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LETROZOLE IMPROVES PROGRESSION-FREE
SURVIVAL OF POSTMENOPAUSAL PATIENTS
WITH ADVANCED BREAST CANCER TREATED
WITH PEGYLATED LIPOSOMAL DOXORUBICIN
AND MAGNETOTHERMY

Background. Resistance of the advanced breast cancer (aBC) to hormone therapy and chemotherapy due to hyperactivated
PI3K-pathway caused by mutations in the PIK3CA gene is a major treatment problem. Combining pegylated liposomal
doxorubicin (PLD) with mild magnetothermy (MT) and letrozole could improve the efficacy of treatment. The aim was to
assess the effect of combined treatment with PLD, MT, and letrozole on the survival of patients with luminal B postmeno-
pausal aBC with mutations in the PIK3CA gene. Material and Methods. The aBC postmenopausal patients who progressed
on a cyclin-dependent kinase 4/6 inhibitor (CDK4/6i) and an aromatase inhibitor (AI) or neoadjuvant chemotherapy (AC-
T) were included in the study. Group 1 included 20 patients, treated with PLD + MT every 28 days (4 courses) and letrozole
(daily per os, 4 months). Group 2 included 20 patients, who received the same treatment without letrozole. By PIK3CA sta-
tus, each group included 10 patients with a mutant PIK3CA and 10 patients with a wild-type gene. Results. Application of
PLD + MT in combination with letrozole demonstrated improved progression-free survival (PES) compared to PLD + MT
alone. In group 1, the median PFS was 10.6 months (95% CI, 7.4—11.9 months) compared to a median PFS of 8.9 months
(95% CI, 6.1—9.7 months) in group 2 (p = 0.005). In the sensitivity analyses, PFS of patients with wild-type PIK3CA in the
first cohort was 10.1 months (95% CI, 8.7—11.1 months) compared to 8.4 months (95% CI, 7.0—10.4 months) in groups 1
and 2 respectively (p = 0.004), by 1:1 greedy nearest neighbor matching. Conclusion. PLD with local MH in combination
with letrozole was more effective irrespective of the PIK3CA gene status in postmenopausal aBC patients.

Keywords: advanced postmenopausal breast cancer, drug resistance, pegylated liposomal doxorubicin, mild magneto-
thermy, survival.

Despite the advancements in breast cancer (BC) | The drug resistance mechanisms play an important
treatment, chemotherapy improves the state of the | role in determining the first response to chemo-
majority of BC patients but exert limited efficacy | therapy and influencing future outcomes. There are
due to the development of drug resistance [1, 2]. | few mechanisms of chemoresistance that have been
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studied intensely. In particular, they are related to
the mutations in residual cancer cells after neoad-
juvant chemotherapy (NC) [3]. Also, one should
mention the hyperactivated phosphatidylinositol-
3-kinase (PI3K) pathway signaling caused by the
mutations in the PIK3CA gene [4]. This gene en-
codes the alpha isoform of PI3K (p110a), and its
mutations are present in approximately 40% of cas-
es of HR*, HER2" advanced BC (aBC) [5].

The detection of BC resistance to hormone
therapy and chemotherapy is primarily based on
the elevation of biomarkers such as PIK3CA and
ESR1I mutations and ALDH expression, whereas
the identification of BC stem cells (CSCs) is pri-
marily based on the upregulation of ALDH ex-
pression [6].

Recently, we have shown that pegylated liposo-
mal doxorubicin (PLD) as a single agent is effective
in patients with chemoresistant aBC with wild-type
or mutant PIK3CA [7]. The triggered drug delivery
systems have been found to increase drug accumu-
lation in tumor lesions compared to free drug ad-
ministration. Many studies have shown better tar-
geting capabilities of cancer agents administered in
thermosensitive liposomes [8].

Combination of a nanocomplex and local mag-
netotherapy (hyperthermy) has been found to en-
hance the growth inhibition of BC cells compared
to the effects of the nanocomplex and officinal
doxorubicin administered separately [9]. The ad-
vanced formulation technique in conjunction with
mild hyperthermia has a high potential for the tar-
geted delivery of cancer agents, improving their
therapeutic efficacy [10].

The international expert recommendations sug-
gest hormone therapy in combination with a cy-
clin-dependent kinase 4/6 inhibitor (CDK4/6I) as
the first-line treatment for patients with HR",
HER2" aBC [11]. The addition of buparlisib or le-
trozole was more beneficial in the PIK3CA mutant
BC cases compared to wild-type tumors [12]. A se-
lective targeting of the specific PI3K-isoforms may
have fewer side effects than PLD +MT (magneto-
thermy) with a broader PI3K inhibition. Several
studies on the use of letrozole in combination with
specific inhibitors of PI3K were reported [13].

Earlier, we have studied the efficacy of neoadju-
vant chemotherapy in combination with regional
MT for patients with locally aBC [14]. In this study,
mild hyperthermia was used as a non-invasive, non-
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toxic method to enhance the efficacy and safety of
PLD in combination with letrozole. We aimed to as-
sess the effect of letrozole on the survival of patients
with advanced luminal B postmenopausal BC with
mutations in the PIK3CA gene, who were treated
with PLD and MT.

This is the first study to investigate the feasibility
of a combination program of liposomal anthracy-
cline and MT, where letrozole was added as part of
treatment for resistant postmenopausal BC.

Materials and Methods

This study was approved by the Ethics committee
of the State Non-commercial Enterprise “National
Cancer Institute of Ukraine” (December 12, 2023,
Ne 249/2). The study was conducted according to
the Declaration of Helsinki and Good Clinical
Practice Guidelines. The patient’s consent regar-
ding use of health-related data for research pur-
poses was provided by all patients.

Forty postmenopausal aBC patients with the
disease progression after CDK4/6i plus aromatase
inhibitor or NC (doxorubicxin-cyclophospha-
mide followed by paclitaxel (AC-T) were inclu-
ded in the study. Group 1 included 20 patients
treated with PLD (50 mg/m?) + MT every 28 days
(4 courses) and letrozole (every day per os, for
4 months). Group 2 included 20 patients who re-
ceived PLD (50 mg/m?) + MT every 28 days
(4 courses), without letrozole. The regional in-
ductive mild hyperthermia was administered
30 min after PLD + letrozole infusion. For MT, a
MagTherm applicator (Radmir, Ukraine) was
used as described in [14].

In each group (according to the gene mutation
status), there were 10 patients with a mutant PIK3CA
and 10 patients with a wild-type gene. The number
of the previous lines of therapy did not serve as a
baseline covariate for the group matching.

Patients were thoroughly examined. A complete
blood count and blood chemistry tests were con-
ducted. The instrumental investigation comprised
a computed tomography (CT) scan, as well as an
ECG and echocardiogram before the therapy, and
a CT scan after 4 cycles of the combination therapy.

Progression-free survival (PES) of the patients
from both groups was estimated by the Kaplan —
Meier method.

Progression or stabilization of the disease was
defined according to Response Evaluation Criteria
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Fig. 1. Kaplan-Meier analysis of PES of patients of groups
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Fig. 2. PFS of patients of groups 1 and 2 with mutant PIK-
3CA, odds weighting
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Fig. 3. PFS of patients of groups 1 and 2 with wild PIK3CA
by odds, post-greedy nearest neighbor matching
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In Solid Tumors (RECIST) v1.1, based on clinical
and radiologic assessments.

The safety profile in this cohort was consistent
with the known safety profile of PLD and MT, and
absolutely comparable in both groups. Commonly
experienced all-grade adverse events (AEs) were
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diarrhea, nausea, fatigue, decreased appetite, with-
out other AE observed.

Results and Discussion

Overall, for all patients, PLD + MT combination
with letrozole improved PFES in comparison with
PLD + MT alone. Patients of group 1 had a me-
dian PFS of 10.6 months (95% CI, 7.4—
11.9 months), while patients of group 2 had a me-
dian PFS of 8.9 months (95% CI, 6.1—9.7 months)
(p = 0.005) (Fig. 1).

After the odds weighting, PFS of patients of
group 1 with mutant PIK3CA was 9.2 months (95%
CI, 7.2—10.0 months) vs 7.3 months (95% ClI,
6.5—8.2 months) in patients of group 2 with mu-
tant PIK3CA (p = 0.004) (Fig. 2).

In the sensitivity analyses using additional
matching approaches, the PES of patients of group
1 with wild-type PIK3CA was 10.1 months (95%
CI, 8.7—11.1 months), compared with a median
PFS of 8.4 months (95% CI, 7.0—10.4 months) of
patients of group 2 with wild-type PIK3CA
(p = 0.004), by 1 : 1 greedy nearest neighbor
matching (Fig. 3).

Our study confirmed the efficacy and safety of
PLD + MT with letrozole for the treatment of HR",
HER2", PIK3CA-mutated drug resistant aBC.

Our results are in agreement with the data of
other authors. In fact, in the study [15], the safety
profiles and pharmacokinetics of PLD and officinal
doxorubicin were similar while the toxicity in PLD
was less pronounced [16], which supports clinical
application of PLD in BC patients.

Earlier, we have studied the efficacy of NC in
combination with MT for patients with locally
aBC [14]. Chemotherapy combined with regional
inductive moderate hyperthermia was also shown
to be effective in patients with metastatic breast
cancer [17].

In summary, our findings demonstrate that the
use of PLD + MT in combination with letrozole
in BC patients can reduce deleterious effects of
doxorubicin therapy and improve their survival.
On the premise of guaranteeing safety, subsequent
studies may further explore optimal combined
regimen of MT and PLD.
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JIETPO3OJI ITOJOBXY€E BVMOKMBAHICTD

BE3 ITPOI'PECYBAHHSA B IIOCTMEHOITAY3AJIbHNX
XBOPMX HA PO3ITIOBCIOJIPKEHIY PAK MOJTOYHOT 3AJTI031
TPV TEPATIIT IETUTbOBAHVM JIIITOCOMAJIbBHUM
HJOKCOPYBILIMHOM Y KOMIIUIEKCI 3 MATHITOTEPMIEIO

CraH nurtaHHA. Pe3JICTeHTHICTD PO3IIOBCIOMKEHOTO paKy MOJIOYHOI 3a103u (pPM3) no ropMoHanpHoi Ta XiMioTepamii
yepe3 rimepakruBanito curHaapHoro nyraxy PI3K BHacmifok myTanii rena PIK3CA cTaHOBUTD Cepiio3Hy IpobieMy
B JIKyBaHHI TakuX XBopux. IloenHaHe 3aCTOCYBaHHs MEriIbOBAHOTO JIIIOCOMAIbHOTO Hokcopy6inuny (IUIM) 3 mo-
mipHoto marziTorepmiero (MT) Ta eTposonom moxke mokpaiaty eeKTUBHICTD MiKyBaHH:A. MeTa poboru mossrana
y BU3HaueHHI eeKTMBHOCTI oexHaHoro 3acrocysanHs IUIJT ta MT 3 1eTpo30soM y IIOCTMEHOIay3aIbHIX XBOPUX
Ha pPM3 mominanbHoro B migTuny 3 myTaniamu y reni PIK3CA. Matepianu Ta MeTomu. B focniykeHHA BKIIIOYann
HOCTMEHOIIay3albHNX XBOpUX Ha pPM3 3 mporpecyBaHHAM XBOpOOM IIiC/IA MpOBeAEHOI Teparlil i3 3acTOCYyBaHHAM
inri6iropy LuKiIiH-3aneXxHoi kKiHasu 4/6 3 iHribiTopoM apomarasyu abo Heoasi IOBaHTHOI XiMioTeparii 3a cxemoro AC-T.
Jo rpynu 1 Bxmounmy 20 xBopux, ski orpumysanu IUIIL + MT (4 xypcu pas Ha 28 fHIiB) Ta 1eTpo30n (IepopaabHO
I[OAHA BIPOROBX 4 MicAwis). [lo rpym 2 Bxmounnu 20 XBOPUX, AKi OTpUMYBaIU Ty X Tepalliio, o B rpymi 1, ae 6e3
IOIABaHH: JIETPO30Ty. Y KOXHiit rpymi 6yno 10 xBopux 3 myroBanuMm PIK3CA ta 10 XBOpKX 3 T€HOM [UKOTO THILY.
PesynpraTn. Ilpu sactocysanni [UI]] + MT y moenHaHHi 3 1eTp0o30710M BUAB/IEHO MOKPAIlJaHH:A [TOKa3HMUKIB BYKIBA-
HocTi 6es3 mporpecysanns (BBIT). Meniana BBIT y rpymi 1 ckmapana 10,6 micsais (95% I17,4—11,9 micsauis), a B rpymi
2 — 8,9 micauis (95% [I 6,1—9,7 micsauis) (p = 0,005). Anasmis 4yTInBoCTi MoKasas, 1o y xsopux 3 PIK3CA puxoro
tuny rpynu 1 mepiana BBIT cknapgana 10,1 micauis (95% [J1, 8,7—11,1 micsaniB) y nopiBHsHHI 3 8,4 Micausamu (95% I,
7,0—10,4 micauis) y rpymi 2 (p = 0,004). BucHoBku. Cxema ITJI]] 3 noxanbHo0 MT B moefHaHHI 3 IeTPO30JIOM Y II0-
CTMEHOIIay3a/IbHUX XBOpKX Ha pPM3 € 6inb1n epeKTUBHOI0, HDK 6€3 3aCTOCYBaHHA IETPO30ILy, He3a/IeXKHO Bifj CTaTyCy
reHa PIK3CA.

Knro4uoBi cmoBa: po3MOBCIOKEHMIT PaK MOJIOYHOI 3a/103M, TIiKapchbKa pe3UCTEHTHICTD, IeTiTbOBAHMI TiTOCOMATbHMIA
ZOKCOPYOILH, HOMipHa MarHiTOTEPMist, BUDKMBAHICTb.
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