plotted and the

hazard ratio (HR) as well as the statistical significance based on a log-
rank test were computed. Unadjusted p-values < 0.05 were considered
significant. All computations were performed using SPSS 29 (IBM Inc.,
Chicago, IL, USA) and Excel 365 (Microsoft Co., Redmond, WA, USA).

3. Results
3.1. Patient cohort

A total of 106 patients with 18F-FDG-PET/MRI and histopathologi-
cally EwS were identified in our database. Three of these patients
revealed uncertain histological data and 64 of these already received
any kind of treatment (chemotherapy, radiotherapy or surgery) before
initial PET/MRI and were excluded. This led to a final study cohort of 39
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patients with therapy-naive EwS (Fig. 1). 26 received neoadjuvant
chemotherapy followed by surgical tumour resection and 13 underwent
primary radiochemotherapy.

39 patients with histopathologically proven EwS and pretherapeutic
PET/MRI were finally included in this study (Table 1). The cohort
comprised 35.9 % (14/39) female and 64.1 % (25/39) male patients
with a median age at initial diagnosis of 16 years [IQR: 11-23]. Most
common primary tumour localisations encompassed the lower extrem-
ities with 41 % (16/39), followed by the pelvis 30.8 % (12/39) and
lower extremities with 15.4 % (6/39). Uncommon locations included
head and thorax with 5.1 % (2/39) each) as well as the spine 2.6 % (1/
39). The most common clinical tumour stage at initial diagnosis ac-
cording to the AJCC classification for bone tumours was IIA with 38.5 %
(15/39) followed by IVA and IVB with 17.9 % (7/39) each. 66.7 % (26/
39 received neoadjuvant chemotherapy according to the VIDE-scheme
and resection of the primary tumour, while 33.3 % (13/39) patients
were treated with definitive radiochemotherapy. According to Salzer-
Kuntschik regression scale (SKS) of the postoperative specimen in 26
patient, 77 % (20/26) showed a good response to the neoadjuvant
treatment (SKS I: 50 % (13/26) SKS 11 19.3 % (5/26), SKS III: 7.7 % (2/
26)). Poor response (SKS IV + V) was observed in 23 % (6/26) (SKS IV
and V: 11.5 % (3/26) each). Median follow-up of the patients was 754
days [IQR: 432-1530]. Regarding subgroups (neoadjuvant chemo-
therapy + surgery vs. primary radiochemotherapy) demographic data
were comparable. Differences were detected in the predominant tumour
localisation and AJCC stage. Here, predominant localisation in the
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surgery group were the lower extremities with 53.8 % (14/26) while the
pelvis was the most common localisation in the radiochemotherapy
group with 53.8 % (7/13). Patients that underwent surgery were mostly
in stage IIA + B (57.7 % [15/26]) and the major part of the radio-
chemotherapy treated patients was in stage IVA + B (46.2 % [6/13]).

3.2. Evaluation of metabolic activity and diffusion restriction as potential
markers for therapy response prediction

For all 39 patients, median SUVy,5x was 5.1 [IQR: 4.3-6.9] and me-
dian SUVpean was 2.7 [IQR: 1.9-3.6] (Table 2). Median ADCpean and
median ADCpi, were 860.7 [IQR: 741.0-1019.7] resp. 305 [IQR:
105-396]. Ratios of SUVyax/ADChpean and SUViean/ADCpean Were
0.0060 [0.0038-0.0090] and 0.0032 [0.0017-0.0046].

For the 26 patients who underwent surgery after neoadjuvant
chemotherapy median SUVp,5x was 5.2 [IQR: 4.35-7.61] and median
SUVnean Was 2.7 [1.7-4.5]. Median ADCpean and ADCpj, in this sub-
group were 867.5 [703.7-1018.7] resp. 306.5 [137.25-446.75]. Ratios
of  SUVpax/ADCpean and  SUViean/ADCpean were  0.0062
[0.0039-0.0108] and 0.0032 [0.0017-0.0064].

Using Spearman’s correlation coefficient, strong inverse correlations
between SUVpax and ADCpean (p = -0.709, p < 0.001) as well SUVyean
and ADCpean (p = -0.689, p < 0.001) were detected (Table 3). No sig-
nificant correlations were found regarding SUVp.x and ADCpin (p =
-0.157, p = 0.34) or SUVyean and ADCpyi, (p = -0.-0.038, p = 0.818).

Correlating ADC and SUV parameters with SKS as a marker for
therapy response revealed a smoderatecorrelation between SUVy,,x and
SKS (p = 0.502, p = 0.009) as well as a moderate correlation between
SUVpean and SKS (p = 0.389, p = 0.049) (Table 3). Furthermore, a
moderate inverse correlation between between ADCphean and SKS was
observed (p =-0.425, p = 0.03) while no significant correlation was seen
regarding ADCp,jn and SKS (p = -0.229, p = 0.26).

The combined analysis of SUV and DWI using ratios of SUVpax/
ADCean as well as SUVpean/ADCpean according to Bruckmann et al.
resulted in a slightly weaker but still moderate correlation between
SUVnax/ADCpean and SKS (p = 0.486, p = 0.022) compared to SUVpax
and SKS alone. The correlation of SUVyean/ADCpean and SKS was
slightly stronger (p = 0.43, p = 0.029) compared to SUVpean and SKS
resp. ADCpean and SKS alone.

3.3. Evaluation of metabolic activity and diffusion restriction as potential
prognostic markers for OS

Pretherapeutic SUVpx as well as SUVpean showed a significant
correlation with the OS quantified by a HR of 5.324 (95 % CI
1.065-26.615, p = 0.042) for SUV ¢ and 5.558 (95 % CI1.114-27.733,

Table 2
Median SUV and ADC values as well as their ratios for the total cohort and
subgroups.

Table 1
Patient data.
Total cohort Subgroup Subgroup
(Neoadjuvant (Primary
chemotherapy + radiochemotherapy)
surgery

Patients 39 26 13

Sex
female 14 (35.9 %) 9(34.6 %) 5(38.5 %)
male 25 (64.1 %) 17 (65.4 %) 8 (61.5 %)

Median age at 16 [IQR: 15 [10.75-23.5] 18 [15-24]
therapy start 11-23]

(years)

Localisation
lower 16 (41 %) 14 (53.8 %) 2 (15.4 %)
extremities 12 (30.8 %) 5(19.2 %) 7 (53.8 %)
pelvis 6 (15.4 %) 5 (19.2 %) 1 (7.7 %)
upper 2 (5.1 %) 0 2 (15.4 %)
extremities 2 (5.1 %) 2 (7.7 %) 0
head 1 (2.6 %) 0 1 (7.7 %)
thorax
spine

Median of max. 6.7 [IQR: 3.9 [1.6-6.2] 4.8 [1.0-8.8]
tumour 5.0-9.2]
diameter (cm)

AJCC stage at 1IA: 15 (38.5 11 (42.3 %) 4 (30.8 %)
initial %) 4 (15.4 %) 1 (7.7 %)
diagnosis IIB: 5 (12.8 3(11.5%) 2 (15.4 %)

%) 4 (15.4 %) 3(23.1 %)
II: 5 (12.8 4 (15.4 %) 3(23.1 %)
%)

IVA: 7 (17.9

%)

IVB: 7 (17.9

%)

Salzer-Kuntschik n/a
scale:

1 13 (33.3 %) 13 (50 %)
2 5(12.8 %) 5(19.2 %)
3 2 (5.1 %) 2 (7.7 %)

4 3(7.7 %) 3 (11.5 %)
5 3(7.7 %) 3(11.5 %)

Median follow 754 [IQR: 734.5 [IQR: 1045 [IQR:
up (days) 432-1530] 425-1663] 378-1346]

All patients (n = Surgical treatment Primary
39) (n = 26) radiotherapy (n =
13)
SUVinax 5.1 [IQR: 4.3-6.9] 5.2 [IQR: 4.5 [4.2-6.0]
(median) 4.35-7.61]
SUVpean 2.7 [IQR: 1.9-3.6] 2.7 [1.7-4.5] 2.4 [2.0-3.1]
(median)
ADCpean 860.7 [IQR: 867.5 845.6
(median) 741.0-1019.7] [703.7-1018.7] [783.8-1246.0]
ADCpjin 305 [IQR: 306.5 222 [18.5-373.5]
(median) 105-396] [137.25-446.75]
SUVinax/ 0.0060 0.0062 0.0055
ADCrean [0.0038-0.0090] [0.0039-0.0108] [0.0037-0.0071]
(median)
SUVinean/ 0.0032 0.0032 0.0032
ADCrean [0.0017-0.0046] [0.0017-0.0064] [0.0017-0.0041]
(median)
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Table 3
Correlation between SUV, ADC and their ratios as well as SKS using Spearman’s
p. Significant values are marked with an asterisk.

p p-value
SUVmax VS. ADCpean —0.709 * <0.001
SUVpmax VS. ADCrin —-0.157 0.34
SUVmmean VS. ADCpean —0.689 * <0.001
SUVmean VS. ADCpin —0.038 0.818
SUVpax vs. SKS 0.502 * 0.009
SUVmmean Vs. SKS 0.389 * 0.049
ADCpean Vs. SKS —0.425 0.03
ADCpyin vs. SKS —-0.229 0.26
SUVmax/ADCpean VS. SKS 0.486 * 0.022
SUVimean/ADCrean V. SKS 0.43 * 0.029

p = 0.037) for SUVyean (Fig. 3 and Table 4). No significant correlations
were seen between ADCpean and OS (HR of 2.938 (95 % CI
0.731-11.808, p = 0.138)) as well as ADCy,j, and OS with a HR of 1.867
(95 % CI 0.464-7.517, p = 0.380). Additionally, the SUVy,ax/ADCpean
ratio also revealed a significant correlation with the OS showing a HR of
5.246 (95 % CI 1.055-26.097, p = 0.043), but this was slightly worse
compared to SUVp.x alone. The SUVyean/ADChean ratio was not
significantly correlated with the OS showing a HR of 4.332 (95 % CI
0.872-21.515, p = 0.073).

4. Discussion

As EwS is a highly malignant bone tumour predominantly affecting
juvenile patients, the early identification of patients at risks for unfav-
ourable courses is key and the availability of imaging parameters would
be beneficial in this context. In this retrospective study, we proposed
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Table 4

Hazard ratios of SUV, ADC and their ratios as well as OS. Cut-off values were
calculated using ROC analysis. Significant values (log-rank test) are marked with
an asterisk.

p-value HR HR 95 % CI Calculated cut-off value

SUVpnax 0.042* 5324 1.065-26.615 5.705
SUVinean 0.037* 5558  1.114-27.733 2.83
ADCpean 0.138 2938 0.731-11.808  811.14
ADCpin 0.380 1.867  0.464-7.517 210.5
SUVinax/ADCrean 0.043*  5.246  1.055-26.097 0.00684
SUVinean/ 0.073 4332 0.872-21.515 0.00340

ADCean

SUVmax, SUVmean and ADCrean as potential prognostic imaging markers
for neoadjuvant chemotherapy response and overall survival in primary
EwS using hybrid PET/MRI for the first time.

Initially, we could demonstrate a strong inverse correlation between
SUVpax and SUVyean With ADCppeqan. Furthermore, these three parame-
ters show a significant correlation with postoperative SKS proposing
these as potential prognostic markers for neoadjuvant chemotherapy
response in EwS, while SUV oy and SUVpean also show a significant
correlation with the OS.

Various cancer entities including sarcoma are characterized by an
increased metabolic activity due to high mitosis rates. In this context,
SUV of 18F-FDG-PET is a well-established marker for metabolic tissue
activity. On the other hand, malignant tumours commonly show a high
cellularity. This can be determined in MRI by using DWI. Here, high
cellularity results in a restricted diffusion of water molecules and can be
quantified using ADC [15,31]. As various studies have demonstrated,
increased metabolic activity in tumours is associated with higher
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Fig. 3. Kaplan-Meier Curves of SUV oy (A), SUViean (B), ADCiean (C), ADCin (D), SUViax/ADCean (E) as well as SUV pean/ADCiyean- Survival proportion against
time in days are plotted in each diagram. The study cohort is divided into a low risk (blue) and a high risk (red) group. Cut-off values are presented in the lower

right corner.
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cellularity measurable by an inverse correlation between SUV and ADC
[32,33]. But data regarding ADC/SUV correlation in soft-tissue sar-
comas and especially EwS are scarce and are often based on individual
PET/CT and MRI [13]. Here, integrated PET/MRI combines both —
metabolic and diffusion data — in a single examination allowing a highly
accurate coregistration due to simulataneous acquisition potentially
superior to separate MRI and PET/CT [34].

With this study, we could demonstrate a strong inverse correlation
between SUVp,.x as well as SUVpean and ADCpean reflecting a relation
between high glucose metabolism and increased cellular density in EwS
for the first time using a combined PET/MRI setup. In this context, high
metabolic tumour areas have been shown to be associated with higher
aggressiveness and high histopathological grading proposing these as
targets for biopsy, but currently, initial pre-biopsy imaging of local EwS
is commonly based on MRI alone without PET component [21,35,36].
Therefore, the demonstrated inverse correlation between SUV and ADC
underlines that tumour areas with low ADCeqp values should preferably
be chosen for biopsy to hit the most aggressive tumour parts as it has
been stated for other tumour entities without need of complementary
PET data [21,32].

Additional evaluation of ADCp,, did not reveal significant correla-
tions with SUVi5x/SUV pean in our study. This could be explained by its
higher susceptibility to artifacts. Other studies reported already, that
even slight signal magnitude variations under different b-values as well
as calcifications may result in very low ADC values including zero which
do not reflect the true tumour characteristics and cannot always be
excluded by adjusting the drawn ROI[32,37]. Hence, ADCpean is sug-
gested as more robust.

Furthermore, multiple studies have evaluated SUVmax/SUVmean as
well as ADC as imaging parameters for therapy response and OS in
different entities including soft-tissue sarcomas[17,22,23,38,39]. In
selected studies, 18-F-FDG PET/MRI was proposed as a feasible tool for
therapy response prediction of soft-tissue sarcoma showing a strong
correlation between metabolic activity and neoadjuvant treatment
response but lacking EwS subgroup analysis [13,22]. Regarding EwS,
specific PET/MRI data is missing as available studies that report the
prognostic value of PET parameters including SUV ., TLC and MTV for
EwS outcome are solely PET/CT-based [26,27,40-42]. Additionally,
single studies also indicate a prognostic value of ADC for chemotherapy
response, but this is based on MRI only [43]. Therefore, our study is the
first evaluating SUVax/SUVpean as well as ADC from integrated 18F-
FDG PET/MRI in the context of prognosis prediction in EwS.

With this study, a strong correlation between SUVp.x as well as
SUViean and neoadjuvant chemotherapy response evaluated by SKS has
been reported for the first time in primary therapy-naive EwS indicating
increased metabolic activity of the primary tumour to be less beneficial
for treatment response. Additionally, also higher cellularity quantified
by ADCpean shows an inverse correlation with SKS. This is in line with
previously considered findings by Chodyla et al. — who reported a
correlation between SUV and ADC and treatment response of soft-tissue
sarcomas under limb perfusion — and Byun et al. who correlated ADC
and SUV from separated PET/CT and MRI with SKS in osteosarcoma
[22,24]. Moreover, Bruckmann proposed ratios of SUVyax/ADCmean
resp. SUViean/ADCrean to improve prognostic value [14]. We could not
verify this for EwS as the correlation of SUVx/ADCrean With SKS was
slightly weaker than SUVmax and SKS alone, while on the other hand
the correlation between SUVean/ADCean and SKS was slightly stronger
than ADCean alone. This leads to the conclusion that SUV .« shows the
strongest correlation with SKS and the SUV/ADC ratios do not add
further prognostic value for EwS treatment response prediction.

Regarding OS, only SUVyax and SUVpean showed a significant cor-
relation with. ADCpean and ADCpiy did not correlate significantly and
neither added addition prognostic value with regard to the SUV/ADC
ratios. This is in line with studies on other entities including NSCLC,
while specific data on EwS are missing [17]. All in all, the independence
of these parameters indicates that multiparametic PET/MRI is not
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superior to PET/CT alone in the prediction of therapy response or OS. As
SUVpax and SUVyean show a significant correlation with both — neo-
adjuvant treatment response as well as OS — these appear to be superior
to ADCpean-

This study also has limitations. First of all, the total patient number of
39 is low which does not allow further subgroup analysis — especially
with regard to initial AJCC tumour stage. As operated patients were
predominantly in a lower stage than the radiochemotherapy patients,
this could have influenced the analysis. But due to the small subgroup
size and lacking a robust reference standard for primary radio-
chemotherapy, treatment response evaluation could only be performed
for the neoadjuvant chemotherapy plus surgery group. Therefore,
further analyses in a larger cohort are recommended for the future.
Nevertheless, the present study represents to our knowledge the biggest
cohort to evaluate correlations between functional MRI and PET in this
rare tumor entity, but our findings could be further evaluated in
multicenter study with more patients Furthermore, ADC measurements
— especially ADCp,ij, — are affected by artifacts. Especially, automatic
software-based segmentation of the tumour can cause pixel void of areas
without any signal and lead to more inconsistent data. Therefore, the
ROIs were drawn manually and adapted on the ADC maps to minimize
pixel void. Nevertheless, manual segmentation is also a methodical
limitation as it could be biased by the investigator. To minimize this
bias, the ROI-analysis was done in a consensus reading session by two
radiologists. In this context,volumetric histogram-based ADC evaluation
has been proposed to improve accuracy and should be evaluated in
future studies [44,45]. Additional PET parameters including MTV and
TLG could also be evaluated. Over the last years, iterative improvements
of attenuation correction in PET/MRI have been made which could have
had a minor impact on the SUV. However, since our data are in line with
the literature, this can be disregarded in our study [17].

5. Conclusion

In conclusion, our study proposes SUVpax, SUVimean and ADCean as
potential prognostic imaging parameters for neoadjuvant chemotherapy
response of therapy-naive EwS using a hybrid 18F-FDG-PET/MRI as a
single examination setup. Additionally, SUVp.x and SUVpean could
further be used as prognostic markers for OS, while neither ADC alone
nor ratios of SUV and ADC add complementary prognostic value.
Therefore, hybrid multiparametric 18F-PET/MRI is not superior to PET/
CT or MRI alone in therapy response or OS prediction of EwS.
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