
Cancer Pathogenesis and Therapy 2 (2024) 103–111
Contents lists available at ScienceDirect

Cancer Pathogenesis and Therapy

journal homepage: www.journals.elsevier.com/cancer-pathogenesis-and-therapy
Research article
Efficacy and safety of utidelone for the treatment of patients with locally
advanced or metastatic non-small-cell lung cancer who have failed standard
second-line treatment: A phase 2 clinical trial (BG01-1801)☆

Yuankai Shi a,*, Gongyan Chen b, Yanqiu Zhao c, Jing Zhao d, Lin Lin a

a Department of Medical Oncology, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences & Peking
Union Medical College, Beijing Key Laboratory of Clinical Study On Anticancer Molecular Targeted Drugs, Beijing 100021, China
b Department of Respiration, Harbin Medical University Cancer Hospital, Harbin, Heilongjiang 150040, China
c Respiratory Department of Internal Medicine, Henan Provincial Cancer Hospital, Zhengzhou, Henan 450003, China
d Department of Pulmonary and Critical Care Medicine, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences & Peking Union Medical College,
Beijing 100021, China
H I G H L I G H T S
☆ Given his role as Editor in Chief, Prof. Yuanka
review. Full responsibility for the editorial process
* Corresponding author: Department of Medical O

of Medical Sciences & Peking Union Medical Colle
E-mail address: syuankai@cicams.ac.cn (Y. Shi).

https://doi.org/10.1016/j.cpt.2023.10.006
Received 4 January 2023; Received in revised form
2949-7132/© 2023 Published by Elsevier B.V. on be
creativecommons.org/licenses/by-nc-nd/4.0/).
G R A P H I C A L A B S T R A C T
� A phase 2 clinical trial of utidelone was
performed in patients with heavily pre-
treated, locally advanced or metastatic
non-small-cell lung cancer.

� In the intention-to-treat (ITT) cohort, an
objective response rate of 15.4% (95%
confidence interval [CI], 4.4%–34.9%)
and a disease control rate of 69.2% (95%
CI, 48.2%–85.7%) was observed.

� A median progression-free survival of
4.37 months (95% CI, 2.50–5.29
months) and a 12-month overall survival
rate of 69% (95% CI, 45.1%–84.1%)
were observed in the ITT cohort.

� The most common grade 3/4 treatment-
emergent adverse event was peripheral
neuropathy (23.1%, all Grade 3).
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Background: Chemotherapy remains the standard-of-care for many patients with locally advanced or metastatic
non-small-cell lung cancer (NSCLC), but acquired resistance presents challenges. The aim of this open-label,
multicenter phase 2 clinical trial was to determine the efficacy and safety of utidelone, a novel genetically
engineered epothilone analog and microtubule-stabilizing agent, as a third- or later-line treatment for locally
advanced or metastatic NSCLC.
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Efficacy
Platinum- and taxane-refractory
 Methods: Patients who had failed standard second-line treatment (including platinum-containing chemotherapy or

targeted therapy) received utidelone (40 mg/m2 via intravenous injection daily, day 1–5) every 21 days. The
primary endpoint was the objective response rate (ORR). Secondary endpoints were the duration of response
(DoR), progression-free survival (PFS), overall survival (OS), and safety.
Results: From March 12, 2019 to January 18, 2021, 26 pretreated patients with locally advanced or metastatic
NSCLC (100% of patients had received prior platinum and 65.4% patients had received prior taxane treatment)
were enrolled (80.8% of patients had adenocarcinoma). At baseline, nine (34.6%) patients had received second-
line treatment, 10 (38.5%) patients had received third-line treatment, and seven (26.9%) patients had received
fourth- or later-line treatment. By the data cut-off date of August 10, 2021, the median follow-up was 7.49 months
(range, 1.4–26.7 months). The ORR was 15.4% (95% confidence interval [CI], 4.4%–34.9%) in the intention-to-
treat (ITT) cohort (N ¼ 26) and 19.0% (95% CI, 5.4%–41.9%) in the per-protocol (PP) cohort (N ¼ 21). The
disease control rate was 69.2% (95% CI, 48.2%–85.7%) and 81.0% (95% CI, 58.1%–94.6%) in the ITT and PP
cohorts, respectively. The median DoR was 4.1 months (95% CI, 3.1–5.1 months) in the ITT cohort. The median
PFS was 4.37 months (95% CI, 2.50–5.29 months) in the ITT cohort and 4.37 months (95% CI, 2.50–9.76 months)
in the PP cohort. The median OS was not reached, and the 12-month OS rate was 69% (95% CI, 45.1%–84.1%).
Grade 3/4 treatment-emergent adverse events occurred in 38.5% of patients, and the most common was pe-
ripheral neuropathy (23.1%, all Grade 3), which was manageable with dose modifications.
Conclusions: In this clinical trial, utidelone showed promising efficacy and had a manageable safety profile.
Further clinical studies are warranted to confirm its role in NSCLC treatment.
Trial registration: No.NCT03693547; https://classic.clinicaltrials.gov.
Introduction

In 2020, lung cancer remained the leading cause of cancer-related
death worldwide, including in China.1 Non-small-cell lung cancer
(NSCLC) accounts for approximately 85% of lung cancer cases,2,3 and
more than 75% of patients with lung cancer are diagnosed with locally
advanced or stage IV disease.4 Although biomarker identification, tar-
geted therapy, and immunotherapy have substantially improved out-
comes for patients with NSCLC in the past decade,2 the prognosis of this
malignancy remains dismal, with a 5-year overall survival (OS) rate of
7% for advanced disease in the United States of America.4 A recent
prospective study in China analyzed the survival of patients with unre-
sectable stage IIIB/IV NSCLC treated according to the choice of their
physicians and reported that the median OS was 23.2 months (95%
confidence interval [CI], 19.5–25.5 months) and the 1- and 3-year OS
rate was 68.9% and 39.0%, respectively.5

Although targeted therapies and/or immunotherapies are part of the
standard-of-care for patients with locally advanced or metastatic NSCLC,
for many patients, there is either no targetable driver gene alteration or
they are not suitable for immunotherapy; for such patients, chemo-
therapy remains the cornerstone of their treatment.6,7 Furthermore, ac-
quired resistance to targeted therapy and immunotherapy is a substantial
problem for patients with locally advanced or metastatic NSCLC, and
platinum-based chemotherapy is a suitable option for these patients.6–8

In addition, microtubule inhibition is an established treatment strategy,
and such regimens often also include a taxane.6,7 However, in NSCLC,
acquired resistance to standard platinum- and taxane-based regimens is
common, which limits their continued use and efficacy.9 Consequently,
there is a pressing unmet clinical need for alternative chemotherapeutic
agents that can overcome, or are less susceptible to, these resistance
mechanisms and have clinical activity in heavily pretreated patients.

Epothilones comprise a class of microtubule-targeting agents with a
different mechanism of action from that of taxanes, and were developed
to overcome acquired drug resistance.10–12 The only drug in this class
that has been approved by the US Food and Drug Administration (FDA) is
ixabepilone, which is used to treat metastatic breast cancer (MBC) after
anthracycline and taxane failure.13–16 However, myelosuppression, he-
patic toxicity, and peripheral neuropathy (PN) are common
ixabepilone-related toxicities, which often lead to treatment dis-
continuation.16–18 Consequently, the development of alternative epo-
thilones with more favorable benefit–risk profiles is desirable. Utidelone
is a novel genetically engineered analog of epothilone that was devel-
oped by Beijing Biostar Pharmaceuticals, Beijing, China, and can be
manufactured at a low cost.19,20 In a phase 3 trial, utidelone in
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combination with capecitabine significantly prolonged the
progression-free survival (PFS) and OS of patients with MBC refractory to
both anthracycline- and taxane-based chemotherapy, compared with the
survival outcomes achieved with capecitabine alone.20,21 On March 15,
2021, the China National Medical Products Administration (NMPA)
approved utidelone for the treatment of patients with MBC who have
received at least one previous chemotherapy regimen.22

Based on the efficacy of utidelone for MBC and the manageable tox-
icities and encouraging activity demonstrated in a phase 1 clinical trial in
patients with advanced solid tumors,19 which included four patients with
NSCLC, we conducted a phase 2 clinical trial (BG01-1801) of utidelone in
patients with locally advanced or metastatic NSCLC who had failed
standard second-line treatment (including platinum-based chemotherapy
or targeted therapy). Here, we report the efficacy and safety results of this
clinical trial.

Methods

Study design and patients

BG01-1801 was an open-label, multicenter phase 2 clinical trial
conducted in China to evaluate the efficacy and safety of utidelone in
patients with locally advanced or metastatic NSCLC who had received at
least two prior systemic regimens, including platinum-containing
chemotherapy or targeted therapy (No.NCT03693547).23 The inclusion
criteria included an age of 18–70 years, Eastern Cooperative Oncology
Group (ECOG) performance status (PS) of 0 or 1, intolerability or failure
of the previous standard second-line treatment (including
platinum-containing chemotherapy or targeted therapy) for locally
advanced or metastatic NSCLC, and an estimated life expectancy of
longer than 12weeks. Patients were required to havemeasurable disease,
no brain metastases, and a < Grade 2 PN within four weeks before
enrollment. Further details of the inclusion and exclusion criteria can be
found in the Supplementary Material.

Procedures

All patients were administered the recommended dose of utidelone
(40 mg/m2 via intravenous injection [iv] daily, on day 1–5) based on a
21-day cycle. Patients received utidelone until disease progression,
unacceptable toxicity, voluntary withdrawal, or withdrawal according
to the decision of the investigator. Patients were evaluated every two
treatment cycles through imaging to assess the objective response, and
patients were evaluated as having stable disease (SD) or better

https://classic.clinicaltrials.gov
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continued treatment until disease progression, intolerable toxicity, or
death. A safety evaluation was performed during every treatment cycle.
Before the administration of utidelone, patients were pretreated with
intramuscular or oral diphenhydramine (40 mg), iv dexamethasone
(10 mg), and cimetidine (300 mg) to prevent infusion reactions. Follow-
up after the end of treatment included an efficacy evaluation every two
months until death or the end of the OS follow-up period. Dose ad-
justments were permitted to manage any toxic effects [Supplementary
Material].
Figure 1. Flowchart of the clinical trail (
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Outcomes

The primary endpoint of this clinical trial was the objective response
rate (ORR), assessed by investigators according to the Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1,24 defined as the proportion
of patients with a complete response (CR) or partial response (PR). Sec-
ondary endpoints were the duration of response (DoR; defined as the time
from the date of the CR or PR to the date of progressive disease [PD] or
death due to any cause, whichever occurred first), PFS (defined as the time
BG01-1801). N: Number of patients.



Table 1
Baseline clinical characteristics of patients in the ITT cohort.

Characteristic Utidelone (N ¼ 26)

Age (years), median (range) 55 (39–68)
Histopathological classification, n (%)
Squamous cell carcinoma 5 (19.2)
Adenocarcinoma 21 (80.8)

Histopathological grade, n (%)
Undifferentiated 5 (19.2)
Poorly differentiated 6 (23.1)
Moderately differentiated 4 (15.4)
Other 11 (42.3)

Clinical stage, n (%)
Stage IIIA 1 (3.8)
Stage IIIB 1 (3.8)
Stage IV 20 (76.9)
Other 4 (15.5)

Metastatic organ/site, n (%)
Lymph nodes 24 (92.3)
Bone 12 (46.2)
Brain 8 (30.8)
Pleura 4 (15.4)
Liver 2 (7.7)
Kidney and adrenal gland 2 (7.7)
Other 14 (53.8)

Number of metastatic sites, n (%)
1 3 (11.5)
2 7 (26.9)
>2 16 (61.5)

ECOG PS score, n (%)
0 10 (38.5)
1 16 (61.5)

Treatment history for NSCLC, n (%)
�1 Previous treatment 26 (100)
�1 Previous surgery 8 (30.8)
�1 Previous radiotherapy 8 (30.8)
�1 Previous drug or other treatment 26 (100)

Type of treatment, n (%)
Chemotherapy 26 (100)
Targeted therapy 21 (80.8)
Immunotherapy 6 (23.1)
Other 1 (3.8)

Last treatment line received prior to enrollment, n (%)
1L 0
2L 9 (34.6)
3L 10 (38.5)
�4L 7 (26.9)

Taxane-containing regimens received, n (%) 17 (65.4)
Platinum-containing regimens received, n (%) 26 (100)

ECOG: Eastern Cooperative Oncology Group; ITT: Intention-to-treat; L: Line; N:
Number of patients; n: Number of patients in each subgroup; NSCLC: Non-small-
cell lung cancer; PS: Performance status.

Table 2
Best objective responses to utidelone in NSCLC patients.

Parameters ITT cohort (N ¼ 26)
n (%)

PP cohort (N ¼ 21)
n (%)

Best objective response
evaluation
Complete response 0 0
Partial response 4 (15.4) 4 (19.0)
Stable disease 14 (53.8) 13 (61.9)
Progressive disease 4 (15.4) 4 (19.0)
Not evaluable 4 (15.4) 0

Objective response rate,
95% CI

4 (15.4)
4.4–34.9

4 (19.0)
5.4–41.9

Disease control rate,
95% CI

18 (69.2)
48.2–85.7

17 (81.0)
58.1–94.6

The 95% CIs were calculated based on the Clopper–Pearson method. CI: Confi-
dence interval; ITT: Intention-to-treat; N: Number of patients; NSCLC: Non-small-
cell lung cancer; PP: Per-protocol.
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from first dose of utidelone treatment to PD or death due to any cause,
whichever occurred first, as documented by the investigators), OS (defined
as the time from the first dose of utidelone treatment to death due to any
cause), and safety. The incidence of treatment-emergent adverse events
(TEAEs) and treatment-related adverse events (TRAEs) was assessed by the
investigators according to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events (CTCAE) version 4.03.25

Statistical analysis

Data from all participating hospitals were pooled. All efficacy and
safety analyses were performed on the intention-to-treat (ITT) cohort,
which referred to all patients who received at least one dose of utidelone.
Efficacy analysis was also performed on the per-protocol (PP) cohort,
which referred to those who received at least two cycles of utidelone.
Data were analyzed using Statistical Analysis System software (SAS
Institute, Cary, NC, USA) version 9.4.

The null hypothesis for the ORR of utidelone in this exploratory
clinical trial was set at 10% to detect any efficacy signal. This null hy-
pothesis was based on the published ORRs of the microtubule inhibitors
ixabepilone (administered daily for five consecutive days), docetaxel,
and eribulin when used to treat locally advanced or metastatic NSCLC,
which have been reported as 11.6%, 6.0%, and 12.2%,
respectively.26–28 The alternative hypothesis was that the ORR would
be � 10%, thus warranting the further development of utidelone as a
subsequent-line treatment for locally advanced or metastatic NSCLC.
The number of patients included in this small exploratory clinical trial
was deemed sufficient to detect an efficacy signal and determine
whether a larger clinical trial was warranted.

Unless otherwise noted, for all statistical tests, a 95% CI with a two-
sided alpha level of 0.05 was calculated. The 95% CIs for the ORR were
calculated using the Clopper–Pearsonmethod. Themedian DoR, PFS, and
OS were estimated using the Kaplan–Meier method, and the corre-
sponding 95% CIs were estimated using the Greenwood formula.

Results

Patient characteristics

From March 12, 2019 to January 18, 2021, 26 patients with locally
advanced or metastatic NSCLC were enrolled and received at least one
dose of utidelone (ITT cohort) [Figure 1]. The PP cohort included 21
patients who received at least two cycles of utidelone. The baseline
clinical characteristics of patients in the ITT cohort were generally
balanced between treatment groups [Table 1]. The patients had a median
age of 55 years (range, 39–68 years), and the majority of them had an
ECOG PS of 1 (61.5%, 16/26), disease with adenocarcinoma histopa-
thology (80.8%, 21/26), and stage IV disease (73.1%, 19/26).

At baseline, nine (34.6%) patients had received second-line treatment
for locally advanced or metastatic NSCLC, 10 (38.5%) patients had
received third-line treatment, and seven (26.9%) patients had received
fourth- or later-line of treatment. In total, 26 (100%) patients had
received prior platinum treatment, 17 (65.4%) patients had also received
prior taxane treatment, 21 (80.8%) patients had received targeted ther-
apy, and six (23.1%) patients had received immunotherapy. At the data
cut-off date of August 10, 2021, the median follow-up was 7.49 months
(range, 1.4–26.7months). By the data cut-off date, nine (34.6%) patients
were died, 15 patients were still alive, and two were lost to follow-up.

Objective response rate

Efficacy was evaluated in both the ITT (N ¼ 26) and PP (N ¼ 21)
cohorts, with ORRs determined to be 15.4% (95% CI, 4.4%–34.9%) and
19.0% (95% CI, 5.4%–41.9%), respectively [Table 2]. The median DoR in
the ITT cohort was 4.1 months (95% CI, 3.1–5.1 months). Furthermore,
tumor shrinkage was observed in 54.5% (12/22) of patients in the ITT
106
cohort [Figure 2A] and 57.1% (12/21) of patients in the PP cohort
[Supplementary Figure 1A]. The investigator-assessed percentage change
in tumor size from baseline at different time points in the ITT and



Figure 2. Efficacy of utidelone for patients with
NSCLC in the ITT cohort. Waterfall plot of the
best percentage change in the investigator-
assessed size of target tumor lesions from base-
line in the ITT cohort (A), spider plot of the
change in the investigator-assessed tumor size
over time in the ITT cohort (B) and swimmer plot
of the ITT cohort (C). The dashed line at 20%
represents the boundary for PD determination,
and the dashed line at �30% represents the
boundary for PR determination. Black crosses
indicate the timepoint when the objective
response was first observed, and the black dots
indicate the timepoint when the objective
response ended. Note: N ¼ 22, as the best ORR
was not evaluable for four of the patients, as per
the study protocol. CI: Confidence interval; DCR:
Disease control rate; ID: Identification; ITT:
Intention-to-treat; N: Number of patients; NSCLC:
Non-small-cell lung cancer; ORR: Objective
response rate; PD: Progressive disease; PR: Partial
response; SD: Stable disease.
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PP cohort is shown in Figure 2B and Supplementary Figure 1B,
respectively.

In the ITT cohort, the disease control rate (DCR) was 69.2% (95%
CI, 48.2%–85.7%); four patients achieved a PR and 14 patients had
SD [Table 2]. In the PP cohort, the DCR was 81.0% (95% CI, 58.1%–
107
94.6%). In the subgroups of patients who had received two, three,
four, or more lines of prior treatment and in those who had received
prior taxane or targeted therapy, the ORRs ranged from 11.1% to
20% and the DCRs ranged from 57.1% to 82.4% [Supplementary
Table 1].



Figure 3. PFS of patients with NSCLC treated with utidelone. Kaplan–Meier plots of PFS in the ITT cohort (A) and PP cohort (B). Data cut-off date: August 10, 2021.
CI: Confidence interval; ITT: Intention-to-treat; NSCLC: Non-small-cell lung cancer; PFS: Progression-free survival; PP: Per-protocol.
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Utidelone exposure

All 26 patients in the safety cohort received a median of 3.0 cycles of
utidelone treatment (range, 1.0–10.0 cycles). The median duration of
108
utidelone exposure was 2.09 months (range, 0.16–9.20 months) [Figure
2C] and 2.43 months (range, 0.85–9.20 months) [Supplementary Figure
1C] in the ITT and PP cohort, respectively. A general trend could be seen
indicating a better response with a longer exposure to utidelone.



Table 4
Dose adjustments of utidelone due to TEAE (safety cohort).

Preferred term Utidelone
Safety cohort (N ¼ 26) n (%)

TEAE leading to dose reduction 9 (34.6)
Peripheral neuropathy 5 (19.2)
Pain in extremity 2 (7.7)
Hyponatremia 1 (3.8)
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Survival

ThemedianPFSwas4.37months (95%CI, 2.50–5.29months) in the ITT
cohort [Figure 3A] and 4.37months (95% CI, 2.50–9.76months) in the PP
cohort [Figure 3B]. The median OS was not reached, the 12-month OS rate
was 69.0% (95%CI, 45.1%–84.1%) [Supplementary Figure 2A] and 71.0%
(95% CI, 42.7%–87.1%) [Supplementary Figure 2B] in the ITT and PP
cohort, respectively.
Epilepsy 1 (3.8)
Hypoesthesia 1 (3.8)

TEAE leading to dose interruption 10 (38.5)
Peripheral neuropathy 5 (19.2)
Alanine aminotransferase increase 1 (3.8)
Intestinal obstruction 1 (3.8)
Epilepsy 1 (3.8)
Hypoesthesia 1 (3.8)
Anal pain 1 (3.8)
Insomnia 1 (3.8)
Aspartate aminotransferase increase 1 (3.8)
Pain in extremity 1 (3.8)

TEAE leading to dose discontinuation 2 (7.7)
Hypoesthesia 1 (3.8)
Perianal abscess 1 (3.8)

N: Number of patients; n: number of patients in each subgroup; TEAE: Treatment-
emergent adverse event.
Safety profile

All 26 patients in the ITT cohort were included in the safety cohort,
and all patients experienced TEAEs; 38.5% (10/26) of the patients had
Grade 3/4 TEAEs. The most common TEAEs of any grade, reported in
>25% of patients, were PN (80.8%), insomnia (38.5%), anemia (34.6%),
alopecia (34.6%), lymphopenia (30.8%), neutropenia (30.8%), and
decreased appetite (26.9%). Common Grade 3/4 TEAEs (in >5% of pa-
tients) were PN (23.1%, all Grade 3), lymphopenia (7.7%), elevated
γ-glutamyltransferase (7.7%), hyponatremia (7.7%), and pain in an ex-
tremity (7.7%) [Table 3].

The dose of utidelone was reduced for nine (34.6%) patients, treat-
ment was interrupted for ten (38.5%) patients and two (7.7%) patients
discontinued the treatment, owing to TEAEs [Table 4]. The most com-
mon TEAE was PN, which was mainly sensory PN. However, PN could be
managed with a dose reduction, by prolonging the dosing interval, with a
treatment interruption, or through symptomatic management using
adjunctive treatments.

Five (19.2%) patients experienced serious adverse events (SAEs) in
this clinical trial, as follows: PN (one patient; Grade 3), intestinal
obstruction (one patient; Grade 2), epileptic seizure (one patient;
Grade 2), perianal abscess (one patient; Grade 1), and pulmonary
embolism (one patient; Grade 3). The PN and intestinal obstruction
Table 3
TEAE (incidence �10%) in the safety cohort.

Preferred term Utidelone (N ¼ 26) n (%)

All grades � Grade 3

Peripheral neuropathy 21 (80.8) 6 (23.1)
Insomnia 10 (38.5) 0
Anemia 9 (34.6) 1 (3.8)
Alopecia 9 (34.6) 0
Lymphopenia 8 (30.8) 2 (7.7)
Neutropenia 8 (30.8) 1 (3.8)
Decreased appetite 7 (26.9) 0
Leukopenia 6 (23.1) 1 (3.8)
Hypoalbuminemia 6 (23.1) 0
Hyponatremia 6 (23.1) 2 (7.7)
Hypoesthesia 6 (23.1) 0
Pain in extremity 6 (23.1) 2 (7.7)
Hypertriglyceridemia 6 (23.1) 0
γ-Glutamyltransferase increase 5 (19.2) 2 (7.7)
Alanine aminotransferase increase 5 (19.2) 1 (3.8)
Asthenia 5 (19.2) 0
Diarrhea 4 (15.4) 0
Hypercholesterolemia 4 (15.4) 0
Constipation 3 (11.5) 0
Hypochloremia 3 (11.5) 0
Nausea 3 (11.5) 0
Hyperglycemia 3 (11.5) 0
Aspartate aminotransferase increase 3 (11.5) 1 (3.8)
Blood alkaline phosphatase increase 3 (11.5) 1 (3.8)
Pulmonary embolism 0 1 (3.8)
Bilirubin conjugated increase 0 1 (3.8)

N: Number of patients; n: Number of patients in each subgroup; TEAE: Treatment-
emergent adverse event.
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SAEs were considered treatment-related. There were no deaths related
to TEAEs.
Subsequent anticancer treatment

Of the ITT cohort, 53.8% (14/26) of the patients were administered at
least one subsequent anticancer treatment after the discontinuation of
utidelone, which included targeted therapy (26.9%), other chemo-
therapy (15.4%), immunotherapy and radiotherapy (7.7%), and other
treatments (3.8%).

Discussion

Despite many targeted agents being approved in the past decade for
locally advanced or metastatic NSCLC, there is an urgent unmet need for
treatment regimens that offer an alternative option for heavily pretreated
patients who are either not suitable for, or have acquired resistance to,
targeted agents, immunotherapy, and/or chemotherapy regimens. This
clinical trial demonstrated the promising clinical activity and manage-
able safety profile of utidelone. This is the first clinical trial of an epo-
thilone agent to show efficacy for heavily pretreated patients with
platinum- and/or taxane-resistant locally advanced or metastatic NSCLC.

As the primary endpoint, the ORR for utidelone was 15.4% in the ITT
cohort and 19.0% in the PP cohort, with a DCR of 69.0% and 71.0% in
the ITT and PP cohort, respectively. Responses were achieved even in the
heavily pretreated patients, including those who received prior targeted
therapy. Although the number of patients in each subgroup was small,
the data are encouraging and should be examined closely in future
clinical studies. In the ITT cohort, the median PFS in this clinical trial was
4.37 months (95%CI: 2.50–5.29 months), the 12-month OS rate was
69.0% (95%CI: 45.1%–84.1%), and the median OS was not reached.
Although it is not possible to compare the outcomes of this clinical trial
directly with those of clinical trials of other subsequent-line therapies in
different patient cohorts, it is interesting to note that the efficacy out-
comes are in the same range as those observed for docetaxel in clinical
trials of patients with locally advanced or metastatic NSCLC who had
failed platinum-containing regimens. For example, in the TAX320 NSCLC
Study Group trial, the ORR for docetaxel was 6.7%, the median OS was
5.7 months, and the 1-year OS was 32%.29 In more recent phase 3 clinical
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trials of immunotherapy agents in patients with NSCLC who had failed a
platinum-containing regimen and appropriate targeted therapies, the
docetaxel control arms achieved ORRs of 9%–15% and DCRs of
43%–56%.27–30 In these immunotherapy clinical trails, the median PFS
for docetaxel was 2.8–4.2 months, the median OS was 6.0–9.7 months,
and the 1-year OS rates were 24%–39%.30–34

The efficacy of utidelone in patients with locally advanced or meta-
static NSCLC also appears promising when considering the data reported
for other novel microtubule-targeting agents evaluated for locally
advanced or metastatic NSCLC treatment. For example, a phase 2 clinical
trial of ixabepilone, as a second-line treatment, reported ORRs of
12%–14%, depending on the dose of ixabepilone used, and a DCR of 48%,
a median PFS of 5.3–5.8 months, and a median OS of 7.3–8.3 months, but
the patients were not as heavily pretreated as those in this clinical trial and,
as targeted therapy and immunotherapy options were not available when
it was conducted, patients had not received these drugs in their first-line
regimens.26 Another phase 2 clinical trial of ixabepilone plus carboplatin
in treatment-naïve patients with advanced NSCLC reported a median PFS
of 5.3 months and a median OS of 13 months, but the efficacy of this
combination for a heavily pretreated cohort of patients remains un-
known.35 Eribulin, an inhibitor of microtubule dynamics, failed to
demonstrate a superior OS compared with the investigator's choice of
chemotherapy in a phase 3 clinical trial in patients with advanced non-
squamous NSCLC who had been heavily pretreated; the ORR was 12.2%
for the eribulin group and 15.2% for the chemotherapy group, and the
median OS for both treatment groups was 9.5 months.28

Utidelone was well tolerated in this clinical trial of pretreated patients
and the common TEAEs were similar to those noted in clinical trials of
utidelone for patients with MBC.20,21 In the phase 3 clinical trial of uti-
delone plus capecitabine vs. capecitabine alone, to treat MBC, the profiles
and incidences of the most common AEs, including palmar-plantar
erythrodysesthesia and hematological and gastrointestinal toxicities,
were similar between the two groups.21 Furthermore, the patient age,
disease stage, and treatment history were similar in this phase 2 clinical
trial for patients with locally advanced or metastatic NSCLC and the
phase 3 clinical trial for patients with MBC.20,21

Based on the literature, utidelone is the only microtubule inhibitor, to
date, to be associated with a low incidence of myelosuppression (3.8%
for Grade 3/4 neutropenia in comparison to that with other microtubule
inhibitors: 67.3% for docetaxel,27 38.6% for nab-paclitaxel,36 48.7% for
eribulin,28 and 17.0% for ixabepilone26 in lung cancer. In addition, no
febrile neutropenia was reported with utidelone in this clinical trial,
whereas this AE was reported with docetaxel, nab-paclitaxel, and ixa-
bepilone.27,28,36 To confirm these observations pertaining to the AE
profile of utidelone, head-to-head comparisons with other microtubule
inhibitors will be necessary. Platinum-based regimens are associated
with considerable toxicity, with major AEs that include hematological
toxicities, nephrotoxicities, and nausea and vomiting.37 Docetaxel is
particularly associated with PN, myelosuppression (including neu-
tropenia and febrile neutropenia), arthralgias, myalgias, and skin re-
actions.38 For both ixabepilone and eribulin, an incidence of Grade 3/4
neutropenia of approximately 45%–49% has been reported in clinical
trials in patients with advanced or metastatic NSCLC.26,28

Consistent with PN being a common AE of microtubule inhibitors,
including eribulin, paclitaxel, and ixabepilone, it was the prominent AE
associated with utidelone in this clinical trial, occurring as a Grade 3/4
AE in 23.1% of patients. However, it could be managedwith a dose delay,
dose reduction, or symptomatic treatment, generally resulting in reso-
lution of this AE from Grade 3 to baseline in approximately three weeks.
Similarly, in the phase 3 clinical trial of utidelone plus capecitabine in
patients with MBC pretreated with anthracycline and taxane, 81% of
patients experienced any-grade PN and 22% of patients developed Grade
3 PN. All the Grade 3 PN in the phase 3 clinical trial in MBCwere resolved
in approximately 3.6 weeks.20 In this phase 2 clinical trial for patients
with locally advanced or metastatic NSCLC, there were no discontinua-
tions of utidelone owing to PN. By contrast, PN was the most frequent
110
TRAE leading to discontinuation in the utidelone plus capecitabine group
(16% vs. 0% in the capecitabine alone group) in the phase 3 clinical trial
of utidelone for MBC.20

In phase 1 and phase 2 clinical trials of utidelone for solid tumors, iv
administration once every 21 days and iv administration daily on day
1–5, every 21 days, were evaluated.19,39 We selected the 5-day dosing
schedule every 21 days for further development as it resulted in a similar
safety profile but better efficacy than the once-every-21-day schedule. An
oral formulation of utidelone is also in development to enable its more
convenient administration and to reduce the incidence of PN. Limitations
of this clinical trail include it being a single-arm study with a small
sample size, which precluded any subgroup analyses; a randomized
controlled clinical trail in a larger patient cohort would be needed to
address this.

In conclusion, this clinical trial demonstrated the encouraging effi-
cacy and manageable safety profile of utidelone for patients with locally
advanced or metastatic NSCLC who have failed standard second-line
treatment.
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