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Abstract
Background: Antiangiogenic therapy combined with chemotherapy could improve pathological
complete response (pCR] for breast cancer. Apatinib is an oral tyrosine kinase inhibitor that
selectively inhibits vascular endothelial growth factor receptor 2. We assessed the efficacy and
safety of apatinib combined with standard neoadjuvant chemotherapy in patients with triple-
negative breast cancer (TNBC).
Materials and methods: This single-arm, phase Il study enrolled patients aged 18-70years
with previously untreated stage IIA-111B TNBC. Patients received oral apatinib at a dose of
250 mg once daily and intravenously docetaxel every 3weeks for four cycles, followed by
epirubicin plus cyclophosphamide every 3weeks for four cycles. The primary endpoint was
the pCR rate in the breast and lymph nodes. Secondary endpoints included objective response
rate, event-free survival (EFS), overall survival (0S), and safety.
Results: In all, 31 patients were enrolled, and the median follow-up time was 22.9 months
(range: 10.1-41.6 months). The pCRs in both breast and lymph nodes were achieved in 17
[54.8%; 95% confidence interval (Cl): 36.0-72.7] of 31 patients. Objective responses were ﬁz:sjgr‘:;de“e to:
achieved in 29 patients (93.5%; 95% Cl: 78.6-99.2), and disease control was achieved in 31 Department of Breast
patients (100%; 95% Cl: 88.8-100.0). The 2-year EFS and 2-year 0S were 90.9% and 94.4%, oo o
respectively. The five most common treatment-related adverse events were fatigue (51%), People s Hospitas,
hypertension (41%), anorexia (39%), hand-foot syndrome (35%), and diarrhea (32%). Few Medical Sclences, No
grade 3 or more adverse events were observed. éﬁ:‘;z';“ouwzﬁtoﬁggdcma
Conclusion: The combination of apatinib with docetaxel followed by epirubicin plus gzwangkunf@126.com
cyclophosphamide showed excellent efficacy and manageable toxicities; and further .(I:LT:hYear:;gZhang
randomized controlled phase Il trials are warranted. Yi Zhang
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Introduction highly proliferative, with high risk for recurrence, ©uangzhou. China

Triple-negative breast cancer (TNBC) accounts relatively poorer prognosis, and rapid disease pro- ghi':;”czi?gg‘tij‘;’;ﬁgg

for 10-15% of invasive breast cancers and is gression.!# Since currently no targeted agents are to this study.
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approved for treatment of TNBC, chemotherapy
remains a standard treatment. Neoadjuvant
chemotherapy (NACT) has become a standard
treatment for stage II-III TNBC, since it can
improve the rates of breast-conserving surgery,>”’
increase the rates of sentinel lymph node
biopsy,810 and prolong the patients’ outcomes.!!
Approximately 28-34% of patients with stage II
to III TNBC treated with anthracycline- and tax-
ane-based NACT can achieve a pathological
complete response (pCR), which is associated
with low rates of relapse and death.1%-14 Nowadays,
combination of immune checkpoint inhibitor
(ICI) with NACT has improved pCR and sur-
vival outcomes. In Keynote 522, the 18-month
event-free survival (EFS) was 91.3% and 85.3%
with and without ICI, respectively, and the 3-year
overall survival (OS) was 89.7% and 86.9% with
and without ICI, respectively.

Several findings suggested that angiogenesis, a val-
idated target in the treatment of TNBC, plays an
important role in tumor formation, growth, inva-
sion, and metastasis.!>!7 Vascular endothelial
growth factor (VEGF) is one of the most potent
promoters of angiogenesis; overexpression of
VEGTF has been observed in breast cancer, and is
associated with worse relapse-free and OS.!8
Inhibiting angiogenesis has been a potential strat-
egy for treatment of TNBC because genes involved
in angiogenesis are frequently activated in basal-
like tumors.!3 In recent years, antiangiogenic treat-
ment has been one of the important strategies for
TNBC, and antiangiogenic drugs combined with
chemotherapy has significantly increased the rate
of pCR and improved the survival of breast cancer
patients, especially for TNBC patients.12:13:19:20 In
SWOG S0800 study,!? the addition of bevaci-
zumab to nab-paclitaxel followed by doxorubicin
and cyclophosphamide significantly increased the
PCR rate in TNBC (59% wversus 29%; p=0.014);
while in GeparQuinto study,!?® the rates of pCR
were 27.9% with epirubicin and cyclophospha-
mide followed by docetaxel (EC-D) and 39.3%
with EC-D plus bevacizumab among TNBC
patients (p=0.003).

Apatinib, an oral small-molecule tyrosine kinase
inhibitor that selectively targets VEGF receptor 2
(VEGFR-2) to inhibit tumor angiogenesis, has
been approved for the treatment of advanced gas-
tric cancer in China?! and has demonstrated effi-
cacy to inhibit proliferation, encouraging
antitumor activities and tolerable toxicities across
a wide range of solid tumors.?2 Moreover,

apatinib monotherapy has exhibited objective
efficacy and acceptable toxicity in metastatic
breast cancer, especially in metastatic TNBC.23:24
However, there is no study regarding apatinib as
a NACT drug for treatment of early-stage breast
cancer. Therefore, we conducted a single-arm
phase II trial (LANCET) to determine whether
adding apatinib to docetaxel followed by epiru-
bicin plus cyclophosphamide would improve the
pCR in NACT of operable TNBC.

Materials and methods

Patient population

The following criteria were used to enroll patients:
Eastern Cooperative Oncology Group perfor-
mance status of 0—1; aged 18-70years; histologi-
cally or pathologically confirmed noninflammatory
invasive TNBC; and a clinical stage of IIA-IIIB
and previously untreated. The diagnosis of TNBC
was defined below: the estrogen receptor and pro-
gesterone receptor negativity rates were less than
10%,1319 and the human epidermal growth factor
receptor type 2 (HER2) staining was 0, 1+, or
2+, and fluorescence n situ hybridization
detected no HER2 gene amplification. Other
inclusion criteria were negative pregnancy tests if
female subjects were at childbearing age, ade-
quate bone marrow function (hemoglobin con-
centration of =8.0 g/dL, white blood cell count of
=3000 cells per uL, absolute neutrophil count of
=1500 cells per puL, platelet count of =70,000
cells per uL), adequate renal function (creatinine
was the upper limit of normal or lower), and ade-
quate liver function (total bilirubin was the upper
limit of normal or lower, and aspartate ami-
notransferase or alanine aminotransferase was
twice the upper limit of normal or lower).

Staging evaluation composed of computed
tomography scanning for chest and abdomen
and/or abdominal sonography and radionuclide
bone imaging. Patients with a history of malig-
nancy at another site (except for cervical carci-
noma n situ and basal cell or squamous cell
carcinoma of the skin) that had been fully treated
were qualified if no recurrent disease occurred for
more than 5years. Exclusion criteria included
uncontrolled blood pressure, previous exposure
to apatinib, known allergies to any of the excipi-
ents, and a history of unstable angina, myocardial
infarction, or class III/IV congestive heart failure
(defined by the New York Heart Association)
within the past 6 months before day 1 of this trial.
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Study procedures

The LANCET study was designed as a single-
arm, open-label, phase II trial (clinicaltrials.gov
identifier: NCT03243838). All enrolled patients
were administered oral apatinib at a dose of
250mg once daily (days 1-21) and intravenously
docetaxel (100mg/m?) every 3weeks for four
cycles, followed by epirubicin (90 mg/m?) plus
cyclophosphamide (600 mg/m?) every 3 weeks for
four cycles. All the treatments were continued
until disease progression, patient withdrawal, or
unacceptable toxic effects. Granulocyte colony-
stimulating factor used for prophylaxis of febrile
neutropenia was permitted according to the
American Society of Clinical Oncology guide-
lines.# The biochemical and hematological
indexes were evaluated every cycle. According to
the International Ki67 in Breast Cancer Working
Group consensus and St. Gallen International
Consensus Guidelines, the threshold for Ki67
was defined as 30%.25:26 The treatment was con-
tinued until disease progression, unacceptable
toxicity, or patient withdrawal. Dose modifica-
tions, including dose interruptions and dose
reductions, were allowed in the event of toxicity.
Sequential dose reduction for apatinib (250mg
on days 1-17 and days 1-14), or treatment inter-
ruption was permitted for any grade 3 or worse
adverse events or grade 2 adverse events deemed
intolerable by the patient. Dose re-escalation was
not allowed in the protocol. Treatment interrup-
tion due to toxicity was permitted a maximum of
two times or for a maximum of 14 days (continu-
ously or cumulatively) within a month.

At 3-8weeks after completing all cycles of the
NACT, definitive surgery was performed. The
types of breast surgery (mastectomy or breast-
conserving surgery) and axillary treatment (senti-
nel lymph node biopsy or axillary lymph node
dissection) were determined by the treating sur-
geon. After surgery, patients who had residual dis-
ease were offered adjuvant chemotherapy with
capecitabine (initial dose 1250 mg/m?, reduced to
1000mg/m? when intolerable to toxic effects)
administered twice a day for 1-14days and cycled
every 21days for 6-8 cycles.® Long-term follow-
up for disease condition and survival status was
scheduled every 3 months for the first 2 years after
initiation of treatment, then every 6 months for the
third to fifth years, and then annually after 5 years.

The primary endpoint was the pCR rate in the
breast and lymph nodes (ypTis/OypNO), which
was defined as the absence of invasive tumor cells

in the breast and lymph nodes and was deter-
mined by a local pathologist. Secondary end-
points included objective response rate (ORR),
EFS, OS, and safety. ORR was assessed accord-
ing to RECIST version 1.1, which included
patients with measurable disease who achieved a
complete or partial response of target lesions.
EFS was defined as the interval from the start of
treatment to progression prior to surgery, post-
surgery recurrence, or death due to any cause.?’
OS was defined as the time from registration to
death from any cause.?” The National Cancer
Institute Common Terminology Criteria for
Adverse Events version 4.0 (NCI-CTCAE 4.0)
was employed to assess the treatment-related
safety.

Data collection and analysis

We used Simon’s two-stage design with a one-
sided a error of 5% and a power of 80%.28 The
previously reported data indicated that the pCR
rate of EC-D regimen for regional or local
advanced breast cancer was 28%.13 We expected
that the pCR rate for apatinib combined with
T-EC regimen would be 50%. Under these
assumptions, 15 patients were to be treated in the
first stage of the study. At least five responses
were required to continue to the second stage,
and 15 more patients would be enrolled in the
second stage for a total sample size of 30. Overall,
if totally 13 responses or more were observed, the
treatment regimen would be considered a
success.2%30

Treatment responses according to RECIST 1.1
criteria, EFS, and OS were assessed in the inten-
tion-to-treat (ITT) population, which included
all enrolled patients who were compliant with the
protocol. The target lesion and regional lymph
nodes were examined by palpation at baseline
and every cycle of chemotherapy. Ultrasound
examination of breast and axilla was repeated at
baseline and after every two cycles; ultrasound
examination and mammography were performed
before breast surgery. Safety was assessed in the
safety population, which included all patients
with complete safety data. The median follow-up
time was calculated the using Kaplan—Meier
curve. We calculated the proportion of patients
who achieved an objective response and the cor-
responding 95% confidence interval (CIs) using
the Clopper—Pearson method. EFS and OS anal-
yses and associated 95% ClIs were estimated using
the Kaplan—Meier method. Data were analyzed
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34 patients assessed for eligibility

3 withdrew consent

31 were enrolled

31 completed the established regimen

31 included in primary endpoint analysis
31 included in safety population

Figure 1. Consort diagram.

with SPSS statistics version 26 (IBM Corporation,
Armonk, NY, USA). The final date of data acqui-
sition for this study was 31 December 2021.

Results

Patient characteristics

From 1 August 2018 to 10 March 2021, 34
patients were screened, of which 31 patients were
enrolled in this study and included in the primary
endpoint analysis as well as safety analysis (Figure
1). Among the enrolled patients, the mean age
was 48years (range: 31-63years). Most of the
patients were in T2 stage (90.3%), NO-2 stage
(93.5%), and high Ki67 expression (96.8%).
And approximately two-thirds of the patients
were in American Joint Committee on Cancer
stage II (67.7%) and histological grade III
(67.7%). After NACT, the proportions of
patients who underwent mastectomy and those
who underwent breast-conserving surgery were
comparable (48.4% and 45.2%, respectively),
and most of the enrolled patients underwent sen-
tinel lymph node biopsy only (61.3%) for axillary
surgery (Table 1).

Clinical efficacy

In the first assessable 15 patients included in the
study, pCRs in both breast and lymph nodes were
noted in 10 (67.7%) patients. The pCR threshold
for the first stage of Simon’s two-stage design was
reached, and the trial continued to the second
stage. pCRs were achieved in 17 (54.8%; 95%
CI: 36.0-72.7) of 31 patients in the I'TT popula-
tion (Table 2). Objective responses were achieved
in 29 patients (93.5%; 95% CI: 78.6-99.2), and
disease control was achieved in 31 patients
(100%; 95% CI: 88.8-100.0) (Table 2). The
pCRs in both breast and lymph nodes at different
clinical stages are shown in Figure 2. The best
percentage change from baseline in target lesions
is shown in Figure 3, and tumor shrinkage was
noted in 30 (96.8%) of 31 patients.

Survival analysis

At the date of cutoff on 31 December 2021, the
median follow-up time was 22.9 months (range:
10.1-41.6 months). Of the 29 patients with an
objective response, one (3.4%) had local recur-
rence at data cutoff. Another two patients with
stable disease had recurrence at 17.1 months and
26.6months, respectively; and the former had
distant metastasis and died at 22months. The
2-year EFS and 2-year OS were 90.9% and
94.4%, respectively (Figure 4). Subgroup analy-
sis according to pCR status showed that the
2-year EFS of patients who had pCR and those
non-pCR were 100.0% and 80.8%, respectively
(»p=0.036), while the 2-year OS of patients who
had pCR and those non-pCR were 100.0% and
85.7%, respectively (p=0.210) (Figure 5).

Treatment-related toxicity

In all, 31 patients were included in the safety
analysis (Table 3). The incidence of adverse
events (any grade) was 100% regardless of causal-
ity. The five most common treatment-related
adverse events were fatigue (51%), hypertension
(41%), anorexia (39%), hand—foot syndrome
(35%), and diarrhea (32%). Two patients (6%)
reported to have grade 3 of hypertension, and
other grade 3 adverse events were reported in
fatigue, hand-foot syndrome, oral mucositis,
diarrhea, and vomiting [1 (3%) of 31 patients,
respectively]. No treatment-related grade 4 or
more adverse events were observed. Dose reduc-
tions occurred in 7 (23%) of 31 patients for apat-
inib, all of whom required only one dose
reduction, and none of them had two dose

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

C Yang, J Zhang et al.

Table 1. Baseline characteristics.

Table 1. (Continued)

Parameters Percentage Parameters Percentage
Overall 31(100) BCS 14 (45.2)
Age, mean (range) 48 (31-63) NSM 2 (6.5)
ECOG performance status Axillary surgery
0 31 (100) SNB 19 (61.3)
1 0 (0) ALND 4(12.9)
T stage SNB + ALND 8 (25.8)
T1 0(0) AJCC, American Joint Committee on Cancer; ALND,
axillary lymph node dissection; BCS, breast-conserving
T2 28 (90.3) surgery; ECOG, Eastern Cooperative Oncology Group;
NSM, nipple-sparing mastectomy; SNB, sentinel lymph
T3 1(3.2) node biopsy.
T4 2 (6.5)
N stage Table 2. Treatment responses.
NO 16 (51.6) Parameters ITT population (n=31)
N 619.4) Complete response 17 (54.8%; 36.0-72.7)
Mz 7122.6) Partial response 12 (38.7%)
N3 2(6.5) Stable disease 2 (6.5%)
L EiEge Progressive disease 0 (0)
! 0 (0] Objective response 29 (93.5%; 78.6-99.2)
I 21(67.7) Disease control 31 (100%; 88.8-100.0)
I 10(32.3) Data are n (%) and n (%; 95% Cl).
. . Cl, confidence interval; ITT, intention-to-treat.
Histological grade
I 0(0)
reductions. No patient was discontinued to use
I 10(32.3) apatinib. One patient died during the follow-up
m 21 (67.7) period due to disease progression; however, her
death was not deemed to be treatment related.
Kié7 expression
<30% 1(3.2) . .
Discussion
=30% 30(96.8) TNBC displays highest risk of distant recurrence
and poorest prognosis among all breast cancer
Androgen receptor subtypes.?! However, systemic treatment of
Negative 19 (61.3) TNBC is still mainly limited to chemotherapy. In
recent years, a large number of studies have
Positive 5(16.1) shown that breast cancer patients who obtained
Unknown 7 (22.6) pFZR after NACT.had s1gn1ﬁ§antly '1mproved sur-
vival compared with those with residual tumor at
Breast surgery the time of surgery.!%32:33 The CTNeoBC study,!*
which performed a pooled analysis of 12 trials,
Mastectomy 15 (48.4) demonstrated that breast cancer patients who
[Continued]  achieved pCR had improved disease-free survival
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Figure 2. Percentages of pCR according to clinical stage of breast cancer.
pCR, pathological complete response.
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Figure 3. Waterfall plot for the best percentage change in target lesion size.

Waterfall plot for the best percentage change in target lesion size is shown for 31 patients who had at least one post-
baseline efficacy assessment. The color indicates the type of response. The dashed line at 20% represents the boundary
for determination of progressive disease, and the dashed line at -30% represents the boundary for determination of partial
response.

and OS, especially in the TNBC subgroup. The of TNBC cohort after eight cycles of docetaxel,
pCR rate of TNBC after anthracycline and tax- doxorubicin, and cyclophosphamide NACT was
ane-based NACT was 33.6% in CTNeoBC 37%.%* Therefore, how to improve the pCR rate
study.!* While in GeparTrio study, the pCR rate of TNBC becomes more and more important.
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EFS, event-free survival; OS, overall survival.
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Figure 5. Kaplan-Meier survival curves: EFS (a) and OS (b) in patients with at least one post-baseline efficacy

assessment (n=31) according to pCR status.

EFS, event-free survival; 0S, overall survival; pCR, pathological complete response.

Tumor angiogenesis is considered a critical prog-
nostic factor in breast carcinoma3> and plays a
significant role in promoting tumor development
and metastasis, which makes antiangiogenic
drugs improve the efficacy of traditional chemo-
therapy in treatment of breast cancer.3¢
Antiangiogenic treatment such as bevacizumab
combined with chemotherapy has been proven to
increase pCR in early and locally advanced
HER2-negative breast cancer in previous studies.
In GeparQuinto study,!? the rates of pCR were
14.9% with EC-D and 18.4% with EC-D plus
bevacizumab (p=0.04); the corresponding rates
of pCR were 27.9% and 39.3% among TNBC
patients (p=0.003). In NSABP-B40 study,3” the
addition of bevacizumab to chemotherapy, as
compared with chemotherapy alone, significantly

increased the rate of pCR (34.5% wversus 28.2%,
p»=0.02), but no significant difference was found
among TNBC patients (52% versus 47%,
p=0.34). Therefore, it is still unclear whether
using antiangiogenic drug will improve the rate of
pCR for TNBC patients or not.

Aberrant tumor-associated neovasculature has
been proven to induce various immunosuppres-
sive features, and antiangiogenic therapy can
ameliorate  antitumor  immunity.3840  The
IMpassion 130 TME exploratory analysis identi-
fied angiogenesis as associated with reduced pro-
gression-free  survival (PFS). And the
FUTURE-C-Plus study*® found that patients
with advanced immunomodulatory TNBC bene-
fited more from immune checkpoint blockade
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Table 3. Treatment-related adverse events in the safety population (n=31).

Adverse event* Grade 1-2 Grade 3 Grade 4
Hypertension 11 (35%) 2 (6%]) 0
Fatigue 15 (48%) 1 (3%) 0
Hand-foot syndrome 10 (32%) 1 (3%) 0
Anorexia 12 (39%) 0 0
Oral mucositis 6 (19%) 1 (3%) 0
Diarrhea 9 (29%) 1(3%) 0
Nausea 8 (26%) 0 0
Vomiting 2 (6%) 1 (3%) 0
Headache 5(16%) 0

Peripheral edema 6 (19%) 0 0
Proteinuria 4 (13%) 0 0
Increased AST 3(10%) 0 0
Increased ALT 2 (6%) 0 0
Anemia 3(10%) 0 0
Thrombocytopenia 1 (3%) 0 0
Neutropenia 2 (6%) 0 0

*Adverse events related to treatment-related toxicity.
ALT, alanine aminotransferase; AST, aspartate aminotransferase.

plus angiogenesis inhibition, supported by a
respectable efficacy (ORR=81.3%; median
PFS=13.6months) and good tolerability in 48
patients enrolled to receive famitinib, camreli-
zumab, and nab-paclitaxel. However, whether
TNBC patients benefit more from neoadjuvant
immune checkpoint blockade plus angiogenesis
inhibition remains unclear and needs further
studies in the future.

Apatinib, an oral selective inhibitor of VEGFR-2,
has been widely used in the treatment of various
tumors, including gastric cancer, liver cancer,
colorectal cancer, osteogenic sarcoma, and lung
cancer.41-% Metastatic breast cancer often tends
toward a poor prognosis and has a median PFS of
less than 4 months with traditional chemotherapy
after second-line therapy or more.%>%® Two phase
IT clinical trials had been conducted to evaluate
the efficacy of apatinib in metastatic breast cancer
patients who were previously treated with anthra-
cycline and taxanes.2?3:24 Hu er a/.23 had conducted

a multicenter, single-arm, phase II study, which
enrolled 38 metastatic non-TNBC patients who
had received prior chemotherapy, and found that
using apatinib alone achieved a median PFS and
OS of 4.0months and 10.3 months, respectively;
the ORR and disease control rate (DCR) were
16.7% and 66.7%, respectively. Another phase II
study, which evaluated the efficacy of apatinib
monotherapy in heavily pretreated metastatic
TNBC patients in China, demonstrated that the
median PFS and OS were 3.3months and
10.6 months, respectively; the ORR was 10.7%
and the clinical benefit rate was 25% in heavily
pretreated patients.?* In addition, results from a
retrospective study, which investigated the antitu-
mor activity and safety of apatinib combined with
chemotherapy in 66 pretreated advanced breast
cancer patients, revealed that the median PFS
and OS were 6.0months and 10.0months,
respectively.*’” Another observational study ana-
lyzed the efficacy and safety of apatinib combined
with chemotherapy in 85 patients with previously
treated advanced breast cancer, and concluded
that the median PFS and OS in the TNBC group
were 5.2months and 11.4months, respectively,
while the median PFS and OS in the non-TNBC
group were 4.3 months and 11.3 months, respec-
tively.48 In consideration of the efficacy of apat-
inib in advanced TNBC, our study aimed to
evaluate the efficacy and safety of neoadjuvant
apatinib combined with standard chemotherapy
for early-stage TNBC patients. It demonstrated
that the pCR rate of the 31 evaluable patients was
54.8%, and the ORR and DCR were 90.6% and
96.9%, respectively. Moreover, the 2-year EFS
was 90.9%, similar to the Keynote-522 study in
which the Kaplan—Meier estimate of EFS at
18 months and 36 months were 91.3% (95% CI:
88.8-93.3) and 84.5% (95% CI: 81.7-86.9) at
the pembrolizumab chemotherapy group, respec-
tively.4%:50 However, the follow-up period at this
early time point was not long enough to assess
mature survival data, which is an important con-
sideration in patients receiving potentially cura-
tive treatment. Therefore, subsequent analyses
are ongoing to further assess the survival of the
enrolled patients.

To the best of our knowledge, this study was the
first to assess the efficacy and safety of adding
apatinib to docetaxel followed by the epirubicin
plus cyclophosphamide in early-stage TNBC
patients. The results of our study indicated prom-
ising antitumor activity of the combination of
apatinib and standard chemotherapy. NeoCART
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study,’! a multicenter, randomized controlled,
phase II trial conducted by our institution to
assess the efficacy and safety of docetaxel plus
carboplatin versus EC-D in untreated stage II-III
TNBC, showed that the rate of pCR in the EC-D
group was 38.6%. Since the rate of pCR (54.8%)
achieved in combination of apatinib and standard
chemotherapy was dramatically higher than that
of chemotherapy alone (38.6%), there may exist
promising synergistic effect between apatinib and
standard chemotherapy. Randomized controlled
studies will be designed to further determine
whether adding apatinib to standard chemother-
apy could improve the pCR in NACT of early-
stage TNBC in the future.

Hypertension, proteinuria, and hand-foot syn-
drome are the most common adverse events of
antiangiogenic drugs. Some previous studies have
suggested 250-850 mg dose of apatinib in patients
with gastric cancer or breast cancer.21,23:41,52
Concerning the side effect of apatinib combined
with standard chemotherapy, we used 250mg
once daily as the dose in our clinical trial and
expected all the enrolled patients could be toler-
ant to apatinib of 250 mg dose for 21 consecutive
days combined with chemotherapy in 3-week
cycle. In this trial, the most frequent all-grade
adverse events were fatigue (47%), anorexia
(38%), hypertension (34.0%), and hand-foot
syndrome (31%), which was similar to those
reported in previous studies.?3:2448:50 Most of the
reported adverse events were grade 1 to 2; only a
few of the enrolled patients reported grade 3
adverse events, and no grade 4 adverse events
were observed. No treatment-associated mortal-
ity occurred during the combined treatment, and
no patient needed dose reduction due to toxicity
and intolerance.

There are some limitations in our study. First,
this is a single-arm, single-center clinical trial with
no control group for comparison; thus, the selec-
tion bias was inevitable. Second, the small sample
size enrolled in this trial reduces certainty of the
effectiveness observed. Third, since the reported
pCR rate of neoadjuvant anthracycline-taxane
chemotherapy for TNBC patients varied from
27.9% to 36.6%,12"1420 the assumption that pCR
rate of neoadjuvant anthracycline—taxane chemo-
therapy was 28% was relatively lower among
available data, and might represent an underesti-
mation to some extents. Fourth, biomarkers
including Tau protein, Bcl-2, EGFR, AR, PD-1,

PD-L1, and CDK5/6 were only detected in some
of the enrolled patients, and no biomarker was
found to be a significant prognostic factor for the
effect of the scheduled chemotherapy regimen. In
the future, a randomized controlled study in
larger sample size may be warranted to further
validate the efficacy of apatinib as well as the
prognostic effect of biomarkers in NACT among
TNBC patients.

Conclusion

In summary, our results showed excellent efficacy
and manageable toxicities in adding apatinib to
docetaxel followed by epirubicin plus cyclophos-
phamide, with significantly improved pCR in
NACT of early-stage TNBC. However, prospec-
tive studies with larger sample sizes as well as
longer follow-up time are expected to investigate
the long-term effect of apatinib on prognosis in
patients with early-stage TNBC.
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