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Abstract

Objective: This study identified genetic variations in ovarian tumor specimens from Filipino epithelial ovarian cancer
(EOC) patients using next-generation sequencing. Methods: Genomic DNA was isolated from formalin-fixed paraffin-
embedded ovarian specimens from 8 chemosensitive and 8 chemoresistant EOC patients. Targeted next-generation
sequencing was done to identify mutations in hotspot regions of common oncogenes and tumor-suppressor genes. The
mutations were cross-referenced with dbSNP and ClinVar databases to identify previously reported alterations, and
potentially damaging variants were predicted using PolyPhen-2. Results: Our study has identified 85 unique variants, 35
in chemosensitive EOC, 22 in chemoresistant EOC, and 28 in both. Chemosensitive EOC specimens had more exonic
single nucleotide variants than chemoresistant EOC specimens. Of the 50 oncogenes and tumor suppressor genes, KDR
gene had the most frequent variations in EOC patients. Two of the unique KDR variants identified were novel mutations.
Thirty-nine unique protein-modifying genetic variants were identified in all specimens, the majority of which have been
previously reported in dbSNP and ClinVar. Conclusion: This study was the first non-BRCA genetic analysis done on
ovarian cancer in Filipino patients. Next-generation sequencing was able to identify previously reported alterations with
known therapeutic implications which may benefit from targeted therapy instead of standard chemotherapy regimen.
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Introduction

Cancer of the ovaries is the fifth most diagnosed
cancer in women from the Philippines, following breast,
cervix, colorectal, and lung cancers, and the second most
common gynecologic malignancy (Laudico et al., 2015).
Most ovarian cancer diagnosed worldwide are of epithelial
type, comprising 90% of the cases, occurring primarily
in postmenopausal women (Jelovac & Armstrong, 2011).
Globally, quarter of ovarian cases are associated with
germline mutations, with the rest arising from sporadic
mutations. Of the hereditary ovarian cancers, 20% of the
cases in the Philippines and worldwide are attributed to
mutations in BRCA 1/2 (De Leon Matsuda et al., 2002;
Konstantinopoulos et al., 2020).

Early-stage ovarian cancer usually does not present
with any symptoms; if any, it presents as vague symptoms

usually attributed to gastrointestinal pathology (Lheureux
et al., 2019). Pelvic examination may detect ovarian
masses, with serum tumor markers such as CA-125
and transvaginal ultrasound aiding in diagnosis. These
modalities, however, are not ideal as screening tools
because usage in average-risk women did not decrease
the risk of mortality, and was associated with increased
harm ranging from minor procedure-related adverse events
(e.g., nausea, fainting) to more severe complications
from cancer diagnosis or false-positive results (e.g.,
infection, bowel injury) (Buys et al., 2011). Non-specific
symptomatology combined with a lack of effective
screening tools contributes to late diagnosis of ovarian
cancer, making it the most lethal gynecologic malignancy
in terms of case-fatality rate (Doubeni et al., 2016).
Epithelial ovarian cancer (EOC) is treated with
debulking surgery to remove the primary tumor and other
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masses detected in the fallopian tube and the peritoneum
during exploratory laparotomy, with a standard regimen
of platinum-based chemotherapeutic drug and taxane
(e.g. carboplatin-paclitaxel) as adjuvant therapy (Berek
etal., 2018). The response to chemotherapy is classified
as either resistant or sensitive, with chemoresistant
ovarian cancer recurring within 6 months from the end
of chemotherapy. In contrast, chemosensitive ovarian
cancer recurs beyond 1 year (Stuart et al., 2011). Due to
heterogeneity in chemotherapeutic response, there is a
need to custom-fit treatment with the genetic profile of
patients as part of precision medicine. In the Philippines,
however, only a few genetic studies have been done
on ovarian cancer, focusing on BRCA 1/2 mutations
associated with hereditary breast-ovarian cancer (De
Leon Matsuda et al., 2002; Nato, 2003; Que et al., 2018).
This pioneering study described genetic variations in
chemosensitive and chemoresistant ovarian specimens
from Filipino patients that may be associated with
pathogenesis or chemotherapeutic response via targeted
next-generation sequencing of hotspot regions of common
tumor suppressor genes and oncogenes.

Materials and Methods

Patient selection and sample preparation

Deidentified formalin-fixed paraffin-embedded
(FFPE) ovarian tissues composed of 8 chemosensitive
(CS) and 8 chemoresistant (CR) from randomly selected
patients were retrieved from University of the Philippines
- Philippine General Hospital. The inclusion criteria were
(1) pathologic diagnosis of epithelial ovarian based on
routine hematoxylin and eosin-stained histopathology, and
(2) no family history of ovarian cancer. The response to
chemotherapy was defined as (a) Resistant, progression-
free interval since the last line of platinum-based
chemotherapy of less than 6 months; and (b) Sensitive,
progression-free interval since the last line of platinum-
based chemotherapy of more than 12 months (Stuart et
al., 2011). Clinical follow-up until at least 1 year should
be completed to be included. This study was conducted
upon approval of University of the Philippines Manila
Research Ethics Board.

Targeted next-generation sequencing platform

DNA was isolated from FFPE blocks with high
tumor percentage using Maxwell® RSC DNA FFPE Kit
(Promega) as described in the product manual. DNA
samples were quantified using Qubit® 2.0 fluorometer
with dsDNA BR assay kit (ThermoFisher Scientific) and
stored at -20°C. About 10 ng of DNA for each sample was
used for library preparation using lon AmpliseqTM Kit
for Chef DL8 and Ton ChefTM Instrument (ThermoFisher
Scientific). Ion AmpliSeqTM Cancer Hotspot Panel v2
(ThermoFisher Scientific) was used for amplification of
hotspot regions, including approximately 2,800 COSMIC
mutations of 50 oncogenes and tumor suppressor genes
such as APC, KDR, KIT, KRAS, PIK3CA, PTEN,
and TP53 composed of 207 indexed, adaptor ligated,
hybridization-captured primer pairs with average
amplicon length 154 bp. Sequencing was performed using
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the lon PGMTM Sequencer (ThermoFisher Scientific) and
Ton PGMTM Hi-QTM View Chef Kit with the Ion 316TM
Chip Kit described by the manufacturer.

Bioinformatics analysis

Data analysis of BAM files was carried lon Torrent
Sequencing platform (Life Technologies). Generated
reads were aligned to the GRCh37 (hgl19) human
reference genome. Torrent Suite Software V.5.12 (Life
Technologies) was used to call variants such as somatic
single-nucleotide polymorphisms (SNPs), multi-
nucleotide polymorphisms (MNPs), insertions, deletions,
and block substitutions. The same software package was
used to filter and annotate variants. Annotation for each
variant included the type of variant, gene location, type
of transcript, and amino acid change due to the variant.
Annotation was cross-referenced with UCSC Genome
Browser (Kent et al., 2002) (https://genome.ucsc.edu/).
PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/)
was used to predict functional effect of an amino acid
substitution in a certain protein (Adzhubei et al., 2010).
dbSNP (https://www.ncbi.nlm.nih.gov/snp/) and ClinVar
(https://www.ncbi.nlm.nih.gov/clinvar/) were used to
identify previously reported genetic variants (Sherry et al.,
2001) and their relationship to human diseases (Landrum
et al., 2018), respectively.

Statistical analysis

Descriptive analysis using tables, frequency (%), and
median values were used to summarize and analyze the
data collected. Mann-Whitney test was done to compare
the median age of the two groups. For other baseline
characteristics, chi-square test for independence was done
to determine the association between the two groups.
P-values of 0.05 or less were considered statistically
significant. Proportions and frequencies were reported for
genetic variants due to limitations in the analysis due to
small sample size. Data were analyzed using GraphPad
Prism 9.3.1 (https://www.graphpad.com) (San Diego,
CA, USA).

Results

Patient demographics and tumor characteristics

The study participants had a median age of 50.0 at the
time of cytoreductive surgery, with age ranging from 23
to 57 years in chemosensitive group, and from 24 to 62
in chemoresistant group (Table 1). This was consistent
with median age at diagnosis of 50-79 years reported
by Momenimovahed et al (2019). The difference in
median age between the two groups was not statistically
significant (p=0.4564). Both groups had comparable
gravidity (p=0.3149), number of abortions (p=0.5218) and
number of preterm deliveries (p=0.5218). Majority of the
patients (11 of 16) had advanced-stage disease at the time
of cytoreductive surgery. The ovarian tumors surgically
removed from patients were mostly serous, the most
common histologic subtype in epithelial ovarian cancer
(Torre et al., 2018). There was no statistically significant
difference between chemosensitive and chemoresistant
EOC groups in the cancer stage (p=0.3666) and histologic
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Table 1. Summary of Patient Demographics and Tumor Characteristics in EOC.

Total EOC group Chemosensitive EOC group  Chemoresistant EOC group  P-value
(n=16) (n=8) (n=8)
Median age (range) 50.0 (23-62) 49.5 (23-57) 55.5 (24-62) 0.4564
Gravidity 0.3149
Nulligravid 5 2 3
Primigravid 2 2 0
Multigravid 9 4 5
Abortion 3 1 2 0.5218
Preterm delivery 3 1 2 0.5218
FIGO Stage 0.3666
I 3 2 1
I 2 2 0
I 8 3 5
v 3 1 2
Histologic type 0.2276
Serous 12 5 7
Endometrioid 2 2 0
Clear cell 1 0 1
Mucinous 1 1 0

subtype (p=0.2276).

Chemosensitive EOC specimens have more exonic SNVs

A total of 305 genetic variants were detected in
the EOC specimens, as shown in Table 2, of which 85
were unique. Supplementary Table A shows a list of all
genetic variants identified via targeted next-generation
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Figure 1. Frequency Heatmap of Genetic Variations Across Chemosensitive and Chemoresistant EOC Specimens.
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Table 2. Summary of Genetic Variants in both Chemosensitive and Chemoresistant EOC Groups.

Chemosensitive EOC group (n=8)

Chemoresistant EOC group (n=8)

Total genetic variants
Unique variants
Variants exclusive to the group
Type of alteration
Insertion-deletion (Indel)
Single nucleotide variant (SNV)
Multi-nucleotide variant (MNV)
SNVs by location
Exonic
Non-exonic
Exonic SNVs by effect
Synonymous
Missense

Nonsense

168
63
35

33

28

18

137
50
22

20

12

unique variants were shared between chemosensitive
and chemoresistant EOC specimens. These 28 common

variants were mostly single nucleotide variants or SNVs
(26, 92.86%), with | insertion-deletion and 1 multi-

Table 3. Frequency of Genetic Variants Common to Both Chemosensitive and Chemoresistant EOC Specimens.

Position Type Geno-type Gene Location Functional Consequence Frequency
CS CR
chr2:209113192 SNV G/A IDH] exonic synonymous 3 3
chr2:212812097 SNV T/C ERBB4 intronic - 5 3
chr2:29432625 SNV C/A ALK intronic - 1 2
chr4:1807894 SNV G/A FGFR3 exonic synonymous 8 7
chr4:55141055 SNV A/G PDGFRA exonic synonymous 8 8
chr4:55152040 SNV C/T PDGFRA exonic synonymous 1 2
chr4:55593464 SNV A/C KIT exonic missense 1 2
chr4:55593481 SNV A/G KIT exonic synonymous 5 2
chr4:55946354 SNV G/T KDR intronic - 3 4
chr4:55962545 INDEL -/G KDR intronic - 3 4
chr4:55972974 SNV T/A KDR exonic missense 4 7
chr4:55980239 SNV C/T KDR intronic - 6 6
chr5:112175770 SNV G/A APC exonic synonymous 8 8
chr5:149433596 MNV TG/GA CSFIR 3’ UTR - 7 7
chr7:55249063 SNV G/A EGFR exonic synonymous 3 1
chr7:116339672 SNV C/T MET exonic synonymous 1 2
chr7:116340262 SNV A/G MET exonic missense 1 2
chr10:43613843 SNV G/T RET exonic synonymous 5 5
chr10:43615633 SNV C/G RET exonic synonymous 3 2
chr11:534242 SNV A/G HRAS exonic synonymous 2 2
chr12:25398284 SNV C/T KRAS exonic missense 1 2
chr13:28610183 SNV A/G FLT3 intronic - 8 8
chr17:7579472 SNV G/C TP53 exonic missense 8 5
chr18:48586344 SNV C/T SMAD4 intronic - 2 2
chr19:1220321 SNV T/C STK11 intronic - 8 7
chr19:1223125 SNV C/G STK11 exonic missense 2 2
chr22:24134064 SNV C/A SMARCBI1 exonic missense 6 3
chr22:24176287 SNV G/A SMARCBI intronic - 4 3
1190 4sian Pacific Journal of Cancer Prevention, Vol 24
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Table 4. Frequency of Exclusive Genetic variants in Chemosensitive and Chemoresistant EOC Specimens.

Position Type Genotype Gene Location Functional Consequence Freq.

Chemosensitive EOC specimens only

chr2:212576848 SNV T/C ERBB4 exonic missense 1
chr2:212578395 SNV G/A ERBB4 intronic 1
chr2:29443617 SNV C/G ALK exonic synonymous 1
chr3:178916876 SNV G/A PIK3CA exonic missense 2
chr3:178921547 SNV C/T PIK3CA exonic synonymous 2
chr3:178927980 SNV T/C PIK3CA exonic missense 1
chr3:37067240 SNV T/A MLHI exonic missense 1
chr3:41266113 SNV C/A CTNNB1 exonic missense 1
chrd:55144628 SNV C/T PDGFRA exonic missense 1
chr4:55597497 SNV C/T KIT 57 splice site 1
chr4:55972955 SNV G/A KDR exonic missense 1
chr4:55979624 SNV G/A KDR exonic nonsense 1
chr5:112175952 INDEL A/- APC exonic frameshift deletion 7
chr7:116339662 SNV G/A MET exonic missense 1
chr7:116340176 SNV C/T MET exonic synonymous 1
chr7:128845088 SNV A/G SMO exonic synonymous 4
chr7:55211110 SNV C/T EGFR exonic missense 1
chr7:55241701 SNV G/A EGFR exonic missense 1
chr10:43617372 SNV C/T RET intronic 1
chr10:89692905 SNV G/A PTEN exonic missense 2
chr10:89711899 SNV C/T PTEN exonic missense 2
chr10:89711910 SNV T/G PTEN exonic nonsense 1
chr10:89720725 SNV T/C PTEN exonic synonymous 1
chr10:89720812 INDEL A/- PTEN exonic frameshift deletion 4
chr10:89720870 SNV T/G PTEN exonic missense 1
chr11:108137941 SNV C/A ATM exonic nonsense 1
chr11:108180917 SNV T/C ATM exonic synonymous 1
chr11:108236264 SNV C/G ATM 3’UTR 1
chr12:25378656 SNV T/C KRAS exonic synonymous 1
chr13:48942677 SNV G/T RBI1 exonic missense 1
chr14:105246565 SNV C/T AKTI intronic 1
chr17:7577108 SNV C/A P53 exonic missense 1
chrl7:7577570 SNV C/A TP53 exonic missense 1
chr18:48591907 SNV C/T SMAD4 exonic missense 1
chr18:48603030 SNV A/T SMAD4 exonic missense 1
Chemoresistant EOC specimens only
chrl:115256542 SNV C/T NRAS exonic missense 1
chr1:43815034 SNV C/T MPL intronic 1
chr2:212578389 SNV A/G ERBB4 intronic 1
chr3:178917005 SNV A/G PIK3CA intronic 3
chr3:178936091 SNV G/A PIK3CA exonic missense 2
chr3:178952020 SNV C/T PIK3CA exonic synonymous 2
chr3:178952085 SNV A/G PIK3CA exonic missense 1
chr3:178952151 SNV G/A PIK3CA exonic synonymous 1
chr3:178952202 SNV T/C PIK3CA 3’UTR 1
chr3:178952228 SNV G/A PIK3CA 3’ UTR 1
chr4:153250867 SNV G/A FBXW7 exonic missense 1
chr4:1807864 SNV C/T FGFR3 exonic synonymous 1
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Table 4. Continued

Position Type Genotype Gene Location Functional Consequence Freq.

Chemoresistant EOC specimens only
chr4:55953852 SNV G/A KDR exonic missense 1
chr4:55973048 SNV G/A KDR intronic 1
chr7:128845966 SNV A/G SMO intronic 1
chr9:133738374 SNV G/A ABL exonic synonymous 1
chr9:139399411 INDEL CCA/- NOTCH1 exonic non-frameshift deletion 1
chr10:89692902 SNV G/A PTEN exonic missense 1
chr11:108225611 SNV T/C ATM intronic 1
chr11:108236232 SNV G/A ATM exonic synonymous 1
chrl7:7579437 INDEL C/- TP53 exonic frameshift deletion 1
chr19:17954206 SNV C/T JAK3 exonic missense 1

nucleotide variant. Eighteen SN'Vs were exonic, of which
11 were silent mutations, and 7 were missense mutations.

In the chemosensitive EOC group, 33 of the 35 exclusive
variants were SNVs, while 2 were insertion-deletion. Of
the SNVs, 28 (84.85%) were exonic, of which 18 were
missense mutations, 3 were nonsense mutations, and 7
were silent mutations. On the other hand, 20 of the 22
variants exclusive to the chemoresistant EOC group were
SNVs, of which 12 (60.00%) were exonic. Five exonic
SNVs were silent mutations, while seven were missense
mutations.

Genetic variants common to all EOC specimens

Of the 305 non-unique genetic variants across 16
EOC specimens, KDR genetic variants had the highest
frequency with 41 (13.44%), followed by APC (23,
7.54%), PDGFRA (20, 6.56%), and STK11 (19, 6.23%).
FGFR3, FLT3, PIK3CA, RET, and TP53 each had 16
variants, accounting for 5.25% each. The frequency
of the variants per gene in each specimen is shown in
Figure 1. Table 3 shows the genetic variants common
to chemosensitive and chemoresistant EOC specimens.
SNVs in PDGFRA, APC, and FLT3 were present in all 16
specimens, followed by STK 11 and FGFR3 (n=15 each).
The most common SNVs which resulted in alteration in
protein sequence were missense mutations in TP53 (n=13),
KDR (n=11), and SMARCBI1 (n=9). The gene with the
most variants was KDR, with 1 insertion-deletion and 3
SNVs, of which 1 was a missense mutation. KDR was
followed by PDGFRA, KIT, MET, RET, STK11 and
SMARCBI1 with 2 genetic variants each. Of the five genes,
only MET and SMARCBI had a genetic variant that
resulted in a missense mutation. There were 7 variants that
resulted in protein modification due to missense mutation
in KIT, KDR, MET, KRAS, TP53, STK11 or SMARCBI.

Exclusive genetic variants in chemosensitive and
chemoresistant EOC

There were 35 genetic variants found only
in chemosensitive EOC specimens, as shown in
Table 4. Twenty-three exclusive variants resulted in
protein modification, 18 of which were due to missense
mutations, 3 to nonsense mutations, and 2 to frameshift
deletion. A frameshift deletion in APC was the most
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common genetic variant in this group (n=7), followed by
a frameshift deletion in PTEN and an SNV in SMO (both
n=4 each). The gene with the most variants was PTEN
with 1 frameshift deletion as mentioned and 5 SNVs, of
which 3 were missense mutations and 1 was a nonsense
mutation. PTEN was followed by PIK3CA and ATM with
3 genetic variants each. In terms of variants that resulted
in protein modifications, PTEN was followed by KDR at 1
missense and 2 nonsense mutations, followed by PIK3CA,
EGFR, SMAD4 and TP53 with 2 missense mutations each.
MLHI1, CTNNBI1, RBI1, and AKT1 variants were found
only in chemosensitive EOC group.

On the other hand, of the 22 chemoresistant
EOC-exclusive genetic variants, 9 resulted in protein
modification. All genetic variants were present in 3
specimens or less. The gene with the most variants was
PIK3CA with 6 SNVs. Interestingly, all 6 SNVs were
found in one specimen. PIK3CA (2 missense) and PTEN
(1 non-frameshift deletion, 1 missense) were the genes
with most variants resulting in protein modification. MPL,
NRAS, FBXW7, NOTCH1, ABL1 and JAK3 variants
were exclusive to chemoresistant EOC group.

In silico functional prediction reveals potentially
damaging gene variants

Table 5 shows the 39 unique protein-modifying genetic
variants identified in all EOC specimens. Seven protein-
modifying genetic variants were common to both EOC
groups, all of which have been previously reported in
dbSNP. Using ClinVar as reference database, 4 of these
variants were deemed benign or likely benign, 1 was
pathogenic, and 1 was not previously reported in ClinVar.
The remaining variant had no interpretation provided.

Of'the 23 protein-modifying variants in chemosensitive
EOC group, 13 were previously deposited in dbSNP.
Eight of these 13 variants were reported as pathogenic
or likely pathogenic, 1 was reported to be benign, 3
were of uncertain significance, and 1 was not previously
reported in ClinVar. In particular, PIK3CA, PTEN, and
TP53 variants described in this study were found to be
associated with pathogenic conditions. Using PolyPhen-2
to predict functional effect of amino acid substitution in
8 previously unreported SNVs, 6 variants were predicted
to be deleterious while 2 were predicted to be benign.
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Table 5. In silico Functional Prediction of Exonic Genetic Variants in Chemosensitive and Chemoresistant EOC Specimens.

Position Genotype Gene Change PolyPhen-2 HumDiv score dbSNP ClinVar
Interpretation Var ID

Common to chemosensitive and chemoresistant EOC specimens
chr4:55593464 A/C KIT M541L Benign (0.009) 1s3822214 Benign/Likely benign 41599
chr4:55972974 T/A KDR Q472H Benign (0.003) rs1870377 Not provided 134603
chr7:116340262 A/G MET N375S Benign (0.038) r$33917957 Benign 41611
chr12:25398284 C/T KRAS G12D Benign (0.380) rs121913529 Pathogenic 12582
chr17:7579472 G/C TP53 P72R Benign (0.083) rs1042522 Benign 12351
chr19:1223125 C/G STK11 F354L Benign (0.025) 1859912467 Benign/Likely benign 7461
chr22:24134064 C/A SMARCBI1 T72K Benign (0.008) 151568936152 Not Reported in ClinVar n/a

Chemosensitive EOC specimens only
chr2:212576848 T/C ERBB4 S351G Probably Damaging (0.985) n/a n/a n/a
chr3:178916876 G/A PIK3CA R88Q Probably Damaging (1.000) rs121913287 Pathogenic 376049
chr3:178927980 T/C PIK3CA C420R Probably Damaging (0.997) rs121913272 Pathogenic 31945
chr3:37067240 T/A MLHI1 V384D Probably Damaging (1.000) 1363750447 Benign 41632
chr3:41266113 C/A CTNNBI1 S37Y Probably Damaging (1.000) rs121913403 Pathogenic/Likely pathogenic 375894
chr4:55144628 C/T PDGFRA P701L Benign (0.027) n/a n/a n/a
chr4:55972955 G/A KDR P479S Probably Damaging (0.999) n/a n/a n/a
chr4:55979624 G/A KDR R275%* n/a 151720648779 Not Reported in ClinVar n/a
chr5:112175952 A/- APC E1554fs n/a n/a n/a n/a
chr7:116339662 G/A MET C175Y Probably Damaging (1.000) rs1584877055 Uncertain significance 948372
chr7:55211110 C/T EGFR Al1I8V Probably Damaging (1.000) n/a n/a n/a
chr7:55241701 G/A EGFR V717M Probably Damaging (0.998) n/a n/a n/a
chr10:89692905 G/A PTEN R130Q Probably Damaging (1.000) rs121909229 Pathogenic 7829
chr10:89711899 C/T PTEN R173C Probably Damaging (1.000) rs121913293 Pathogenic 189500
chr10:89711910 T/G PTEN Y176* n/a rs1057522285 Likely pathogenic 492732
chr10:89720812 Al- PTEN N323fs n/a rs121913291 Likely pathogenic 928675
chr10:89720870 T/G PTEN F341V Probably Damaging (1.000) 151554825652 Uncertain significance 495806
chr11:108137941 C/A ATM S837* n/a n/a n/a n/a
chr13:48942677 G/T RB1 R3551 Probably Damaging (0.959) n/a n/a n/a
chrl17:7577108 C/A TP53 C277F Probably Damaging (1.000) 15763098116 Uncertain significance 458567
chrl17:7577570 C/A TP53 M2371 Probably Damaging (1.000) rs587782664 Likely pathogenic 634770
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On the other hand, of the 9 protein-modifying variants in
chemoresistant EOC group, 7 were reported in dbSNP.
Four variants were reported in ClinVar as pathogenic or
likely pathogenic, while 3 were not previously reported in
ClinVar. Of the 2 unreported SNVs, the FBXW?7 variant
was predicted to be damaging while the JAK3 variant was
predicted to be benign.

Discussion

Based on a small follow-up prevalence study of
protein-modifying FBXW?7, KDR, NOTCHI1 and
PTEN variants seen exclusively in chemoresistant EOC
(Supplementary Table B), no samples harbored the
selected genetic variants, implying that these variants
exist in low frequency i.e. sporadic. However, there
were some interesting observations obtained from this
study. KDR, which encodes for vascular epithelial
growth factor receptor 2 or VEGFR-2, was found to be
the gene with the most common alterations in all EOC
specimens in this study. As KDR has the most significant
prevalence of alterations in lung adenocarcinoma, colon
adenocarcinoma, cutaneous melanoma (American
Association for Cancer Research (AACR) Project GENIE
Consortium, 2017), the role of KDR variants in epithelial
ovarian cancer needs further scrutiny. Six of the KDR
variants were already described in dbSNP, of which
4 did not have clinical significance yet as reported in
ClinVar database. A missense mutation (genotype A>T)
at chr4:55972974, which resulted in Q472H alteration of
VEGFR-2, has been implicated in cancer susceptibility,
but was not previously reported in ovarian cancer (Bodian
et al., 2014). Two SNVs, one at chr4:55972955 and one
at chr4:55973048 have not been deposited in dbSNP, thus
this study is the first to report these mutations. In particular,
the missense mutation at chr4:55972955 resulted in P479S
alteration, which might increase cancer susceptibility.

Of the protein-modifying genetic variants in
chemoresistant EOC, three have been described in
Personalized Cancer Therapy Knowledge Base for
Precision Oncology. This knowledge base provides
information on the functional effects of these genetic
variants and their therapeutic implications (Dumbrava
and Meric-Bernstam, 2018). A missense mutation in
PIK3CA resulted in E545K alteration, an activating
alteration associated with increased cell proliferation,
colony formation, and invasiveness (Bader et al., 2006;
Dogruluk et al., 2015; Gymnopoulos et al., 2007; Ikenoue
etal., 2005; Kang et al., 2005; Ng et al., 2018; Samuels et
al., 2005; Zhang et al., 2008). Another missense mutation
in PIK3CA resulted in H1047R alteration within the kinase
domain. The most frequently encountered alteration in
somatic cancer results in the activation of PI3K/AKT/
mTOR pathway to induce cell proliferation and survival,
colony formation, and anchorage-independent growth
(Berenjeno et al., 2017; Chang et al., 2016; Hart et al.,
2015; Zhang et al., 2008). On the other hand, a missense
mutation in PTEN resulted in G129E alteration deficient
in lipid phosphatase activity (Furnari et al., 1998; Han
et al., 2000; Leslie et al., 2007; Myers et al., 1998). This
alteration, which has been reported in gliomas, endometrial



cancers, melanomas as a somatic mutation, and Cowden
syndrome as a germline mutation, is associated with
colony formation and increased cell growth (Byron et
al., 2008; Furnari et al., 1998; Hansen-Kiss et al., 2017;
Steelman et al., 2008; Van Allen et al., 2014; Wang et al.,
2000). The two PIK3CA alterations were responsive to
PI3K/AKT/mTOR inhibitors, while the PTEN alteration
was responsive to mTOR inhibitor rapamycin, implying
an opportunity for targeted therapy given the resistance
of cancerous lesions to platinum-based chemotherapy
(Beaver et al., 2013; Elkabets et al., 2013; Garnett et al.,
2012; Gonzalez-Angulo and Blumenschein, 2013; Janku
etal., 2014; Liuetal., 2011; Mayer et al., 2014; Ng et al.,
2018; Rashmi et al., 2014; Sangai et al., 2012; Steelman
et al., 2008; Zhao et al., 2016).

Two deletions were found in chemoresistant EOC
specimens, both at exonic locations. A non-frameshift
deletion at NOTCH1 gene resulted to deletion of one
valine residue in the LVVVL sequence between residue
1570 and 1580. On the other hand, a deletion at TP53
gene resulted in a frameshift starting at residue 84 of
p53. While TP53 mutations were long implicated in
platinum chemoresistance in ovarian cancer (Reles
et al., 2001), the relationship of Notch signaling with
platinum chemoresistance has only been described
previously in non-small cell lung cancer and colon cancer
(Kukcinaviciute et al., 2018; Zhang et al., 2017). Of the
genes with variants exclusively ascribed to chemoresistant
EOC in this study, JAK3 is notable as mutations in JAK
could affect downstream response of tumor cells to various
interleukins such as IL-6 and IL-7 leading to platinum
chemoresistance (Meng et al., 2020; Sun et al., 2019).

Although our study includes a small sample of patients,
to our knowledge, this is the first study conducted to study
the genetic profiling of Filipino ovarian cancer patients
outside of BRCA1 and BRCA2. As this is a descriptive
study, we recommend functional studies looking into
the effect of these unreported mutations not previously
ascribed to cancer. Future direction includes conducting
a prospective cohort study with larger sample size to
identify potential prognostic and predictive biomarkers
in conjunction with sonographic findings to help improve
clinical outcomes in women with EOC.
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