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Abstract: Treatment options are limited for tumors after failure of standard therapies. Utidelone (UTD1), a novel
microtubule stabilizer, given via 5 days intermittent infusion, has demonstrated high activity in heavily pretreated
metastatic breast cancer, while its efficacy in other cancers was unclear. Peripheral neuropathy is a common and
severe adverse event (AE) of UTD1. We performed a prospective, multicenter, single-arm trial (ChiCTR2300074299)
to evaluate the efficacy and safety of UTD1 with a changed administration mode in patients with advanced or meta-
static solid tumors after failure of standard therapies. UTD1 (150 mg/m?, alone or in combination with other anti-
cancer agents) was administrated via 120 h continuous intravenous infusion every 21 days until disease progres-
sion or intolerable toxicity. A total of 50 patients were enrolled and analyzed, including 20 breast cancer patients, 11
gynecological cancer patients, 8 gastrointestinal cancer patients, 6 lung cancer patients, and 5 patients with other
solid tumors. The overall median progression-free survival (PFS) was 4 months, the overall objective response rate
and disease control rate were 20% and 66%, respectively, and the median overall survival was not reached. Most
of the AEs were grade 1 or 2 and were manageable and reversible, the rate of grade >3 AEs including peripheral
neuropathy was 4%. This study demonstrated a promising anti-tumor activity of UTD1 in patients with advanced or
metastatic solid tumors after failure of the standard therapies. Moreover, 120 h continuous intravenous infusion
was a more tolerable administration mode than 5 days intermittent infusion, and worthy of further study.

Keywords: Utidelone, metastatic cancer, drug resistance, progression-free survival

Introduction

Drug resistance continues to be the main
obstacle to cure cancers. The reasons of resis-
tance to therapy include tumor burden, tumor
heterogeneity and growth kinetics, immune
system and microenvironment and therapeutic
pressures et al. [1]. Epothilones, including sub-
types A, B, C, D, E and F, are a class of naturally
existing microtubule inhibitors produced by the
metabolism of the cellulose-degrading myxo-

bacterium Sorangium cellulosum [2], which
have shown anticancer activities similar to
paclitaxel via competing for binding sites on
microtubules [3]. Utidelone (UTD1), a novel
genetically modified epothilone analogue, has
been approved by National Medical Products
Administration of China for the treatment of
metastatic breast cancer, especially for patients
who have treated with anthracyclines and tax-
anes [4, 5]. Moreover, UTD1 has also shown
potential antitumor activities in other solid tu-
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mors including colorectal cancer in preclinical
or phase | studies [6, 7]. However, the exact
clinical efficacy of UTD1 in other tumors, espe-
cially that are refractory to standard therapy,
remains largely unknown. This study aimed to
evaluate the efficacy and safety of UTD1 in
solid tumors after failure of standard therapy.

The currently recommended usage for UTD1 is
30 mg/m? intravenously over 90 minutes, once
per day on days 1-5, every 3 weeks. The main
side effect is severe peripheral neuropathy
(PN). It can cause severe numbness in hands
and feet, sore limbs, and even render the
patients unable to walk [8]. Furthermore, se-
vere PN of UTD1 may cause drug reduction or
withdrawal and affect clinical efficacy. It was
reported that continuous infusion 5-fluorouracil
showed an improvement in overall survival and
toxicity profile over bolus infusion 5-fluorouracil
in cancer treatment [9]. In view of this, we
designed this multi-center trial to evaluate the
efficacy and safety of UTD1 alone or in combi-
nation with other anticancer agents in solid
tumors with changed usage, UTD1 was admin-
istrated via 120 h continuous intravenous infu-
sion every 21 days. The primary endpoint was
progression-free survival (PFS), secondary end-
points included objective response rate (ORR),
disease control rate (DCR), overall survival (OS)
as well as safety.

Methods
Study design and participants

We performed an open-label, prospective,
multi-center, single-arm trial in seven hos-
pitals in China to evaluate the efficacy and
safety of UTD1 (alone or in combination with
other anticancer agents) in advanced or meta-
static solid tumor after failure of standard ther-
apies from January 2022 to June 2023. The
study was approved by the local research ethi-
cal committee (number 2022-010-01) and reg-
istered at Chinese Clinical Trial Registry (No.
ChiCTR2300074299). This trial was done in
compliance with Good Clinical Practice and the
Declaration of Helsinki.

Eligible patients were at least 18 years of old;
had pathologically confirmed advanced/meta-
static solid tumor; had progressed on at least
one line of standard anti-tumor therapy; had at
least one measurable lesion per Response
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Evaluation Criteria in Solid Tumors (RECIST)
version 1.1; had an Eastern Cooperative On-
cology Group (ECOG) performance status of
0-2; had a life expectancy of at least 3 months;
had adequate cardio-pulmonary, hematologic,
hepatic, and renal functions. Main exclusion
criteria included anti-tumor therapies such as
chemotherapy, radiation therapy, or targeted
therapy within 4 weeks prior to study entry;
peripheral neuropathy within 4 weeks before
enrollment of greater than grade 2 according to
the Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0; active brain me-
tastases; a history of human immunodeficiency
virus infection or other active infection; and
being pregnant or planning to be pregnant.
Informed consent was obtained from each
patient before initiating study procedures.

Procedures

The patients received UTD1 (150 mg/m?2, 120 h
continuous intravenous infusion every 21 days)
as monotherapy or in combination with other
anticancer agents at the discretion of the physi-
cian until disease progression, intolerable tox-
icity, at the request of the patient or investiga-
tor to discontinue. Dose reductions (reducing
the original measurement of 20%) were per-
mitted to manage toxic effects. The tumor re-
sponse was assessed by computed tomogra-
phy or magnetic resonance imaging scan every
two cycles according to RECIST version 1.1.
Survival follow-up was done every 6 weeks
until the end of the study or death. Safety
assessments, including monitoring for adverse
events (AEs), were done from the signing of
informed consent until 4 weeks after the last
administration of study treatment. AEs were
graded according to the CTCAE version 5.0.

Outcomes

The primary endpoint was PFS, defined as the
time from the signing of informed consent to
progressive disease or death due to any cause,
whichever occurred first, according to RECIST
version 1.1. Secondary endpoints included
ORR (defined as the proportion of patients who
achieved complete response or partial res-
ponse), DCR (defined as the proportion of all
non-progressive patients at the end of follow-
up), OS (defined as the time from the signing of
informed consent to death due to any cause),
and safety profile.
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Table 1. Patient characteristics (n=50)

significant at the 0.2 level on

Patient characteristics

n (%) univariate analysis, then they

Age (years)
<60
>60
Sex
Men
Women
ECOG performance status
0-1
2

Previous lines of therapies for recurrent or metastatic disease

<2
>2
Previous therapeutic regimen
Including taxanes
Excluding taxanes
Trial regimen
UTD1 monotherapy
Combination therapy
Metastatic sites
<2
>2
Pathological type
Adenocarcinoma
Squamous cell carcinoma
Sarcoma
Urothelial carcinoma
Tumor entities
Breast cancer
Gynecological cancers
Gastrointestinal cancers
Lung cancer
Other solid tumors

were included in the multiple
regression. 95% confidence in-
tervals were calculated using
the Clopper Pearson method. A
P value <0.05 was considered
14 (28%) significant.

27 (54%)
23 (46%)

36 (72%)
Results
0,
31(62%) Patient characteristics
19 (38%)

Between January 28, 2022
23 (46%) and June 30, 2023, we enrolled
27 (54%) and assigned 58 patients to
treatment. Of the patients, five

38 (76%) did not undergo efficacy as-
12 (24%) sessment, three had missing
data from more than two as-
8 (16%) sessments. Therefore, 50 pa-
tients with a broad variety of
42 (84%) advanced or metastatic solid

tumors after failure of stan-
18 (36%) dard therapies were included in
32 (64%) the efficacy and safety analy-
ses (Table 1). There were 20

38 (76%) patients with breast cancer,
8 (16%) 11 patients- with gyr)ecologigal
3 (6%) cancers, eight patients with

gastrointestinal cancers, six
patients with lung cancer, five
patients with other solid tu-
20 (40%) mors. At baseline, 23 (46%)

1(2%)

11 (22%) patients had received one or
8 (16%) two lines of previous thera-
6 (12%) pies for recurrent or metasta-
5 (10%) tic disease, 27 (54%) patients

ECOG, Eastern Cooperative Oncology Group; UTD1, utidelone.

Statistical analysis

All analyses were performed using Statistical
Package for the Social Sciences (SPSS), ver-
sion 20.0 (Chicago, lllinois, USA). Figures were
created by Graphpad 7.0. The efficacy and safe-
ty variables were summarized using descrip-
tive statistics. The x? or Fisher’s exact test was
used to compare proportions. Kaplan-Meier
survival curves were used to estimate propor-
tion surviving and the log-rank test was used to
compare differences among subgroups. Cox
regression models were used to identify inde-
pendent prognostic factors. If variables were
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had received at least three
lines of previous therapies. 38
(76%) patients had taxane-
refractory diseases. 18 (36%) patients had
no more than two metastatic sites including
two patients with only lymph node metastasis
and one patient with only liver metastasis,
while the majority of patients (64%) had more
than two metastatic sites. During the study,
eight patients received UTD1 as monotherapy,
while the remaining 42 patients received UTD1
in combination with other anticancer agents.
The combination therapies included targeted
therapy in 19 patients, immunotherapy in 12
patients, other cytotoxic drug in five patients,
targeted therapy and immunotherapy in six
patients.
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Figure 1. Kaplan-Meier survival curves of progression-free survival (PFS). A. Survival curve of PFS of all the patients.
B. Survival curve of PFS of breast cancer patients. C. Survival curve of PFS of gynecological cancer patients.

Table 2. Treatment-related adverse events according to ease and 17 had progressive disease
monotherapy or combination therapy (PD) as the best response by RECIST 1.1.
All grades Grade 1-2  Grade 3 As a result, the overall ORR and DCR
Preferred term n (%) n (%) n (%) were 20% and 66%, respectively. The
Fatigue 13 (26%) 13 (26%) 0 g‘l’zrazg”;e:;";‘?ﬁ':s WisA )4 mgr‘tthhs (9%%
UTD1 monothera 2 (4% 2 (4% 0 4970 igure 1A), and the medi-
Combination therz};y 11 522;0) 11 E22°)/o) 0 an OS was not reached. For breast can-
) cer patients, the median PFS was 6
Diarrhea 8(16%)  8(16%) 0 months (95% CI 4.15-7.85) (Figure 1B),
UTD1 monotherapy 3(6%) 3(6%) 0 the ORR and DCR was 40% and 75%,
Combination therapy 5 (10%) 5 (10%) 0 respectively. For gynecological tumor pa-
Decreased appetite 6 (12%) 6 (12%) 0 tients, the median PFS was 4 months
UTD1 monotherapy 0 0 0 (95% Cl 0.00-9.3) (Figure 1C), the ORR
Combination therapy 6 (12%) 6 (12%) 0 and DCR were 9% and 64%, respectively.
Anemia 21 (42%) 21 (42%) 0 For lung cancer patients, the median
UTD1 monotherapy 0 0 0 PFS was 3 months (95% Cl 1.46-4.54),
Combination therapy 21 (42%) 21 (42%) 0 the ORtR aI”d ECR Weie 11% t"?‘”dl 50%,
Peripheral neurotoxicity 34 (68%) 32 (64%) 2 (4%) (rzisrge;alriirﬁs, ct);eg?nse(;?la?] e:;gawacsag
UTD1 monotherapy 3(6%)  2(4%)  1(2%) months (95% Cl 0.92-5.08), the ORR and
Combination therapy 31(62%) 30 (60%) 1 (2%) DCR were 0% and 50%, respectively. For
Alopecia 14 (28%) 14 (28%) 0 patients who received UTD1 alone, the
UTD1 monotherapy 4 (8%) 4 (8%) 0 median PFS was 3.5 months (95% CI
Combination therapy 10 (20%) 10 (20%) 0 0.73-6.27), the ORR and DCR were 25%
Dizzy 12 (24%) 12 (24%) 0 and 50%, respectively. Patients who had
UTD1 monotherapy 3 (6%) 3 (6%) 0 received at least three lines of previous
Combination therapy 9 (18%) 9 (18%) 0 therapies still had an ORR of ;9% after
Leukopenia 7 (14%) 7 (14%) 0 the UTDl.—based therapy. Patients who
UTD1. monotherapy 0 o o had ref:elved prgwous taxanes-contain-
o ing regimens achieved an ORR of 24%.
Combination therapy 7 (14%) 7 (14%) 0
ALT increased 5 (10%) 5 (10%) 0 Safety
UTD1 monotherapy 0 0 0
Combination therapy 5 (10%) 5 (10%) 0 Overall, the incidence of treatment-relat-
UTD1, utidelone. ed AEs of any grade were as follows:
fatigue (26%), anemia (42%), diarrhea
(16%), decreased appetite (12%), in-
Clinical outcomes creased alanine aminotransferase (10%), alo-
pecia (28%), dizzy (24%), leukopenia (14%) and
Ten patients achieved the best response of peripheral neurotoxicity (68%) (Table 2). The
partial response, 23 patients had stable dis- incidence of peripheral neurotoxicity was only
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Table 3. Univariable and multivariable Cox proportional hazard regression analyses of PFS

Univariable analysis Multivariable analysis

Factor
HR (95% Cl) P HR (95% CI) P

Sex

Male Reference Reference

Female 1.818 (0.874-3.783) 0.110 0.719(0.323-1.601) 0.419
Age (years)

<60 Reference

>60 1.201 (0.591-2.440) 0.613
ECOG performance status

0-1 Reference Reference

2 1.983 (0.983-4.001) 0.056 1.399 (0.598-3.271) 0.438
Previous lines of therapies for recurrent or metastatic disease

<2 Reference Reference

>2 1.703 (0.842-3.442) 0.138 1.459(0.640-3.328) 0.369
Previous therapeutic regimen

Excluding taxanes Reference Reference

Including taxanes 0.554 (0.253-1.215) 0.140 0.658 (0.276-1.569) 0.345
Metastatic sites

<2 Reference

>2 0.977 (0.477-2.003) 0.950
Pathological type

Adenocarcinoma Reference

Squamous cell carcinoma 0.807 (0.307-2.122) 0.664

Sarcoma 1.126 (0.265-4.789) 0.872

Urothelial carcinoma 0.983 (0.132-7.331) 0.986
Tumor entities

Breast cancer Reference

Gynecological cancers 1.351 (0.543-3.361) 0.517

Gastrointestinal cancers 2.124 (0.77-5.858) 0.146

Lung cancer 2.901 (0.906-9.282) 0.073

Other solid tumors 1.808 (0.571-5.719) 0.314

HR, hazard ratio; ECOG, Eastern Cooperative Oncology Group.

37.5% (3/8) in the patients who received UTD1
monotherapy. Most of the AEs were grade 1 or
2 and were manageable and reversible. The
rate of grade >3 AEs including peripheral neu-
ropathy was 4%. No treatment-related discon-
tinuation or deaths occurred.

Analysis of prognostic factors of PFS

Kaplan-Meier survival curves showed that and
ECOG performance status (P=0.036) was sig-
nificantly associated with PFS, patients with
better performance status had longer PFS.
Univariable analysis showed that ECOG perfor-
mance status (P=0.056), previous therapeutic
regimen containing taxanes or not (P=0.140),
previous lines of therapies for recurrent or met-
astatic disease (P=0.138) and sex (P=0.11)
showed a trend toward significance for PFS.
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These above-mentioned factors were submit-
ted to multivariable analysis. However, the
results showed none of these four factors was
independent predictor of PFS (Table 3).

Discussion

Cancer is the second leading cause of death
globally, with 10 million deaths in 2020 [10].
Despite the fact that there are many different
methods of cancer therapy, including surgery,
immunotherapy, radiation therapy, targeted
therapy and endocrine therapy, chemotherapy
still remains the most common method of can-
cer healing [11].

Currently, comprehensive and individualized
treatment is regarded as the most common
and effective measure for cancer therapy.

Am J Cancer Res 2024;14(9):4514-4522
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al preclinical studies and a
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trial [6, 7]. In this study, we
enrolled a wide range of
advanced or metastatic solid
tumors including breast can-
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Figure 2. A heavily-pretreated ovarian cancer patient achieved partial re-
sponse after combination therapy of utidelone (UTD1) and capecitabine. A.
Computed tomography of the chest showed bilateral lung metastatic lesions
before enroliment. B. Lung metastatic lesions showed partial response after
seven cycles chemotherapy with UTD1 and capecitabine. C. Computed to-
mography showed continued shrinkage of lung metastatic lesions after 11
cycles chemotherapy. D. Curves of serum tumor markers.

Chemotherapy drugs can effectively eliminate
rapidly growing tumor cells, which are widely
used in the therapy of various cancer [12].
However, there are still high mortality rate of
tumors. The main reason for therapy failure is
that the tumors will ultimately become resis-
tant to former treatments, which leads to dis-
ease recurrence or progression [13]. There is
an urgent need for treatment protocols that
can overcome drug resistance in cancer pa-
tients after failure of standard therapies.

UTD1 is a new microtubule stabilizing agent
which is mainly used to treat recurrent or meta-
static breast cancer, especially in patients with
heavily-pretreated disease that was resistant
to anthracyclines and taxanes [14]. The results
of phase lll study NCT02253459 revealed that,
UTD1 plus capecitabine significantly improved
PFS (8.0 vs 3.5 m, P<0.0001), increased the
proportion of patients with ORR (45.6% vs
23.7%, P<0.0001), and prolonged 0S (20.9 vs
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all ORR and DCR were 20%
and 66%, respectively, and
the median OS was not re-
ached. As mentioned above,
the median PFS and ORR in
breast cancer patients were 6
months and 40%, respective-
ly, a little lower than the
results in NCT02253459 [4,
5]. This may be explained by
the fact that our study enrolled
higher proportion of patients
with ECOG performance sta-
tus 2 and patients who had received at least
three lines of previous therapies compared to
NCT02253459 [5]. Even so, the efficacy of
UTD1-based therapy in this study was superior
to that in the capecitabine control group in
NCT02253459 [4, 5]. In the patients with gy-
necological tumors including ovarian and cervi-
cal cancer et al., UTD1-based therapy demon-
strated a promising anti-tumor activity with a
median PFS of 4 months, an ORR of 9% and a
DCR of 64%, respectively. In an ovarian cancer
patient with multiple lung metastases experi-
enced progression after undergoing six lines of
treatment including chemotherapy, targeted
therapy, immunotherapy alone or combination
within 5 years, the lung metastases achieved
partial response after combination therapy of
UTD1 and capecitabine and the PFS was up to
11 months (Figure 2). To the best of our knowl-
edge, this is the first report of the clinical effi-
cacy of UTD1 in gynecological tumors. In other
tumors such as lung and gastrointestinal can-
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cer refractory to standard therapies, UTD1
monotherapy or combination therapy also ex-
hibited a promising anti-tumor activity. Impor-
tantly, tumors refractory to taxanes, another
type of microtubule stabilizer, could achieve an
ORR of 24% from UTD1-based therapy.

The reasons why UTD1 are effective in taxanes-
resistant tumors remain unclear. As a novel
microtubule stabilizer, UTD1 can cause the
arrest of mitosis by promoting microtubule
polymerization in the absence of GTP or micro-
tubule-associated proteins [2]. The microtubule
stabilized by UTD1 has a reduced number of
protofilaments, and it is dysfunctional during
the M phase [15], leading to cell cycle arrest at
metaphase/anaphase transition and cell death
[16]. After UTD1 exposure, both mitochondrial
fission and fusion protein, Drp1 and mitofusin2
changed, indicating that it might affect mito-
chondrial dynamics, which could trigger cell
death [7]. Moreover, UTD1 was less influenced
by P-glycoprotein which could structurally and
functionally affect diverse chemotherapeutics
[17]. These may partially explain why UTD1 was
still effective in tumors refractory to standard
therapies including taxanes-containing regi-
mens. These mechanisms supported the re-
sults of the univariable and multivariable analy-
ses of prognostic factors of PFS, which indicat-
ed that UTD1 had a broad spectrum of antican-
cer activity in different subgroups of age, sex,
previous lines of therapies, previous therapeu-
tic regimen et al.

PN is a common adverse reaction of chemo-
therapeutic drugs, including microtubule stabi-
lizers, platinum derivatives, vinca alkaloids and
proteasome inhibitors [18]. Risk factors for PN
include chemotherapeutic agent, cumulative
dose, number of cycles, combination therapies,
severity of acute symptoms and chronic alcohol
consumption amongst others [19, 20]. In the
meta-analysis, PN was found in 68.1% of pa-
tients at the first month after chemotherapy,
60% at 3 months, and 30% at 6 months and
beyond [21]. It is mainly manifested as limb
numbness of abnormal sensation, even loss of
sensation or abnormal pain, and decreased
tendon reflexes [22]. The main side effect of
UTD1 is PN. The incidence of PN caused by
UTD1 combined with capecitabine was 85.4%,
and the incidence of grade 3 PN was as high as
25.1% in heavily pretreated, anthracycline- and
taxanes-rafractory metastatic breast cancer
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[4]. The mechanisms of PN include the damage
of sensory neurons in the dorsal root gang-
lion, oxidative stress, mitochondrial dysfunc-
tion, microtubule destruction, axon degenera-
tion, upregulation of proinflammatory cyto-
kines, and others factors [23-25]. In the pres-
ent study, the overall incidence of PN caused by
UTD1 combined with other anticancer drugs
was 62%, and the incidence of grade 3 PN was
2%. When UTD1 was administrated as mono-
therapy, the incidence of PN of any grade was
as low as 37.5%, and the incidence of grade 3
PN was 12.5%. In breast cancer patients, the
overall incidence of PN was 65%, and the inci-
dence of grade 3 PN was 10%, respectively,
significantly lower than those in NCT02253459
[4, 5]. Moreover, none of patients reported
drug reduction or withdrawal during the study.
These results indicated that the incidence and
severity of PN has significantly decreased due
to changes in administration mode of UTD1.

The mode of administration or dose schedule
of chemotherapeutic drugs appear to have a
differential impact on its mechanism of action.
The influence of the mode of administration
on the mechanism of action of 5-fluorouracil
may offer an explanation for the difference in
toxicity and efficacy between bolus infusion
and continuous infusion 5-fluorouracil [9, 26].
In this study, we changed the administration
mode of UTD1 from 5 days intermittent in-
fusion to 120 h continuous intravenous infu-
sion with total dose unchanged, despite all
tumors were refractory to standard therapies
and more than 50% patients had received at
least three lines of previous therapies, the
UTD1-based therapy demonstrated convincing
anticancer activity. Notably, continuous intrave-
nous infusion UTD1 exhibited an improvement
of safety and tolerability over traditional admin-
istration mode.

Conclusion

In summary, our study demonstrated a promis-
ing anti-tumor activity of UTD1 in patients with
advanced or metastatic solid tumors after fail-
ure of the standard therapies, especially in
patients with breast and gynecological can-
cers. Moreover, 120 h continuous intravenous
infusion is a more tolerable administration
method than 5 days intermittent infusion, wor-
thy of further study.
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