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Epothilone B derivatives such as Ixabepilone and Utidelone are currently used in the clinic for the treatment of

advanced breast cancer, their efficacy has been demonstrated in Phase Il and Ill clinical trials.

epothilones epothilone derivates cytotoxicity anticancer agents

| 1. Epothilone B

EPO906 or patupilone is a synthesized version of natural Epothilone B (EpoB) developed by Novartis, with the
same structure and, therefore, the same mechanism of action [2l. EPO906 has been part of many preclinical [ZE4]
and clinical studies B8, Due to its conserved activity against taxane-resistant cells, it could be an alternative for
patients who relapse after chemotherapy based on paclitaxel and platinum derivatives and present high levels of
class Il beta-tubulin (TUBBS3). Clinical trials results recognize the potential of patupilone to improve progression-
free survival and pain response in castration-resistant prostate cancer and gynecologic cancer, whose relapse
events are accompanied by resistance to docetaxel and cisplatin, respectively. Other tumor pathologies, such as
colorectal cancer (CRC) 8 and brain metastases &, have been evaluated but without significant evidence of

efficacy.

In castration-resistant prostate cancer (CRPC), patupilone showed variable results either as first-line therapy
(compared to standard docetaxel therapy) or in docetaxel-refractory patients. For instance, a Phase Il clinical study
was conducted with 45 patients (64% pretreated with taxanes) who received patupilone (2.5 mg/m?) via 5-min
bolus i.v. infusion, once per week for 3 weeks, followed by one week of rest (4-week cycle). Decreased patient
prostate-specific antigen (PSA) levels by >50% was confirmed in only six patients (13%), and the mean time to
progression was 1.6 months, which was considered as insignificant [19. In a second study with 83 participants
injected with 10 mg/m? patupilone by i.v. every 3 weeks, a PSA level decrease of 250% was observed in 47% of
the patients. Pain responses were observed in 59% of evaluable patients. The median time to PSA level
progression was 6.1 months, and the median overall survival (OS) was 11.3 months (95% CI: 9.8 to 15.4),
demonstrating antitumor activity and contribution to symptomatic improvement in patients previously treated with

docetaxel 111,

The clinical efficacy of patupilone was also evaluated in castration-resistant prostate cancer (NCPRC) patients who

had never received chemotherapy, these patients with mCPRC have a poor prognosis, and first-line therapy is
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mainly based on docetaxel-based regimens which makes them prone to develop resistance quickly 22, The
treatment based on patupilone + prednisone revealed a better response in view of PSA levels, compared to the
classical treatment of docetaxel + prednisone 13! in patients who received intravenous (I.V.) patupilone (10 mg/m?

or docetaxel 75 mg/m? every 3 weeks.

In ovarian cancer, patupilone has been tested clinically with Phase | and Il studies. Novartis Pharmaceuticals
evaluated patupilone in a randomized open-label Phase Il study (NCT00262990) in 829 patients with interracial
differences from 11 different countries. This analysis compared the efficacy of patupilone versus liposomal
doxorubicin in patients with epithelial ovarian cancer. The results showed a modest efficacy profile in patients
treated with patupilone, but the treatment did not achieve a significant improvement in overall survival compared to
the active control 14, The most frequent toxicity in the patupilone arm was diarrhea (25.6% grade 3 and 4) and
mild peripheral neuropathy (6.2% grade 3 and 4), consistent with Phase | and Il trials of monotherapy where
diarrhea grade 3 was the most common adverse effect present in 8—29% of patients with the highest incidence in

patients with colorectal and prostate cancer 13, and is the dose-limiting event in therapeutic schemes.

The safety and toxicity profile of epothilones has been the main problem for bringing these drugs to market,
ixabepilone, KOS-862, and ZK-EPO (sagopilone) exhibit a high incidence of myelosuppression, alopecia, severe
peripheral neuropathy, and hypersensitivity reactions 2871 Despite patupilone (EpoB) showing less toxicity than
its derivatives, receiving a good opinion from the European Medicines Agency (EMEA) for the treatment of cancers
of the female reproductive system, the effectivity on patients was not significant compared to the control, failing in
the Phase Il trial [24],

Patupilone, unlike taxanes, has shown the ability to cross the blood-brain barrier (BBB) and exert antitumor effects
in brain tumors. In vitro patupilone evaluated in animal models (& was able to reduce the proliferative activity of
medulloblastoma cell lines at picomolar concentrations (50-200 pM), and it produced an anti clonogenic effect in
combination with ionizing radiation (2 or 5 Gy) 191,

In humans, patupilone accumulation in glioblastoma (GBM) tumor tissue is 30 times higher compared to plasma
values at 20 min. In this sense, administration of patupilone before and after surgery in recurrent GBM is safe,
improving long-term PFS in patients, and could be an alternative for the treatment of central nervous system (CNS)

cancers (29, However, larger clinical trials are needed to ensure the safety and efficacy of this drug.

Patupilone promotes neural regeneration after an injury, inducing concerted polymerization of microtubules at the
axon tip, which drives axon growth by inhibiting the migration scar-forming fibroblasts and reactivating neuronal

polarization [21],

| 2. Ixabepilone

Ixabepilone, also called aza-epothilone B or BMS 247550 is a semi-synthetic second-generation analogue of the

natural product EpoB, which changed the macrolide lactone ring, with nitrogen to give the corresponding
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macrolactam 22, The improvements of the semi-synthetic compound include a higher antitumor activity than
epothilones A and B against a broad spectrum of human tumors. It was developed by Bristol-Myers Squibb (BMS,
New York, NY, USA), marketed in the USA under the name Ixempra®, and was listed by the FDA in the USA in
2007 for the treatment of metastatic or advanced breast cancer, either as a single agent or together with
capecitabine for the treatment of patients with metastatic or locally advanced breast cancers thatshow resistance
against anthracycline and taxane treatment (23, Nevertheless, the Committee for Medicinal Products for Human
Use (CHMP) recommended further research evaluating the risk—benefit ratio in the use of the drug due to the high

incidence and neurotoxicity with its use.

Early preclinical trials demonstrated that ixabepilone has been shown to induce the activation of selective apoptotic
pathways 24, The compound is effective against multiple cancers, including those tumors resistant to common
chemotherapeutic agents, such as against paclitaxel-resistant lines HCT116/VM46 (colorectal cancer), Pat-21
(ovarian carcinoma), Pat-7 (breast), and A2780 Tax (ovarian carcinoma), which express tubulin mutation, as well
as to sensitive lines Pat-26 (human pancreatic carcinoma) and M5076 (murine fibrosarcoma) displaying a cytotoxic
effect around 2.9 nM (ICgp) 22 (see Table 1). Ixabepilone also shows low susceptibility to multiple resistance
mechanisms because it is a poor substrate of P-gp, which is overexpressed in malignant neoplasms of solid
tumors, as kidney, colon, liver, ovary, breast, and sarcomas 28!, In this sense, being active against pediatric solid
tumor cell lines of osteosarcoma (HOS), Ewing’s sarcoma (LD-EWS), and rhabdomyosarcoma (RD), evidencing a

similar potency to paclitaxel, vincristine and vinorelbine, the standard tubulin-binding anticancer drugs 2.

Table 1. Cytotoxicity of ixabepilone against 21 tumor cell lines.

Ixabepilone IC50 Ixabepilone IC50 Ixabepilone IC50

Cell Line (nM) Cell Line (nM) Cell Line (nM)
AZ?BOS/DDP' 2.8 A2780/DDP-R 1.8 A2780/TAX-S 2.6
A278g/ TAX: 4.9 OVCAR-3 1.8 MCF-7 2.7

SKBR3 2.3 LNCAP 1.5 PC3 4.6
HCT116 2.6 HCT116/VM46 245 HCT116/VP35 2.0
LS174T 5.8 MIP 24.8 A549 5.2
LX-1 3.1 A431 1.4 CCRF-CEM 6.0
K562 2.9 M109 2.9 MLF 345

In Phase Il studies, ixabepilone was effective against hormone-refractory prostate cancer (HRPC) [28: non-small

cell lung cancer (NSCLC) 2 including N r have failed in the first-line platinum-based
g ( ) 9 Npfehizn hE0Srs dhih. P

chemotherapy B9: and other resistant cancers, such as renal 1l and pancreatic carcinomas 22, However minimal

effects have been observed in gynecological cancer [33134],
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The treatment with ixabepilone plus capecitabine demonstrates superior efficacy in terms of PFS to capecitabine
alone, in patients with anthracycline- or taxane-resistant metastatic breast cancer B2[2€l as well as in patients with
triple-negative breast cancer (TNBC) where the combination of ixabepilone with capecitabine approximately
doubles the median PFS B4, comparable to those observed in non-triple-negative tumor patients 28l This is
particularly advantageous in this patient population because TNBC accounts for 15-20% of all breast cancer and is
associated with shorter survival after metastasis development. At present, targeted therapies exist for this type of
cancer, and therefore, chemotherapy remains the primary treatment B2, Controversial results were seen in the
Phase Il clinical study, where the efficacy of ixabepilone alone or together with ixabepilone plus cetuximab as first-
line treatment in patients with advanced/metastatic TNBC showed no significant differences 2%, However, the
reported study TITAN, evaluating ixabepilone substitution for paclitaxel after doxorubicin/cyclophosphamide (AC) in
adjuvant treatment of early-stage TNBC, revealed similar DFS and OS in patients with operable TNBC compared
to AC/paclitaxel treatment, but with less marked adverse effects in contrast to paclitaxel, which could mean an

alternative for second-line treatment in these types of patients 44,

Utidelone, UTD1, KOS-862, or Epothilone D is an epothilone derivative generated by genetic engineering of the
epothilone gene cluster, increasing the concentration of UTD1 by fermentation in S. cellulosum. 1t was developed
and manufactured by Biostar Technologies, Ltd., Beijing, China. UTD1 has revealed strong in vitro and in vivo

activity against paclitaxel-sensitive tumors, such as multidrug-resistant human colon, leukemia, and breast tumors
2]

UTD1 is currently an alternative for the treatment of metastatic breast cancer (MBC), especially in breast cancer
previously treated with anthracyclines and taxanes 43, as well as for patients with HER2-positive breast cancer [44],
Phase Il clinical studies developed in Asia evaluated its efficacy, showing positive results, promising tolerability, and
advantageous safety profiles in patients who completed a median of six cycles of therapy alone or in combination
with capecitabine. In this regard, combination therapy has shown better results than therapy alone when evaluating
the objective response rate (ORR) and PFS. The combination therapy yielded an ORR of 42.4% and a median
PFS of 7.9 months, whereas the monotherapy study resulted in an ORR of 28.57% and a median PFS of 5.4
months 3],

Results of a Phase Il randomized controlled trial evaluating (OS) in heavily pretreated MBC, refractory to
anthracyclines and taxanes, supported the use of UTD1 plus capecitabine as a novel therapeutic regimen for these
patients. The evaluation of 405 patients who received UTD1 (30 mg/m? IV daily, days 1-5, for 90 min) plus
capecitabine (1000 mg/m? orally b.i.d., days 1-14) or capecitabine alone (1250 mg/m? orally b.i.d., days 1-14)
every 21 days, ratified the improvement in OS in the combination group (19.8 months) compared to the
monotherapy group (16.0 months), demonstrating that combination therapy with UTD1 remained superior to
capecitabine monotherapy 431, This combination therapy was included in the Chinese Society of Clinical Oncology
(CSCO) Breast Cancer Guidelines 2022 recommendations for salvage treatment of triple-negative breast cancer
as a level Il recommendation, which includes protocols with a relatively high level of evidence, but where a slightly

lower expert consensus is used [48],
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Similar results were obtained for HER2-positive (human epidermal growth factor receptor 2) breast cancer
therapies. The Phase 2 study (NCT04681287) evaluated UTD1 in patients who have been pretreated with
trastuzumab and tyrosine kinase inhibitors. Participants received intravenous camrelizumab (200 mg once every 3
weeks), inetetamab (loading dose of 8 mg/kg and then 6 mg/kg, day 1), and UTD1 (30 mg/m?2, days 1-5) until the
disease progressed or intolerable toxicity occurred. All three drugs showed promising efficacy and an acceptable

safety profile, representing a new option for this type of patients 24!,

UTD1 has been proposed for use in lung cancer in which chemotherapy is the gold standard treatment in most
patients. The Phase Il clinical investigation with patients enrolled between 2019 and 2021 (NCT03693547)
reported that UTD1 is safe for advanced NSCLC refractory to second-line treatment and could be effective;

however, more studies are needed in this specific type of cancer 42,

The activity of UTD1 for the treatment of colorectal cancer (CRC) currently being studied. In this regard, UTD1 has
exhibited broad antitumor activity in RKO and HCT116 cells, as reported by & UTD1 inhibited CRC cell
proliferation, in vitro, with an 1C50 of 0.38 pg/mL and 0.77 pug/mL against RKO and HCT116, respectively. These
results were also reproducible in RKO xenografts in nude mice, suggesting that UTD1 could be an effective agent
in the treatment of CRC in humans. The mechanism of action is similar to that described for other epothilones:
induction of microtubule cluster and aster formation, inducing cell cycle arrest in the G2/M phase, and subsequent
apoptosis. UTD1 exhibited stronger apoptosis induction effects than paclitaxel and 5-FU, especially in HCT15 cells
with ABCB1 overexpression. In CRC cells, UTD1 increased ROS production along with activation of c-Jun N-

terminal kinase (JNK), suggesting a mechanism through the ROS/INK pathway 48,
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