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Abstract

Endocrine-based therapies are recommended as standard treatment for 70%
hormone receptor positive (HR-positive) tumors in breast cancer (BC), the most
malignant disease that specifically affects women. De novo resistance, which occurs
in about 30% of HR-positive BC, and acquired resistance, which develops over time
in most tumors that initially respond to treatment, are major obstacles to controlling
the growth and metastasis of BC, which can result in metastasis, recurrence, or even
death. Through PIK3CA gene mutations, the PI3K pathway becomes activated,
stimulating the proliferation of cancer cells, their invasion of human organs, and the
development of resistance to treatment. Moreover, the endocrine resistance caused
by ligand-independent estrogen receptor activity could be increased by producing
more mutant clones as a result of mutations in the estrogen receptor gene (ESRI).
Therefore, screening for PIK3CA or ESR I mutations in plasma (so-called circulating
cell-free DNA, cfDNA) is mandatorily recommended when considering HR-
positive/HER2-negative advanced/metastatic BC patient candidates for mutant
related target therapy, as alpelisib/capivasertib/inavolisib or elacestrant, respectively.

PIK3CA, which encodes the p110a catalytic subunit of PI3K, is one of the
most commonly mutated oncogenes in breast cancer (30-50% of cases). Nearly
80% of PIK3CA mutations occur at positions E545K in exon 9 and H1047R in
exon 20, which activate PI3K signaling. The occurrence of these mutations has
been associated to hormone receptor-positive (HR+) BC, which has major
implications for patient prognosis and therapy response assessment.

ESRI mutations evolve in the ligand-binding domain (LBD) of the
endocytic receptor alpha that cause constitutive activity of the receptor
independent of its LBD, resistance to various endocrine therapies (particularly
aromatase inhibitor-Al), disease progression, or relapse. ESRI gene alterations
occur in 20-40% of metastatic patients who have previously been treated with Al;
the prevalence varies depending on the site of metastasis. Activating mutations in

the ESRI gene are most common in the hotspot area containing amino acids 536-



538 in LBD, with a lower proportion occurring at other positions, including E380,
V422, S463, and L469.

The majority of cfDNA approaches are currently showing promise. Here, we
report an ultra-sensitive asymmetric PCR method based on adjusting the mutant-
specific primer along with using wild-type clamping to get such a sensitive detection
limit 0of 0.01%—0.1% for detection of PIK3CA and ESR I hotspot mutations. Compared
with the most widely used PCR-based methods, our results showed that PIK3CA and
ESRI hotspot mutations were effectively and reliably detected.

To identify the clinical feasibility of the established PCR assays, we applied our
techniques using plasma samples from 196 breast cancer patients, and healthy female
controls (n = 20). We identified 42.9% of all recruited BC cases carrying blood-
circulating PIK3CA hotspot mutations, 16.7% HR-positive early BC and 59.8% HR-
positive advanced BC patients with at least one ESR/ mutant variants. Among the HR-
positive early breast cancer (EBC) patients, 19 out of 66 had a PIK3CA gene mutation,
5 out of 66 had an ESR/ gene mutation, and 6 out of 66 had both mutations. Of the 82
HR-positive advanced breast cancer (ABC) patients, 17 cases had a PIK3CA mutation,
21 cases had an ESRI mutation, and 28 had both gene mutations.

We also discovered that ESRI/ and PIK3CA mutations are significant
contributors to the poor prognosis of BC. PIK3CA mutations have been identified
to be significantly frequent in metastatic breast cancer (MBC) patients with
multiple metastatic sites, especially those with lung invasion, brain metastases, or
bone disease (p < 0.05). Fulvestrant-treated HR-positive ABC and radiation-
treated BC patients had significantly greater rates of PIK3CA mutations. PIK3CA
E545K was more prevalent in MBC with lung or bone metastasized BC or radio-
received HR-positive BC, while the PIK3CA H1047R mutation was more
frequently seen in brain-metastasized BC or radio-received HER2-positive BC (p
< 0.05). PIK3CA E545K-mutant BC patients exhibited significantly shorter
progression-free survival (PFS) compared to PIK3CA E545K-wild-type carriers (p
< 0.05), indicating that the PIK3CA E545K mutation may be a poor predictor of



MBC. Our study demonstrated that ABC/MBC patients typically had ESRI
mutations, which were associated with a shorter PFS. Patients with HR-positive
MBC may have poor outcomes if they have ESR/ mutations. Radiation-treated EBC
patients were more likely to have PIK3CA and/or ESR1 gene mutations. Furthermore,
gene alterations were frequently detected in ABC patients who had recurrence, many
metastatic locations, or lung metastasis. MBC patients who have mutations in both
the PIK3CA and ESRI genes appear to have a shorter PFS than patients who have
mutations in only one gene or none of them. The independent predictive effect of
PIK3CA and ESRI mutations in breast cancer should be verified in larger patient
populations through randomized prospective clinical studies.

In this thesis, Chapter I provides an overview of breast cancer treatment,
mechanism of endocrine therapy resistance in breast cancer, PIK3CA mutations
and its role in breast cancer, ESRI mutations and its role in breast cancer, liquid
biopsies, circulating cell-free DNA, preanalytical variables affecting cell-free
DNA analysis, and technologies for DNA mutation detection in liquid biopsies.
In Chapter I1, a blocker-mediated asymmetric PCR assay integrated with an allele-
specific (AS) primer was established to identify the PIK3CA mutations (H1047R
and E545K). Our newly optimized method was used to investigate the PIK3CA
point mutations (H1047R and E545K) from BC patients' peripheral blood samples
and the relationship between PIK3CA mutant occurrence and BC patients’
characteristics. In Chapter III, wild-type-blocking-mediated ARMS PCR assays
were optimized to detect plasma-circulating ESR/ hotspot mutations. The novel
assays were performed to evaluate the ESR/ point mutations in codons 537, 538,
and 380 from HR-positive BC patients' plasma and nexus of the ESR/ mutations

with these patients’ characteristics.



Tém tit

Ung thu v (UTV) 14 cin bénh 4c tinh ph bién hang dau & nir gidi. Khoang 70%
cac khéi u va duong tinh véi thy thé noi tiét (HR duong tinh), do d6 liéu phap ndi tiét 1a
phéc d6 diéu tri hiéu qua nhét v6i nhom bénh nhan nay. Co khoang 30% trudng hop
xudt hién khang ndi tiét dan dén tai phat, tién trién bénh, di can va tir vong. Thong qua
dot bién gen PIK3CA, con duong tin hi¢u PI3K duoc kich hoat, xudt hién tinh trang
khang thubc va kich thich su tang sinh, xdm I4n cta té bao ung thu vio cac co quan.
Bén canh do, dot bién gen thy thé ndi tiét 1 (ESR1) dan dén tang hoat dong cua thu thé
estrogen doc 1ap voi phéi tir bang cach tao ra nhiéu dong vo tinh dot bién gy ra dé
khang ndi tiét. Do do, viéc sang loc dot bién gen PIK3CA va ESRI trong huyét twong
(con goi 14 ADN khong té bao tuan hoan, cfDNA) dugc khuyén nghi 13 bat budc khi
xem xét lua chon thudc diéu tri dich alpelisib/capivasertib/inavolisib hoac elacestrant
cho bénh nhan UTV tién trién/di can c6 khéi u HR duong tinh/HER2 am tinh.

PIK3CA, gen ma héa tiéu don vi xic tac p1 100 ctia phosphatidylinositol 3-kinase
(PI3K), 1a mot trong nhing gen gy ung thu bi dot bién pho bién nhét trong UTV (30 —
50% cac truong hop). Gan 80% dot bién gen PIK3CA xay ra tai vi tri PIK3CA E545K
& exon 9 va PIK3CA H1047R & exon 20, dan dén kich hoat tin hiéu PI3K. Su hién dién
ctia cac dot bién nay ¢ lién quan dén UTV duong tinh véi thy thé ndi tiét (HR+) va c6
¥ nghia quan trong ddi véi tién luong bénh nhan va danh gia dap tmg diéu tri.

Dot bién gen ESRI 1 cac dot bién miac phai trong mién lién két phdi tir (ligand-
binding domain, LBD) ctia thu thé n6i tiét alpha, dan dén hoat dong ciu thanh cta thy
thé noi tiét khong phu thudc phdi tir ctia nd, gy ra tinh trang khang cac liéu phap noi
tiét khac nhau (dic biét 1a khang thudc trc ché aromatase-Al), tién trién hodc tai phat
bénh. Dot bién gen ESRI phat sinh & 20-40% bénh nhan di can dugc diéu tri Al trude
do, ty 1€ nay khac nhau tuy thudc vi tri di can. Kich hoat dot bién gen ESR1 thuong xay
ra nhidu nhat ¢ ving diém néng bao gdm cac axit amin 536538 trong mién LBD, voi
sd lwong nho hon xay ra & E380, V422, S463 va L469.

Céc phuong phép phan tich cfDNA hién nay mang lai nhiéu hita hen. Trong
nghién ciru ndy, ching t6i phat trién mot phuong phap PCR bét dbi ximg siéu nhay dua



trén viéc s dung moi dic hiéu véi trinh ty dot bién phéi hop voi doan nucleotit kep dac
hiéu véi trinh ty gen kién dai, 1am ting kha ning phat hién dén 0,01%-0,1% dot bién
diém noéng trén 2 gen PIK3CA va ESRI. So sanh véi cac phuong phap dua trén nguyén
Iy PCR dang dugc str dung hién nay, két qua ctia chiing tdi cho thiy phuong phap moéi
c6 thé phat hién cac dot bién diém nong gen PIK3CA va ESRI mot cach hidu qua va
dang tin cay.

Pé xac dinh tinh kha thi ctia xét nghiém PCR bat dbi xtmg méi phét trién khi ap
dung vao thue tién 14m sang, chung t6i thuc hién trén 196 mau huyét twong cta bénh
nhéan ung thu vii va d6i chimg tir 20 mAu méu cta phy nit khoé manh. Ching t6i xac
dinh c6 42,9% bénh nhan ung thu v c6 it nhat 1 dot bién diém nong trén gen PIK3CA,
16,7% bénh nhan ung thu vt HR duong tinh giai doan soém va 59,8% bénh nhan ung
thu vt HR duong tinh giai doan tién trién c6 it nhat mot dot bién diém nong trén gen
ESRI. Phan tich trong nhom 66 bénh nhan ung thu vt HR duong tinh giai doan som:
19 bénh nhan c6 dot bién gen PIK3CA gene, 5 bénh nhan c6 dot bién gen ESRI, va 6
trudng hop c6 dot bién trén ca 2 gen. Phan tich trong nhom 82 bénh nhéan ung thu vi
HR duong tinh giai doan tién trién: 17 bénh nhan c6 dot bién gen PIK3CA, 21 bénh
nhén c6 dot bién gen ESR1, va 28 truong hop c6 dot bién trén ca 2 gen.

Chang t6i cling thiy rang dot bién ESRI va PIK3CA 13 nhitng yéu t6 gop phan
dang ké dén tién luong bét loi ctia bénh nhan ung thu vi. Dot bién gen PIK3CA duoc
thuong xuyén xay ra & nhing bénh nhan ung thu vii di can nhiéu co quan, dic biét cac
bénh nhéan ¢6 di can phdi, ndo, xuong (p < 0,05). Ty 18 dot bién gen PIK3CA cao hon
dang ké & nhitng bénh nhan tién trién da diu tri bang fulvestrant hodc xa tri. Dot bién
PIK3CA E545K phé bién hon & bénh nhan ung thu vu di can phé)i hoac xuong, bénh
nhan HR duong tinh diéu trj bang tia xa. Trong khi d6, ot bién PIK3CA H1047R xuat
hién thuong xuyén hon trong méau cac bénh nhan di can ndo, bénh nhan c6 HER2 duong
tinh diéu tri bang tia xa (p < 0,05). Nhitng bénh nhan mang dot bién PIK3CA E545K c6
thoi gian séng khong tién trién (PFS) ngén hon so voi nhom khong c6 dot bién PIK3CA
E545K (p < 0,05), cho thdy dot bién PIK3CA E545K c6 thé 1a mot yéu td du bao tién

luong kém cho bénh nhan ung thu v di can. Nghién ctru ctia chiing t61 da chimg minh



rang bénh nhan ung thu v tién trién/di can thuong c6 dot bién gen ESRI, va co thoi
gian PFS ngan hon bénh nhan khong c6 dot bién ESR /. Bénh nhan ung thu vi giai doan
sém trudc d6 diéu tri bang tia xa c6 nhiéu kha ning mang dot bién gen PIK3CA va/hoic
ESRI. Hon nita, sy bién dbi gen thuong quan sat thiy ¢ nhiing bénh nhan ung thu v
tién trién co tai phat, di can nhiéu vi tri hodc c¢6 di can phoi. Nhimg bénh nhén di cin co
dot bién trén ca 2 gen PIK3CA va ESRI ¢6 PFS ngén hon so vdi cac truong hop chi ¢6
dot bién trén 1 gen hodc so vo1 bénh nhan khong co bét ctr dot bién gen nao trén 2 gen
d6. Vai tro tién lugng doc 1ap cua dot bién hai gen PIK3CA va ESRI trong ung thu vi
can dugc xac minh thém trong nhimg nghién ctru theo ddi doc voi ¢& mau 16n hon.
Trong luan an nay, chuong I trinh bay tong quan vé diéu tri ung thu vii, co ché
khang ndi tiét trong ung thu v, dot bién PIK3CA va vai tro trong ung thu vi, dot bién
ESRI va vai trd trong ung thu v, sinh thiét 10ng, ADN khong té bao tuan hoan, cac bién
s6 anh huong trong giai doan tién phan tich ADN khéng té bao tudn hoan, va cic cong
nghé phat hién dot bién ADN trong sinh thiét long. Trong chuong II, phdi hop doan
nucleotit kep phan tir két hop véi moi dic hiéu da thiét 1ap xét nghiém PCR bét d6i xting
dé xac dinh dot bién diém gen PIK3CA (H1047R va E545K). Phuong phap méi dugc
str dung dé xac dinh dot bién gen PIK3CA (H1047R va E545K) tir mau ngoai vi bénh
nhan UTV va méi lién quan giira dot bién gen véi dic diém bénh nhan UTV. Trong
chuong 11, xét nghiém ARMS PCR sur dung doan oligo chén trinh tu kiéu dai duoc tdi
uu dé phat hién dot bién “diém nong” gen ESR! trong huyét tuong. Cac xét nghiém moi
duoc tién hanh dé danh gia su xuét hién cua dot bién gen ESR] tai cac vi tri 537, 538,
va 380 tir huyét twong bénh nhan UTV duong tinh v6i thu thé ndi tiét va tim hiéu mbi

lién quan gitra dot bién gen ESR va dic diém cta nhom bénh nhéan nay.
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