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Intravenous liposomal irinotecan in
metastatic triple-negative breast cancer after
≥ 2 prior lines of chemotherapy: a phase
Ib study

A list of authors and their affiliations appears at the end of the paper

This study (NCT04728035) aimed to explore the safety and efficacy of lipo-
somal irinotecan (HE072) in patients with metastatic triple-negative breast
cancer (mTNBC). This study consisted of two parts. In part 1, the 3 + 3 design
was used to investigate three dose levels of HE072 (50, 70 and 90mg/m2). In
part 2, patients were enrolled in two cohorts (mTNBC and HER2-negative
breast cancer brain metastasis [BCBM]), and received HE072 70mg/m2 every
two weeks (Q2W). The primary endpoints were maximum tolerated dose
(MTD) and recommended phase 2 dose (RP2D), and treatment emergent
adverse events (TEAEs). The secondary endpoints were pharmacokinetic
profiles and efficacy including objective response rate (ORR) and disease
control rate (DCR) (all patients) and Central Nervous System ORR and clinical
benefit rate (CBR, for patients with HER2-negative BCBM), duration of
response, progression free survival (PFS), overall survival (OS). A total of 119
patients were enrolled, including 101 mTNBC and 18 HER2-negative
BCBM. One dose limiting toxicity (grade 3 nausea and vomiting) occurred at
70mg/m2, and the MTD was not reached. The most common ≥ grade 3 TEAEs
related to HE072 included neutropenia (21.0%), leukopenia (18.5%), diarrhea
(10.1%). Among 87 evaluable patients with mTNBC, 22 patients (25.3%)
achievedoverall response. TheDCRwas67.8% (59/87). Themedian PFS andOS
were 4.8months and 14.1 months, respectively. The RP2Dwas 70mg/m2 Q2W.
Promising antitumor activity in heavily pre-treated patients with mTNBC was
observed, which warrants further validation.

Triple negative breast cancer (TNBC) is an aggressive subtype of breast
cancer associated with poor prognosis, which accounts for 12–17% of
all breast cancers1. About 45% of patients diagnosed with advanced
TNBC will develop distant metastasis to the brain and/or visceral
organs, with a median overall survival (OS) of 13.5–15.2 months2,3.
Compared to other types of breast cancer, TNBC can’t benefit from
endocrine therapy and human epidermal growth factor receptor 2
(HER2) targeting therapy and has limited treatment options.

Sacituzumab govitecan (SG) has been approved for treatment of
unresectable locally advanced or metastatic TNBC who have received
at least two systemic therapies in China in June 2022. Despite the
development of various targeted therapies in recent years, cytotoxic
chemotherapy remains the backbone of treatment for TNBC.

The incidence of breast cancer brain metastasis (BCBM) is
increasing with the longer survival of patients with breast cancer4. The
prognosis of BCBM is poor5,6, with a median OS of 4.4–18.9 months.
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The limited ability to cross the blood-brain barrier (BBB) for the anti-
tumor agents represents a great challenge for patients with BCBM.
There is a highly unmetmedical need for novel agents which can cross
BBB and work in the brain lesions.

Liposomal irinotecan (HE072, CSPCOuyi Pharmaceutical Co, Ltd),
a generic form of Onivyde, has been recently approved for treatment
of metastatic pancreatic adenocarcinoma after disease progression
following gemcitabine-based therapy by National Medical Products
Administration (NMPA). HE072 used pegylated liposome encapsulat-
ing an irinotecan sucroseoctasulfate salt, with vesicle size of 110 nm,
which could prevent rapid elimination by mononuclear phagocyte
system, thus increasing the circulation longevity of the drug and
allowing more irinotecan accumulating into tumor zone7. Together
with enhanced permeability and retention effect in cancer, HE072
exhibited improved efficacy profiles. Preclinical trials showed that
compared with Onivyde, HE072 exhibited a similar or greater anti-
tumor effect in the pancreatic cancer, small lung cancer and breast
cancer xenograftsmodel. BioequivalencebetweenOnivyde andHE072
was established for total irinotecan, free irinotecan and SN-38, and
there were no significant differences between HE072 and Onivyde in
patients with advanced pancreatic cancer (NCT04482257).

To explore whether HE072 can work in metastatic TNBC and
HER2-negative BCBM and to find the optimal dose, we carried out this
phase I trial to evaluate the safety, tolerability, efficacy, pharmacoki-
netics and determination of the recommended phase 2 dose (RP2D) of
HE072 in patients with metastatic TNBC after ≥2 prior lines of
chemotherapy.

Results
Patients
Between May 2021 and December 2022, 178 patients were screened
and 119 patients (including 101 metastatic TNBC and 18 HER2-negative
BCBM) were enrolled, with 27 in the dose-escalation and expansion
part and 92 in the expansion cohort part (Fig. 1). In total, 12 patients

received HE072 at 50mg/m2 dose level, and 107 patients received
HE072 at 70mg/m2 dose level. The demographics and baseline char-
acteristics of the study patients were summarized in Table 1. TNBC
patients had received a median 3.0 (2~8) lines of chemotherapy prior
to enrollment. Of all TNBC patients, 20.8% had received PD-1/PD-L1
inhibitors, and 23.8% had more than four metastatic sites. Five of 18
patients with HER2-negative BCBM had previously received endocrine
therapy.

Primary endpoints
Safety. At 70mg/m2 dose level (n = 107), a total of 104 patients (97.2%)
had one or more treatment emergent adverse events (TEAEs) of any
grade, and 50 patients (46.7%) had ≥ grade 3 TEAEs (Supplementary
Table 1). Treatment related adverse events (TRAEs) occurred in 103
patients (96.3%, Table 2). The most common TRAEs included diarrhea
(72/107, 67.3%), leukopenia (64/107, 59.8%), nausea (61/107, 57.0%),
anemia (59/107, 55.1%), neutropenia (57/107, 53.3%), vomiting (54/107,
50.5%), hypokalemia (37/107, 34.6%), fatigue (35/107, 32.7%),weight
loss (30/107, 28.0%), lymphocytopenia (27/107, 25.2%), γ-glutamyl
transpeptidase elevation (26/107, 24.3%), decreased appetite (25/107,
23.4%), hyponatremia (23/107, 21.5%), increased ALT (22/107, 20.6%),
and abdominal pain (22/107, 20.6%)(Table 2). The safety of HE072 in
patients with HER2-negative BCBM was shown in Supplementary
Table 2.

Serious TEAEs were reported in 25 patients (23.4%), of whom 20
patients (18.7%) experienced serious TEAEs related to HE072 (Sup-
plementary Table 3). TRAEs leading to permanent treatment dis-
continuation were reported in five patients (4.2%), including diarrhea
(n = 3), upper abdominal pain (n = 1) and coma (n = 1). One patient had
a TEAE leading to death, which was not related to HE072 treatment.
She was found to develop brain and lungmetastases after 5th dosing of
HE072, and died two weeks later.

The median exposure to HE072 among all patients was 80.0
(range 14-436) days, and the mean (±SD) relative dose intensity was

Fig. 1 | Patients disposition. A total of 119 patients were enrolled, including 101
patients with metastatic TNBC and 18 patients with HER2-negative BCBM. At the
cutoff date of June 5, 2023, all 119 patients discontinued the treatment due to
disease progression, withdrawn from the study, intolerable toxicity, and others.

BCBMbreast cancer brainmetastasis, EAS efficacy analysis set, FAS full analysis set,
HER2 human epidermal growth factor receptor, PKCS pharmacokinetics con-
centration set, PKPS pharmacokinetics parameter set, TNBC triple negative breast
cancer.
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85.7 ± 17.1%. Forty-seven patients (39.5%) experienced dose delay,
reduction or interruption; of these, 37 patients had a dose delay, 26
patients had a dose reduction, and one patient had a dose interruption
(Supplementary Table 4). A total of 119 patients discontinued the
treatment at the cutoff date of June 5, 2023. Reasons for dis-
continuation treatment were disease progression (n = 83), withdrawal
from the study (n = 21), intolerable toxicity (n = 6), and others
(n = 9) (Fig. 1).

Determination of the RP2D. Only one dose limiting toxicity (DLT)
(grade 3 nausea and grade 3 vomiting) was observed at 70mg/m2 dose
level in dose escalation part (n = 9), and the maximum toxicity dose
(MTD) was not reached. Subsequently, the 50mg/m2 and 70mg/m2

every two weeks (Q2W) were expanded with additional 18 patients
enrolled. Three serious adverse events (SAEs) occurred in 50mg/m2

group in contrast to one SAE in 70mg/m2 group. Based on the com-
prehensive review, the safety and tolerability were similar between
50mg/m2 and 70mg/m2. Together with pharmacokinetic data which
showed that exposure (Cmax, AUC0-t andAUC0-∞) of free irinotecan and
SN-38 in 70mg/m2 group was greater than that in 50mg/m2 group,
70mg/m2 Q2W was determined as the RP2D. Thus, a dose level of
90mg/m2 was not explored.

Secondary endpoints
Pharmacokinetics profile. The mean plasma concentration-time
curve and the detailed pharmacokinetic parameters of total irinote-
can, free irinotecan, and SN-38 at HE072 50mg/m2 and 70mg/m2 were
shown in Fig. 2 and Table 3, respectively. Over the dose range of 50 to
70mg/m2, the Cmax and AUC of total irinotecan, free irinotecan, and
SN-38 increases with dose. The mean Cmax and AUC0-∞ of total irino-
tecan and SN-38 with 70mg/m2 were 45.0μg/mL and 1706.2 h*μg/mL,

Table 1 | Demographics and baseline disease characteristics

TNBC HER2-
negative
BCBM

50mg/m2

n = 12
70mg/m2

n = 89
Total n = 101 70mg/m2

n = 18

Age (year) 47.5 (28~63) 50.0 (28~69) 50.0 (28~69) 49.0 (35~65)

ECOG perfor-
mance status

0 5 (41.7) 22 (24.7) 27 (26.7) 1 (5.6)

1 7 (58.3) 66 (74.2) 73 (72.3) 14 (77.8)

2 0 1 (1.1) 1 (1.0) 3 (16.7)

Median time from
initial diag-
nosis (month)

29.8
(15.1~142.6)

39.6
(8.5~144.0)

39.6
(8.5~144.0)

38.5
(7.8~266.9)

Hormonal recep-
tors statusa

Both ER
and PR < 1%

12 (100) 76 (85.4) 88 (87.1) 12 (66.7)

Othersb 0 11 (12.4) 11 (10.9) 3 (16.7)

Ki-67 expression

<15% 0 7 (7.9) 7 (6.9) 4 (22.2)

>30% 12 (100) 69 (77.5) 81 (80.2) 11 (61.1)

Missing 0 13 (14.6) 13 (12.9) 3 (16.7)

No. of meta-
static sites

<4 10 (83.3) 67 (75.3) 77 (76.2) 14 (77.8)

≥4 2 (16.7) 22 (24.7) 24 (23.8) 4 (22.2)

Metastatic sites

Lung 8 (66.7) 49 (55.1) 57 (56.4) 8 (44.4)

Bone 7 (58.3) 39 (43.8) 46 (45.5) 11 (61.1)

Lymph node 6 (50.0) 50 (56.2) 56 (55.4) 6 (33.3)

Liver 3 (25.0) 24 (27.0) 27 (26.7) 3 (16.7)

Brain 0 5 (5.6) 5 (5.0) 18 (100)

Others 7 (58.3) 44 (49.4) 51 (50.5) 5 (27.8)

Prior radiotherapy 7 (58.3) 59 (66.3) 66 (65.3) 16 (88.9)

Median prior lines
of chemotherapy

3.0 (2~8) 2.0 (2~8) 3.0 (2~8) –

Prior capecitabine 10 (83.3) 60 (67.4) 70 (69.3) 0

Prior PD1/PD-L1
inhibitor

2 (16.7) 19 (21.3) 21 (20.8) 0

Prior radical
surgery

11 (91.7) 81 (91.0) 92 (91.1) 17 (94.4)

Disease-free inter-
val (month)

14.5
(8.0–66.2)

13.9
(0.0–128.7)

14.2
(0.0–128.7)

17.1
(2.5–132.5)

Data are median (range) or n (%) unless otherwise indicated.
BCBMbreast cancer brainmetastasis, ECOG Eastern Cooperative OncologyGroup, ER estrogen
receptor,HER2humanepidermal growth factor receptor, PRprogesterone receptor,TNBC triple
negative breast cancer.
aER > 10% in two patients in TNBC 70mg/m2 group; PR or ER was positive in three patients with
HER2-negative BCBM.
bOthers included ER <1% andPR 1–9%positive; ER 1–9%positive andPR <1%; andER 1–9%positive
and PR 1–9% positive.

Table 2 | Summary of TRAE (≥15%) after HE072 treatment

50mg/m2

(n = 12)
70mg/m2

(n = 107)
Total (n = 119)

TEAE 11 (91.7) 104 (97.2) 115 (96.6)

Serious TEAEs 2 (16.7) 25 (23.4) 27 (22.7)

Serious TRAEs 2 (16.7) 20 (18.7) 22 (18.5)

TRAEs 11 (91.7) 103 (96.3) 114 (95.8)

Hematological

Leukopenia 7 (58.3) 64 (59.8) 71 (59.7)

Anemia 8 (66.7) 59 (55.1) 67 (56.3)

Neutropenia 6 (50.0) 57 (53.3) 63 (52.9)

Lymphocytopenia 3 (25.0) 27 (25.2) 30 (25.2)

Thrombocytopenia 2 (16.7) 18 (16.8) 20 (16.8)

Non-hematological

Diarrhea 3 (25.0) 72 (67.3) 75 (63.0)

Nausea 6 (50.0) 61 (57.0) 67 (56.3)

Vomiting 4 (33.3) 54 (50.5) 58 (48.7)

Fatigue 5 (41.7) 35 (32.7) 40 (33.6)

Weight loss 2 (16.7) 30 (28.0) 32 (26.9)

Decreased appetite 1 (8.3) 25 (23.4) 26 (21.8)

Abdominal pain 0 22 (20.6) 22 (18.5)

Abnormality in laboratory
examination

Hypokalemia 3 (25.0) 37 (34.6) 40 (33.6)

γ-GGT elevation 6 (50.0) 26 (24.3) 32 (26.9)

Increased ALT 5 (41.7) 22 (20.6) 27 (22.7)

Hyponatremia 3 (25.0) 23 (21.5) 26 (21.8)

Increased AST 5 (41.7) 19 (17.8) 24 (20.2)

Hypoproteinemia 2 (16.7) 20 (18.7) 22 (18.5)

Hyperuricemia 1 (8.3) 20 (18.7) 21 (17.6)

Hypocalcemia 3 (25.0) 17 (15.9) 20 (16.8)

Albuminuria 1 (8.3) 19 (17.8) 20 (16.8)

Increased ALP 2 (16.7) 16 (15.0) 18 (15.1)

ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase, GGT
glutamyl transpeptidase, TEAE treatment emergent adverse event, TRAE treatment related
adverse event.
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5.6 ng/mL and 427.9 h*ng/mL, respectively. The mean volume of dis-
tribution of total irinotecan with 70mg/m2 was 3.6 L. Following a 90-
min infusion, a low concentration of free irinotecan was recorded
during the whole cycle, indicating that HE072 mainly presented in an
encapsulated form in plasma.

Efficacy. As of June 5 2023, 12 patients were not evaluable for response
due to adverse events (n = 6), severe adverse events (n = 3), or

withdrawal of consent (n = 3). Two patients with estrogen receptor
(ER) > 10% had been excluded from efficacy evaluable set. Therefore,
87 (88.1%) of the 101 patients with TNBC were included in efficacy
evaluable set. After a median follow-up of 10.1 months (range
8.8–10.8), 22 of 87 patients (25.3%, 95% confidence interval [CI]
16.6–35.8) had a partial response (PR), with four responses occurred at
50mg/m2 Q2W and 18 at 70mg/m2 Q2W. The median duration of
response was 5.5 months (95% CI 4.3–9.4). Fifty-nine patients (67.8%,
95% CI 56.9–77.4) achieved disease control (22 PRs and 37 stable dis-
eases [SDs]). The waterfall plot also showed very nice tumor shrinkage
in 53 (59.6%) of 87 patients with measurable lesions (Fig. 3). In all
patients with TNBC, the median progression-free survival (PFS) was
4.8 months (95% CI 3.2–5.8), the median OS was 14.1 months (95% CI
11.2-not reached), while 12-month and 18-month OS rate were 59.3%
(95% CI 47.7–69.1) and 47.3% (95% CI 34.8–58.9), respectively
(Table 4, Fig. 4).

Activity of HE072 was observed across multiple TNBC patient
subgroups. The prespecified subgroup analysis showed a consistent
response in patients with ECOG performance status (PS) of 1 (17/73,
23.3%), metastatic organs ≥4 (7/24, 29.2%) and presence of CNS
metastasis (2/8, 25.0%; Supplementary Fig. 2).

Given the suboptimal response (objective response rate [ORR]
7.1%, 1/18) in 18 patients withHER2-negative BCBM treatedwithHE072,
the recruitment of this cohort had been pre-terminated. All 18 patients
had progression after prior radiotherapy. As of June 5, 2023, of 18
patients with HER2-negative BCBM, 1 patient (7.1%, 95% CI 0.2–33.9)
achieved PR and 9 patients (64.3%, 95% CI 35.1–87.2) achieved disease
control. The median PFS was 5.6 months (95% CI 1.4-NA), the median
OS was not reached (95% CI 4.5-NA) and the 12-month OS rate was
55.5% (95% CI 27.4–76.5).

Exploratory endpoints
The frequencies of UGT1A1 homozygosity/compound heterozygosity,
single heterozygous, and wild type were 10.9% (13/119), 26.9% (32/119)
and 46.2% (55/119), respectively. More patients with homozygosity/
compound heterozygosity had an incidence of grade ≥3 neutropenia
than patients with wild type (75.0% vs. 31.4%; p =0.042) and thosewith
single heterozygous (75.0% vs. 41.2%; p =0.20). No significant differ-
ences were observed in the incidence of grade ≥3 diarrhea, with 22.2%
in patients with homozygosity/compound heterozygosity, 18.2% in
those with single heterozygous and 13.6% in those with wild type (all
p >0.05) (Supplementary Fig. 3).

In total 119 patients, 26 were not available for Topo I expression,
and samples from four patients were inappropriate for assessing Topo
I expression. Topo I positivity and negativity were found in 11 (9.2%)
and78patients (65.5%), respectively. No significant difference in PFSor
OS was observed between patients with Topo I negative expressions
and those with the Topo I positive expressions (both p >0.05) (Sup-
plementary Fig. 4).

Discussion
The prognosis ofmetastatic TNBC is rather poor, with anOS of around
20 months even after treatment8,9. For the first-line treatment of
metastatic TNBC, the median PFS is only 9–10 months even with
addition of an immune checkpoint inhibitor9,10. For patients after first-
line therapy, few treatment options are limited and generally have
disappointing efficacy. Chemotherapeutic agents11–15, such as nab-
paclitaxel, capecitabine, vinorelbine or gemcitabine had been eval-
uated with a median PFS of 1.7–3.7 months and a median OS of
6.7–13.4 months.

Given the unmet medical needs for metastatic TNBC, novel
therapies have been explored. A pooled analysis of two phase
3 studies16 (EMBRACE and Study 301) included 352 patients with TNBC,
of whom, 199 patients received eribulin. The results showed a 2.8-
month of median PFS and 12.4-month of median OS with eribulin.
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Fig. 2 | Plasma concentration of HE072 versus time profile. Mean (SD) plasma
concentration-time curve of free irinotecan (a), total irinotecan (b) and SN-38 (c)
after the treatment with HE072 50mg/m2 (n = 12) and 70mg/m2 (n = 107). Over the
dose range of 50–70mg/m2, the Cmax and AUC of total irinotecan, free irinotecan,
and SN-38 increases with dose (n = 119). Source data are provided as a Source
Data file.
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Meanwhile, novel formulations of traditional cytotoxic agents have
been developed and exhibited promising efficacy for later-line treat-
ment of TNBC17. In ASCENT trial13, the antibody-drug conjugate SG
significantly improved PFS and OS in metastatic TNBC patients pre-
viously treated with at least 2 lines of chemotherapy compared with
conventional chemotherapy, with median PFS and OS increased from
1.7 month to 5.6 months (HR 0.41, p <0.001) and from 6.7 months to
12.1 months (HR 0.48, p < 0.001), respectively. Based on this trial, SG
has been approved inmetastatic TNBCpatients treatedwith ≥2 lines of
chemotherapy.

Liposomal irinotecan (Onivyde) had been tested previously in a
phase I study in metastatic breast cancer18. Thirty patients were
enrolled including 10 with ER+ and/or progesterone receptor (PR)
+/HER2− breast cancer, 10 with metastatic TNBC and 10 with meta-
static breast cancer with active brain metastasis. The median number
of prior cytotoxic anticancer regimens was 3.0 (range: 0–6). The
results showed that for non-CNS disease, the median PFS was 3.2
(range 1.8–8.4) months and the ORR was 34.5% (10/29) in advanced
breast cancer. In total, nine patients with metastatic TNBC were eva-
luable for efficacy, and three (33.3%) achieved partial response. The
median PFS was 4.3 (range 1.0–9.4) months and no median OS was
reported.

The current trial is the trial investigating the efficacy of a liposo-
mal irinotecan specifically in metastatic TNBC. Patients in our trial,
compared with ASCENT trial13, possessed similar baseline character-
istics. The median number of previous lines of systemic therapy was
3.0 for both SG and our study. It is inspiring to see that themedian PFS
of HE072 (4.8 months) in this study was comparable to or even better
than previous studies13,16,19. The OS was also superior13,16,19 (14.1 months
vs 12.1 months). Interestingly, no matter whether it is SG, Onivyde or
HE072, Topoisomerase I inhibitor acts as the chemotherapy backbone.
The consistent results suggested that Topoisomerase I inhibitor, when
modified into new form, was a reasonable choice for metastatic TNBC
and competent candidate for future drug development.

The prognosis of patients with BCBM is poor and no effective
drug has been identified, especially for HER2-negative BCBM. Previous
study showed that the median OS was 7.1 months for HER2−/HR
+BCBM patients and 4.4 months for triple negative BCBM patients5.
Recently, apatinib-based chemotherapy was evaluated in this type of
patients in a real-world study, with a CNS ORR of 10.2% and a CNS PFS

of 6.4 months20. In the present study, although the ORR was not ideal,
the median PFS was 4.5 months and the median OS was 11.0 months,
which suggested that HE072 might be a potential agent for treatment
of HER2-negative BCBM, and warranting further exploration.

Ourfindings indicated thatHE072had anacceptable safety profile
with no new safety signal. A total of 43% of patients had ≥grade 3
TRAEs, whichwas comparable to the incidence observedwith Onivyde
(41.4%)18. In the present study, the most common ≥grade 3 TRAEs
included neutropenia (21.0%), leukopenia (18.5%), diarrhea (10.1%),
anemia (9.2%) and hypokalemia (8.4%). While in NAPOLI-1 study21,
patients with metastatic pancreatic cancer in the Onivyde mono-
therapy group experienced the most frequent ≥grade 3 TRAEs
including diarrhea (21.0%), decreased appetite (19.0%), neutropenia
(15.0%), vomiting (14.0%), hypokalemia (12.0%), anemia (11.0%), fatigue
(9.0%), and nausea (8.0%). The safety profiles were actually quite
similar, and the small differences might be explained by different
disease and ethical differences in drugmetabolism. Asian patients had
a higher Cmax of SN-38 and a lower Cmax of total irinotecan than Cau-
casian patients, which was associated with an increased incidence of
grade 3 or 4 neutropenia and a decreased incidence of grade 3 or 4
diarrhea in Asian versus Caucasian patients22.

In this trial, the homozygosity/compound heterozygosity group
included patients with UGT1A1*6/*6, UGT1A1*28/*28 or UGT1A1*6/*28;
the single heterozygous group included patients with UGT1A1*1/*6;
and the wild type group included patients with UGT1A1*1. Since evi-
dence showed that the UGT1A1*28 gene polymorphism alone is not
predictive of irinotecan related toxicities in Asian patients and need to
be analyzed in combination with UGT1A1*623, only patients with
UGT1A1 *1/*6 were included in the single heterozygous group. The
exploratory analysis showed that patients with homozygosity/com-
pound heterozygosity had a numerically higher frequency of grade ≥3
neutropenia than those with single heterozygosity or wild type, while
no significant differences were found in the frequency of grade ≥3
diarrhea across three groups. Previous studies implied that hemato-
logical toxicity may be more related to the UGT1A1*6 mutation, while
diarrhea is more associated with the UGT1A1*28 mutation24, which
might partly attribute to our results.

The current study had some limitations. First, this was a single-
arm study with no control group, the results needed to be interpreted
with caution, and future randomized controlled trials are warranted to

Table 3 | Pharmacokinetic parameters of total irinotecan, free irinotecan and SN-38 in patients receiving 50 and 70mg/m2

HE072 treatment

Total irinotecana Free irinotecanb SN-38c

50mg/m2 n = 8 Cmax (μg/mL or ng/mL) 37.8 ± 3.8 162.8 ± 44.6 4.1 ± 1.7

Tmax (h) 2.2 ± 0.4 12.8 ± 8.8 21.6 ± 18.5

AUC0-t (h*μg/mL or h*ng/mL) 1441.7 ± 622.9 10.7 ± 6.6 361.4 ± 150.9

AUC0-∞ (h*μg/mL or h*ng/mL) 1502.6 ± 613.1 12.1 ± 6.4 481.2 ± 186.0

t1/2 (h) 33.5 ± 11.1 32.1 ± 8.5 121.1 ± 108.8

Vd (L) 2.6 ± 0.5 349.2 ± 112.5 26185.5 ± 13718.2

CL (L/h) 0.060 ±0.023 8.0 ± 3.3 188.9 ± 82.4

70mg/m2 n = 9 Cmax (μg/mL or ng/mL) 45.0 ± 10.9 198.1 ± 89.0 5.6 ± 2.0

Tmax (h) 1.9 ± 0.5 16.3 ± 6.4 23.2 ± 21.2

AUC0-t (h*μg/mL or h*ng/mL) 1657.5 ± 817.6 11.6 ± 4.4 427.9 ± 202.8

AUC0-∞ (h*μg/mL or h*ng/mL) 1706.2 ± 814.1 12.4 ± 3.7 457.2 ± 95.6

t1/2 (h) 31.9 ± 5.2 35.0 ± 6.5 84.0 ± 24.2

Vd (L) 3.6 ± 1.4 503.4 ± 181.7 30051.8 ± 5677.0

CL (L/h) 0.080±0.038 9.9 ± 3.1 257.1 ± 52.7
aThe units for total irinotecan Cmax, AUC0-t and AUC0-∞ were μg/mL, h*μg/mL and h*μg/mL, respectively.
bThe units for free irinotecan Cmax, AUC0-t and AUC0-∞ were ng/mL, h*μg/mL and h*μg/mL, respectively.
cThe units for SN-38 Cmax, AUC0-t and AUC0-∞ were ng/mL, h*ng/mL and h*ng/mL, respectively.
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confirm our findings. Secondly, few patients (20.8%) had previously
received treatment with checkpoint inhibitors and no patient received
treatment with SG (the reason was that all the patients of this study
were enrolled between May 2021 and December 2022, while SG was
approved in China for treatment of locally advanced and metastatic
TNBC in June 2022), thus further investigations are needed to explore
the efficacy of HE072 in these patients. Other limitations included
patient recruitment solely in China, our findings extrapolation beyond
Asian to other patient populations needed to be determined.

In summary, this study demonstrates that HE072 has encouraging
antitumor activity with an acceptable safety profile in patients with
heavily pretreated metastatic TNBC or HER2-negative BCBM, sup-
porting further exploration of HE072 in this setting.

Methods
Study design and eligibility
This study was conducted in accordance with the Declaration of Hel-
sinki and the International Conference onHarmonizationGuideline for
GoodClinical Practice. The study protocol and informed consent were
approved by the independent ethic committee of all the study sites
(National Cancer Center/National Clinical Research Center for Cancer/
Cancer Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College; Affiliated Hospital of Chengde Medical Uni-
versity; Cangzhou Central Hospital; Guangxi Medical University Can-
cer Hospital & Guangxi Cancer Institute; Harbin Medical University
Cancer Hospital; The Fourth Hospital of Hebei Medical University;
Affiliated Hospital of Hebei University; The First Affiliated Hospital of

Henan University of Science and Technology; Henan Cancer Hospital;
Yuncheng Central Hospital; Chinese People’s Liberation Army General
Hospital; The First Affiliated Hospital of China Medical University; Sun
Yat Sen Memorial Hospital of Sun Yat Sen University; West China
Hospital; Tianjin Medical University Cancer Institute & Hospital; Beij-
ing Hospital; Jiangsu Provincial People’s Hospital; The First Affiliated
Hospital of Chongqing Medical University; Xuzhou Central Hospital;
The First Affiliated Hospital of Bengbu Medical University; Liaoning
Cancer Hospital; The First Affiliated Hospital of USTC; The Fifth
Affiliated Hospital of Guangzhou Medical University; Linyi Cancer
Hospital; The First Affiliated Hospital of Guangxi Medical University;
The Third Xiangya Hospital of Central South University; The Second
PeopleHospital ofYibin; The First AffiliatedHospital ofHainanMedical
University; ZhejiangUniversity Hospital ofMedicine SIRRunRun Shaw
Hospital; The First Affiliated Hospital of Xi’an Jiaotong University;
Fudan University Huashan Hospital; The Second People Hospital of
Neijiang; Shandong Cancer Hospital) and registered at Clinical-
Trial.gov (NCT04728035, date of registration: January 28 2021). Writ-
ten informed consents had been obtained from all the patients before
the enrollment.

This study consisted of two parts, dose escalation and expansion
part, expansion cohort part. In expansion cohort part, there were two
cohorts: cohort 1 for metastatic TNBC, cohort 2 for HER2-negative
BCBM (Supplementary Fig. 1).

In the dose escalation andexpansionpart, 3 + 3designwasused to
investigate three dose levels of HE072 (50mg/m2, 70mg/m2 and
90mg/m2). The starting dose was selected based on a combination of
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Fig. 3 |Waterfall plot in the patientswith TNBC after the treatmentwithHE072
50mg/m2 (n = 11) and 70mg/m2 (n = 76). Based on BOR, 22 patients (25.3%)
achieved PR, 37 patients (42.5%) achieved SD. BOR best overall response, CR

complete response, NE not evaluable, PD disease progression, PR partial response,
SD stable disease, TNBC triple negative breast cancer. Source data are provided as a
Source Data file.
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pharmaceutical/preclinical data of the investigational agent and dose
in clinical study of Onivyde (NCT03328884). DLTs were defined as
grade ≥3 treatment-related nonhematologic adverse events or any
grade ≥4 treatment-related hematologic adverse event during the 28-
observation period. If two of the six enrolled patients in a dose level
experienced DLTs, a lower dose level was determined as MTD. Once a
dose level has been determined to have not exceeded the MTD, up to
six to nine additional subjects may be enrolled for dose expansion to
provide additional safety information on that dose level.

Eligible patients had histologically confirmed TNBC according to
American Society of Clinical Oncology–College of American Patholo-
gists (ASCO-CAP) guidelines25,26; pretreated with taxanes and anthra-
cyclines; progressed after at least two prior lines of therapy or be
intolerant to prior therapy; at least one measurable lesion at baseline
as per RECIST v1.1; an ECOGPS of 0-2; a life expectancy of at least three
months. Exclusion criteria were previous treatment with irinotecan,
topotecan, or any other topoisomerase I inhibitors; previous treat-
mentwith nitrosoureaswithin six weeks before the first administration
of HE072, cytotoxic chemotherapy or PD-1/PD-L1inhibitors within
three weeks, small molecular targeted therapy, or endocrine therapy
within two weeks or 5 half-lives of the agent (whichever is longer),
radiation therapy within two weeks.

In the expansion cohort part, patients all received HE072 70mg/
m2 Q2W. The eligibility criteria for cohort 1 were same as that of the
dose escalation and expansionpart. In cohort 2, patientswere required
to have HER2-negative breast cancer, defined as HER2 immunohis-
tochemistry (IHC) score 0-1 or FISH negative; had developed new
lesions or progressed after radiation therapy and/or surgery for the
treatment of intracranial lesion; with at least onemeasurable (≥10mm)
intracranial lesion. The complete lists of inclusion and exclusion cri-
teria of this two-part study were provided in the study protocol
(available in the Supplementary Information file).

Intervention
Patients were premedicated with antiemetics (e.g. tropisetron 5mg
or ramosetron 0.3mg or palonosetron 0.25 mg) and

dexamethasone 12mg within 30min prior to administration of
HE072, then received HE072 (43mg/10ml) intravenously infused
over 90min on day 1 of each two-week cycle. Treatment continued
until disease progression, intolerable toxicity, or loss to follow-up
(whichever occurred first).

Treatment discontinuation would be applied if any treatment
related grade 3 or 4 adverse effects occurred during the study. Patients
could continue the treatmentwith dose reductionwhen the symptoms
resolve to grade 1 or baseline level after the intervention. A maximum
of two dose reduction was allowed. The study was completed in six
months after the last patient received last dose of HE072.

Procedure
ER/PR status and HER2 status of all patients were evaluated and
recorded from archival tumor tissue samples. Safety was evaluated at
baseline and day 1, day 8, day 14 of each cycle, up to the end of the
study. Safety assessment included vital signs, physical examination,
ECG, and laboratory tests, and adverse events. Blood samples were
collected at the following time point: 0.5 h before dosing and during
the 90min administration of HE072, 0.5, 1, 1.5, 2.5, 4.5, 10.5, 24, 48, 72,
and 168 h postdose, as well as 0.5 h before dosing of the second cycle.
Tumor assessment was carried out using enhanced CT scan (covering
neck, thorax, and abdomen), bone ECT at baseline and every 6 weeks
during the treatment and follow-up period for PFS. Patients were fol-
lowedup for survival status every 12weeks after disease progression or
initiation of new anticancer therapy. Archival tumor tissue blocks
(FFPE formalin-fixed, paraffin-embedded tumor tissue) at baseline
were collected to examine Topo I expression by IHC assays (Topo-I
antibody [1:200], SC-32736, SANTA, U.S.A) and blood samples were
obtained for analysis of UGT1A1 gene polymorphism (Sanger sequen-
cing) before the first administration of HE072.

Outcome
The primary endpoints were to determine the MTD, RP2D, and profile
of TEAEs graded according to CTCAE, version 5.0. All adverse events
were coded byMedDRA (version 25.0). The secondary endpoints were

Table 4 | Efficacy of HE072 in patients with TNBC and HER2-negative BCBM (EAS)

TNBC HER2-negative BCBM

50mg/m2 70mg/m2 Total 70mg/m2 (RECIST v1.1) 70mg/m2 (RANO-BM)

Best overall response, n (%) n = 11 n = 76a n = 87a n = 14b n = 14b

Complete response 0 0 0 0 0

Partial response 4 (36.4) 18 (23.7) 22 (25.3) 1 (7.1) 0

Stable disease 3 (27.3) 34 (44.7) 37 (42.5) 8 (57.1) 6 (42.9)

Progressive disease 4 (36.4) 24 (31.6) 28 (32.2) 3 (21.4) 4 (28.6)

Not evaluable 0 0 0 2 (14.3) 4 (28.6)

ORR/CNS ORR, n (%) 4 (36.4) 18 (23.7) 22 (25.3) 1 (7.1) 0

95% CI (10.9, 69.2) (14.7, 34.8) (16.6, 35.8) (0.2, 33.9) (0, 23.2)

DCR/CNS CBR, n (%) 7 (63.6) 52 (68.4) 59 (67.8) 9 (64.3) 6 (42.9)

95% CI (30.8, 89.1) (56.8, 78.6) (56.9, 77.4) (35.1, 87.2) (17.7, 71.1)

n = 12 n = 89 n = 101 n = 18

Median DoR, month (95% CI) 2.6 (2.6 ~ NA) 5.5 (4.4 ~ 9.4) 5.5 (4.3 ~ 9.4) 11.2

Median PFS, month (95% CI) 4.0 (1.4 ~ NA) 4.8 (3.0 ~ 5.8) 4.8 (3.2 ~ 5.8) 5.6 (1.4 ~ NA)

Median OS, month (95% CI) 11.2 (2.4 ~ 13.7) NR (11.8 ~ NA) 14.1 (11.2 ~ NA) NR (4.5 ~ NA)

12-month OS rate (95% CI) 42.3 (13.5, 69.2) 61.7 (49.3, 71.9) 59.3 (47.7, 69.1) 55.5 (27.4, 76.5)

18-month OS rate (95% CI) 21.2 (3.3, 49.3) 51.9 (38.2, 64.0) 47.3 (34.8, 58.9) NA (NA, NA)

Efficacy evaluable analysis set (EAS), who received at least one dose of HE072 and have at least one available post-baseline tumor assessment.
BCBM breast cancer brain metastasis, CBR clinical benefit rate, CI confidence interval, CNS central nervous system, DCR disease control rate, DoR duration of response, EAS efficacy evaluable
analysis set, IQR interquartile range, NA not available, ORR objective response rate, OS overall survival, PFS progression-free survival, RANO-BM response assessment in neuro-oncology brain
metastasis, RECIST response evaluation criteria in solid tumors, TNBC triple negative breast cancer.
a12patientswith TNBCdiscontinued the treatment after 1-2dosingdue to adverseevents (n = 6)or severe adverseevents (n = 3) orwithdrawal of consent (n = 3). 2 patientswith ER > 10%wereexcluded
from EAS.
b4 patients withHER2-negative BCBMdiscontinued the treatment after 1-2 dosing due to withdrawal of consent (n = 2) or severe adverse events (n = 1) or death (n = 1), declined the tumor assessment.
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pharmacokinetic profiles and efficacy including ORR and disease
control rate (DCR) assessed by investigators as per RECIST v1.1(all
patients) and CNS ORR and CNS clinical benefit rate (CBR) as per
RANO-BM (patients with HER2-negative BCBM), DoR, PFS, OS. The
prespecified exploratory endpoints were UGT1A1 gene polymorphism
expressed as the frequencies of homozygosity/compound hetero-
zygosity (UGT1A1*6/*6, UGT1A1*28/*28 or UGT1A1*6/*28), single het-
erozygous (UGT1A1*1/*6) and wild type and Topo I expression
(negative/positive, based on the percentage of positive tumor cells,
<30% interpreted as negative and ≥30% as positive27).

Statistical analysis
As a phase Ib trial, the sample size was not determined based on sta-
tistical assumption, and the maximum sample size for the dose esca-
lation andexpansionpart and expansion cohortpartwere set to 36 and
100, respectively.

DLT was assessed in DLT evaluable set, which included patients
enrolled in the DLT evaluation period and completed the DLT eva-
luation or withdrawn the study due to AEs in the DLT evaluation per-
iod. Safety was assessed in safety analysis set, which included all
patients who received at least one dose of HE072 and have safety
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Fig. 4 | KaplanMeier plotofprogression free survival andoverall survival in the
patients with TNBC. Kaplan–Meier progression-free survival (a) and overall sur-
vival (b) curves in the patientswith TNBC. aThemedianPFSwas4.8months (95%CI
3.2–5.8). b The median OS was 14.1 months (95% CI 11.2-not reached), the OS rate

was 59.3% (95% CI 47.7–69.1) at 12 months and 47.3% (95% CI 34.8–58.9) at
18 months. TNBC triple negative breast cancer. Source data are provided as a
Source Data file.
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assessment result. Mean plasma concentration-time curve was gener-
ated based on the pharmacokinetic concentration set (PKCS), who
have received at least one dose of HE072 and have at least one drug
concentration result. The main pharmacokinetic parameter of total
irinotecan, free irinotecan and SN-38 were estimated using non-
compartmental model (Phoenix WinNonlin version 8.3.4) based on
pharmacokinetic parameter set (PKPS), who have received at least one
dose of HE072 and have at least one available pharmacokinetic para-
meter. Full analysis set (FAS) included patients receiving at least one
dose of HE072 and efficacy evaluable analysis set (EAS), included
patients receiving at least one dose of HE072 and having at least one
available post-baseline tumor assessment. ORR/DCR and CNS ORR/
CBR were calculated with 95% CI using Clopper-Pearson method.
Kaplan-Meier method was used to estimate median PFS and OS and
95% CI. Prespecified subgroup analyses (age [<65 years, ≥65 years],
number of previous systemic therapies [<5, ≥5], ECOG PS [0, 1, 2],
metastatic organs [<4, ≥4], previous treatment with PD-1/PD-L1 inhi-
bitor [yes, no], CNS metastasis [yes, no]) of best overall response rate
in patients with metastatic TNBC was planned. Kaplan–Meier analysis
was used to examine the relationship between Topo I expression
categories (positive vs negative) and survival outcomes (PFS/OS). A
chi-square test was used for comparison of the incidence of grade ≥3
neutropenia/diarrhea in patients with UGT1A1 homozygosity/com-
pound heterozygosity, single heterozygous and wild type.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
Individual clinical data cannot bemade publicly available. The datasets
(including de-identified individual data) generated during the current
study are available from the corresponding author upon request by
contacting xubinghe@medmail.com.cn, not for commercial use. All
requests will be reviewed by the corresponding author and the spon-
sor, CSPC Zhongqi Pharmaceutical Technology (Shijiazhuang) Co., Ltd
within two weeks. A signed data access agreement with the sponsor is
required before data sharing. The study protocol is available in the
Supplementary Information file. Remaining data are available within
the Article, Supplementary Information or Source Data file. Source
data are provided with this paper.
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