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Αποτελέσματα και ερμηνεία* 

 

Βιοδείκτης Αποτέλεσμα 

Θεραπείες με ισχυρή κλινική 
σημασία 

Θεραπείες με πιθανή 
κλινική σημασία 

Θεραπείες με 
πιθανή αντίσταση Εγκεκριμένες/ βάσει 

οδηγιών θεραπείες για 
την ένδειξη (Level A) 

Θεραπεί
ες σε 

ισχυρές 
μελέτες 
(Level B) 

Εκτός ένδειξης 
θεραπείες (Level C) 

PIK3CA 
Exon 10 
p.E542K 

VAF: 33.0% 

Alpelisib+Fulvestrant 
Capivasertib+Fulvestrant 

Inavolisib+Palbociclib+ 
Fulvestrant 

- - - 

MYC Eνίσχυση αριθμού 
αντιγράφων - - - - 

Μικροδορυφορική 
Αστάθεια (MSI) 

Χωρίς 
μικροδορυφορική 

αστάθεια (MSS) 
- - - - 

Συνολικό Φορτίο 
Μεταλλαγών του 

όγκου (TMB) 
5.52 Muts/MB - - - - 

BRCA1 

Δεν ανιχνεύθηκε 
παθογόνος 

μεταλλαγή στον 
καρκινικό ιστό 

- - - - 

BRCA2 

Δεν ανιχνεύθηκε 
παθογόνος 

μεταλλαγή στον 
καρκινικό ιστό 

- - - - 

Genomic Instability 
Score (GIS) Χαμηλό (21) - - - - 

Ανοσοϊστοχημικοί Βιοδείκτες 

Έκφραση PD-L1 
(Πίνακας S2) CPS=7 

Pembrolizumab 
Atezolizumab 

Nivolumab 
Durvalumab 
Cemiplimab 

Nivolumab+Ipilimumab 

- 
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Έκφραση ERBB2 
(IHC) (Πίνακας S1) Αρνητικό (Score 0) - - - - 

Ανάλυση RNA Exome 

Δεν ανιχνεύτηκε αναδιάταξη - - - - 

 
*Σημείωση: Το επίπεδο σημαντικότητας των παραλλαγών (Level of Evidence, LoE) (π.χ. A, B, C, D κλπ) βασίζονται στις οδηγίες για την 
αναφορά γενετικών παραλλαγών στον καρκίνο που δόθηκαν με κοινή συναίνεση των AMP, ACMG, ASCO και CAP. Για λεπτομερή περιγραφή 
των οδηγιών αυτών, ανατρέξτε στην Εικόνα 1. 
^ Η ανάλυση συγκεκριμένων βιοδεικτών του παρόντος πολυγονιδιακού πάνελ πραγματοποιείται στο πλαίσιο διαπίστευσης κατά ΕΛΟΤ ΕΝ 
ISO 15189:2022 (βλ. ενότητα «Methodology»). Η διαπίστευση κατά ΕΛΟΤ ΕΝ ISO 15189:2022 αφορά αποκλειστικά τον αναλυτικό 
προσδιορισμό των εν λόγω βιοδεικτών. Οι ερμηνείες που σχετίζονται με την πρόβλεψη ανταπόκρισης σε θεραπεία δεν περιλαμβάνονται 
στο πεδίο διαπίστευσης. 
 

Ο υπολογισμός της κατάστασης HRD βασίζεται στον συνδυαστικό έλεγχο της γενωμικής αστάθειας (GIS score) και της ανάλυσης των 
γονιδίων BRCA1/2 στον καρκινικό ιστό. 

HRD status GIS1 score BRCA1/2 στον καρκινικό ιστό 

HRD αρνητικό Χαμηλό (21) Αρνητικό 
1 GIS: Genomic Instability Score (LOH+LST+TAI) 
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1. Clinically Significant Biomarkers* 

 

Biomarker Result 

Therapies with strong clinical significance 
Therapies with 

potential 
significance Therapies with 

potential 
resistance Approved/ Standard of 

care therapies (Level A) 

Therapies in 
well powered 

studies  
(Level B) 

Off label/ 
Investigational 

therapies (Level C) 

PIK3CA 
Exon 10 
p.E542K 

VAF: 33.0% 

Alpelisib+Fulvestrant 
Capivasertib+Fulvestrant 

Inavolisib+Palbociclib+ 
Fulvestrant 

- - - 

MYC Copy number 
gain - - - - 

Microsatellite 
Instability (MSI) Stable (MSS) - - - - 

Tumor 
Mutational 

Burden (TMB) 
5.52 Muts/MB - - - - 

BRCA1 

No known 
pathogenic 

mutation was 
identified in the 
patient's tumor 

tissue 

- - - - 

BRCA2 

No known 
pathogenic 

mutation was 
identified in the 
patient's tumor 

tissue 

- - - - 

Genomic 
Instability Score 

(GIS) 
Low (21) - - - - 

Immunohistochemistry Biomarkers 

PD-L1 
expression 
(Table S2) 

CPS=7 
Pembrolizumab 

Atezolizumab 
Nivolumab 

- 
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Durvalumab 
Cemiplimab 

Nivolumab+Ipilimumab 
HER2 

expression (IHC) 
(Table S1) 

Negative  
(Score 0) - - - - 

RNA Exome analysis 

Νο fusions detected - - - - 

 
*Note: Variants' Level of Evidence (LoE) (e.g. A, B, C etc) are based on the Joint consensus recommendation of AMP, ACMG, ASCO and CAP 
for reporting genetic variants in cancer. For a detailed description of the recommendation please refer to Fig. 1 
^ The analysis of selected biomarkers included in the present multigene panel is performed within the scope of accreditation according 
to ELOT EN ISO 15189:2022 (see «Methodology» section). Accreditation according to ELOT EN ISO 15189:2022 applies exclusively to the 
analytical determination of the selected biomarkers. Interpretations related to the prediction of therapeutic response are not included in 
the scope of accreditation. 
 

The computation of HRD status is based on the combined test of the GIS score and the mutation analysis of BRCA1/2 genes in the cancer 
tissue. 

HRD status GIS1 score BRCA1/2 status in tumor tissue 

HRD negative Low (21) Negative 
1 GIS: Genomic Instability Score (LOH+LST+TAI) 
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1. Clinically Significant Biomarkers 

2. Methodology 

3. Quality Control Results 

4. Important biomarkers findings 

5. Immune Checkpoint inhibitors biomarkers 

6. Interpretations for targeted therapies 

7. Interpretation of findings related with chemotherapy drugs 

8. Other Genomic findings 

9. Variants of Uncertain Significance (VUS) 

10. Suspected Germline variants 

11. HLA-I Polymorphism variation 

12. Clinical Trials to consider 

13. Appendix 

 a. Immune checkpoint inhibitors predictive biomarkers 

 b. Genomic Instability 

 c. Other Immunohistochemistry Biomarkers 

 d. Genes Analyzed 

 e. Levels of Evidence for Genomic Biomarkers 

14. Biomarker findings across all Levels of evidence (A-D) 

15. References 
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2. Methodology 

 

NGS analysis 

 DNA was extracted from the sample under investigation using the QIAamp DNA FFPE Tissue kit (QIAGEN). A capture based 

targeted next generation sequencing (NGS) analysis was performed, using the Oncology Multi-Gene Variant Assay (GenePlus) which is a 

qualitative in vitro diagnostic test that detects variants in 1021 tumor-related genes and gene rearrangements / fusions in 38 genes. 

Sequencing was carried out on an MGI sequencing platform (DNBSEQ-T7). The analysis includes the entire exon regions of 312 genes, 

introns/promoters/fusion breakpoint regions of 38 genes and partial coding exons of 709 genes. The test also reports 30+ immune 

response biomarkers, including Tumor Mutational Burden (TMB) score and Microsatellite Instability (MSI) status. 

 Sequencing data are analyzed through bioinformatics pipeline for variant calling and interpretation using the Gene+Box data 

analysis and management system. Alteration- and tumor type-specific therapeutic implications are classified using the OncoKB Levels of 

Evidence system, which assigns clinical actionability to individual mutational events. For additional details about the OncoKB curation 

process, please refer to the version-controlled OncoKB Curation Standard Operating Procedure. 

Sensitivity: Positive reference standards are tested with the assay, all corresponding mutation sites can be accurately detected, and the 

positive percent agreement (PPA) for all variants (SNVs, Indels, fusions and CNVs) assessed was 100%. 

Specificity: Negative reference standards are tested with the assay, and the negative percent agreement (NPA) of SNVs, Indels, fusions 

and CNVs was 100%. 

Limit of Detection (LoD): The limit of detection (LoD) of this assay is listed in the table below. The LoD is based on as low as 50 ng of gDNA 

input for library preparation. The assay can also be used to test microsatellite instability (MSI) with a tumor cell content as low as 10%. 
 

Variant Type Limit of Detection 

Single nucleotide variations (SNV) Hotspot: VAF ≥2%; Non-hotspot: VAF ≥5% 

Insertions/deletions (Indel) Hotspot: VAF ≥2%; Non-hotspot: VAF ≥5% 

Fusion (or rearrangement) VAF ≥2% 
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RNA Exome 

Total RNA was extracted from the submitted specimen using the RNeasy FFPE Kit (Qiagen) and evaluated for quantity and integrity. An 

RNA-to-cDNA conversion protocol (Nanodigmbio) was then applied, followed by cDNA library construction and hybrid-capture 

enrichment of all exonic and selected intronic regions of genes associated with clinically significant fusion findings. This design enables 

the detection of known and novel gene fusions involving approximately 20,000 genes, across a wide range of malignancies. Sequencing 

was performed on the NGS DNBSEQ-T7 platform (MGI). 

Raw sequencing data were processed and analyzed using the CE-IVD commercial software SeqPilot, Version 4.4 Build 505 (JSI Medical 

Systems), which performs alignment to the human reference genome (GRCh37/hg19) and automated detection of gene fusions. Detected 

fusions were annotated and interpreted using selected databases (COSMIC, OncoKB, TCGA) including assessment of their potential 

clinical significance. In addition, fusion detection was also performed using STAR-Fusion v1.15.1 (PMID: 31639029) with default 

parameters. Paired-end reads were adapter and quality trimmed using Cutadapt [DOI: https://doi.org/10.14806/ej.17.1.200] prior to 

analysis Pre-processed reads were supplied directly to STAR-Fusion which internally invoked STAR aligner v2.7.11b (PMID: 23104886) for 

genome alignment, configured for chimeric detection with a maximum intron size of 100 kb, splice junction overhang ≥10, and a minimum 

chimeric segment length of 12 nt. Reads were aligned to the hg19/GRCh37 RefSeq primary assembly (GCF_000001405.25) using the 

corresponding RefSeq GTF for splice junction annotation. A CTAT Genome Resource Library (Mar-2021 release), built from the same 

genome and GTF using the prep_genome_lib.pl script from STAR-Fusion, was used internally to annotate candidate fusions and filter likely 

artifacts. All candidate fusions were further validated and refined using FusionInspector (PMID: 37323575). 

Detected fusions were annotated and interpreted using selected databases (COSMIC, OncoKB, TCGA) including assessment of their 

potential clinical significance. 
 

Genomic Instability Score (GIS) analysis 

The Genomic instability status was assessed using the 1021 Homologous Recombination Deficiency (HRD) Assay (GenePlus). Analysis of 

sequencing data was conducted using the Gene+ Box (GenePlus) bioinformatics platform. GIS is enabled by three validated genomic scar 

metrics: (i) Loss of Heterozygosity (LOH), which indicates subchromosomal deletions resulting in the loss of one parental allele; (ii) 

Telomeric Allelic Imbalance (TAI), which denotes regions of allelic imbalance that extend to the telomeres without crossing the 

centromere; and (iii) Large-Scale State Transitions (LST), which quantify the number of chromosomal breaks between adjacent segments 

of ≥10 Mb. Genomic segments are detected and quantified using algorithms throughout the genome, with individual scores aggregated to 

produce the GIS score (Rediscore). The composite score functions as a surrogate marker for compromised homologous recombination 

repair and is employed to categorize samples based on HRD status according to an established threshold of 42 validated for clinical 

relevance. HRD positivity is defined by either the presence of BRCA1/2 mutations or the presence of a GIS≥42. 

https://pubmed.ncbi.nlm.nih.gov/?term=31639029
https://pubmed.ncbi.nlm.nih.gov/?term=23104886
https://pubmed.ncbi.nlm.nih.gov/?term=37323575
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ERBB2 (HER2) expression by IHC 

ERBB2 staining is performed in a VENTANA BenchMark Series automated staining instrument using the ERBB2 clone 4B5, on formalin-

fixed, paraffin-embedded (FFPE) tissue. The IHC test gives a score of 0 to 3+ that measures the amount of HER2 receptor protein on the 

surface of cancer cells. Scoring interpretation is as follows: 

HER2 IHC positive (score 3+) 

HER2 IHC equivocal (score 2+) 

HER2 IHC negative (score 0 or 1+) 

Scoring is based on the ASCO-CAP HER2 testing guidelines (PMID: 27841667, 37303228). 

For mCRC the HERACLES criteria are also used (PMID: 26449765). 

 

PD-L1 expression by IHC - CPS (22C3) 

PD-L1 protein expression is determined by using Combined Positive Score (CPS), which is the number of positive cells (tumor cells with 

partial or complete membrane staining as well as lymphocytes and macrophages with membrane and/or cytoplasmic staining of any 

intensity) divided by the total number of viable tumor cells, multiplied by 100. 

DAKO 22C3 (CE IVD) by IHC is a qualitative immunohistochemical assay using Monoclonal Mouse Anti-PD-L1 22C3, intended for use in 

the detection of PD-L1 protein in formalin-fixed, paraffin-embedded (FFPE) tissue specimens. The specimen submitted for testing should 

contain at least 100 viable tumor cells to be considered adequate for evaluation. Normal tonsil tissue is used as positive control. 

 

Biomarkers within the scope of accreditation (ISO15189:2022) 

 

-AKT1, BRAF, BRCA1, BRCA2, EGFR, ERBB2, KRAS, NRAS, METex14 skipping HRAS, IDH1, IDH2, KIT, PIK3CA, PDGFRA (SNV/indel 

detection by NGS) 

-ALK, ROS1, RET, FGFR1,2,3, NTRK1,2,3, METex14 skipping (Fusion detection by NGS) 

-TMB (NGS) 

-GIS score (NGS) 

-PDL1 SP263 & SP142 (IHC) 

-ALK (FISH) 

-HER2 (IHC, FISH, DISH) 
 

  

https://pubmed.ncbi.nlm.nih.gov/?term=27841667,37303228
https://pubmed.ncbi.nlm.nih.gov/?term=26449765
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Disclaimer 

1. This test is mainly used to assist clinical decision-making, and the result does not represent clinical decision. 

2. The test should be interpreted by combining the actual patient context. The medication information provided only on the basis of genetic 

test results, and the actual medication should follow the physician's instructions. 

3. The clinical trials only present partial relevant clinical recruitment trials. For more comprehensive and updated information, please refer 

to the website: https://clinicaltrials.gov/. 

4. As evidence on variants and drugs evolves, previous classifications may later be modified. The interpretation of a variant is based on 

current available evidence. 

5. Sequence variants were reported using Human Genome Variation Society (HGVS) nomenclature. Classification and interpretation of 

variants follow guidelines of American College of Medical Genetics and Genomics (ACMG), Association of Molecular Pathology (AMP), 

American Society of Clinical Oncology (ASCO) and College of American Pathologists (CAP). 

6. Database and references used: Reference genome (GRCh37), annotation using A Locus Reference Genomic (LRG), database referencing 

1000G (phaseIII-ucsc), EXAC (0.3.1), dbSNP (147), PolyPhen2/SIFT (ensdb v73), PhyloP (2013-12-06), Clinvar (2018-8) and Cosmic(V80). 
 

 

Limitations 

1. Scientific data show that not all patients carry genomic variations that are associated with targeted drug, therefore not all subjects can 

be matched with targeted therapies or clear resistance mechanism. 

2. Genetic variation beyond the detection range of this test or some non-gene mutation related factors such as drug interactions may 

affect the clinical effects of drugs. 

3. Fraction of base quality ≥ Q30: The proportion of base quality in sequencing data that reaches or exceeds Q30, indicating that the 

probability of base recognition accuracy rate exceeds 99.9%. 

4. Every molecular test has an internal 0.5-1% chance of failure. This is due to rare molecular events and factors related to the preparation 

and analysis of the samples. 

5. Improper sample collection, transportation and storage may lead to compromised or invalid results. 
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3. Quality Control Results 

 

Quality Control Index Result Criterion 

Sequencing Quality Assessment 

Average effective sequencing depth1 2051 ≥ 500  

Fraction of target covered with ≥ 50x2 100% ≥99% 

Fraction of base quality ≥ Q303 99% ≥80% 

Tumor cell content4 50% >20%  

Overall Assessment5 PASS  

 
Note: 

1. Average effective sequencing depth: Average sequencing depth on target without duplicated reads. 

2. Fraction of target covered with ≥ 50x: The proportion of bases that sequencing depth reach or above 50x on target, this index reflecting 

the coverage uniformity of sequencing. 

3. Fraction of base quality ≥ Q30: The proportion of base quality in sequencing data that reach or above Q30, that is the probability of base 

recognition accuracy rate exceeds 99.9%. 

4. An overall tumor cell content percentage of ≥ 20% is recommended for the efficient detection of somatic alterations in the  sample 

analyzed. 

5. Overall Assessment: The quality control overall assessment results are divided into two levels: "PASS" and "RISK". When the overall 

quality assessment result is "RISK", 94-96% of coverage was achieved in the genes analysed, hence there is a small range where clinical 

actionable variations could be undetected. 
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4. Important biomarkers findings 

 

Gene Finding (VAF/Copy Number/Germline Mutation) Detected Range 

EGFR 

Exon 19 Not detected 
Exon 18 Not detected 

Exon 20(including T790M) Not detected 
Exon 21 Not detected 

ERBB2(HER2) 
Copy number gain Not detected 

Mutation Not detected 

ALK 
Rearrangement Not detected 

Mutation Not detected 
ROS1 Rearrangement Not detected 

MET 
Copy number gain Not detected 
Exon 14 skipping Not detected 

RET 
Rearrangement Not detected 

Mutation Not detected 
BRAF Codon 600 mutation Not detected 

KIT 

Exon 9 Not detected 
Exon 11 Not detected 
Exon 13 Not detected 
Exon 17 Not detected 

PDGFRA 
Exon 12 Not detected 
Exon 18 Not detected 

BRCA1 Mutation Not detected 
BRCA2 Mutation Not detected 

KRAS 
Codon 12/13/59/61/117/146 mutation Not detected 

Other mutations except codon 
12/13/59/61/117/146 Not detected 

NRAS 
Codon 12/13/59/61/117/146 mutation Not detected 

Other mutations except codon 
12/13/59/61/117/146 Not detected 

PIK3CA Mutation p.E542K (33.0%) 

FGFR2 
Rearrangement Not detected 

Mutation Not detected 

FGFR3 
Rearrangement Not detected 

Mutation Not detected 
NTRK1 Rearrangement Not detected 
NTRK2 Rearrangement Not detected 
NTRK3 Rearrangement Not detected 
IDH1 Mutation Not detected 
PTEN Mutation Not detected 
AKT1 Mutation Not detected 
ESR1 Mutation Not detected 
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Note: 

1. 'Not detected/-' indicates the corresponding variations were not detected in this tested individual. 

2. The genetic variations listed above are covered, but not limited to this list. 

3. For a detailed information about listed variants, please refer to the Report Summary and the respective Interpretations sections. 
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5. Immune Checkpoint inhibitors biomarkers 

 
Biomarker/Variant Result Clinical Interpretation 

Biomarkers for predicting efficacy 

Tumor mutation burden (TMB)  TMB-L 5.52 - 

Microsatellite instability (MSI) Stable (MSS) - 

Treatment effect - positive correlation 

PD-L1 amplification Not detected - 

PBRM1 inactivating mutation (Renal clear cell 
carcinoma) Not detected - 

MLH1 suspected germline deleterious mutation Not detected - 

MSH2 suspected germline deleterious mutation Not detected - 

MSH6 suspected germline deleterious mutation Not detected - 

PMS2 suspected germline deleterious mutation Not detected - 

POLE mutation (driver) Not detected - 

POLD1 mutation (driver) Not detected - 

Other DNA 

damage 

repair 

(DDR) 

pathway 

genes 

ATM mutation Not detected - 

ATR mutation Not detected - 

BAP1 mutation Not detected - 

BLM mutation Not detected - 

BRCA1 mutation Not detected - 

BRCA2 mutation Not detected - 

BRIP1 mutation Not detected - 

CHEK1 mutation Not detected - 

CHEK2 mutation Not detected - 

ERCC3 mutation Not detected - 

ERCC4 mutation Not detected - 

ERCC5 mutation Not detected - 

FANCA mutation Not detected - 

FANCC mutation Not detected - 

MRE11A mutation Not detected - 

NBN mutation Not detected - 

RAD50 mutation Not detected - 

RAD51 mutation Not detected - 

RAD51B mutation Not detected - 

RAD51D mutation Not detected - 
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RAD54L mutation Not detected - 

TP53 mutation Not detected - 

KRAS mutation Not detected - 

Treatment effect - negative correlation 

PTEN inactivating mutation Not detected - 

JAK1 inactivating mutation Not detected - 

JAK2 inactivating mutation Not detected - 

B2M inactivating mutation Not detected - 

EGFR mutation (L858R/EX19del) Not detected - 

ALK rearrangement Not detected - 

STK11 inactivating mutation Not detected - 

KEAP1 inactivating mutation Not detected - 

11q13 amplification Not detected - 

MDM2 amplification Not detected - 

MDM4 amplification Not detected - 

DNMT3A inactivating mutation Not detected - 

Indicator affecting prognosis of immune checkpoint inhibitor therapy 

HLA-I Zygosity 
(At least one of type A, B, C is homozygous) 

Detected May result in shorter overall survival when treated with 
PD-1/PD-L1 inhibitors 

 

Note: 

1. Not detected/- indicates the corresponding variation were not detected in this tested individual. 

2. The interpretation of the detection results of PBRM1 inactivating mutations is only applicable to renal clear cell carcinoma. 

3. The indicators/gene clinical interpretations listed above are for reference only, and the specific decisions need to refer to professional 

physician instructions. 

4. For a detailed interpretation, showed in Interpretation for biomarker of checkpoint inhibitor. 

5. POLE and POLD1 mutations are restricted to currently reported mutations that may lead to hypermutation in tumor, resulting in tumor 

mutation burden increase. 

6. HLA-I results analyzed by the phenotypes of HLA-A, HLA-B and HLA-C loci detected from tumor samples. Due to the lack of control 

samples, HLA-I typing cannot be accurately analyzed and it is possible that show homozygosity because of the occurrence of HLA-LOH 

in the tumor tissue. 
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6. Interpretations for targeted therapies 

 

Genetic Variation: NM_006218.2 (PIK3CA): c.1624G>A (p.E542K) VAF*: 33.0% OncoKB 🔗 

Therapies: Alpelisib+Fulvestrant, Capivasertib+Fulvestrant, Inavolisib+Palbociclib+Fulvestrant 

Gene information 

Phosphatidylinositol-3-kinase (PI3K) is comprised of a regulatory subunit (p85α) as well as a catalytic subunit (p110α) and it is the 

catalytic subunit that is encoded by the PIK3CA gene. PIK3CA is among the most commonly mutated genes in cancer and aberrant 

activation of PI3K is a transforming event (PMID: 17376864). Multiple receptor tyrosine kinases, including EGFR, ERBB2 (HER2), RET, 

MET, and VEGFR, among others, convert extracellular cues into intracellular signals and recruit PI3K to the plasma membrane via 

scaffold proteins such as IRS1 or by activating RAS. Upon stimulation, PI3K-110α converts its lipid substrate PIP2 (phosphatidylinositol 

- 4,5 - bisphosphate) to PIP3 (phosphatidylinositol - 3,4,5 - bisphosphate), which activates several signaling cascades, including the 

well-characterized AKT-mTOR pathway. Once activated, AKT-mTOR downstream signaling promotes cell survival, proliferation, growth 

and motility (PMID: 16341083). Adding to this complexity, exposure to some PI3K/mTOR pathway-targeted drugs relieves cancer cells 

of self-regulatory properties inherent in the PI3K-AKT-mTOR pathway thereby promoting tumor resistance to these agents (PMID: 

22576208). 

Variant Information 

The PIK3CA E542K mutation is known to be pathogenic. The E542K is one of the most common helical domain PIK3CA hotspot mutations 

in multiple tumor types that has strong cellular transformation potential, induces invasive phenotype, and constitutively activates 

downstream factors, such as pAkt, p110α and GSK-beta (PMID: 29533785, 26627007, 15930273). Multiple preclinical studies have 

shown that PIK3CA E542K may respond to PI3K/AKT/mTOR inhibitors (PMID: 15647370). However, while some breast cancer clinical 

studies have shown a response to these therapies, the data show response may not be mediated by PIK3CA mutation status (PMID: 

28183140). Responses have been seen with other tumor types, as well. In one clinical study, patients with PIK3CA helical domain 

mutations E545K or E542K had partial or complete response to treatment with alpelisib (PMID: 29401002). A patient with squamous 

cell head and neck cancer harboring this mutation had a partial response to a dual PI3K/mTOR inhibitor apitolisib (PMID: 26787751). 

Conversely, a urothelial cancer patient-derived xenograft harboring PIK3CA E542K was resistant to a PI3K/mTOR inhibitor. 

Treatment Information 

The alpha-isoform selective PI(3)-kinase inhibitor alpelisib and the pan-AKT kinase inhibitor capivasertib, each in combination with the 

selective estrogen receptor degrader (SERD) fulvestrant, are FDA-approved for the treatment of patients with PIK3CA E542K mutant 

HR+/HER2- metastatic breast cancer. The alpha-isoform selective PI(3)-kinase inhibitor inavolisib in combination with both fulvestrant 

and the CDK4/6 inhibitor palbociclib is also FDA-approved in this indication. 

Alpelisib+Fulvestrant DrugBank 🔗  

Alpelisib is a selective inhibitor of the alpha form of PI3K (PI3Kα) that is FDA-approved in combination with the selective estrogen 

receptor (ER) degrader fulvestrant for the treatment of postmenopausal patients with ER+ HER2- PIK3CA-mutated, advanced or 

metastatic breast cancer. FDA approval is based on data from the Phase III randomized, double-blind, placebo-controlled SOLAR-1 trial 

of alpelisib plus fulvestrant versus placebo plus fulvestrant in 572 patients with breast cancer in which the progression-free survival in 

patients with PIK3CA mutation (n=341) was eleven months (95% CI= 7.5-14.5) with alpelisib plus fulvestrant versus 5.7 months (95% 

https://www.oncokb.org/gene/PIK3CA
https://pubmed.ncbi.nlm.nih.gov/?term=17376864
https://pubmed.ncbi.nlm.nih.gov/?term=16341083
https://pubmed.ncbi.nlm.nih.gov/?term=22576208
https://pubmed.ncbi.nlm.nih.gov/?term=29533785,26627007,15930273
https://pubmed.ncbi.nlm.nih.gov/?term=15647370
https://pubmed.ncbi.nlm.nih.gov/?term=28183140
https://pubmed.ncbi.nlm.nih.gov/?term=29401002
https://pubmed.ncbi.nlm.nih.gov/?term=26787751
https://go.drugbank.com/unearth/q?searcher=drugs&query=Alpelisib+Fulvestrant
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CI= 3.7-7.4) with placebo plus fulvestrant (HR= 0.65; 95% CI= 0.5-0.85; p= 0.0013) compared to PIK3CA-wildtype patients in which the 

hazard ratio was 0.85 (95% CI= 0.58-1.25) (PMID: 31091374). Overall response in the PIK3CA-mutant population was 35.7 months (95% 

CI= 27.4-44.7; n=126) with alpelisib plus fulvestrant versus 16.2 months (95% CI= 10.4-23.5; n=136) with placebo plus fulvestrant (PMID: 

31091374). Previous studies, including in vivo xenograft studies and a phase I trial, also demonstrated that treatment of ER+ PIK3CA-

mutant breast cancer with the combination of fulvestrant and alpelisib results in greater tumor shrinkage than either drug alone, with 

fulvestrant inhibiting the induction of ER-dependent gene transcription resulting from PI3Kα inhibition with alpelisib (PMID: 25877889, 

30543347). 

Capivasertib+Fulvestrant DrugBank 🔗  

Capivasertib is an orally available, ATP-competitive pan-AKT small molecule inhibitor that is FDA-approved with fulvestrant for adult 

patients with ER+/HER2- locally advanced or metastatic breast cancer with one or more PIK3CA/AKT1/PTEN-alterations, as detected by 

an FDA-approved test, following progression on at least one endocrine-based regimen in the metastatic setting or recurrence on or 

within twelve months of completing adjuvant therapy. Eligible PIK3CA/AKT1/PTEN-alterations (PIK3CA R88Q, N345K, C420R, E542K, 

E545A, E545D, E545Q, E545K, E545G, Q546E, Q546K, Q546R, Q546P, M1043V, M1043I, H1047Y, H1047R, H1047L and G1049R; AKT1 

E17K; all PTEN oncogenic mutations) for treatment with capivasertib plus fulvestrant were detected by the FoundationOne CDx assay. 

FDA approval was based on the results from the Phase III CAPItello-291 (NCT04305496) trial of capivasertib plus fulvestrant versus 

placebo plus fulvestrant in 708 adult patients with ER+/HER2- locally advanced or metastatic breast cancer (n=289, patients with 

eligible PIK3CA/AKT1/PTEN alterations). In the Phase III CAPItello-291 (NCT04305496) trial, the capivasertib plus fulvestrant cohort with 

PIK3CA/AKT1/PTEN-altered tumors (n=155) demonstrated an objective response rate (ORR) of 26% (95% CI=19-34), with a 2.3% 

complete response (CR) rate, 23% partial response (PR) rate, and a median progression-free survival (PFS) of 7.3 months (95% CI=5.5-

9.0)(PMID: 37256976). The placebo plus fulvestrant cohort with PIK3CA/AKT1/PTEN-altered tumors (n=134) demonstrated an ORR of 

8% (95% CI=4-14), with an 8% PR rate and a median PFS of 3.1 months (95% CI=2.0-3.7) (HR=0.50 [95% CI=0.38-0.65]; p<0.0001) (PMID: 

37256976). 

Inavolisib+Palbociclib+Fulvestrant DrugBank 🔗  

Inavolisib is an orally available, small molecule PI3Kα inhibitor that is FDA-approved in combination with palbociclib and fulvestrant for 

the treatment of adults with endocrine-resistant, PIK3CA-mutated, HR-positive, HER2-negative, locally advanced or metastatic breast 

cancer, as detected by an FDA-approved test following recurrence on or after completing adjuvant endocrine therapy. PIK3CA oncogenic 

mutations for treatment with inavolisib plus palbociclib and fulvestrant were detected by the FoundationOne Liquid CDx. FDA approval 

was based on the results of the Phase III INAVO120 (NCT04191499) trial of inavolisib plus palbociclib and fulvestrant versus palbociclib 

plus fulvestrant in 325 patients with PIK3CA-mutated, HR+/HER2- breast cancer. In the Phase III INAVO120 (NCT04191499) trial, the 

inavolisib cohort (n=161) demonstrated an overall response rate (ORR) of 58.4%, with seven complete responses (CR) and 87 partial 

responses (PR), a median progression-free survival (PFS) of 15.0 months (95% CI=11.3-20.5), median overall survival (OS) was not 

evaluable (95% CI=0.43-0.97) and a median duration of response (DOR) of 18.4 months (95% CI=10.4-22.2) (PMID: 39476340). In 

contrast, the palbociclib plus fulvestrant only cohort (n=164) demonstrated an ORR of 25.0%, with one CR and 40 PRs, a median PFS of 

7.3 months (95% CI=5.6-9.3) (HR=0.43 [95% CI=0.32-0.59]; p<0.0001), a median OS of 31.1 months (95% CI=22.3-NE) (HR=0.64 [95% 

CI=0.43-0.97]; p=0.0338) and a median DOR of 9.6 months (95% CI=7.4-16.6) (PMID: 39476340). 
 

https://pubmed.ncbi.nlm.nih.gov/?term=31091374
https://pubmed.ncbi.nlm.nih.gov/?term=31091374
https://pubmed.ncbi.nlm.nih.gov/?term=25877889,30543347
https://pubmed.ncbi.nlm.nih.gov/?term=25877889,30543347
https://go.drugbank.com/unearth/q?searcher=drugs&query=Capivasertib+Fulvestrant
https://pubmed.ncbi.nlm.nih.gov/?term=37256976
https://pubmed.ncbi.nlm.nih.gov/?term=37256976
https://go.drugbank.com/unearth/q?searcher=drugs&query=Inavolisib+Palbociclib+Fulvestrant
https://pubmed.ncbi.nlm.nih.gov/?term=39476340
https://pubmed.ncbi.nlm.nih.gov/?term=39476340
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Genetic Variation: MYC: Copy number gain VAF*: NA OncoKB 🔗 

Therapies: Under investigation in clinical trials 

Gene information 

MYC is a transcription factor in the MYC family of proteins (c-MYC, n-MYC and l-MYC) that heterodimerizes with the protein MAX to 

control the transcription of thousands of genes. MYC promotes tumorigenesis by inducing cell proliferation, inhibiting exit from the cell 

cycle, stimulating vascularization and enhancing genomic instability (PMID: 22464321, 10378696, 16934487, 19029958). The MYC gene 

contains several distinct structural domains, including five "Myc-boxes", which are highly conserved in MYC family proteins across 

multiple species (PMID: 19029958). Mutations of known function reside near residue T58, which is a phosphorylation site on MYC 

critical for ubiquitination and subsequent degradation of the MYC protein (PMID: 10706881, 22464321). Mutations in the MYC gene 

occur but are less frequent than amplification and translocation. 

Variant Information 

A copy number gain alteration in MYC is identified in this case. Amplification of MYC is correlated with an increase in the expression of 

the MYC gene (PMID: 22464321, 15083194), which leads to the transcriptional activation of MYC target genes. MYC amplification is a 

common event in several cancer types including esophageal cancer, neuroblastoma, sarcoma, lung cancer, and breast cancer (PMID: 

28587062). MYC amplification in CRC is found in approximately 10% of patients (PMID: 8960139). The prognostic value of c-MYC 

alterations in CRC is controversial. Some studies support MYC amplification as an independent poor prognostic factor (PMID: 

26426996), while other suggest lack of association with CRC prognosis (PMID: 30483143).  Although Myc inhibition represents an 

appealing approach for the treatment of many types of cancers, direct targeting of Myc is a challenging task due to its undruggable 

protein structure (PMID: 28587062). MYC amplification is known to be pathogenic. 

*VAF: Variant Allele Frequency 

  

https://www.oncokb.org/gene/MYC
https://clinicaltrials.gov/ct2/results?cond=(Breast%20Cancer)+OR+%28Solid+tumors%29&term=MYC&type=Intr&rslt=&recrs=a
https://pubmed.ncbi.nlm.nih.gov/?term=22464321,10378696,16934487,19029958
https://pubmed.ncbi.nlm.nih.gov/?term=19029958
https://pubmed.ncbi.nlm.nih.gov/?term=10706881,22464321
https://pubmed.ncbi.nlm.nih.gov/?term=22464321,15083194
https://pubmed.ncbi.nlm.nih.gov/?term=28587062
https://pubmed.ncbi.nlm.nih.gov/?term=8960139
https://pubmed.ncbi.nlm.nih.gov/?term=26426996
https://pubmed.ncbi.nlm.nih.gov/?term=30483143
https://pubmed.ncbi.nlm.nih.gov/?term=28587062
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7. Interpretation of findings related with chemotherapy drugs 

 

Biomarkers associated with treatment response 

Drug Classes Drug name Gene dbSNP 
Patient's 
Genotype 

Patient's Variant-Drug 
Phenotype Annotation 

Evidence Level 

Aromatase 
inhibitors 

Letrozole, Anastrozole CYP19A1 rs4646 CC 
Associated with poorer 
response to treatment 

3 

Anastrozole ABCB1 rs2032582 AC 
Associated with poorer 
response to treatment 

3 

Cyclophosphamide 

Cyclophosphamide XRCC1 rs25487 CC 
Associated with better 
response to treatment 

4 

Cyclophosphamide SOD2 rs4880 AG 
Associated with moderate 
response to treatment 

3 

Cyclophosphamide+Epirubicin GSTP1 rs1695 AG 
Associated with better 
response to treatment 

3 

Methotrexate Methotrexate ATIC rs4673993 CT 
Associated with poorer 
response to treatment 

2B 

Pemetrexed Pemetrexed MTHFR rs1801133 AG 
Associated with poorer 
response to treatment 

3 

Platinum-Based 
Chemotherapy 

Platinum compounds XRCC1 rs1799782 GG 
Associated with poorer 
response to treatment 

3 

Carboplatin, Cisplatin, 
Oxaliplatin, Platinum, 
Platinum compounds 

ERCC1 rs11615 GG 
Associated with better 
response to treatment 

3 

Carboplatin, Cisplatin, 
Oxaliplatin, Platinum, 
Platinum compounds 

XRCC1 rs25487 CC 
Associated with better 
response to treatment 

2B 

Tamoxifen 
Tamoxifen CYP19A1 rs4646 CC 

Associated with poorer 
response to treatment of 
Pre-menopausal women 
with breast cancer,  
Associated with better 
response to treatment of 
Post-menopausal women 
with breast cancer 

3 

Tamoxifen ABCB1 rs1045642 AG 
Associated with poorer 
response to treatment 

3 

Taxanes 
Paclitaxel+Cisplatin TP53 rs1042522 CG 

Associated with poorer 
response to treatment 

3 

Paclitaxel ABCB1 rs2032582 CA 
Associated with moderate 
response to treatment 

3 

Vinca alkaloids Vincristine ABCB1 rs1045642 AG 
Associated with poorer 
response to treatment 

3 
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Biomarkers associated with drug toxicity 

Drug Classes Drug name Gene dbSNP Patient's 
Genotype 

Patient's Variant-Drug 
Phenotype Annotation 

Evidence Level 

5-Fluorouracil (5-
Fu), 
Fluoropyrimidines 

5-Fu or Capecitabine DPYD rs2297595 CC 
Associated with increased 
risk of drug toxicity 

1A 

5-Fu or Capecitabine MTHFR rs1801133 AG 
Associated with moderate 
risk of drug toxicity 

3 

5-Fu+Leucovorin or 
Tegafur+Leucovorin 

UMPS rs1801019 GG 
Associated with decreased 
risk of drug toxicity 

3 

Fluoropyrimidine-based 
therapy 

DPYD rs67376798 TT 
Associated with decreased 
risk of drug toxicity 

1A 

Fluoropyrimidine-based 
therapy 

DPYD rs55886062 AA 
Associated with decreased 
risk of drug toxicity 

1A 

Fluoropyrimidine-based 
therapy 

DPYD rs3918290 CC 
Associated with decreased 
risk of drug toxicity 

1A 

Anthracyclines Anthracyclines CBR3 rs1056892 AG 
Associated with increased 
risk of drug toxicity 

3 

Capecitabine 

Capecitabine-Based 
Chemotherapy 

MTHFR rs1801131 GT 
Associated with increased 
risk of drug toxicity 

3 

Capecitabine-Based 
Chemotherapy 

DPYD rs2297595 CC 
Associated with increased 
risk of drug toxicity 

1A 

5-Fu or Capecitabine MTHFR rs1801133 AG 
Associated with moderate 
risk of drug toxicity 

3 

Capecitabine DPYD rs67376798 TT 
Associated with decreased 
risk of drug toxicity 

1A 

Capecitabine DPYD rs55886062 AA 
Associated with decreased 
risk of drug toxicity 

1A 

Capecitabine DPYD rs3918290 CC 
Associated with decreased 
risk of drug toxicity 

1A 

Cyclophosphamide Cyclophosphamide+Epirubicin GSTP1 rs1695 AG 
Associated with decreased 
risk of drug toxicity 

3 

Gemcitabine Gemcitabine CDA rs2072671 AC 
Associated with decreased 
risk of drug toxicity 

3 

Irinotecan 

Irinotecan UGT1A1 rs8175347 6TA/6TA 
Associated with decreased 
risk of drug toxicity 

1A 

Irinotecan UGT1A1 rs4148323 GG 
Associated with decreased 
risk of drug toxicity 

1B 

Irinotecan C8orf34 rs1517114 CG 
Associated with increased 
risk of drug toxicity 

3 

Methotrexate 
Methotrexate MTRR rs1801394 AA 

Associated with decreased 
risk of drug toxicity 

3 

Methotrexate ABCB1 rs1045642 AG 
Associated with moderate 
risk of drug toxicity 

3 

Platinum-Based 
Chemotherapy 

Cisplatin XPC rs2228001 GT 
Associated with increased 
risk of drug toxicity 

3 

Platinum compounds GSTP1 rs1695 AG 
Associated with moderate 
risk of drug toxicity 

3 

Cisplatin, Platinum, Platinum 
compounds 

ERCC1 rs3212986 AC 
Associated with increased 
risk of drug toxicity 

3 
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Carboplatin, Cisplatin, 
Oxaliplatin, Platinum, 
Platinum compounds 

ERCC1 rs11615 GG 
Associated with decreased 
risk of drug toxicity 

3 

 

Note: 

1. The level of variant-drug associations evidence is based on PharmGKB website, for more detailed information please see 

http://www.pharmgkb.org/page/clinAnnLevels. Level 1A: Annotation for a variant-drug combination in a CPIC- or medical society-endorsed 

pharmacogenomics guideline, or implemented at a PGRN site, or in another major health system; Level 1B: Annotation for a variant-drug combination in 

which the preponderance of evidence shows an association. The association must be replicated in more than one cohort with significant P-values, and, 

preferably with a strong effect size;|Level 2A: Annotation for a variant-drug combination that qualifies for level 2B where the variant is within a VIP (Very 

Important Pharmacogene) as defined by PharmGKB. The variants in level 2A are in known pharmacogenes, so functional significance is more likely;Level 

2B: Annotation for a variant-drug combination with moderate evidence of an association. The association must be replicated, but there may be some 

studies that do not show statistical significance, and/or the effect size may be small;Level 3: Annotation for a variant-drug combination based on a single 

significant (not yet replicated) study or annotation for a variant-drug combination evaluated in multiple studies but lacking clear evidence of an 

association;Level 4: Annotation based on a case report, non-significant study, or in vitro, molecular, or functional assay evidence only. 

2. The variant-drug correlation relationship derived from multiple independent studies, therefore, the interpretations of the same class of drug for the tested 

individual may be inconsistent. The final drug instruction needs to combine with the specific clinical situation. 

3. The detection results are only based on the analysis of tumor samples and lack of control, the results of some loci may be specific to tumor tissues due 

to factors such as loss of heterozygosity. 
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8. Other Genomic findings 

 

*Note: In this section, damaging variants in genes without clinical actionability or without convincing evidence of cancer association are 

reported. 
 

Genetic Variation: NM_014159.6 (SETD2): c.325C>T (p.Q109*) VAF*: 24.4% OncoKB 

Descritpion 

SETD2 (SET Domain Containing 2, Histone Lysine Methyltransferase) regulates chromatin structure through H3K36 to influence gene 

transcription (PMID: 28159833; PMID: 28386724) and plays a role in genomic stability (PMID: 31747945). A nonsense alteration in 

SETD2, p.Q109*, is identified in this case. Truncating mutations in SETD2 occur in the C-terminal portion of the protein leading to loss 

of the SRI domain, reduced H3K36 trimethyltransferase activity and is considered an oncogenic event (PMID: 23417712, 24509477). 

SETD2 mutations are often associated with MLL rearranged leukemias and is associated with enhanced leukemia development in mice 

(PMID: 24509477). In patients with gliomas, SETD2-truncating mutations are specifically detected in high-grade tumors (PMID: 

23417712). Furthermore, truncating mutations in renal cell carcinomas are associated with replication stress and impaired DNA repair 

(PMID: 25728682). he SETD2 Q109* is a truncating mutation in a tumor suppressor gene, and therefore is likely pathogenic. 
 

Genetic Variation: MYCL1: Copy number gain VAF*: NA OncoKB 

Descritpion 

MYCL1 (MYCL Proto-Oncogene, BHLH Transcription Factor)  is a transcription factor that plays a role in cell cycle progression, apoptosis, 

and cellular transformation (PMID: 25038584). A copy number gain alteration in MYCL1 is identified in this case. Amplification of MYCL 

is found in several cancer types, including small cell lung cancer (PMID: 29596783, 27298335). MYCL amplification tends to be mutually 

exclusive with amplification of other MYC family members (including MYC and MYCN) and these aberrations have distinct cellular 

phenotypes (PMID: 31164374). Small cell lung cancer mouse models have shown increased expression of MYCL, and models 

engineered to knockout MYCL expression have reduced lung cancer progression (PMID: 29596783). MYCL amplification is likely 

pathogenic. 
 

  

https://www.oncokb.org/gene/SETD2
https://pubmed.ncbi.nlm.nih.gov/?term=28159833
https://pubmed.ncbi.nlm.nih.gov/?term=28386724
https://pubmed.ncbi.nlm.nih.gov/?term=31747945
https://pubmed.ncbi.nlm.nih.gov/?term=23417712,24509477
https://pubmed.ncbi.nlm.nih.gov/?term=24509477
https://pubmed.ncbi.nlm.nih.gov/?term=23417712
https://pubmed.ncbi.nlm.nih.gov/?term=25728682
https://www.oncokb.org/gene/MYCL1
https://pubmed.ncbi.nlm.nih.gov/?term=25038584
https://pubmed.ncbi.nlm.nih.gov/?term=29596783,27298335
https://pubmed.ncbi.nlm.nih.gov/?term=31164374
https://pubmed.ncbi.nlm.nih.gov/?term=29596783
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9. Variants of Uncertain Significance (VUS) 

 
The clinical significance of the variants listed in the below table is uncertain at this time. Until the uncertainty is resolved, these variants 
should not be used in clinical management decisions. 
 

Gene Variant Interpretation 

KDM6A c.3673G>C 
(p.V1225L) 

KDM6A (Lysine Demethylase 6A) encodes a Jumonji domain histone demethylase that targets  H3 

lysine 27 (H3K27) to regulate gene transcription through chromatin remodeling and plays a role in 

cell growth and differentiation (PMID: 30753822). Altered expression of Kdm6a has been reported in 

HNSCC and bladder cancer (PMID: 25275298PMID: 25225064) and mutations have been observed 

in acute myeloid leukemia, bladder carcinoma, breast cancer, chronic myeloid leukemia, colorectal 

adenocarcinoma, endometrial adenocarcinoma, clear cell renal cell carcinoma, and glioblastoma 

(PMID: 30753822). A missense alteration in KDM6A, p.V1225L, is identified in this case. This variant 

is of uncertain clinical significance (ACMG & ClinGen classification). 

TOP1 c.1406A>C 
(p.E469A) 

TOP1 (DNA Topoisomerase I) encodes a DNA topoisomerase, an enzyme that controls and alters the 

topologic states of DNA during transcription. The enzyme unwinds DNA during transcription and 

replication (PMID: 26287259) by forming a stable protein-DNA cleavage complex (TOP1cc) (PMID: 

32075966PMID: 31602296).  Amplification of TOP1 has been identified in cancers of the breast, bile 

duct and pancreas (PMID: 25855483PMID: 25615400). A missense alteration in TOP1, p.E469A, is 

identified in this case. This variant is of uncertain clinical significance (ACMG & ClinGen 

classification). 

TOP1 c.1164-1G>A 
(splicing) 

TOP1 (DNA Topoisomerase I) encodes a DNA topoisomerase, an enzyme that controls and alters the 

topologic states of DNA during transcription. The enzyme unwinds DNA during transcription and 

replication (PMID: 26287259) by forming a stable protein-DNA cleavage complex (TOP1cc) (PMID: 

32075966PMID: 31602296).  Amplification of TOP1 has been identified in cancers of the breast, bile 

duct and pancreas (PMID: 25855483PMID: 25615400). A splice alteration in TOP1, c.1164-1G>A, is 

identified in this case. This variant is of uncertain clinical significance (ACMG & ClinGen 

classification). 
 

  

https://pubmed.ncbi.nlm.nih.gov/?term=30753822
https://pubmed.ncbi.nlm.nih.gov/?term=25275298
https://pubmed.ncbi.nlm.nih.gov/?term=25225064
https://pubmed.ncbi.nlm.nih.gov/?term=30753822
https://pubmed.ncbi.nlm.nih.gov/?term=26287259
https://pubmed.ncbi.nlm.nih.gov/?term=32075966
https://pubmed.ncbi.nlm.nih.gov/?term=31602296
https://pubmed.ncbi.nlm.nih.gov/?term=25855483
https://pubmed.ncbi.nlm.nih.gov/?term=25615400
https://pubmed.ncbi.nlm.nih.gov/?term=26287259
https://pubmed.ncbi.nlm.nih.gov/?term=32075966
https://pubmed.ncbi.nlm.nih.gov/?term=31602296
https://pubmed.ncbi.nlm.nih.gov/?term=25855483
https://pubmed.ncbi.nlm.nih.gov/?term=25615400
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10. Suspected Germline variants 

 

Gene Transcript Exon c.HGVS p.HGVS Classification 

- - - - - - 

 

Note: 

1. indicates no relevant variations were detected in this test. 

2. When detected, pathogenic or likely pathogenic variants are reported. Variants of uncertain significance or variants that are benign or 

likely benign are not reported. 

3. The somatic or germline origin of the alteration identified cannot be verified due to the absence of control sample analysis (blood or 

saliva). 

4. Variant classification interpretation is based on ACMG (American College of Medical Genetics and Genomics) guidelines for the 

interpretation of germline sequence variants (PMID: 25741868). 

 

11. HLA-I Polymorphism variation 

 

Somatic HLA-I Zygosity 

The anti-tumor activity of immune checkpoint inhibitor therapy is related to CD8+ T cells. The recognition of cancer cells by CD8+ T cells 

is achieved by HLA-I (human leukocyte antigen class I) molecules presenting tumor antigens. 

HLA alleles have the characteristics of polymorphism and codominance. HLA-I loci subdivided into HLA-A, HLA-B and HLA-C. When a 

patient's HLA-I is homozygous at least one locus, this patient is expected to present less and less diverse tumor neoantigens to T cells 

compared to patients who are heterozygous at all three loci. In two cohorts, patients with heterozygous HLA-I showed longer OS than 

those with homozygous alleles, cohort1: HR=1.4 (1.02-1.9), P-value=0.036; cohort2: HR=1.31 (1.03- 1.7), P-value=0.028; among 32 

patients with heterozygous HLA-I but at least one locus with LOH (loss of heterozygosity), patients with HLA-I LOH have a higher survival 

risk (P = 0.05, HR = 1.60, 95% CI 1.03-2.43), and these patients mainly with low mutation burden (P = 0.0006, HR = 3.68, 95% CI 1.64-8.23) 

( PMID: 29217585). 
 

Gene Test Content Result 

HLA-A  Zygosity  Homozygosity 

HLA-B  Zygosity  Heterozygosity 

HLA-C  Zygosity  Heterozygosity 

 
  

https://pubmed.ncbi.nlm.nih.gov/?term=25741868
https://pubmed.ncbi.nlm.nih.gov/?term=29217585
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12. Clinical Trials to consider 

 

MYC associated clinical trials 

 

NCT05919264 PHASE1 | PHASE2 
 

Title FOG-001 in Locally Advanced or Metastatic Solid Tumors 

Treatment FOG-001 | mFOLFOX-6 | Nivolumab | Trifluridine/tipiracil | Bevacizumab | FOG-001 

Location Australia, United States 

Press here for a live search of clinical trials for MYC 

PIK3CA associated clinical trials 

 

NCT06278870 PHASE3 
 

Title Disitamab Vedotin + Pyrotinib Versus THP in the First-line Treatment for HER2+ Advanced Breast Cancer 
Clinical Trial 

Treatment disitamab vedotin | Pyrotinib | trastuzumab | Pertuzumab | taxane drug 

Location China 

 

NCT07174336 PHASE3 
 

Title A Study of Tersolisib (LY4064809/STX-478) With Other Anti-Cancer Treatments in Participants With Advanced 
Breast Cancer With a Genetic Change (PIK3CA) 

Treatment LY4064809 | Placebo | Ribociclib | Palbociclib | Abemaciclib | Anastrozole | Letrozole | Exemestane | Fulvestrant 

Location Argentina, Australia, Belgium, Brazil, Canada, China, France, Germany, Greece, Ireland, Italy, Japan, Singapore, 
South Korea, Spain, Taiwan, Turkey (Türkiye), United Kingdom, United States 

 

NCT05894239 PHASE3 
 

Title 
A Study to Evaluate the Efficacy and Safety of Inavolisib in Combination With Phesgo Versus Placebo in 
Combination With Phesgo in Participants With PIK3CA-Mutated HER2-Positive Locally Advanced or Metastatic 
Breast Cancer 

Treatment Inavolisib | Phesgo | Placebo | Taxane-based Chemotherapy | Optional Endocrine Therapy of Investigator's 
Choice 

Location 
Argentina, Australia, Belgium, Brazil, Canada, China, Colombia, Finland, France, Germany, Hong Kong, India, 
Italy, Japan, Jordan, Kenya, Mexico, Oman, Poland, Singapore, South Africa, South Korea, Spain, Taiwan, 
Tunisia, Turkey (Türkiye), Uganda, United Kingdom, United States 

https://clinicaltrials.gov/ct2/show/record/NCT05919264
https://clinicaltrials.gov/ct2/results?cond=(Breast%20Cancer)+OR+%28Solid+tumors%29&term=MYC&type=Intr&rslt=&recrs=a
https://clinicaltrials.gov/ct2/show/record/NCT06278870
https://clinicaltrials.gov/ct2/show/record/NCT07174336
https://clinicaltrials.gov/ct2/show/record/NCT05894239
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NCT06757634 PHASE3 
 

Title Phase 3 Study of Gedatolisib as First-Line Treatment for Patients With HR-Positive, HER2-Negative Advanced 
Breast Cancer (VIKTORIA-2) 

Treatment Arm A: Gedatolisib + Palbociclib + Fulvestrant | Arm B: Ribociclib + Fulvestrant | Arm C: Gedatolisib + 
Palbociclib + Letrozole | Arm D: Ribociclib + Letrozole 

Location Argentina, Australia, Belgium, Brazil, Bulgaria, Czechia, France, Germany, Greece, Hungary, Italy, Malaysia, 
Mexico, Poland, Portugal, Romania, South Korea, Spain, Taiwan, Thailand, Turkey (Türkiye), United States 

 

NCT06982521 PHASE3 
 

Title Phase 3 Study of RLY-2608 + Fulvestrant vs Capivasertib + Fulvestrant as Treatment for Locally Advanced or 
Metastatic PIK3CA-mutant HR+/HER2- Breast Cancer 

Treatment Zovegalisib | Capivasertib | Fulvestrant 

Location 
Argentina, Australia, Austria, Belgium, Brazil, Bulgaria, Canada, Czechia, Denmark, France, Germany, Greece, 
Hong Kong, Italy, Netherlands, Poland, Portugal, Singapore, South Korea, Spain, Switzerland, Taiwan, United 
Kingdom, United States 

 

NCT06790693 PHASE3 
 

Title 
A Study Evaluating the Efficacy and Safety of Inavolisib Plus CDK4/6 Inhibitor and Letrozole vs Placebo + 
CDK4/6i and Letrozole in Participants With Endocrine-Sensitive PIK3CA-Mutated, Hormone Receptor-Positive, 
HER2-Negative Advanced Breast Cancer 

Treatment Inavolisib | Placebo | CDK4/6i | Letrozole 

Location Argentina, Australia, Brazil, Canada, China, France, Germany, Italy, Japan, Mexico, Poland, Puerto Rico, South 
Africa, South Korea, Spain, Switzerland, Taiwan, Turkey (Türkiye), United Kingdom, United States 

 

NCT05306041 PHASE2 
 

Title Neoadjuvant Endocrine Therapy +/- the PI3K Inhibitor Inavolisib in HER2+, HR+, PIK3CA Mutant Early Breast 
Cancer 

Treatment Inavolisib | PHESGO | Endocrine therapy 

Location Germany, Italy 

 

NCT07054190 PHASE2 
 

Title A Study to Test Inavolisib Treatments in Participants With Early-Stage, PIK3CA-Mutated Breast Cancer 

https://clinicaltrials.gov/ct2/show/record/NCT06757634
https://clinicaltrials.gov/ct2/show/record/NCT06982521
https://clinicaltrials.gov/ct2/show/record/NCT06790693
https://clinicaltrials.gov/ct2/show/record/NCT05306041
https://clinicaltrials.gov/ct2/show/record/NCT07054190
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Treatment Inavolisib | Ribociclib | Letrozole | Giredestrant 

Location Argentina, Brazil, Canada, Germany, South Korea, Spain, United States 

Press here for a live search of clinical trials for PIK3CA 

  

https://clinicaltrials.gov/ct2/results?cond=(Breast%20Cancer)+OR+%28Solid+tumors%29&term=PIK3CA&type=Intr&rslt=&recrs=a
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13. Appendix 

 

a. Immune checkpoint inhibitors predictive biomarkers 
 

Tumor Mutation Burden (TMB) 

Tumor mutation burden (TMB) refers to the number of somatic mutations in the coding region, usually indicated as the total number of 

somatic mutations within each MB tumor genome region. The clinical utility of TMB as a predictive biomarker for anti-PD1 immunotherapy 

has been established in the KEYNOTE-158 trial which led to the site-agnostic FDA-approval of pembrolizumab for metastatic/untreatable 

solid tumors with tissue TMB value≥10muts/MB (PMID: 32919526). The results of TMB are divided into three types: TMB-H, which means 

high tumor mutation burden; TMB-L, which means low tumor mutation burden; TMB-U, means that the sample does not meet the TMB 

assessment conditions (the tissue or pleural and ascites sample may fail to pass the TMB indicator calculation quality index due to low 

DNA quality and/or low tumor cell content). 

 

Microsatellite Instability (MSI) 

Microsatellite instability (MSI) is a condition of genetic hypermutability resulting from impaired DNA mismatch repair (MMR) mechanisms. 

It is characterized by the accumulation of mutations in short repetitive DNA sequences known as microsatellites. MSI-H is found across 

multiple cancer types, most notably in colorectal, endometrial, gastric, and ovarian cancer. It can arise sporadically or as part of Lynch 

syndrome, a hereditary condition caused by germline mutations in MMR genes (MLH1, MSH2, MSH6, PMS2). 

The results of MSI are divided into three types: MSI-H, which means microsatellites are highly unstable; MSS, which means microsatellites 

are stable; MSI-U, which means that the sample does not meet the MSI evaluation conditions (tissues or pleural fluid samples may not 

have passed the MSI indicator calculation quality control due to the low DNA and/or content of tumor cells). 

Pembrolizumab has received full FDA approval for adult and pediatric patients with unresectable or metastatic MSI-H or dMMR solid 

tumors((PMID: 35680043, 33264544) — representing the first full approval for an immunotherapy based on a predictive biomarker, 

regardless of solid tumor type. This approval applies to patients who have progressed after prior treatment and have no satisfactory 

alternative options. Beyond the tumor-agnostic indication, specific approvals have been granted for tumor types such as endometrial and 

colorectal cancer.  

 

  

https://pubmed.ncbi.nlm.nih.gov/?term=32919526
https://pubmed.ncbi.nlm.nih.gov/?term=35680043,33264544
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PD-L1 expression 

Table S2. PD-L1 interpretation and cut-offs. 

 
 
 

Pembrolizumab DrugBank  

 Pembrolizumab is a highly selective IgG4-kappa humanized monoclonal antibody against PD-1 receptor. It was generated by 

grafting the variable sequences of a very high-affinity mouse antihuman PD-1 antibody onto a human IgG4-kappa isotype with the 

containing a stabilizing S228P Fc mutation. It contains 32 cysteine residues and the complete folded molecule includes 4 disulfide 

https://www.drugbank.ca/drugs/
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linkages as interchain bonds and 23 interchain bonds. It was firstly approved by the FDA on September 4, 2014, for the treatment of 

metastatic malignant melanoma. This is the first approved therapy against PD-1. Its approval in melanoma was extended to several 

countries such as Australia, Israel, Korea, Macau, the European Union and the United Arab Emirates. On June 12, 2018, Pembrolizumab 

was approved for the treatment of cervical cancer under the status of accelerated approval.  

 Pembrolizumab is indicated for the treatment patients with unresectable or metastatic melanoma; as a single therapy, 

pembrolizumab is indicated for first-line treatment of patients with metastatic non-small cell lung cancer whose tumors have high PD-L1 

expression as determined by an FDA-approved test, with no EGFR or ALK genomic tumor aberrations; as a single therapy, pembrolizumab 

is indicated for first-line treatment of patients with metastatic non-small cell lung cancer whose tumors express PD-L1 (TPS≥1%) as 

determined by an FDA-approved test, with disease progression on or after platinum-containing chemotherapy. Patients with EGFR or ALK 

genomic tumor aberrations should have disease progression on FDA-approved therapy for these aberrations prior to treatment. The 

following indications present the status of accelerated approval based on tumor response rate and durability of the response and thus, 

the approval of this indications are contingent upon verification and description of clinical benefit in confirmatory trials; patients with 

recurrent or metastatic cervical cancer with disease progression on or after chemotherapy whose tumors express PD-L1 (CPS > 1) as 

determined by an FDA-approved test; in combination with pemetrexed and carboplatin, is indicated for the first-line treatment of patients 

with metastatic non squamous non-small cell lung cancer ;patients with recurrent or metastatic head and neck squamous cell carcinoma 

with disease progression on or after platinum-containing chemotherapy ;treatment of adults and pediatric patients with refractory 

classical Hodgkin lymphoma or who have relapsed after 3 or more prior lines of therapy ;treatment of adult and pediatric patients with 

refractory primary mediastinal large B-cell lymphoma or who have relapsed after 2 or more prior lines of therapy ;treatment of patients 

with locally advanced or metastatic urothelial carcinoma who are not eligible for cisplatin-containing chemotherapy ;patients with locally 

advanced or metastatic urothelial carcinoma who have disease progression during or following platinum-containing chemotherapy 

;treatment of adult and pediatric patients with unresectable or metastatic microsatellite instability-high or mismatch repair deficient with 

solid tumors that have progressed following previous treatment and colorectal cancer that has progressed following treatment with 

fluoropyrimidine, oxaliplatin, and irinotecan ;patients with recurrent locally advanced or metastatic gastric or gastroesophageal junction 

adenocarcinoma whose tumors express PD-L1 (CPS >1) as determined by an FDA-approved test, with disease progression on or after two 

or more prior lines of therapy including fluoropyrimidine- and platinum-containing chemotherapy and if appropriate, HER2/neu-targeted 

therapy.  
 

Atezolizumab DrugBank  

 Atezolizumab is a humanized monoclonal antibody used to prevent the interaction of PD-L1 and PD-1, removing inhibition of 

immune responses seen in some cancers. This medication is reserved for patients whose tumors express PD-L1, cannot receive platinum 

based chemotherapy, or whose tumors do not respond to platinum based chemotherapy. Atezolizumab was granted FDA approval on 18 

October 2016.  

 Atezolizumab is indicated to treat locally or advanced metastatic urothelial carcinoma in patients ineligible for cicplatin-

containing chemotherapy with tumors expressing PD-L1, in patients ineligible for cisplatin-containing chemotherapy irrespective of PD-

L1, have disease progression following platinum containing chemotherapy, or have disease progression within 12 months of neoadjuvant 

or adjuvant chemotherapy. Atezolizumab is also indicated first line for non small cell lung cancer in combination with bevacizumab, 

paclitaxel, and carboplatin with no EGFR or ALK genomic abnormalities. It can be used in patients with disease progression during or after 

https://www.drugbank.ca/drugs/
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platinum containing chemotherapy even if they have EGFR and ALK abnormalities. Atezolizumab is indicated in combination with 

paclitaxel protein-bound to treat locally advanced or metastatic triple negative breast cancer expressing PD-L1. Finally, atezolizumab is 

indicated in combination with carboplatin and etoposide as first line treatment for extensive stage small cell lung cancer.  
 

Nivolumab DrugBank  

 Nivolumab is a fully human IgG4 antibody targeting the immune checkpoint programmed death receptor-1 (PD-1). This molecule 

was produced entirely on mice and grafted onto human kappa and IgG4 Fc region with the mutation S228P for additional stability and 

reduced variability. It was originally FDA approved on December 22, 2014. Since this approval, nivolumab has been approved for a variety 

of other uses related to cancer therapy. On 2017, was notably approved for the treatment of hepatocellular carcinoma and on July 11, 

2018, the FDA approved this agent in combination with low doses of for the treatment of MSI-H/dMMR metastatic colorectal cancer.  

 Nivolumab is indicated to treat unresectable or metastatic melanoma, adjuvant treatment of melanoma, metastatic non-small 

cell lung cancer, small cell lung cancer, advanced renal cell carcinoma, classical Hodgkin lymphoma, squamous cell carcinoma of the 

head and neck, urothelial carcinoma, microsatellite instability-high or mismatch repair deficient metastatic colorectal cancer, and 

hepatocellular carcinoma.  
 

Durvalumab DrugBank  

 Durvalumab is a human monoclonal antibody that blocks programmed death ligand 1 (PD-L1), or CD 274. In May, 2017 it received 

FDA approval for previously treated patients with locally advanced or metastatic cancer in the urinary system (as Imfinzi). It is shown to 

be effective in patients with continued disease progression after the platinum-based chemotherapy. This drug has a relatively tolerable 

safety profile and its structural modification advantageously prevents the induction of antibody-dependent cytotoxicity (ADCC) or 

complement-dependent cytotoxicity (CDC). Durvalumab is indicated for patients with urothelial carcinoma, such as urinary bladder, 

urethra or ureter cancer. Patients with prolonged disease progression due to failed platinum-based chemotherapy such as cisplatin and 

carboplatin are most likely to benefit from durvalumab treatment. Its clinical effectiveness is especially enhanced in PD-L1-positive 

patient groups.  

 

Cemiplimab DrugBank  

 Cemiplimab is a fully human monoclonal antibody that works against programmed death receptor-1 (PD-1), which is a negative 

regulator of T cell function. By blocking PD-1, cemiplimab works to enhance T cell-mediated antitumour responses. Cemiplimab was first 

approved by the FDA on September 28, 2018, as the first FDA-approved treatment for advanced cutaneous squamous cell carcinoma 

(CSCC). It was later approved to be used in basal cell carcinoma and non-small non-small cell lung cancer. Cemiplimab was also 

approved by the European Commission on June 28, 2019. In October 2022, the EMA's Committee for Medicinal Products for Human Use 

(CHMP) recommended cemiplimab be granted marketing authorization for the treatment of cervical cancer. Cemiplimab is indicated to 

treat:  

 - Locally advanced or metastatic cutaneous squamous cell carcinoma (mCSCC) in patients who are not candidates for curative 

surgery or curative radiation.  

https://www.drugbank.ca/drugs/
https://www.drugbank.ca/drugs/
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 - Locally advanced basal cell carcinoma (laBCC) in previously treated patients with a hedgehog pathway inhibitor or for whom a 

hedgehog pathway inhibitor is not appropriate.  

 - Metastatic basal cell carcinoma (mBCC) in patients who were previously treated with a hedgehog pathway inhibitor or for whom 

a hedgehog pathway inhibitor is not appropriate. This indication is approved under accelerated approval based on tumour response rate 

and durability of response. Continued approval for mBCC may be contingent upon verification and description of clinical benefit.  

 - Locally advanced non-small cell lung cancer (NSCLC) in combination with platinum-based chemotherapy for the first-line 

treatment of adults with no EGFR, ALK or ROS1 aberrations, who are not candidates for surgical resection or definitive chemoradiation. It 

is also indicated to treat metastatic NSCLC in combination with platinum-based chemotherapy as first-line treatment in adults.  

 - Locally advanced or metastatic NSCLC as monotherapy for the first-line treatment of adults whose tumours have high PD-L1 

expression [Tumor Proportion Score (TPS) ≥ 50%] as determined by an FDA-approved test, with no EGFR, ALK or ROS1 aberrations. Patients 

with locally advanced NSCLC must not be candidates for surgical resection or definitive chemoradiation.  

 - Recurrent or metastatic cervical cancer in adults with disease progression on or after platinum-based chemotherapy. 
 

Nivolumab+Ipilimumab DrugBank  

 Nivolumab is a fully human IgG4 antibody targeting the immune checkpoint programmed death receptor-1 (PD-1). It was 

originally FDA approved on December 22, 2014. Since this approval, nivolumab has been approved for a variety of other uses related to 

cancer therapy. Nivolumab is indicated to treat unresectable or metastatic melanoma, adjuvant treatment of melanoma, metastatic non-

small cell lung cancer, small cell lung cancer, advanced renal cell carcinoma, classical Hodgkin lymphoma, squamous cell carcinoma of 

the head and neck, urothelial carcinoma, microsatellite instability-high or mismatch repair deficient metastatic colorectal cancer, and 

hepatocellular carcinoma. Ipilimumab is a human cytotoxic T-lymphocyte antigen 4 (CTLA-4) blocking antibody used to treat metastatic 

or unresectable melanoma. 

 The combination of Nivolumab and Ipilimumab is an effective treatment for patients with PD-L1 expression ≥1% in metastatic 

non-small cell lung cancer (mNSCLC). The FDA-approved this combination as a first-line treatment, demonstrating a statistically 

significant improvement in overall survival compared to platinum-doublet chemotherapy. The combination also showed a higher objective 

response rate and progression-free survival compared to standard care. Common adverse reactions include fatigue, rash, decreased 

appetite, musculoskeletal pain, diarrhea/colitis, dyspnea, cough, pruritis, nausea, and hepatitis. 
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b. Genomic Instability 
 

Genomic Instability Score (GIS) analysis 

Homologous recombination deficiency (HRD) has emerged as a key biomarker for guiding the use of poly (ADP-ribose) polymerase 

inhibitors (PARPi) across multiple tumor types, most notably ovarian, breast, pancreatic, and prostate cancers. HRD encompasses both 

germline and somatic mutations in BRCA1/2, as well as broader genomic instability (GI) signatures that reflect impaired homologous 

recombination repair. This DNA repair deficiency sensitizes tumors to synthetic lethality induced by PARP inhibition (PMID: 35274707). 

Genomic instability is typically quantified using the Genomic Instability Score (GIS), a composite metric derived from three genomic scar 

markers: Loss of Heterozygosity (LOH), Large-Scale Transitions (LST), and Telomeric Allelic Imbalance (TAI). In the PAOLA-1 trial, patients 

with GIS-high ovarian tumors (GIS ≥42) experienced significantly greater clinical benefit from maintenance therapy with olaparib plus 

bevacizumab compared to bevacizumab alone, leading to regulatory approval of this combination for HRD-positive cases (PMID: 

37761329, 37809048). 

Beyond ovarian cancer, the predictive value of HRD has been validated in multiple landmark trials. The PROfound trial in prostate cancer, 

OlympiAD trial in HER2-negative breast cancer, and POLO trial in metastatic pancreatic cancer all demonstrated that patients with HRD-

positive tumors, defined by either BRCA mutations or GI, derive meaningful improvements in progression-free survival and treatment 

response when treated with PARPi agents. These include olaparib, niraparib, rucaparib, and talazoparib, which have received FDA and 

EMA approval across various indications (PMID: 37761329). Together, these findings underscore the clinical utility of HRD testing as a 

predictive biomarker that enables precise patient stratification for PARPi therapy and informs personalized treatment strategies across 

multiple solid tumors. On October 23, 2019, the Food and Drug Administration approved niraparib for patients with advanced ovarian, 

fallopian tube, or primary peritoneal cancer treated with three or more prior chemotherapy regimens and whose cancer is associated with 

homologous recombination deficiency (HRD)- positive status. 

 

  

https://pubmed.ncbi.nlm.nih.gov/?term=35274707
https://pubmed.ncbi.nlm.nih.gov/?term=37761329,37809048
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c. Other Immunohistochemistry Biomarkers 
 

ERBB2 (HER2) expression by IHC 

ERBB2, a receptor tyrosine kinase, is altered by mutation, amplification and/or overexpression in various cancer types, most frequently in 

breast, esophagogastric and endometrial cancers. FDA has granted approval to several anti-ERRB2 regimens, either as single or 

combination therapy for various cancer types. In addition, recently FDA granted accelerated approval to fam-trastuzumab deruxtecan-

nxki, for adult patients with unresectable or metastatic HER2-positive (IHC 3+) solid tumors who have received prior systemic treatment 

and have no satisfactory alternative treatment options.  

Table S3. ERBB2 Biomarkers associated with treatment response (LoE) 

Cancer Type 3+ IHC 2+ IHC & ≥2 FISH 
ERBB2 amplification by 

NGS 

IHC 1+ or 
IHC 2+/ISH -ve 

Breast 
Cancer 

Trastuzumab Deruxtecan 
(1A.1) 

Trastuzumab Deruxtecan 
(1A.1) 

Trastuzumab Deruxtecan 
(2C.1) 

Trastuzumab 
Deruxtecan (1A.1) 

Trastuzumab (1A.1) 
Ado-Trastuzumab 
Emtansine (1A.1) 

Trastuzumab (2C.1) 

Ado-Trastuzumab 
Emtansine (1A.1) 

Lapatinib + Capecitabine 
(1A.1) 

Ado-Trastuzumab 
Emtansine (2C.1) 

Lapatinib + Capecitabine 
(1A.1) 

Lapatinib + Letrozole (1A.1) Lapatinib + Capecitabine 
(2C.1) 

Lapatinib + Letrozole (1A.1) 
Margetuximab + 

Chemotherapy (1A.1) Lapatinib + Letrozole (2C.1) 

Margetuximab + 
Chemotherapy (1A.1) 

Neratinib (1A.1) 
Margetuximab + 

Chemotherapy (2C.1) 

Neratinib (1A.1) 
Neratinib + Capecitabine 

(1A.1) 
Neratinib (2C.1) 

Neratinib + Capecitabine 
(1A.1) 

Trastuzumab + Tucatinib + 
Capecitabine (1A.1) 

Neratinib + Capecitabine 
(2C.1) 

Trastuzumab + Tucatinib + 
Capecitabine (1A.1) 

Trastuzumab + 
Chemotherapy (1A.1) 

Trastuzumab + Tucatinib + 
Capecitabine (2C.1) 

Trastuzumab + 
Chemotherapy (1A.1) 

Trastuzumab + Pertuzumab 
+ Chemotherapy (1A.1) 

Trastuzumab + 
Chemotherapy (2C.1) 

Trastuzumab + Pertuzumab 
+ Chemotherapy (1A.1) 

Trastuzumab (2C.1) Trastuzumab + Pertuzumab 
+ Chemotherapy (2C.1) 

 

Colorectal 
Cancer 

Trastuzumab Deruxtecan 
(1A.1) 

Tucatinib + Trastuzumab 
(1A.1) 

Tucatinib + Trastuzumab 
(1A.1) 

(RAS/BRAF wild type) 

N/A 

Tucatinib + Trastuzumab 
(1A.1) 

Lapatinib + Trastuzumab 
(1A.2) 

Trastuzumab Deruxtecan 
(2C.1) 

Lapatinib + Trastuzumab 
(1A.2) 

Trastuzumab + Pertuzumab 
(1A.2) 

Lapatinib + Trastuzumab 
(2C.1) 

(RAS/BRAF wild type) 
Trastuzumab + Pertuzumab 

(1A.2) 
Trastuzumab Deruxtecan 

(2C.1) 
Trastuzumab + Pertuzumab 

(2C.1) 

https://go.drugbank.com/drugs/DB14962
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(RAS/BRAF wild type) 

 

Gastric/GEJ 
 
 
 
 
  

Trastuzumab Deruxtecan 
(1A.1) 

Pembrolizumab+ 
Trastuzumab + 

Chemotherapy (1A.1) 
(PD-L1 with CPS>1% 

required) 

Pembrolizumab+ 
Trastuzumab + 

Chemotherapy (2C.1) 
(PD-L1 with CPS>1% 

required) 

N/A 
Trastuzumab + 

Chemotherapy (1A.1) 
Trastuzumab + 

Chemotherapy (1A.1) 
Trastuzumab + 

Chemotherapy (2C.1) 
Pembrolizumab + 

Trastuzumab + 
Chemotherapy (1A.1) 
(PD-L1 with CPS>1% 

required) 

Trastuzumab Deruxtecan 
(1A.1) 

Trastuzumab Deruxtecan 
(2C.1) 

 

Billiary Tract 

Trastuzumab Deruxtecan 
(1A.1) 

Trastuzumab Deruxtecan 
(2C.1) 

Trastuzumab Deruxtecan 
(2C.1) 

N/A 
Zanidatamab-hrii (1A.1) Zanidatamab-hrii (2C.1) Zanidatamab-hrii (2C.1) 

Trastuzumab + Pertuzumab 
(1A.2) 

Trastuzumab + Pertuzumab 
(1A.2) 

Trastuzumab + Pertuzumab 
(2C.1) 

Tucatinib + Trastuzumab 
(1A.2) 

Tucatinib + Trastuzumab 
(1A.2) 

Tucatinib + Trastuzumab 
(2C.1) 

 
Uterine 
Serous 

Carcinoma/ 
Papillary 
Serous 

Trastuzumab Deruxtecan 
(1A.1) 

Trastuzumab Deruxtecan 
(2C.1) 

Trastuzumab Deruxtecan 
(2C.1) 

N/A 
Trastuzumab + Carboplatin-

Taxol Regimen (1A.2) 
Trastuzumab + Carboplatin-

Taxol Regimen (2C.1) 
Trastuzumab + Carboplatin-

Taxol Regimen (2C.1) 

 

Lung Cancer 
Trastuzumab Deruxtecan 

(1A.1) 
Trastuzumab Deruxtecan 

(2C.1) 
Trastuzumab Deruxtecan 

(2C.1) 
N/A 

 

All tumors 
Trastuzumab Deruxtecan 

(1A.1) 
Trastuzumab Deruxtecan 

(2C.1) 
Trastuzumab Deruxtecan 

(2C.1) 
N/A 
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d. Genes Analyzed 
 

312 genes including all exon regions and available for detecting SNV / Indel / CNV 

ABL1 ACVR1B AKT1 AKT2 AKT3 ALK APC AR ARAF ARID1A 

ARID1B ARID2 ASXL1 ATM ATR ATRX AURKA AURKB AXIN1 AXIN2 

AXL B2M BAP1 BARD1 BCL2 BCL2L1 BCOR BLM BMPR1A BRAF 

BRCA1 BRCA2 BRD4 BRIP1 BTK CARD11 CASP8 CBFB CBL CCND1 

CCND2 CCND3 CCNE1 CD274 CDC73 CDH1 CDK12 CDK4 CDK6 CDK8 

CDKN1A CDKN1B CDKN2A CDKN2B CDKN2C CEBPA CHEK1 CHEK2 CIC CREBBP 

CRKL CSF1R CTCF CTNNA1 CTNNB1 CUL3 CYLD DAXX DDR1 DDR2 

DICER1 DNMT3A DOT1L EGFR EIF1AX EMSY EP300 EPAS1 EPCAM EPHA2 

EPHA3 EPHA5 EPHB1 EPHB6 ERBB2 ERBB3 ERBB4 ERCC1 ERCC3 ERCC4 

ERCC5 ERG ERRFI1 ESR1 EXT1 EXT2 EZH2 FAM123B FAM175A FANCA 

FANCC FANCD2 FANCE FANCF FANCG FANCL FANCM FAS FAT1 FAT2 

FBXW7 FGF19 FGF3 FGF4 FGFR1 FGFR2 FGFR3 FGFR4 FH FLCN 

FLT1 FLT3 FLT4 FOXA1 FOXL2 FOXP1 FUBP1 GALNT12 GATA3 GNA11 

GNAQ GNAS GRIN2A GRM3 HDAC1 HGF HNF1A HOXB13 HRAS IDH1 

IDH2 IFNG IFNGR1 IGF1R IKBKE IKZF1 IL7R INPP4B IRF2 IRS2 

JAK1 JAK2 JAK3 JUN KDM5A KDM5C KDM6A KDR KEAP1 KIT 

KRAS LRP1B MAF MAP2K1 MAP2K2 MAP2K4 MAP3K1 MAPK1 MAX MCL1 

MDM2 MDM4 MED12 MEF2B MEN1 MET MITF MLH1 MLH3 MLL 

MLL2 MLL3 MPL MRE11A MS4A1 MSH2 MSH3 MSH6 MST1R MTOR 

MUTYH MYC MYCL1 MYCN MYD88 NBN NCOR1 NF1 NF2 NFE2L2 

NFKB1A NKX2-1 NOTCH1 NOTCH2 NOTCH3 NPM1 NRAS NSD1 NTHL1 NTRK1 

NTRK2 NTRK3 PALB2 PARK2 PARP1 PAX5 PBRM1 PCK1 PDCD1 
PDCD1LG
2 

PDGFRA PDGFRB PDK1 PIK3CA PIK3CB PIK3CG PIK3R1 PIK3R2 PMS1 PMS2 

POLD1 POLE POT1 PPP2R1A PRDM1 PRKAR1A PTCH1 PTCH2 PTEN PTPN11 

PTPRD RAC1 RAD50 RAD51 RAD51B RAD51C RAD51D RAD52 RAD54L RAF1 

RARA RB1 RBM10 RECQL RECQL4 RET RHOA RICTOR RINT1 RNF43 

ROS1 RPTOR RUNX1 SDHA SDHAF2 SDHB SDHC SDHD SERPINB3 SERPINB4 

SETD2 SF3B1 SLX4 SMAD2 SMAD3 SMAD4 SMARCA4 SMARCB1 SMO SOCS1 

SOX2 SOX9 SPOP SRC STAG2 STAT3 STK11 SUFU SYK TBX3 

TCF7L2 TERC TET2 TGFBR2 TMEM127 TMPRSS2 TNFAIP3 
TNFRSF1
4 

TOP1 TOP2A 
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TP53 TSC1 TSC2 TSHR U2AF1 VEGFA VHL WRN WT1 XPO1 

XRCC2 ZMAT3                 
 

38 genes including specific intron, promoter and fusion breakpoint regions and available for detecting gene rearrangement or 

fusion 

ALK BCL2L11 BRAF BRCA1 BRD4 CD74 EGFR EML4 ERG ETV6 

EZR FGFR1 FGFR2 FGFR3 KIF5B KIT MAML2 MET MSH2 MYC 

MYCL1 NCOA4 NOTCH2 NTRK1 NTRK2 NTRK3 PDGFRA RAF1 RET ROS1 

RSPO2 SDC4 SLC34A2 TERT TFE3 TMPRSS2 TPM3 PMS2     
  
709 genes including partial exon regions and available for detecting SNV / Indel 

ABCA13 ABCB1 ABCC1 ABCC11 ABCC2 ABCG2 ABL2 ACACA ACIN1 ACTB 

ACTG1 ACTG2 ACVR2A ACVRL1 ADAM29 ADAMTS5 ADCY1 AFF1 AFF2 AFF3 

AHNAK AKAP9 ALB AMOT ANGPT1 ANK3 ANKRD11 ANKRD30
A 

ANKRD30B APEX1 

APOBEC3
B ARAP3 ARFGEF1 ARFGEF2 

ARHGAP2
9 

ARHGAP3
5 ARID4B ARID5B ARNT ASCL4 

ASH1L ASMTL ASPM ASTN1 ASXL2 ATIC ATP11B ATP12A ATP1A1 ATP2B3 

BAZ2B BBC3 BBS9 BCAS1 BCL10 BCL11A BCL11B BCL2A1 BCL2L11 BCL3 

BCL6 BCL9 BCORL1 BCR BIRC3 BMPR2 BNC2 BPTF BRD2 BRD3 

BRSK1 BRWD1 BTLA BUB1 C15orf23 C15orf55 C1QA C1S C3orf70 C7orf53 

C8orf34 CACNA1E CADM2 CALR CAMTA1 CASP1 CASQ2 CBLB CBR1 CBR3 

CCDC168 CCNA1 CCNB3 CCT3 CCT5 CCT6B CD22 CD33 CD5L CD74 

CDA CDH11 CDH18 CDH23 CDK13 CHD1 CHD1L CHD4 CHD6 CHD8 

CHD9 CHFR CHI3L1 CHN1 CIITA CLDN18 CLP1 CLSPN CLTC CNOT3 

CNOT4 CNTN1 CNTN5 CNTNAP1 CNTNAP5 COL1A1 COL2A1 COL5A1 COL5A2 COL5A3 

COPS2 CPS1 CRIPAK CRLF2 CRNKL1 CRTC1 CSF1 CSF3R CSMD1 CSMD3 

CSNK1A1 CSNK1G3 CTLA4 CTNNA2 CTNND1 CUX1 CXCR4 CYBA CYP19A1 CYP1A1 

CYP1B1 CYP2A13 CYP2C8 CYP2D6 CYP3A4 CYP3A5 DCC DDX3X DDX5 DEK 

DHX35 DHX9 DIAPH1 DIS3L2 DLC1 DMD DNAH6 DNAJB1 DNM2 DNMT1 

DNMT3B DOCK2 DOCK7 DPYD DRGX DTX1 DUSP22 DYSF E2F3 EBF1 

ECT2L EED EEF1A1 EGFL7 EGR3 EIF2AK3 EIF2C3 EIF3A EIF4A2 EIF4G3 

ELAC2 ELF1 ELF3 ELMO1 ELN EME2 EMID2 EML4 EPC1 EPHA1 

EPHA4 EPHA7 EPHB2 EPHB4 EPOR EPPK1 EPS15 ERBB2IP ERCC2 ESR2 

ETS1 ETV1 ETV5 ETV6 EWSR1 EZR F8 FAM131B FAM135B FAM157B 

FAM46C FAM5C FAP FASLG FAT3 FAT4 FCGR1A FCGR2A FCGR2B FCGR3A 
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FCRL4 FGF10 FGF12 FGF14 FGF23 FGF6 FLG FLI1 FLNC FMN2 

FN1 FNDC4 FOXA2 FOXO1 FOXO3 FOXQ1 FRMPD4 FUS FXR1 FYN 

FZD1 G3BP1 G3BP2 GAB2 GABRA6 GATA1 GATA2 GFRAL GIGYF1 GKN2 

GLB1L3 GLI1 GLI2 GLI3 GMPS GNA13 GNG2 GPC3 GPR124 GPS2 

GPX1 GRB7 GSK3B GSTM5 GSTP1 GUSB H3F3A H3F3B H3F3C HCLS1 

HCN1 HDAC4 HDAC9 HECW1 HEY1 HIST1H1C HIST1H1D HIST1H1E HIST1H2A
C 

HIST1H2A
G 

HIST1H2A
L 

HIST1H2A
M 

HIST1H2B
C 

HIST1H2B
D 

HIST1H2B
J 

HIST1H2B
K 

HIST1H2B
O 

HIST1H3B HIST1H3C HIST1H3D 

HIST1H3F HIST1H3G HIST1H3H HIST1H3I HIST1H4I HIST3H3 HLA-A HLA-B HLA-C HLF 

HMCN1 HNF1B HNRPDL HOXA11 HOXA13 HOXA3 HOXA9 HOXC13 HOXD11 HOXD13 

HSD3B1 HSP90AA1 HSP90AB1 HSPA8 HSPD1 HSPH1 ICK ICOSLG ID3 IFITM3 

IGF1 IGF2 IGF2R IGLL5 IKZF2 IKZF3 IL10 IL1RAPL1 IL21R IL6 

IL6ST IMPG1 ING1 INHBA INPP4A INPPL1 INSR IRF4 IRF6 IRS1 

ITGB3 ITK ITSN1 JARID2 KALRN KAT6A KAT6B KCNJ5 KCNQ2 KDM2B 

KEL KIF5B KLF4 KLHL6 KLK1 KRTAP5-5 L3MBTL1 LAMA2 LATS1 LATS2 

LCP1 LEF1 LGALS8 LIFR LPHN2 LPP LRP2 LRP4 LRP5 LRP6 

LRRC7 LRRK2 LYN LZTS1 MACF1 MAD1L1 MAGI2 MAML2 MAML3 MAP3K13 

MAPK3 MCC MCM3 MDC1 MECOM MEF2C MGA MIB1 MIOS MKL1 

MLL4 MLLT3 MMP11 MMP2 MN1 MNDA MNX1 MSH4 MSN MSR1 

MTHFR MTRR MUC5B MYH11 MYH14 MYH9 MYO3A MYOD1 NAP1L1 NAV3 

NCAM2 NCF2 NCF4 NCK1 NCOA3 NCOA4 NCOR2 NCSTN NDUFA13 NFATC4 

NFE2L3 NKX3-1 NLRC3 NOD1 NOS3 NOTCH4 NQO1 NR1I2 NR2F2 NR4A2 

NRG1 NRP2 NRXN1 NTM NUMA1 NUP107 NUP210 NUP93 NUP98 OBSCN 

OGDH OMD OPCML OR11G2 OR2T4 OR4A15 OR4C6 OR5L2 OR6F1 P2RY8 

P4HB PABPC1 PABPC3 PAG1 PAK1 PAK3 PASK PAX3 PAX7 PC 

PCDH18 PCSK6 PCSK7 PDCD11 PDE4DIP PDGFB PDILT PER1 PGR PHF1 

PHF6 PIK3C2A PIK3C2B PIK3C2G PIK3C3 PIM1 PKD1L2 PKHD1 PLAG1 PLCB1 

PLCG1 PLCG2 PLK1 PLXNA1 PLXNB2 PNRC1 POLQ POM121 
POM121L1
2 

POU2AF1 

PPM1D PPP1R17 PPP6C PRDM16 PREX2 PRF1 PRKAA1 PRKCB PRKCI PRKDC 

PRRX1 PRX PSG2 PSIP1 PSMB1 PSMB5 PTGS1 PTGS2 PTPN13 PTPN2 

PTPRB PTPRK PTPRO PTPRS PTPRT PTPRU RAB35 RAC2 RAD21 RAD54B 

RANBP2 RASA1 RASGRP1 RBL1 REL RELN RFC1 RGS3 RHEB RHOH 

RHOT1 RIT1 RNASEL ROBO1 ROBO2 ROBO3 ROCK1 RPGR RPS6KB1 RPS6KB2 

RSPO2 RSPO3 RUNX1T1 RUNX2 RXRA RYR1 RYR2 SBDS SCUBE2 SDC4 
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SEC31A SEMA3A SEMA3E SEMA6A SERPINA7 SETBP1 SETDB1 SF1 SF3A1 SFPQ 

SGCZ SGK1 SH2B3 SH2D1A 
SH3PXD2
A 

SHH SI SIN3A SLC16A1 SLC1A2 

SLC22A16 SLC22A18 SLC22A2 SLC22A3 SLC34A2 SLCO1B3 SLIT1 SLIT2 SMARCD1 SMARCE1 

SMC1A SMC1B SNCAIP SNTG1 SNX29 SOD2 SOS1 SOX10 SOX17 SPEN 

SPRR3 SPSB4 SPTA1 SRD5A2 SRGAP1 SRGAP3 SRSF2 SRSF7 STAG1 STAT1 

SUCLG1 SUCLG2 SULT1A1 SUZ12 SVEP1 SYNCRIP SYNE1 TAF1 TAF15 TAF1L 

TAL1 TBL1XR1 TBX15 TBX22 TCEB1 TCF12 TCF3 TCF4 TCL1A TEC 

TENM3 TERT TET1 TFDP1 TFDP2 TFE3 TGFBR1 THBS2 TJP1 TLE1 

TLL2 TLR4 TLX3 
TMEM132
D 

TNFSF11 TNN TP53BP1 TP63 TP73 TPM3 

TPR TRAF2 TRAF7 TRIM24 TRIM58 TRIO TRPC5 TRRAP TSHZ2 TSHZ3 

TTF1 TUBA3C TUBB3 TUSC3 TXNIP TYMS TYR UBE2D2 UBR5 UGT1A1 

UMPS UPF3B USH2A USP6 USP8 VEZF1 VIM VTCN1 WASF3 WDR90 

WDTC1 WHSC1 WHSC1L1 WIPF1 WNK1 WNT5A WSCD2 WWOX WWP1 WWP2 

XIAP XPC XRCC1 XRCC3 YAP1 YY1AP1 ZBTB16 ZC3H11A ZFHX3 ZFP36L1 

ZFP36L2 ZFPM2 ZIC3 ZNF217 ZNF384 ZNF521 ZNF638 ZNF750 ZNF804B   
 
36 HRR genes analyzed 

ATM ATR ATRX BAP1 BARD1 BLM BRCA1 BRCA2 BRIP1 CDK12 

CHEK1 CHEK2 C11orf30 ERCC1 FAM175A FANCA FANCC FANCD2 FANCE FANCF 

FANCG FANCL FANCM MRE11 NBN PALB2 RAD50 RAD51 RAD51B RAD51C 

RAD51D RAD52 RAD54L RECQL RECQL4 WRN     
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e. Levels of Evidence for Genomic Biomarkers 
 

 
 

Figure 1. Joint consensus recommendation of AMP, ACMG, ASCO and CAP for reporting genetic variants in cancer. [1-2] 

 

1. Li MM, Datto M, Duncavage EJ, et al. J Mol Diagn. 2017 Jan;19(1):4-23.  

2. Leichsenring J, Horak P, Kreutzfeldt S, et al. Int J Cancer. 2019 Dec 1;145(11):2996-3010. 
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14. Biomarker findings across all Levels of evidence (A-D) 

 

Biomarker Result 

Therapies with strong clinical 
significance 

Therapies with potential 
significance 

Therapies with 
potential 

resistance Approved/ Standard of 
care therapies (Level A) 

Therapies 
in well 

powered 
studies 

(Level B) 

Off label/ 
Investigation
al therapies 

(Level C) 

Therapies in pre-
clinical trials 

(Level D) 

PIK3CA 

Exon 10 
c.1624G>A 
(p.E542K) 

VAF: 33.0% 

Alpelisib+Fulvestrant 
Capivasertib+Fulvestrant 

Inavolisib+Palbociclib+ 
Fulvestrant 

- - 
RLY-2608 

RLY-
2608+Fulvestrant 

- 

MYC Copy 
number gain - - - - - 

 

  



CONFIDENTIAL Supplement 31/33 

 

Name - Report No 26xxxxxxxGR 
 

    

  
52, Spaton Ave., 15344, Gerakas, Greece, G.E.MI. nr: 0007856001000 | info@genekor.com, www.genekor.com | Tel. (+30) 210 6032138 Fax. (+30) 210 6032148 
A company certified with ISO 9001:2015 (Cert. No 041150049) and ISO/IEC 27001:2022(Cert. No 048190009) 
- 
George Nasioulas, PhD Molecular Biologist, Scientific Director, Medical ID:26025301255 
Document Code: Δ21_PrimeDX 

15. References 

 

 1. Nickerson ML, et al. Concurrent alterations in TERT, KDM6A, and the BRCA pathway in bladder cancer. Clin Cancer Res. 

2014; 20:4935-48. doi: 10.1158/1078-0432.CCR-14-0330 (PMID: 25225064) 

 2. Schaub FX, et al. Pan-cancer Alterations of the MYC Oncogene and Its Proximal Network across the Cancer Genome 

Atlas. Cell Syst. 2018; 6:282-300.e2. doi: 10.1016/j.cels.2018.03.003 (PMID: 29596783) 

 3. Wang L and Shilatifard A. UTX Mutations in Human Cancer. Cancer Cell. 2019; 35:168-176. doi: 10.1016/j.ccell.2019.01.001 

(PMID: 30753822) 

 4. Fahey CC and Davis IJ. SETting the Stage for Cancer Development: SETD2 and the Consequences of Lost Methylation. 

Cold Spring Harb Perspect Med. 2017; 7:(unknown pages). doi: 10.1101/cshperspect.a026468 (PMID: 28159833) 

 5. Moynahan ME, et al. Correlation between PIK3CA mutations in cell-free DNA and everolimus efficacy in HR+, HER2- 

advanced breast cancer: results from BOLERO-2. Br J Cancer. 2017; 116:726-730. doi: 10.1038/bjc.2017.25 (PMID: 28183140) 

 6. Kanu N, et al. SETD2 loss-of-function promotes renal cancer branched evolution through replication stress and impaired 

DNA repair. Oncogene. 2015; 34:5699-708. doi: 10.1038/onc.2015.24 (PMID: 25728682) 

 7. Tsantikidi A, et al. RediScore: Prospective validation of a pipeline for homologous recombination deficiency analysis. 

Oncol Lett. 2023; 26:480. doi: 10.3892/ol.2023.14060 (PMID: 37809048) 

 8. Martin D, et al. The head and neck cancer cell oncogenome: a platform for the development of precision molecular 

therapies. Oncotarget. 2014; 5:8906-23. doi: 10.18632/oncotarget.2417 (PMID: 25275298) 

 9. Kim DW, et al. Genetic requirement for Mycl and efficacy of RNA Pol I inhibition in mouse models of small cell lung 

cancer. Genes Dev. 2016; 30:1289-99. doi: 10.1101/gad.279307.116 (PMID: 27298335) 

 10. Vita M and Henriksson M. The Myc oncoprotein as a therapeutic target for human cancer. Semin Cancer Biol. 2006; 

16:318-30. doi: 10.1016/j.semcancer.2006.07.015 (PMID: 16934487) 

 11. Fontebasso AM, et al. Mutations in SETD2 and genes affecting histone H3K36 methylation target hemispheric high-grade 

gliomas. Acta Neuropathol. 2013; 125:659-69. doi: 10.1007/s00401-013-1095-8 (PMID: 23417712) 

 12. Juric D, et al. Phosphatidylinositol 3-Kinase α-Selective Inhibition With Alpelisib (BYL719) in PIK3CA-Altered Solid 

Tumors: Results From the First-in-Human Study. J Clin Oncol. 2018; 36:1291-1299. doi: 10.1200/JCO.2017.72.7107 (PMID: 29401002) 

 13. Gymnopoulos M, et al. Rare cancer-specific mutations in PIK3CA show gain of function. Proc Natl Acad Sci U S A. 2007; 

104:5569-74. doi: 10.1073/pnas.0701005104 (PMID: 17376864) 

 14. Bosch A, et al. PI3K inhibition results in enhanced estrogen receptor function and dependence in hormone receptor-

positive breast cancer. Sci Transl Med. 2015; 7:283ra51. doi: 10.1126/scitranslmed.aaa4442 (PMID: 25877889) 

 15. He WL, et al. Association Between c-Myc and Colorectal Cancer Prognosis: A Meta-Analysis. Front Physiol. 2018; 9:1549. 

doi: 10.3389/fphys.2018.01549 (PMID: 30483143) 

 16. Zhao B, et al. Topoisomerase 1 cleavage complex enables pattern recognition and inflammation during senescence.  

Nat Commun. 2020; 11:908. doi: 10.1038/s41467-020-14652-y (PMID: 32075966) 

 17. Dang CV. MYC on the path to cancer. Cell. 2012; 149:22-35. doi: 10.1016/j.cell.2012.03.003 (PMID: 22464321) 

 18. Juric D, et al. Alpelisib Plus Fulvestrant in PIK3CA-Altered and PIK3CA-Wild-Type Estrogen Receptor-Positive Advanced 

Breast Cancer: A Phase 1b Clinical Trial. JAMA Oncol. 2019; 5:e184475. doi: 10.1001/jamaoncol.2018.4475 (PMID: 30543347) 

https://pubmed.ncbi.nlm.nih.gov/?term=25225064
https://pubmed.ncbi.nlm.nih.gov/?term=29596783
https://pubmed.ncbi.nlm.nih.gov/?term=30753822
https://pubmed.ncbi.nlm.nih.gov/?term=28159833
https://pubmed.ncbi.nlm.nih.gov/?term=28183140
https://pubmed.ncbi.nlm.nih.gov/?term=25728682
https://pubmed.ncbi.nlm.nih.gov/?term=37809048
https://pubmed.ncbi.nlm.nih.gov/?term=25275298
https://pubmed.ncbi.nlm.nih.gov/?term=27298335
https://pubmed.ncbi.nlm.nih.gov/?term=16934487
https://pubmed.ncbi.nlm.nih.gov/?term=23417712
https://pubmed.ncbi.nlm.nih.gov/?term=29401002
https://pubmed.ncbi.nlm.nih.gov/?term=17376864
https://pubmed.ncbi.nlm.nih.gov/?term=25877889
https://pubmed.ncbi.nlm.nih.gov/?term=30483143
https://pubmed.ncbi.nlm.nih.gov/?term=32075966
https://pubmed.ncbi.nlm.nih.gov/?term=22464321
https://pubmed.ncbi.nlm.nih.gov/?term=30543347


CONFIDENTIAL Supplement 32/33 

 

Name - Report No 26xxxxxxxGR 
 

    

  
52, Spaton Ave., 15344, Gerakas, Greece, G.E.MI. nr: 0007856001000 | info@genekor.com, www.genekor.com | Tel. (+30) 210 6032138 Fax. (+30) 210 6032148 
A company certified with ISO 9001:2015 (Cert. No 041150049) and ISO/IEC 27001:2022(Cert. No 048190009) 
- 
George Nasioulas, PhD Molecular Biologist, Scientific Director, Medical ID:26025301255 
Document Code: Δ21_PrimeDX 

 19. Lee KS, et al. c-MYC Copy-Number Gain Is an Independent Prognostic Factor in Patients with Colorectal Cancer. PLoS 

One. 2015; 10:e0139727. doi: 10.1371/journal.pone.0139727 (PMID: 26426996) 

 20. Tsantikidi A, et al. The Utility of NGS Analysis in Homologous Recombination Deficiency Tracking. Diagnostics (Basel). 

2023; 13:(unknown pages). doi: 10.3390/diagnostics13182962 (PMID: 37761329) 

 21. Chalishazar MD, et al. MYC-Driven Small-Cell Lung Cancer is Metabolically Distinct and Vulnerable to Arginine 

Depletion. Clin Cancer Res. 2019; 25:5107-5121. doi: 10.1158/1078-0432.CCR-18-4140 (PMID: 31164374) 

 22. Xu Y and Her C. Inhibition of Topoisomerase (DNA) I (TOP1): DNA Damage Repair and Anticancer Therapy. Biomolecules. 

2015; 5:1652-70. doi: 10.3390/biom5031652 (PMID: 26287259) 

 23. André F, et al. Alpelisib for PIK3CA-Mutated, Hormone Receptor-Positive Advanced Breast Cancer. N Engl J Med. 2019; 

380:1929-1940. doi: 10.1056/NEJMoa1813904 (PMID: 31091374) 

 24. Bader AG, et al. Oncogenic PI3K deregulates transcription and translation. Nat Rev Cancer. 2005; 5:921-9. doi: 

10.1038/nrc1753 (PMID: 16341083) 

 25. Mardis ER. Neoantigens and genome instability: impact on immunogenomic phenotypes and immunotherapy 

response. Genome Med. 2019; 11:71. doi: 10.1186/s13073-019-0684-0 (PMID: 31747945) 

 26. Turner NC, et al. Capivasertib in Hormone Receptor-Positive Advanced Breast Cancer. N Engl J Med. 2023; 388:2058-

2070. doi: 10.1056/NEJMoa2214131 (PMID: 37256976) 

 27. Wahlström T and Henriksson MA. Impact of MYC in regulation of tumor cell metabolism. Biochim Biophys Acta. 2015; 

1849:563-9. doi: 10.1016/j.bbagrm.2014.07.004 (PMID: 25038584) 

 28. Richards S, et al. Standards and guidelines for the interpretation of sequence variants: a joint consensus 

recommendation of the American College of Medical Genetics and Genomics and the Association for Molecular Pathology.  Genet 

Med. 2015; 17:405-24. doi: 10.1038/gim.2015.30 (PMID: 25741868) 

 29. Kang S, et al. Phosphatidylinositol 3-kinase mutations identified in human cancer are oncogenic. Proc Natl Acad Sci U S 

A. 2005; 102:802-7. doi: 10.1073/pnas.0408864102 (PMID: 15647370) 

 30. Grunnet M, et al. TOP1 gene copy numbers are increased in cancers of the bile duct and pancreas. Scand J Gastroenterol. 

2015; 50:485-94. doi: 10.3109/00365521.2014.980318 (PMID: 25615400) 

 31. Turner NC, et al. Inavolisib-Based Therapy in PIK3CA-Mutated Advanced Breast Cancer. N Engl J Med. 2024; 391:1584-

1596. doi: 10.1056/NEJMoa2404625 (PMID: 39476340) 

 32. Marabelle A, et al. Association of tumour mutational burden with outcomes in patients with advanced solid tumours 

treated with pembrolizumab: prospective biomarker analysis of the multicohort, open-label, phase 2 KEYNOTE-158 study. Lancet 

Oncol. 2020; 21:1353-1365. doi: 10.1016/S1470-2045(20)30445-9 (PMID: 32919526) 

 33. André T, et al. Pembrolizumab in Microsatellite-Instability-High Advanced Colorectal Cancer. N Engl J Med. 2020; 

383:2207-2218. doi: 10.1056/NEJMoa2017699 (PMID: 33264544) 

 34. Dogruluk T, et al. Identification of Variant-Specific Functions of PIK3CA by Rapid Phenotyping of Rare Mutations. Cancer 

Res. 2015; 75:5341-54. doi: 10.1158/0008-5472.CAN-15-1654 (PMID: 26627007) 

 35. Kalkat M, et al. MYC Deregulation in Primary Human Cancers. Genes (Basel). 2017; 8:(unknown pages). doi: 

10.3390/genes8060151 (PMID: 28587062) 

https://pubmed.ncbi.nlm.nih.gov/?term=26426996
https://pubmed.ncbi.nlm.nih.gov/?term=37761329
https://pubmed.ncbi.nlm.nih.gov/?term=31164374
https://pubmed.ncbi.nlm.nih.gov/?term=26287259
https://pubmed.ncbi.nlm.nih.gov/?term=31091374
https://pubmed.ncbi.nlm.nih.gov/?term=16341083
https://pubmed.ncbi.nlm.nih.gov/?term=31747945
https://pubmed.ncbi.nlm.nih.gov/?term=37256976
https://pubmed.ncbi.nlm.nih.gov/?term=25038584
https://pubmed.ncbi.nlm.nih.gov/?term=25741868
https://pubmed.ncbi.nlm.nih.gov/?term=15647370
https://pubmed.ncbi.nlm.nih.gov/?term=25615400
https://pubmed.ncbi.nlm.nih.gov/?term=39476340
https://pubmed.ncbi.nlm.nih.gov/?term=32919526
https://pubmed.ncbi.nlm.nih.gov/?term=33264544
https://pubmed.ncbi.nlm.nih.gov/?term=26627007
https://pubmed.ncbi.nlm.nih.gov/?term=28587062


CONFIDENTIAL Supplement 33/33 

 

Name - Report No 26xxxxxxxGR 
 

    

  
52, Spaton Ave., 15344, Gerakas, Greece, G.E.MI. nr: 0007856001000 | info@genekor.com, www.genekor.com | Tel. (+30) 210 6032138 Fax. (+30) 210 6032148 
A company certified with ISO 9001:2015 (Cert. No 041150049) and ISO/IEC 27001:2022(Cert. No 048190009) 
- 
George Nasioulas, PhD Molecular Biologist, Scientific Director, Medical ID:26025301255 
Document Code: Δ21_PrimeDX 

 36. Blancato J, et al. Correlation of amplification and overexpression of the c-myc oncogene in high-grade breast cancer: 

FISH, in situ hybridisation and immunohistochemical analyses. Br J Cancer. 2004; 90:1612-9. doi: 10.1038/sj.bjc.6601703 (PMID: 

15083194) 

 37. Maio M, et al. Pembrolizumab in microsatellite instability high or mismatch repair deficient cancers: updated analysis 

from the phase II KEYNOTE-158 study. Ann Oncol. 2022; 33:929-938. doi: 10.1016/j.annonc.2022.05.519 (PMID: 35680043) 

 38. Ng PK, et al. Systematic Functional Annotation of Somatic Mutations in Cancer. Cancer Cell. 2018; 33:450-462.e10. doi: 

10.1016/j.ccell.2018.01.021 (PMID: 29533785) 

 39. Zhu X, et al. Identification of functional cooperative mutations of SETD2 in human acute leukemia. Nat Genet. 2014; 

46:287-93. doi: 10.1038/ng.2894 (PMID: 24509477) 

 40. Nesbit CE, et al. MYC oncogenes and human neoplastic disease. Oncogene. 1999; 18:3004-16. doi: 

10.1038/sj.onc.1202746 (PMID: 10378696) 

 41. Meyer N and Penn LZ. Reflecting on 25 years with MYC. Nat Rev Cancer. 2008; 8:976-90. doi: 10.1038/nrc2231 (PMID: 

19029958) 

 42. Chandarlapaty S. Negative feedback and adaptive resistance to the targeted therapy of cancer. Cancer Discov. 2012; 

2:311-9. doi: 10.1158/2159-8290.CD-12-0018 (PMID: 22576208) 

 43. Bahram F, et al. c-Myc hot spot mutations in lymphomas result in inefficient ubiquitination and decreased proteasome-

mediated turnover. Blood. 2000; 95:2104-10. (PMID: 10706881) 

 44. Rochlitz CF, et al. Overexpression and amplification of c-myc during progression of human colorectal cancer. Oncology. 

1996; 53:448-54. doi: 10.1159/000227619 (PMID: 8960139) 

 45. McDaniel SL and Strahl BD. Shaping the cellular landscape with Set2/SETD2 methylation. Cell Mol Life Sci. 2017; 74:3317-

3334. doi: 10.1007/s00018-017-2517-x (PMID: 28386724) 

 46. Stewart MD, et al. Homologous Recombination Deficiency: Concepts, Definitions, and Assays. Oncologist. 2022; 27:167-

174. doi: 10.1093/oncolo/oyab053 (PMID: 35274707) 

 47. Dolly SO, et al. Phase I Study of Apitolisib (GDC-0980), Dual Phosphatidylinositol-3-Kinase and Mammalian Target of 

Rapamycin Kinase Inhibitor, in Patients with Advanced Solid Tumors. Clin Cancer Res. 2016; 22:2874-84. doi: 10.1158/1078-

0432.CCR-15-2225 (PMID: 26787751) 

 48. Bjornsti MA and Kaufmann SH. Topoisomerases and cancer chemotherapy: recent advances and unanswered 

questions. F1000Res. 2019; 8:(unknown pages). doi: 10.12688/f1000research.20201.1 (PMID: 31602296) 

 49. Ikenoue T, et al. Functional analysis of PIK3CA gene mutations in human colorectal cancer. Cancer Res. 2005; 65:4562-

7. doi: 10.1158/0008-5472.CAN-04-4114 (PMID: 15930273) 

 50. Kümler I, et al. Topoisomerase-1 gene copy aberrations are frequent in patients with breast cancer. Int J Cancer. 2015; 

137:2000-6. doi: 10.1002/ijc.29556 (PMID: 25855483) 
 

 

https://pubmed.ncbi.nlm.nih.gov/?term=15083194
https://pubmed.ncbi.nlm.nih.gov/?term=35680043
https://pubmed.ncbi.nlm.nih.gov/?term=29533785
https://pubmed.ncbi.nlm.nih.gov/?term=24509477
https://pubmed.ncbi.nlm.nih.gov/?term=10378696
https://pubmed.ncbi.nlm.nih.gov/?term=19029958
https://pubmed.ncbi.nlm.nih.gov/?term=22576208
https://pubmed.ncbi.nlm.nih.gov/?term=10706881
https://pubmed.ncbi.nlm.nih.gov/?term=8960139
https://pubmed.ncbi.nlm.nih.gov/?term=28386724
https://pubmed.ncbi.nlm.nih.gov/?term=35274707
https://pubmed.ncbi.nlm.nih.gov/?term=26787751
https://pubmed.ncbi.nlm.nih.gov/?term=31602296
https://pubmed.ncbi.nlm.nih.gov/?term=15930273
https://pubmed.ncbi.nlm.nih.gov/?term=25855483

