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Anlotinib has good efficacy and low toxicity: a phase II study
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ABSTRACT Objective: Anlotinib is a novel tyrosine kinase inhibitor blocking angiogenesis. This study was performed to assess the efficacy and
safety of anlotinib in patients with metastatic breast cancer.
Methods: Patients with HER2-negative breast cancer, who were pre-treated with anthracycline or taxanes in a neoadjuvant, adjuvant,
or metastatic setting, and had treatment failure after at least one prior chemotherapy regimen in the metastatic setting were enrolled.
Anlotinib was administered at 12 mg daily for 14 days in a 21-day cycle until disease progression or unacceptable toxicity occurred.
Simultaneously, 5-10 mL of venous blood was collected to perform circulating tumor DNA (ctDNA) testing every 2 treatment
cycles. The primary endpoint was the objective response rate (ORR). Secondary endpoints included the disease control rate (DCR),
progression-free survival (PES), overall survival, safety, and biomarkers.
Results: Twenty-six eligible patients were enrolled, with a median age of 56 (30-75) years. The median follow-up time was 10.5
months. The ORR was 15.4%, the DCR was 80.8%, and the median PFS was 5.22 months (95% confidence interval 2.86—6.24).
Fourteen (53.8%) patients survived for more than 10 months. The changes in the detectable ctDNA variant allele frequency were
consistent with the tumor response. The most common treatment-related adverse events were hypertension (57.7%), thyroid-
stimulating hormone elevation (34.6%), and hand-foot syndrome (23.1%).
Conclusion: Anlotinib showed objective efficacy with tolerable toxicity in heavily pre-treated, metastatic HER2-negative breast
cancer. The dynamic changes in the ctDNA variant allele fraction may be predictive of the tumor response.
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Intro dll ction metastatic breast cancer ranges from 2 to 3 years>™. In China,

HER2-negative breast cancer accounts for approximately

. . . 65% of all breast cancers®. After adequate endocrine therapy
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monoclonal antibody that has shown some efficacy alone
and in combination with chemotherapy for metastatic
breast cancer!'%13. Sorafenib, sunitinib, and apatinib are anti-
angiogenic small-molecule tyrosine kinase inhibitors (TKIs)
that mainly target vascular endothelial growth factor receptor
(VEGFR)-1 (Flt1), VEGFR-2 (KDR), VEGFR-3 (Flt4), plate-
let-derived growth factor receptors (PDGFRs), and c-KIT.
Numerous clinical studies have examined the application of
anti-angiogenic drugs in breast cancer. However, sorafenib
treatment alone has not been found to yield any improvement

1415 and sunitinib has lim-

in progression-free survival (PES)
itations, owing to serious adverse events (AEs) in breast can-
cer'®. In addition, apatinib has demonstrated potential efficacy
in the treatment of metastatic breast cancer!”!8. Notably, to
date, none of these drugs have been recommended by any key
international guidelines for breast cancer.

Similarly, anlotinib is a new type of anti-angiogenic
small-molecule TKI whose major targets are VEGFRI-3,
FGFR1-4, PDGFR-0o, PDGFR-f3, and stem cell factor receptors,
which inhibit tumor angiogenesis and growth!-!, In clinical
applications, anlotinib has exhibited excellent efficacy against
various solid tumors in phase I and III studies, with managea-
ble toxicity'®?>24, However, data on anlotinib in the treatment
of metastatic breast cancer remain lacking. This study therefore
aimed to explore the efficacy, safety, and related biomarkers of
anlotinib in metastatic TNBC or hormone receptor-positive/
HER2-negative breast cancer in patients who received chemo-
therapy and endocrine therapy, with targeted therapy available

to them in the metastatic setting.
Materials and methods
Patients

This study was a single-center, single-arm phase II clinical
study. We enrolled patients between 18 and 75 years of age
with HER2-negative metastatic breast cancer, who were pre-
viously treated with anthracycline and taxane based chemo-
therapy (in the neoadjuvant, adjuvant, or metastatic setting)
and at least one line of chemotherapy for TNBC in the met-
astatic setting, with at least one line of chemotherapy and all
endocrine therapy available for hormone receptor-positive
breast cancer after metastasis. Other inclusion criteria were
an Eastern Cooperative Oncology Group (ECOG) score of
0-2, with measurable lesions defined according to Response
Evaluation Criteria in Solid Tumors (RECIST) v1.1 criteria.
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All enrolled patients signed informed consent forms. The
trial was approved by the Ethics Committee of the Cancer
Hospital, Chinese Academy of Medical Sciences, registered
with ClinicalTrials.gov (NCT04002284), and conducted

according to the principles of the Declaration of Helsinki.
Study design and procedures

Patients were given 12 mg anlotinib once daily for 14 con-
secutive days in a 21-day cycle. Computed tomography or
magnetic resonance imaging were used to evaluate treatment
efficacy every 6 weeks until disease progression or unaccept-
able toxicity. Blood pressure was monitored twice daily during
the first 3 weeks and at least once per day after the blood
pressure stabilized. Routine blood tests were performed every
week; physical examination, evaluation of liver and kidney
function, and an electrocardiogram were performed every
3 weeks. Simultaneously, 5-10 mL blood was collected for
ctDNA testing before the treatment and every 2 cycles until
withdrawal of anlotinib. Adjustment of the dose and interrup-
tion of treatment because of AEs were permitted, although the
duration of drug interruption could not exceed 14 days. AEs
were graded with Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0.

Outcomes

The primary endpoint was the objective response rate
(ORR), and the secondary endpoints were the disease con-
trol rate (DCR), PFES, overall survival (OS), safety, and ctDNA
biomarkers.

The ORR was defined as the proportion of patients who
achieved complete response (CR) and partial response (PR).
The DCR was defined as the proportion of patients who
achieved CR, PR, or stable disease (SD). PFS was defined as
the duration from the start of treatment to the last follow-up
in patients with disease progression (PD) or to death from any
cause, whichever occurred first. OS was defined as the dura-
tion from the beginning of treatment until death due to any

cause.
Circulating tumor DNA sequencing
Genomic DNA was extracted from patient plasma samples and

subjected to library construction according to published proto-

cols®. Hybridization capture-based targeted next-generation
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sequencing with a panel of 425 cancer-relevant genes was per-
formed on the Illumina HiSeq platform (detected genes listed
in Supplementary Table S1). Genomic alterations were ana-
lyzed as previously described?.

Detected SNVs and INDELs were further filtered with the
following criteria: i) minimum > 5 variant supporting reads
and variant allele fraction (VAF) > 1%, ii) filtered out if present
in > 1% population frequency in the 1000 Genomes Project or
ExAC database, iii) filtered out through an internal database of
recurrent sequencing errors (> 3 variant reads and < 20% VAF
in at least 30 of ~2,000 normal control samples) on the same
sequencing platform. This assay was validated in compliance
with the College of American Pathologists (CAP) and Clinical
Laboratory Improvement Amendments (CLIA) with a limit of
detection of 1% VAE.

Statistical analysis

Simon’s minimax two-stage design was used with a one-
sided o error of 0.05 and a power of 80%2°. In preliminary
experiments, we estimated that the ORR with anlotinib alone
was 16%, in contrast to the 3% ORR of the placebo. Under
these conditions, at least 17 patients would be included in
the first stage, and the second stage would include 9 more
patients. For a total sample size of 26 patients, if at least 3
patients had a response, this treatment would be considered
a success.

Patients who received > 1 cycle of anlotinib were included in
survival and safety analyses. The data cut-off date for analyses
was March 22, 2020. The Kaplan-Meier method was used to
estimate PFS and OS. ORR/DCR comparison was performed
with Fisher’s exact test. The 95% confidence interval (CI) of
ORR/DCR was calculated with the Clopper-Pearson method.
PFS was compared between 2 groups with a two-sided log-
rank test. The hazard ratio (HR) and 95% CI were estimated
with the Cox proportional-hazards model, with the receptor
status or other clinicopathological factors as a single covariate.
GraphPad Prism version 7.0 and SAS software version 9.4 were

used for graphing and data analysis.
Results
Patient characteristics

From July 1, 2018, to January 10, 2020, 26 patients with met-

astatic TNBC or hormone receptor-positive/HER2-negative
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breast cancer were enrolled. The median follow-up time was
10.5 (2.5-18.5) months (data cut-off day of March 22, 2020).
The median age was 56 (30-75) years. In total, 61.5% of the
patients were hormone receptor positive/HER2-negative,
and 10 (38.5%) patients were TNBC. All hormone receptor-
positive/HER2-negative patients received at least first-line
endocrine therapy and first-line chemotherapy after metas-
tasis. Because of drug availability and economic considera-
tions, 3 (of 16, 18.8%) patients received CDK4/6 inhibitor
and mTOR inhibitor treatment. Two (of 16, 12.5%) patients
received only CDK4/6 inhibitor or mTOR inhibitor treatment
combined with endocrine drugs. The median number of pre-
vious systematic lines of treatment (including endocrine ther-
apy and chemotherapy) in the metastatic setting was 2 (1-8).
In total, 84.6% of patients had received fluorouracil treat-
ment, 38.6% had received platinum treatment, and 65.4% had
received other drug treatments, including vinorelbine, gem-
citabine, and etoposide. The basic clinical characteristics are

shown in Table 1.
Treatment efficacy

Eighteen (69.2%) patients discontinued treatment because of
disease progression, 4 (15.4%) patients died, and 4 (15.4%)
patients were lost to follow-up. No treatment-related deaths
were observed. Fifteen (57.7%) patients had varying degrees of
tumor shrinkage (Figure 1). Four (15.4%) patients achieved
PR, and the ORR was 15.4% (4/26). For hormone receptor-
positive patients, the ORR was 18.8% (95% CI 4.05-45.65),
and for TNBC patients, the ORR was 10.0% (95% CI 0.25—
44.50). Seventeen (65.4%) patients had SD, and the DCR was
80.8% (21/26). For hormone receptor-positive patients, the
DCR was 87.5% (95% CI 61.65-98.45). For TNBC patients,
the DCR was 70.0% (95% CI 34.75-93.33). Comparisons
between groups are shown in Table 2. The median PFS was
5.22 months (95% CI 2.86-6.24) (Figure 2A): 5.88 months
(95% CI 1.94-8.87) for hormone receptor-positive patients
and 4.04 months (95% CI 1.87-6.24) for TNBC (Figure 2B).
The median OS has not yet been determined, but 14 (14/26,
53.8%) patients have survived for more than 10 months.
There was no significant difference in the ORR, DCR, or PFS
between the hormone receptor-positive and hormone recep-
tor-negative groups. Subgroup analysis showed that factors
such as hormone receptors, the number of lines of treatment,
ECOG status, and the presence of visceral metastasis did not

significantly affect the median PFS (Supplementary Table S2).
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Table 1 Patient characteristics at baseline
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Characteristics Anlotinib
Total (n = 26) Hormone receptor Hormone receptor
positive (n = 16) negative (n = 10)

Age, median (range) 56 (30-75) 56 (30-75) 50 (32-64)
Age (years), n (%)

> 65 3(11.54) 3(18.75) 0

<65 23 (88.46) 13 (81.25) 10 (100)
ECOG, n (%)

0 7 (26.92) 5(31.25) 2 (20.00)

1 16 (61.54) 10 (62.50) 6 (60.00)

2 3 (11.54) 1(6.25) 2 (20.00)
Hormone receptor, n (%)

Positive 16 (61.54) 16 (100) 0

Negative 10 (38.46) 0 10 (100)
Type of metastatic site, n (%)

Non-visceral 4 (15.38) 2 (12.50) 2 (20.00)

Visceral 22 (84.62) 14 (87.50) 8 (80.00)
Number of metastatic sites, n (%)

1 3 (11.54) 2 (12.50) 1 (10.00)

2 12 (46.15) 7 (43.75) 5 (50.00)

>3 11 (42.31) 7 (43.75) 4 (40.00)
Metastatic site, n (%)

Lymph nodes 13 (50.00) 7 (43.75) 6 (60.00)

Liver 9 (34.62) 8 (50.00) 1 (10.00)

Lung 17 (65.38) 9 (56.25) 8 (80.00)

Pleural effusion 6 (23.08) 3 (18.75) 3 (30.00)

Chest wall 2 (7.69) 1 (6.25) 1 (10.00)

Pericardial effusion 2 (7.69) 0 2 (20.00)

Bone 15 (57.69) 12 (75.00) 3 (30.00)
Neoadjuvant, n (%)

Yes 3(11.54) 1 (6.25) 2 (20.00)

No 23 (88.46) 15 (93.75) 8 (80.00)
Adjuvant chemotherapy, n (%)

Yes 23 (88.46) 15 (93.75) 10 (100)

No 3(11.54) 1 (6.25) 0




Cancer Biol Med Vol 18, No 3 Month 2021

853

Table 1 Continued

Characteristics Anlotinib

Total (n = 26)

Hormone receptor
positive (n = 16)

Hormone receptor
negative (n = 10)

Adjuvant endocrine therapy, n (%)
Yes 16 (61.54)
No 10 (38.46)
Previous lines of systematic treatment, n (%)
<2 14 (53.85)
>3 12 (46.15)

Type of previous endocrine therapy combined with target therapy, n (%)

Both CDK/4/6 inhibitor 3 (11.54)
and mTOR inhibitor

Only CDK4/6 inhibitor 2 (7.69)
Only mTOR inhibitor 2 (7.69)

Previous chemotherapy after metastasis, n (%)

Taxanes 26 (100)

Fluorouracil 22 (84.62)
Platinum 10 (38.46)
Others* 17 (65.38)

16 (100)
0

8 (50.00)
8 (50.00)

33(18.75)

2 (12.50)

2 (12.50)

16 (100)
12 (75.00)
3 (18.75)
10 (62.50)

10 (100)

6 (60.00)
4 (40.00)

10 (100)
10 (100)
7 (70.00)
7 (70.00)

ECOG, Eastern Cooperative Oncology Group.

tIncluding capecitabine and S-1. #Other drugs, including gemcitabine, vinorelbine, and etoposide.
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Figure 1 Waterfall plot of the best percentage change in target
lesion size.

Safety

No treatment-related deaths were observed. Most AEs were

mild to moderate (Table 2). All patients received anlotinib at

12 mg once per day for 14 days in a 21-day cycle. The most

common AEs were hypertension (15/26, 57.8%), elevated
thyroid-stimulating hormone (9/26, 34.6%), and hand-foot
syndrome (6/26, 23.1%). Grade 3—4 AEs were hypertension
(7126, 26.9%) and hand-foot syndrome (1/26, 3.8%). No

other serious AEs were observed. One (3.8%) patient discon-

tinued treatment because of grade 3 hand-foot syndrome, and
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Table 2 Treatment response
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Total Hormone receptor positive Hormone receptor negative Statistics
Numbers 26 16 10
ORR (%) 15.38 18.75 10
95% CI (4.36-34.87) (4.05-45.65) (0.25-44.50) P =1.00
DCR (%) 80.77 87.5 70
95% CI (60.65-93.45) (61.65-98.45) (34.75-93.33) P =034
Numbers censoring, n (%) 8 (30.77) 6 (37.50) 2 (20.00)
Median PFS 5.22 5.88 4.04
95% CI (2.86-6.24) (1.94-8.87) (1.87-6.24)
HRS - - - 0.62, x? = 0.9595
95% CIf - - - (0.24-1.63), P = 0.32

PFS, progression-free survival; CI, confidence interval; HR, hazard ratio; ORR, objective response rate; DCR, disease control rate.

tThe ORR/DCR comparison between groups (positive vs. triple negative) was analyzed with Fisher’s exact test. #¥The 95% CI of the ORR/DCR
was calculated with the Clopper-Pearson method. §The comparison of progression-free survival between 2 groups (hormone receptor
positive vs. hormone receptor negative) was performed with a log-rank test. The HR and 95% CI (hormone receptor positive vs. hormone
receptor negative) were estimated with the Cox proportional-hazards model.

after the anlotinib was decreased to 10 mg/d, the symptoms
of hand-foot syndrome returned to grade 1. Subgroup analy-
sis showed that patients who had hand-foot syndrome had a
longer median PFS than those who did not [median PFES 5.22
months (95% CI 2.27-6.60) vs. 2.86 months (95% CI 2.10—
NE), HR 1.41 (95% CI 0.37-5.39), P = 0.62], but this finding
was not statistically significant. The ORR, DCR, and PFS did
not differ in patients with or without hypertension, protein-
uria, hand-foot syndrome, or thyroid-stimulating hormone
(TSH) elevation (Supplementary Table S2).

Gene alterations in ctDNA

During treatment, 17 patients had baseline blood collec-
tion, and 11 patients had serial blood collected for ctDNA
analysis. Baseline ctDNA analysis showed that 16 patients
had different numbers of ctDNA alterations and vary-
ing degrees of ctDNA VAF. The median number of alter-
ations was 4 (1-24). The top 25 frequently mutated genes
are shown in Figure 3. The types of gene alterations were
mainly copy number variations, point mutations, and struc-
tural variations (SVs). The most commonly mutated genes
were TP53 (11/17, 64.7%), PIK3CA (7/17, 41.2%), BRCAI
(3/16, 17.6%), and ESRI (3/16, 17.6%). Subgroup analysis

showed that the median PFS of patients with detected SVs
in the ctDNA was 1.74 months (95% CI 1.61-1.87), whereas
that of patients with no SVs was 5.88 months (95% CI
2.10-6.67) (P = 0.0004) (Supplementary Figure S1A). The
median PFS of the patients who had TP53 mutations in their
baseline ctDNA (2.27 months vs. 6.60 months, P = 0.057) or
PIK3CA mutations with more than 1% VAF (1.74 months
ys. 5.88 months, P = 0.0065) was significantly shorter than
that of patients without these mutations (Supplementary
Figure S1B, C). The differences in the ORR and DCR among
patients with detected SVs, TP53, and PIK3CA are displayed
in Supplementary Table S2. Among 11 patients with serial
ctDNA detection, 6 had significantly higher ctDNA VAF at
disease progression, and 2 had significantly lower ctDNA
VAF when they showed tumor shrinkage with imaging,
whereas 2 showed a slight increase in ctDNA VAF as the dis-
ease progressed (Supplementary Figure S2A—-S2J). Notably,
no ctDNA alterations were detected in one of the patients at
baseline and after 2 cycles, and the computed tomography
evaluation showed that she had PR. In total, 81.8% (9/11)
of patients had changes in ctDNA VAF levels consistent with
the efficacy evaluation, thereby suggesting that dynamic
changes in ctDNA VAF levels may be a predictor of treat-

ment efficacy.
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Figure 2 Kaplan-Meier graph showing progression-free survival. (A) The median progression-free survival (PFS) of all patients (n = 26) was
5.22 months. (B) The median PFS of hormone receptor-positive (n = 16) and hormone receptor-negative (n = 10) patients was 5.88 months
and 4.04 months, respectively, HR = 0.62, 95% CI (0.24-1.63), P = 0.32.

Discussion

This is the first study exploring the safety, efficacy, and bio-
markers of anlotinib in heavily pre-treated metastatic HER2-
negative breast cancer. Our research showed that anlotinib
may have potential efficacy in patients with metastatic HER2-
negative breast cancer receiving at least one regimen after
metastasis.

Anlotinib is a multi-target tyrosinase inhibitor that blocks
tumor angiogenesis by inhibiting VEGFR/FGFR/PDGFR
and can also restrain tumor cell proliferation by blockade of
FGFR/c-KIT?%21:27, Preclinical studies have shown that anlo-
tinib induces hepatoma cell apoptosis by activating the Erk

and Akt pathways?; targets the GINSI gene and consequently
regulates synovial sarcoma cell proliferation®’; and blocks the
MET pathway, thus inhibiting osteosarcoma angiogenesis.
The potential anticancer effects and good safety of anlotinib
have been demonstrated in a phase I clinical study conducted
in our hospital'®. Anlotinib has additionally shown good effi-
cacy in phase II and III clinical trials in non-small cell lung
cancer, sarcoma, and other tumours?>?*, However, because
anti-angiogenic drugs have low efficacy and high toxicity
in breast cancer, their clinical application is limited. Studies
have shown that use of bevacizumab alone for the treatment
of metastatic breast cancer results in an ORR of 9.3%7!. The

small-molecule multi-target anti-angiogenic drug sorafenib
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Figure 3 Distribution of the top 25 genomic alterations in the entire population at baseline.

results in an ORR of 2%, a DCR of 39%!4, and a median
PFS of 2 months in patients with metastatic breast cancer'>.
Additionally, in these patients, the ORR with sunitinib is 11%,
and the median time to progression is 2.5 months'®. Our
study included patients who had received a median of 2 treat-
ment lines with ECOG < 2; the ORR was 15.4%, and DCR
was 80.8%. The median PFS was 5.2 months, and the rate
of patient survival for more than 10-months was 54%. Our
research suggests that anlotinib has potential efficacy in treat-
ing metastatic HER2-negative breast cancer. The hormone
receptor-positive patients enrolled in this study received at
least one course of endocrine therapy, chemotherapy, and
CDK4/6 plus mTOR inhibitor treatment, as long as the drugs
were available and affordable. Subsequently, their treatment
options were similar to those for patients with triple-negative
advanced breast cancer; therefore, our study included HER2-

negative metastatic breast cancer without restriction of

hormone receptor status. In this study, the differences among
the ORR, DCR, and median PFS between hormone recep-
tor-positive and triple-negative patients were not statistically
significant, but the median PFS of hormone receptor-posi-
tive patients was slightly longer than that of triple-negative
patients (Supplementary Table S2). However, whether there
is a difference in the efficacy of anlotinib between hormone
receptor-positive and hormone receptor-negative patients
must be confirmed by a larger study. Moreover, anlotinib
is given orally, and therefore it is convenient to administer,
results in decreased hospitalization time, and is cost effective.

No new AEs occurred in this study. All AEs were consist-
ent with those reported for other tumors, such as non-small
cell lung cancer and sarcoma?”?*. Of note, no other serious
AEs were observed in this study, except for hypertension and
hand-foot syndrome, thus suggesting that anlotinib is safe in

patients with metastatic breast cancer.
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Table 3 Summary of treatment-related adverse events

Adverse events All grades, n (%) Grade 1, n (%) Grade 2, n (%) Grades 3-4, n (%)
Fatigue 4 (15.38) 3 (11.54) 1(3.85) 0(0)
Anorexia 2 (7.69) 0(0) 2 (7.69) 0 (0)
Weight loss 1(3.85) 1(3.85) 0 (0) 0 (0)
Pharyngalgia 3(11.54) 3(11.54) 0 (0) 0 (0)
Mucositis oral 1(3.85) 1(3.85) 0 (0) 0(0)
Cough 2 (7.69) 2 (7.69) 0 (0) 0(0)
Hand-foot syndrome 6 (23.08) 5(19.23) 0 (0) 1(3.85)
Urinary tract infection 1(3.85) 0 (0) 1(3.85) 0 (0)
Hematuria 2 (7.69) 2 (7.69) 0 (0) 0 (0)
Proteinuria 4 (15.38) 4 (15.38) 0(0) 0(0)
Hypertension 15 (57.69) 4 (15.38) 4 (15.38) 7 (26.92)
TSH elevation 9 (34.62) 9 (34.62) 0 (0) 0 (0)
Hypothyroidism 2 (7.69) 2 (7.69) 0 (0) 0 (0)
Hypertriglyceridemia 1(3.85) 1(3.85) 0 (0) 0 (0)
Hypercholesterolemia 1(3.85) 1(3.85) 0 (0) 0(0)
LDL elevation 2 (7.69) 2 (7.69) 0 (0) 0(0)
Alanine aminotransferase 2 (7.69) 1(3.85) 1(3.85) 0 (0)
Aspartate aminotransferase 1(3.85) 0 (0) 1(3.85) 0 (0)

LDL, low-density lipoprotein; TSH, thyroid-stimulating hormone.

The pre-treatment ctDNA testing in this study showed
that most patients had different degrees of alterations. The
most commonly mutated genes were TP53 and PIK3CA. We
found that patients with TP53 mutations and a PIK3CA VAF
of more than 1% in the ctDNA had significantly shorter PFS
(Supplementary Figure S1B, S1C), thus indicating that TP53
and PIK3CA mutations may be poor prognostic factors for
patients with breast cancer, as validated in several previous
studies®**°. The types of alterations detected in this study
were point mutations, copy number variations, and SVs. SVs
are large fragment mutations on chromosomes, and mainly
include the insertion and deletion of large chromosome frag-
ments, the inversion of a certain area within a chromosome,
and inter-chromosome translocation between 2 chromo-
somes’®. We found that the occurrence rate of SVs was 7.8%,
and patients with SVs detected by ctDNA screening had a
lower PFS (Supplementary Figure S1A), thus suggesting that
the existing gene SVs may be poor prognostic factors for breast

cancer.

As a real-time liquid biopsy technique, ctDNA screening has
been found to be a reliable method for predicting therapeutic
efficacy””. In our study, the dynamic changes in ctDNA levels
were comparable to the changes in imaging findings in 81% of
patients (Supplementary Figure S2), thereby suggesting that
ctDNA monitoring might be used as a potential tool for pre-
diction of treatment efficacy; however, this conclusion must
be confirmed by a large-sample prospective randomized con-
trolled study.

Conclusions

In summary, anlotinib is effective and well tolerated in heavily
pre-treated HER2-negative metastatic breast cancer. Changes
in ctDNA VAF levels may be predictive of the efficacy of anlo-
tinib. Anlotinib, an anti-angiogenic TKI, normalizes tumor
angiogenesis, alters tumor blood perfusion, and has potential
for use in combined chemotherapy or targeted therapy for

metastatic breast cancer.
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