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Study

Cohen etal, 2018 (23)

Klein etal, 2021 (22)

Mathios etal, 2021 (1)

Yin etal, 2022 (27)

Tan etal, 2024 (28)

Methods

Combined circulating tumor DNA
(AADNA) + protein biomarkers.
‘Analyzed 1,005 cancer patients (non-metastatic,
eight types).

Assessed specificity in 812 healthy

duals.

Evaluated MCED test in 4,077 participants (2,823
with cancer, 1,254 without).

Included 50 + cancer types, analyzed across
different stages.

Real-world validation study.

CDNA fragmentome analysis machine learning,
200 NSCLC patients (Stage I-IV).

Combined etDNA and protein biomarkers (CEA,
$qCC, CYFRA21-1); multi-gene panel.

300 NSCLC patients.

Ultradeep sequencing of cfDNA; tumor-
informed approach.

500 NSCLC patients (Stage I-1V).

v

Overall sensitiity: 70% across eight

ngs

cancer types.
Specificity >99% in

healthy individuals.

Cancer location correctly identified

Overall sensitivity: 51.5% (varied
by stage).

Sensitivity increased with stage:
16.8% (Stage I), 40.4% (Stage IT),
77.0% (Stage I11), 90.1% (Stage IV).
Specificity: 99.5%

Cancer signal origin identified

correctly in 88.7% of cases.

Sensitivity 75% for Stage I-1T;
specificity 95%; tumor-specific
‘mutations identified.
Sensitivity 86.4% for Stage I-11;
specificity 97%

Sensiti

ty 65% for Stage I-11;
specificity 98.5% reduced false
positives via CHIP filtering.

Lung cancer spe«

Lung cancer sensitivity: 59%.
Detected 56% of Stage I lung cancers.

Sensitivity improved in later stages.

Lung cancer sensitivity: 41% overall.
Lower detection rate for early-stage
lung cancer.

Higher detection in later stages (Stage
V).

Lung cancer sensitivity 75% for early stages;

iproved detection with fragmentome-

based approach.

Lung cancer sensitivity 86.4% when

combining ctDNA with protein markers;

higher detection in early stages.

Lung cancer sensitivity 65% for early stages;

improved detection with tumor-informed

sequencing.
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Study

Chaudhuri et al,, 2017 (47)

Moding et al., 2020 (48)

Chen etal, 2019 (49)

Abbosh, 2017 (50)

Zviran, 2020 (54)

Gale etal,, 2022 (51)

Isbell etal., 2024 (52)

Xia etal, 2022 (53)

Study design and popula
Retrospective cohort; 40 patients with
Tocalized lung cancer (stages I-111) treated
with curative intent (surgery/radiotherapy).

Prospective cohort; 65 patients with
unresectable stage I11 NSCLC post-
chemoradiotherapy; treated with anti-PD-L1

(durvalumab).

Prospective cohort; 36 NSCLC pati
undergoing curative-intent surgery (stages
I-I11A),

ts

Prospective cohort (TRACERX); 100 patients
with early-stage NSCLC (stages IA-11IA)
undergoing surgery.

Mixed cohort; 137 patients (including lung
cancer subset) post-treatment; validated in

208 additional samples.

Prospective cohort; 88 early-stage NSCLC
patients (Stage I-IIIA) post-treatment.
Prospective cohort; early-stage NSCLC
patients post-surgery.

Prospective cohort; 330 NSCLC patients
(Stage I-I11A) post-surgery.

Methodology
‘Targeted NGS of ctDNA using CAPP-Seq;
pre-and post-treatment plasma samples

analyzed.

CAPP-Seq for ctDNA quantification; serial

plasma sampling pre-and post-

immunotherapy; correlated with PES and OS.

‘Targeted NGS panel (168 genes) for ctDNA;
plasma collected pre-op, 3 days post-op, and
up to 120 days post-op.

Multiregion whole-exome sequencing of
tumors; targeted NGS of ctDNA for clonal/
subclonal mutations; longitudinal sampling.

MRDetect: genome-wide cfDNA mutation
integration via WGS; signal-to-noise
optimization for ultra-sensitive detection.
Tumor-informed NGS; ctDNA measured
post-treatment and longitudinally.
Ultrasensitive sequencing; tumor-informed
panels; CtDNA measured post-op.

168-gene NGS panel; ctDNA measured
37 days post-op and longitudinally.

Key findings

CDNA detected MRD in 94% of relapsing
patients, median lead time 5.2 months
before radiographic recurrence. Specificity
96% for non-relapsers.

Undetectable ctDNA post-
chemoradiotherapy linked to better PES
(HR0.29, p = 0.004;
during immunotherapy predicted benefit
(HR0.13, p = 0.0003)

{DNA clearance

CDNA half-ife ~35 min post-surgery;
persistent ctDNA at 3 days post-op
correlated with recurrence (HR 11.14,

P <0.001). Sensitivity 90% at 120 days.
CDNA reflected tumor phylogeny; subclonal
mutations predicted relapse (p = 0.001). 94%
of relapsing patients had detectable pre-op
CDNA vs. 33% in non-relapsers.

Sensitivity of 107 in lung cancer, MRD
detection preceded relapse by up t0 200 days
(p<0.001). False-positive rate < 2%

90% sensitivity, 95% specificity for MRD;

48-month lead time before relapse.

9206 sensitvity for MRD; 5-7-month lead

time; reduced CHIP false positives.
Persistent ctDNA at 3-7 days predicted
relapse (929 sensitivity; 90% specificity);

6.1-month lead time.
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Category 1: Early Detection and Screening

Applications: -Al-enhanced imaging techniques (e.g., mammograms, MRIs)
- Detection of early lesions
- Automated image analysis

Category 3: Personalized Treatment Planning

Applications: -Al-driven therapy recommendations
- Predictive models for treatment responses
- Personalized medicine strategies

Category 4: Remote Monitoring and Follow-up Care

Applications: - Al-powered wearable devices
- Telehealth platforms
- Continuous monitoring of patient health

Category 5: Drug Discovery and Development

Applications: - Generative Al for novel drug candidates
- Drug repurposing and optimization

Category 6: Patient Engagement and Support

Applications: -Al-driven patient education tools
- Virtual assistants for patient queries
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Variable Recurred

[\ [e} Yes
(n = 275) (n = 275)
Age* 38.41 (12.94) 46.698 (17.95) <0.001
Gender™ | Female 246 (57.5) 182 (42.5) <0.001
Male 29 (23.8) 93 (76.2)

*Variable was expressed as mean (standard deviation) and a t-test was used in independent
groups for the group comparison. **Variable was expressed as frequency (percentage) and
chi-square test was used for group comparison.
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Study, year Country  Total number Histopathology External dataset used ~ Outcome assessed

of patients, n  evaluated for validation after
internal validation

Abdeltawab etal. (2022) (26) | USA 4 Clear cell RCC and papillary  TCGA RCC subtype
RCC
Caietal. (2022) (27) 23 Al subtypes of RCC and None RCC subtype or healthy
normal histopathology Kidneys

Fenstermaker etal. (2020) | USA 2 Al subtypes of RCC and TCGA RCC subtype or healthy

©8) normal histopathology kidneys and Fuhrman grade

Abu Haeyeh etal. (2022) (2) | UAE, 52 All subtypes of RCC None RCC subtype

Marostica et al. (2021) (29) USA 1,150 All subtypes of RCC TCGA, CPTAC RCC subtype, survival
prediction and genetic profiles.

Ning etal. (2020) (30) China 209 Clear cell RCC TCGA Prediction of survival of clear
cell RCC

Ohe etal. (2022) (31) Japan 530 Clear cell RCC TCGA Classification of clear cell RCC
into clear and eosinophilic
phenotypes

Schulz etal. (2021) (32) Germany 28 Clear cell RCC TCGA Disease specific survival and
5-year survival in patients with
clear cell RCC

Tabibu etal. (2019) (33) India 1,584 All subtypes of RCC TCGA RCC subtype

Wessels et al. (2022) (34) Germany 353 Clear cell RCC TCGA Prediction of 5-year overall
survival in patients with clear
cell RCC

Wauetal. 2021) (35) China 153 Al subtypes of RCC TCGA RCC subtype

Zhengetal. (2023) (36) China 735 Clear cell RCC TCGA, CPTAC Grade clear cell RCC per
WHO-ISUP

Zhu etal. (2021) (37) USA Not reported All subtypes of RCC TCGA RCC subtype

CAPTAG, Clinical Proteomic Tumor Analysis Consortium; RCC, renal cell carcinoma; TCGA, The Cancer Genome Atlas.
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Machine

learning type

Model architecture

Feature extraction and
training process using images

Abdeltawab et al
(26)

Caietal. (27)

Fenstermaker
etal. (28)

Abu Haeyeh et al.
@

Marostica et al
29)

Ningetal. (30)

Oheetal.

Schulz etal. (32)

“Tabibu et al. (34)

Wessels etal. (34)

Wuetal. (35)

Zheng etal. (36)

Zhu etal. (37)

CLAM, clustering-constrained-attention multiple-instance learning; CNN, convolutional neural networks;

NN

CNN

CNN

CNN

CONN

CNN

MMDLM

CNN

CNN

CNN

CLAM

CNN

Developed using Tensor-Flow
from Google, the performance
was compared with pretrained
ResNet18 and ResNet34.

Based on Alex-Net

‘The model consisted of 6
convolutional layers and 6

otherlayers.

Based on ResNet 50

Constructed using VGG-16,
Inception v3 and ResNet-50

Developed with several blocks
and fully connected layers and
global pooling applied in the

end

Based on AlexNet

Constructed using 18 layers of
ResNet.

Developed using modification
of the pre-trained ResNet 18
and ResNet 34.

Based on ResNet 18.

Based on Inception V3.

‘The model used was SSL-
CLAM, a weakly supervised

deep learning method.

Based on ResNet

Whole slide images were divided into
smaller patches; 250 x 250, 350 x 350 and

450 450 pixels. Training set included 44
Wl and final validation included 20 WSI

‘Whole slide images of 93 patients with renal
cancer and 150 healthy people were used.
Feature vectors were collected and fused for
training.

Samples from 42 patients were obtained
from TCGA. Slides were divided into 1,024
x 1,024 pixels patches. The model trained
over the dataset around 25 times.

A weakly supervised model was created and
pre annotated WS by pathologists was used
in training. Multiple instance learning with
overlapping patches was employed.

A total of 2,363 WSI were used from TCGA
and 782 WSI from CPTAC cohort. A weakly
supervised approach was used and the three

different CNNs were compared.

‘The CNN was trained using an average of
150 patches, each with a size of 128x128
pixels. The data was later combined with
functional genomic data to identify high risk
groups.

Clear and eosinophilic regions of 227 x 227
pixels were obtained from 3,904 and 16,584

regions.

About 230 WSI were used in unimodal
training, and later multimodal training was
done. CT and MRI from the same cohort
wasalso used.

Images extracted were made into patches of
size 512 x 512 pixels and data was
augmented. The average number of epochs

were between 3 and 40.

‘The CNN was trained in two stages using
254 pixels WSI and patches were augmented.

From the images annotated by pathologists,
each subtype of RCC was entered into the
training dataset. The size of the regions
included was 512 x 512 pixels.

“The model was trained using 519 WSI from
"TCGA and 783 WSI from CPTAC datasets.
“The patches extracted from WSI were 256 x
256 pixels.

“Two pathologists annotated 486 WSI.
Patches extracted from WSI were 224x224
pixels and used in training the model over

40 epochs.

The framework was able to subcla

fy into fat,
parenchyma, clear cell renal cell carcinoma,
and clear cell papillary renal cell carcinoma. It
showed better performance compared to
ResNet and other deep learning methods.
Model performed wellin classifying RCC.
Combination of both deep learning with
texture descriptors resulted in increased renal

cancer detection accuracy.

“The model showed 97.5% accuracy in
distinguishing clear cell, papillary, and
chromophobe subtypes and a 98.4% accuracy

in predicting Fuhrman grade.

“The framework was able to achieve 93%
accuracy and outperformed ResNet-50.

“The model was able to identify RCC subtype,
survival and identify correlations between

genetic aberrations and histology.

‘The model was effective in predicting the
prognosis of clear cell RCC. The study also
evaluated the correlation between renal

cancer and genetic data.

‘The model detected clear and eosinophilic
regions with high accuracy: It lso predicted
outcomes using histopathological and gene
signatures.

‘The model was able to predict the 5-year
survival status and the accuracy increased
when combined with radiological and
genomic data.

‘The model was able to diagnose RCC and
distinguish between the subtypes. Prediction

of high-risk types was also accomplished.

‘The model was able to predict the 5 year
overall survival with an AUROC of 0.78. The
accuracy increased when the CNN prediction
was combined with other data such as age,
tumor size and metastasis.

‘The model was able to subtype the RCC as
well s grade them per WHO-ISUR.

“The model was able to successfully designate

a Fuhrman grading.

“The model performed well in subtyping RCC

Computed tomography; MMDLM, Multimodal deep learning model; MRI,

Magnetic resonance imaging; WHO-ISUP, World health organization-International society of urologic pathologists; WSI, Whole slide images.
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Study name
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Caietal.
Haeyeh et al.
Tabibu et al.

Wu et al.

Zhu et al

Pooled

Between study :

Statistics for each study

Event
rate

0.900
0.985
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0.876
0.922
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Lower
limit
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Upper
limit
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Heterogeneity : Q value - 63.0, df(Q) - 5, p-value - 0.0, 2 - 92.06

B
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Pooled
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Statistics for each study
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Event
rate
Fenstermaker etal.  1.000
Haeyeh et al. 0.913
Wessels et al. 0.862
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Heterogeneity : Q value - 25.04, df(Q) - 2, p-value - 0.0, 12- 92.01
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PRIMAGE Cohort

1137 complete NB patients

Discovery Cohort Independent Cohort

1031 complete NB patients 106 complete NB patients

N N N S PR P S PP 1
Excluded cases with missing i

MRI at diagnosis

'''''

i Excluded patients with no follow-up or
— * death information

L. 1

INRG Classification System

Unknown: Low risk: Intermediate risk: High risk: Unknown: Low risk: Intermediate risk: High risk:
75 cases 121 cases 42 cases 275 cases 2 cases 9 cases 7 cases 4 cases

INRG Classification System
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Left-hand side rules Right-hand side rules Support Confidence Frequency

[Pathology = Papillary, response = Structural Incomplete] [Recurred = Yes] 0.411 1 226
[n =NI1b, response = Structural Incomplete] [Recurred = Yes] 0.36 1 198
[Adenopathy = No, response = Excellent] [Recurred = No] 0.351 1 193
[Risk = Low, response = Excellent] [Recurred = No] 0.345 1 190
[Smoking = No, thyroid function = Euthyroid, [recurred = Yes] 0.333 1 183
response = Structural Incomplete]

[thyroid function = Euthyroid, risk = Intermediate, [Recurred = Yes] 0.28 1 154
response = Structural Incomplete]

[Thyroid function = Euthyroid, physical [Recurred = Yes] 0.222 1 122
examination = Multinodular goiter, response = Structural

Incomplete]

[Thyroid function = Euthyroid, response = Structural [Recurred = Yes] 0.445 0.996 245
Incomplete]

[Response = Excellent] [Recurred = No] 0.376 0.995 207
[Smoking = No, response = Structural Incomplete] [Recurred = Yes] 0.336 0.995 185
[Risk = Intermediate, response = Structural Incomplete] [Recurred = Yes] 0.287 0.994 158
[Physical examination = Multinodular goiter, [Recurred = Yes] 0.231 0.992 127
response = Structural Incomplete]

[Age = [15,52.5), gender = F, smoking = No, risk = Low] [Recurred = No] 0.338 0.959 186
[Thyroid function = Euthyroid, focality = Multi-Focal, [Recurred = Yes] 0.202 0.957 111

risk = Intermediate, n = N1b)
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Patient N il 2 4 5

Age (years) 76 69 70 73 76

Sex B F M B M

Diagnosis Follicular thyroid cancer Poorly differentiated Mixed medullary- Salivary adenoid Papillary thyroid cancer
thyroid cancer papillary thyroid cancer cystic carcinoma

AJCC disease stage it 1IV-B 1IV-B IV-B IV-B

Time since 36 3 35 216 1

diagnosis (months)

Time since lenvatinib 20 iy 7 21 1

initiation (months)

Daily lenvatinib dose 14 24 24 14 20

before enrollment (mg)

Comorbidities HTN, dyslipidemia, HTN, $/P pulmonary HTN, dyslipidemia HTN, HTN, CKD,

polycythemia vera embolism, dyslipidemia, T2DM cardiac pacemaker

hypothyroidism

Metastases sites Larynx, paratracheal Liver, lungs, skeleton Lungs Lungs Lungs

Previous treatments Surgery, RAI radiation radiation, chemotherapy Surgery, radiation Surgery none

ECOG 1 2 0 0 1

performance status

AJCC, American Joint Committee on Cancer; ECOG, Eastern Cooperative Oncology Group; HTN, hypertension; T2DM, type-2-diabetes mellitus; CKD, chronic kidney discase; RAIL
radioactive iodine.
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Variable Category Recurred
Yes (n = 275)
n %
Smoking No 259 56.1% 203 43.9% <0.001
Yes 16 18.2% 72 81.8%
Hx Smoking No 261 50.4% 257 49.6% 0.530
Yes 14 43.8% 18 56.3%
Hx Radiothreapy No 274 50.5% 269 49.5% 0.466
Yes 1 14.3% 6 85.7%
Thyroid Function Clinical hyperthyroidism 17 85.0% 3 15.0% <0.001
Clinical hypothyroidism 10 83.3% 2 16.7%
Euthyroid 234 46.9% 265 53.1%
Subclinical hyperthyroidism 5 100.0% 0 0.0%
Subclinical hypothyroidism 9 64.3% 5 35.7%
Physical Examination | Diffuse goiter 7 100.0% 0 0.0% <0.001
Multinodular goiter 88 38.6% 140 61.4%
Normal 5 71.4% 2 28.6%
Single nodular goiter-left 63 53.4% 85 46.6%
Single nodular goiter-right 112 58.9% 78 41.1%
Adenopathy Bilateral 5 5.7% 83 94.3% <0.001
Extensive 0 0.0% 8 100.0%
Left 5 15.2% 28 84.8%
No 247 78.9% 66 21.1%
Posterior 0 0.0% 3 100.0%
Right 18 17.1% 87 82.9%
Pathology Follicular 16 42.1% 22 57.9% <0.001
Hurthel cell 14 63.6% 8 36.4%
Micropapillary 48 100.0% 0 0.0%
Papillary 197 44.6% 245 55.4%
Focality Multi-Focal 66 25.6% 192 74.4% <0.001
Uni-Focal 209 71.6% 83 28.4%
Risk High 0 0.0% 71 100.0% <0.001
Intermediate 38 17.8% 175 82.2%
Low 237 89.1% 29 10.9%
T Tla 48 98.0% 1 2.0% <0.001
T1b 38 88.4% 5 11.6%
T2 131 73.2% 48 26.8%
T3a 55 29.1% 134 70.9%
T3b 2 8.7% 21 91.3%
T4a 1 2.1% 47 97.9%
T4b 0 0.0% 19 100.0%
N No 241 80.1% 60 19.9% <0.001
Nla 12 54.5% 10 45.5%
Nib 22 9.7% 205 90.3%
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Identification of studies via databases and registers

Records identified from
Databases (n = 342)
Bibliography (n = 5)

Records removed before
screening:
Duplicate records removed (n
=64)

Records screened
(n = 283)

Reviews, case reports, abstracts,
unrelated to RCC (n = 226)

Reports sought for retrieval
(n=57)

Reports not retrieved
(=0

Reports assessed for eligibility
(n=57)

Reports excluded:
Different outcomes (n = 13)
Different setting (n = 27)
Different patient population (n
Overlap of patient cohort (n=
0

Studies included in meta-
analysis (n = 13)
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M Mo 275 54.1% 233 45.9% <0.001
M1 0 0.0% 42 100.0%

Stage 1 268 60.9% 172 39.1% <0.001
1I 7 9.3% 68 90.7%
1T 0 0.0% 7 100.0%
IVA 0 0.0% 3 100.0%
IVB 0 0.0% 25 100.0%

Response Biochemical incomplete 12 50.0% 12 50.0% <0.001
Excellent 207 99.5% 1 0.5%
Indeterminate 54 84.4% 10 15.6%
Structural incomplete 2 0.8% 252 99.2%
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Parameter Patient no. 1  Patient no. 2 Patient no. 3 Patient no. 4 Patient no. 5

Follow-up duration (weeks) - 14 12 14 14 14
Mean planned daily dose (mg/d) = 14512 24,19 2424 14,12 20;16.67
Dose interruptions* (%) - 24 9 19 15 26
Maximal interruption - 6 3 14 7 15

duration (days)

RECIST v1.1 - PR PD SD SD PR
PERCIST - PMR PD SMD SMD PMR
Sodium (mmol/L) 135-145 1405138 135;136 137;141 139;139 137;140
ALT (U/L) 0-55 35;159 23;36 23;28 2221 11;166
Creatinine (mg/dL) 0.5-1.2 0.87;1.08 0.46;0.44 0.8;,0.7 0.91;0.97 1.6;1.6
Calcium (mg/dL) 8.4-10.2 9.3;8.9 9.1,9.1 8.3,9.4 11.2;10.3 10.8;10.2
Thyroglobulin (ng/mL) 0-55 44.8,76 250;96.2 0.74;,0 irrelevant 3058;305
Hemoglobin (g/dL) ~12-16 14.2;13.6 10;11 14.7;13.9 15.8;15 13.9:11.1
Platelets (k/microL) 150-450 2005130 209;265 169;233 206;156 201;218
NLR o= 191;2.57 8.45:4.82 1.84;1 1.79;2.3 5.733.5
Proteinuria - Stable Negative Negative New Microalbuminuria;
microalbuminuria microalbuminuria nephrotic-

range proteinuria

Blood pressure - Stable Added therapy Stable Stable altered therapy

Reported AEs - None Fatigue None None Stomatitis,
xeroderma

Grade 3 AEs - None HTN None None HTN, proteinuria

ECOG N 11 22 0,0 0,0 L1

ER visits = 0 0 0 0 0

Results are displayed as a single value, text, or as (pre-intervention value, post-intervention value) for each parameter. Values that deviate significantly from the expected range or show notable
changes are highlighted in bold.

*presented as a percentage of total treatment duration.

ALT, alanine aminotransferase; ECOG, eastern cooperative oncology group; ER, emergency room; HTN, hypertension; NLR, neutrophil-to-lymphocyte ratio; PD, progressing disease; PERCIST,
PET response criteria in solid tumors; PMR, partial metabolic response; PR, partial response; RAI, radioactive iodine; RECIST, response evaluation criteria in solid tumors; SD, stable disease;
SMD, stable metabolic disease.
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Variables Coef. SE z-statistic P OR Cl Comment ES

pathology-Hurthel cell —3.908 1.429 —2.735 0.006 0.02 0.001-0.25 Reducing effect Low

response -Structural 5.438 1.228 4.43 < 0.001 230.041 29.879- Increasing effect High

Incomplete 5299.83

thyroid function-Clinical 4.874 1.986 2.454 0.014 130.849 2.606- Reducing effect High

Hypothyroidism 8344.44

response-Excellent —5.42 1.359 —3.987 < 0.001 0.004 0-0.042 Reducing effect Low

response-Indeterminate —2.473 0.887 —2.789 0.005 0.084 0.012-0.428 Reducing effect Low

stage-II 2923 0.966 3.027 0.002 18.593 3.141- Increasing effect High
146.542

thyroid 2.858 1.364 2.096 0.036 17.419 1.542- Increasing effect High

function-Euthyroid 394.084

Hosmer—Lemeshow test The goodness of fit statistics Omnibus test
Chi-square df McFadden | Cox ve Nagelkerke Chi- df

statistics R2? Snell R2 R2 square
statistics

0.862 8 0.999 0.912 0.717 0.957 695.186 9 <0.001

Coef., Coefficient; SE, Standard Error; OR, Odds Ratio; CI, Confidence Interval; ES, Effect Size; df, Degrees of Freedom.
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Pre- Post-
intervention | intervention Difference
score score
Exhaustion 44.4 (33.3, 66.7) 61.1 (33.3, 100) 167
Disomfort it 44.4 (0, 66.7) 33.3 (22.2, 55.6) 111
head and neck e ’ o ’
Voice 50 (33.3, 100) 55.6 (33.3, 100) 5.6
Hair problems 8.3 (0, 100) 33.3 (0, 100) 25
Swallowing 25 (0, 50) 25 (0, 33.3) 0
Dry mouth 16.7 (0, 66.7) 66.7 (0, 100) 50
Altered
temperature 0 (0, 66.7) 33.3 (0, 100) 333
tolerance
Body image 33.3 (0, 100) 66.7 (0, 100) 333
Rapid heartbeat 0 (0, 16.7) 16.7 (0, 66.7) 16.7
hould,
daoylder 0 (0, 66.7) 33.3 (0, 100) 333
functioning
Treatment- and
disease- 222 (0, 77.8) 38.9 (0, 88.9) 167
related worry
Joint pain 0 (0, 0) 16.7 (0, 33.3) 16.7
Tingli
1neing 0 (0, 16.7) 167 (0, 50) 167
or numbness
Cramps 0 (0, 33.3) 16.7 (0, 66.7) 16.7
t
Wornyalion 50 (0, 91.7) 62.5 (0, 91.7) 125
important others.
I t on job
mpact on Jo 167 (0, 66.7) 50 (0, 66.7) 333
or education
Social support 83.3 (0, 100) 94.4 (66.7, 100) 11.1

Sixteen symptomatic scales and one social support scale with an adjusted score of 0-100 for
each scale are presented. Higher scores mean a higher degree of symptoms or support. Scores
are presented as median (minimum value, maximum value).
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Metric RCAR

Accuracy 0.967

Sensitivity 0.949 0.931
Specificity 0.985 0.989
Positive predictive value 0.985 0.988
Negative predictive value 0.951 0.935
Fl-score 0.967 0.959
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Radiomics Features with

Original Differences Differences after
by Batch Effect (n) Harmonization (n)

Harmonization Pipeline 1: Manufacturer +
Magnetic Field

Differences

M 1 72 12
anufacturer by Manufacturer

Differences by
Magnetic Field

Harmonization Pipeline 2: Magnetic Field
+ Manufacturer

Differences

M tic Field 31 14
agnetic Lie by Manufacturer

Differences by

1
Magnetic Field g

Nested Combat harmonization was applied to correct possible differences caused by the
manufacturer and magnetic field batch effects for radiomics features. The optimal
harmonization pipeline was Manufacturer + Magnetic Field, which minimized the number
of significant differences.
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MR Acquisition Discovery Cohort Independent Cohort

Parameters N =513 N =22
G Median o Median
A (IGR] o [IGR]
Manufacturer
= Siemens 274 (53.4) 6 (27.3)
* Philips 125 (24.4) - 11 (50.0) - 0.071
* GE 83 (16.2) 5(22.7)
= Unknown 31 (6.0) 0

Magnetic field (T):

.15 423 (82.5) = 22 (100) = 1.000
=3 90 (17.5) 0
Echo time (ms) 92,0 99.8 er
[80.0 - 103.0] (86.1 - 108.3] :
Repetition time (ms) 3180.4 2939.5 0.407
[1600.0 - 4910.0] [2013.9 - 5591.0] :
Slice thickness (mm) 4.0 4.0
- - 0.971
[3.6 - 5.0] [3.0 - 5.0]
Pixel Spacing X (mm) 0.74 0.64 o8
- [0.55 - 0.94] - [0.51 - 0.84] .
Pixel Spacing Y (mm) 0.74 0.64
- - 0.188
[0.55 - 0.94] [051 - 0.84]

P-values for Manufacturer and Magnetic field were calculated with a chi-square test, while the Mann-Whitney U Test was used for the other numerical parameters due to the lack of normality.
MR, magnetic resonance; IQR, interquartile range.
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Characteristics Discovery Cohort Independent Cohort

N = 513 N =22
n (%) Median [IQR] n (%) Median [IQR]
Sex 1.000
- Male 264 (50.5) - 14 (63.6) -
* Female 259 (49.5) 8(36.4)
Age at diagnosis (months) 22.0 23.0 0.994
[8.9 - 43.0] [10.0 - 31.5]
LDH normalized 15 17 0.320
[0.91 - 3.1] [12-32]
MYCN 1.000
« Amplified 113 (21.6) 2(9.1)
* No amplified 371 (70.9) 17 (77.3)
* Missing data 39 (7.5) 3(13.6)
Risk group INRG 0.847
- Low 125 (23.9) 9 (40.9)
= Intermediate 42 (8.0) - 7 (31.8) -
* High 281 (53.7) 4(18.2)
= Missing data 75 (14.3) 209.1)
Staging INSS 0699
=1 25 (4.7) 2(9.1)
=2/3 157 (30.0) 11 (50.0)
.4 289 (55.3) 5(22.7)
- ds 37 (7.1) 0
* Missing data 15 (2.9) 4(18.2)
Grade of differentiation of the tumor 0.136
* Undifferentiated 41 (7.8) 2(9.1)
= Poorly differentiated 242 (45.3) - 10 (45.4) -
= Differentiating 42 (8.0) 4(18.2)
= Missing data 198 (37.9) 6(27.3)
Histology type of the tumor 1.000
* Neuroblastoma 413 (71.0.) 19 (86.4)
= Ganglioneuroma or intermixed ganglioneuroblastoma | 34 (6.5) 2(9.1)
= Missing data 76 (14.5) 1(4.5)
Bone marrow results 0.321
= Positive 271 (51.8) - 5(22.7) -
* Negative 252 (48.2) 17 (77.3)
Clinical symptoms 0.189
* Positive 244 (46.7) _ 10 (50.0) B
= Negative 207 (39.5) 11 (45.4)
= Missing data 72 (13.8) 1(4.6)
Tumor location: abdomen 0.781
» Positive 390 (74.6) 10 (50.0)
= Negative 112 (21.4) 11 (45.4)
= Missing data 21 (4.0) 1 (4.6)
Tumor location: other location 0.230
= Positive 163 (31.2) _ 13 (59.1) _
* Negative 311 (59.5) 9 (40.9)
* Missing data 49 (9.3) 0

P-values for categorical features were calculated with a chi-square test, while the Mann-Whitney U Test was used for numerical variables due to the lack of normality.
INRG, International Neuroblastoma Risk Group Classification System; INSS, International Neuroblastoma Staging System; IQR, interquartile range; LDH, lactate dehydrogenase.
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