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Abstract
Rationale: Brain metastasis (BM) is a rising challenge in forward-looking oncology, as its treatment choices are very limited,
especially, after the failure of local treatment schemes.

Patient concerns:We report on a 39-year-old Chinese woman who was diagnosed with stage IV triple-negative breast cancer
(TNBC) with multiple brain, lung, and bone metastases. She had previously, undergone whole-brain radiation therapy. Paclitaxel,
platinum, UTD1, capecitabine, gemcitabine, vinorelbine, and single-agent apatinib were then administered as first- to fifth-line
therapies. She exhibited progression each time after a short period of disease stabilization.

Diagnoses: Triple-negative breast cancer.

Interventions: The patient chose treatment with apatinib+CPT-11+S-1 as the sixth-line therapy.

Outcomes:A remarkable response of the brain, and lungmetastases, and alleviation of the brain edema were achieved, and these
effects persisted for 7 months.

Lessons:We describe the significant anti-tumor effect of apatinib + CPT-11 + S-1 against BMs from breast cancer. This report is
the first to suggest potential approaches to BM treatment using this scheme and describes the effects of an apatinib-containing
regimen on BMs.

Abbreviations: BBB = blood-brain barrier, BM = brain metastasis, MBC =metastatic breast cancer, MRI =Magnetic resonance
imaging, OS = overall survival, PFS= progression-free survival, TKI = tyrosine kinase inhibitor, TNBC= triple-negative breast cancer.
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1. Introduction

Breast cancer is the most common neoplasia worldwide.
Approximately, between 40 to 45% of all breast cancer patients
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will develop metastasis, and the median survival time for these
patients between 18 to 30 months.[1] Among all subtypes, triple-
negative breast cancer (TNBC) has the highest frequency of brain
metastasis (BM) (up to 46%), and the poorest prognosis, as the
median survival time of these patients is less than 6 months.[2] As
treatment schemes, whole-brain radiotherapy, and surgery are
well known, and useful but limited. New cytotoxic, or cytostatic,
agents and innovative drugs are being actively developed.
Apatinib is a small-molecular receptor tyrosine kinase inhibitor

(TKI) with potential antiangiogenic, and antineoplastic function
that selectively binds, and inhibits VEGFR-2. In preclinical data,
apatinib exhibited highly, potent activity against solid tumors,
effectively, inhibited the tube formation, proliferation, and
migration, and of umbilical vein endothelial cells, blocked the
budding of the rat aortic ring, reduced the growth of xenograft
tumors,[3] and reversed ABCG2(BCRP/MXR/ABCP)- and P-
glycoprotein (ABCB1/MDR1)-mediated multidrug resis-
tance.[4,5] In phase I, and phase II studies, apatinib exhibited
exciting antineoplastic activity, and manageable toxicity.[6,7]

Two phase II studies found that single-agent apatinib showed
promising effects in heavily pretreated, metastatic non-TNBC
with manageable toxicity.[8,9] The median progression-free
survival (PFS) was between 4.0 to 3.3 months, and the overall
survival (OS) was between 10.3 to 10.6 months. However, no
studies have confirmed the value of apatinib, or its combination
with chemotherapy in metastatic breast cancer (MBC), and
neither of the 2 clinical trials involved BM patients. Recently, we
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2Figure 1. MRI of response to single-agent apatinib and apatinib+CPT-11+S1:
(A) before single-agent apatinib, (B) after 3 months of single-agent apatinib, (C)
after 7 months of single-agent apatinib, (D) after 2 cycles of apatinib + CPT-11
+S1, (E) after 6 cycles of apatinib + CPT-11 + S1. MRI = Magnetic resonance
imaging

Figure 2. CT scan of response to single-agent apatinib and apatinib + CPT-11
+ S1: (A) after 3 months of single-agent apatinib, (B) after 7 months of single-
agent apatinib, (C) after 2 cycles of apatinib + CPT-11 + S1, (D) after 6 cycles of
apatinib + CPT-11 + S1.
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used apatinib in combination with CPT-11 and S-1 to treat a
refractory TNBC patient with BM, and achieved exciting results.
This case is reported below.
2. Case report

In the yearMay 2016, BMswere found after fourth-line palliative
chemotherapy in a 39-year-old woman with breast cancer, and
multiple brain, lung, and bone metastases in our hospital. The
patient complained of headache and epilepticus insultus.
Magnetic resonance imaging (MRI) of the brain showed multiple
metastatic lesions with edema at the cerebrum (Fig. 1A).
Two and half years earlier, in the year December 2013, the

patient underwent breast-conserving surgery with axillary lymph
node dissection. Pathological evaluation confirmed invasive
grade III ductal carcinoma within the breast tissue (ER- and
PR-negative, HER2-, Ki67 35%). The pathological stage of the
disease was cT2N0M0 stage IIB. The genetic subtype was triple-
negative. As an adjuvant therapy, she received FEC (5-FU 500
mg/m2, epirubicin 100mg/m2, cyclophosphamide 500mg/m2)
chemotherapy 3 times every 3 weeks followed by docetaxel
Table 1

Summary of the timeline of the patient’s past medical history.

Treatment details

Time Therapy

December 2013 – March 2014 conserving surgery adjuvant therapy (
July 2014 – September 2014 whole brain radiation therapy TC

∗
1

October 2014 – November 2014 (UTD1 + capecitabine)
∗
2

November 2014 – April 2015 GP
∗
4

September 2015 – January 2016 NP
∗
4

May 2016 – December 2016 apatinib
December 2016 – June 2017 (apatinib + CPT-11+S1)

∗
6

FEC = 5-FU + epirubicin + cyclophosphamide, D = docetaxel, TC = paclitaxel + carboplatin, GP = gemc
disease , PFS = progress free survival.
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(75mg/m ) 3 times every 3 weeks. Seven months after surgery,
she complained of headache. Multiple BMs were detected by
MRI. A CT scan indicated multiple metastases in the bilateral
lung, and bone. Whole-brain radiation therapy was performed.
Paclitaxel, platinum, UTD1, capecitabine, gemcitabine, vinor-
elbine, and single-agent apatinib were then administered as first-
to fifth-line therapy. The timeline of her past medical history is
outlined in Table 1.
In the year May 2016, the patient consulted our hospital for

progressively, worsening headaches, and epilepticus insultus. A
brain scan revealed multiple lesions with brain edema (Fig. 1A).
After the patient signed the informed consent form, she received
apatinib (500mg po qd) as fifth-line therapy. Within a few days
after the treatment of apatinib, an obvious improvement in the
headache, and nervous system symptoms became evident, and
corticosteroid treatment was terminated. The 3-month follow-up
brain MRI (Fig. 1B), and chest CT (Fig. 2A) showed that the
metastatic lesions remained stable. Apatinib monotherapy was
continued. The brain (Fig. 1C), and lung (Fig. 2B), metastases
progressed systemically, 7 months after the initiation of apatinib
single therapy in the year November 2016. The patient
experienced new episodes of severe dry cough, and worsening
headache symptoms.
We changed the regimen to apatinib + CPT-11 + S1 due to the

systemic progression. The cough, and headache, decreased
rapidly. Cranial MRI after 2 cycles of therapy showed impressive
reductions in the size of both the brain edema, and the contrast-
Response evaluation PFS

FEC
∗
3 + D

∗
3) PD 7 months

PD 3 months
PD 1 months
PR 10 months
PD 4 months
SD 7 months
PR 7 months

itabine + cisplatin, NPNVB + cisplatin, PR = primary lesion, SD = stable disease , PD = progressive
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enhancing lesions (Fig. 1D), and multiple lung metastases
(Fig. 2C) were significantly, reduced in size, or disappeared. At
the 5-month follow-up dynamic reexamination in the year April
2017, after 4 cycles of apatinib+CPT-11 + S-1 treatment, theMRI
showed regression with systemically, stable disease. She was still
receiving the same regimen, and no severe adverse events were
detected during, or after the therapy. At the 7-month follow-up
reexamination in the year July 2017, after the sixth cycle of
treatment, MRI (Fig. 1E), and CT (Fig. 2D) confirmed new
disease progression in the brain, and lung.
3. Discussion

The development of management strategies for BM in patients
with TNBC is an important clinical challenge. We experienced a
case in which the combination of apatinib with CPT-11 and S-1,
effectively controlled refractory BM after the failure of whole-
brain radiotherapy, and multi-line chemotherapy (paclitaxel,
platinum, capecitabine, gemcitabine, and vinorelbine, as recom-
mended by NCCN guidelines). The clinical regression of the
brain, and lung metastases, and alleviation of the brain edema
from breast cancer were sustained for 7 months. Why did this
regimen exert such a strong inhibitory effect on brain, and lung
metastases from breast cancer? We discuss the possible
mechanism, and its implications for current, and potential future
treatment strategies below.
Targeted therapies for patients with BM from TNBC are

unfortunately, lacking, and chemotherapy is currently the only
systemic option.[2] The blood-brain barrier (BBB) limits the
crossing of drugs into the brain because of its very low
permeability, and the expression of potent multispecific efflux
transporters. These 2 mechanisms restrict the efficacy of some
macromolecular drugs with potentially, therapeutic effects on
brain diseases.[10] Some efflux proteins (P-glycoprotein /ABCB1,
multidrug resistance proteins such as MrP, or ABCC, and breast
cancer resistance proteins such as BCrP, or ABCg2) are
responsible for the transfer of their substrates from the
endothelial cells back into the blood, reducing the central
bioavailability of many drugs.[11]

Vascular endothelial growth factor (VEGF), and its receptors
(VEGFRs) play a significant role in the angiogenesis of breast
carcinoma. Current research indicates that VEGF may provide a
new mechanism for regulating the permeability of the BBB in
vivo.[12] Moreover, previous studies have shown a fine balance
between VEGF, and angiopoietin-2, a proapoptotic factor in
angiogenesis in glioma models. The BBB is abnormal in cases of
tumors >0.5mm, which might compromise the integrity of the
astrocytes, and endothelial cells.
The anti-VEGF monoclonal antibody bevacizumab, combined

with first-line chemotherapy for patients with metastatic TNBC,
significantly, improved the objective response rate (ORR), and
PFS. This benefit has been confirmed by the meta-analysis of 3
randomized phase III trials (E2100, AVADO, RIBBON-1). Even
in a second-line setting (RIBBON-2), the improvement in PFS
with the administration of avastin to the TNBC subgroup was
marked (median 6.0 vs. 2.7 months for chemotherapy plus
avastin vs. chemotherapy alone; P= .0006), and the OS showed a
tendency to improve.[13] Another therapeutic strategy to inhibit
angiogenesis is the use of anti-VEGFR TKIs, such as sunitinib,
and sorafenib; nevertheless, neither of these drugs exhibited a
major impact on MBC.
Apatinib is a small-molecular receptor TKI with potential

antiangiogenic, and antineoplastic function that selectively,
3

binds, and inhibits VEGFR-2. Apatinib may inhibit VEGF-
stimulated endothelial cell migration, and proliferation, and
reduce tumor microvascular density. The exact mechanism by
which apatinib affects brain lesions is still unclear; whether it can
directly, affect the tumor microvascular structure, and/or the
BBB, and/or can cross the BBB is unknown. Apatinib has been
shown to inhibit the function of P-glycoprotein.[4,5] Additional
studies are currently, being conducted to assess the role of
apatinib in treating patients with malignant gliomas for whom
almost all treatments (including temozolomide, bevacizumab,
nimotuzumab, and reradiation) have failed.[14] Therefore,
theoretically, apatinib might cross the BBB, penetrate brain
tumors, and work with anticancer drugs at adequate concen-
trations. However, according to our experience, this report
showed that single-agent VEGFR2 TKI might provide no benefit
in the treatment ofMBC caused by breast carcinoma. This patient
showed progression of lung, and brain metastases after 7 months
of apatinib monotherapy.
Irinotecan is an inhibitor of topoisomerase I that shows an

effect onMBCwith response rates between 20 to 30% as a single
agent, and in combination with platinum-based therapy.[15]

Irinotecan, whose ability to cross the BBB has been demonstrated
in primary brain tumors,[16] exhibits a confirmed modest benefit
when combined with iniparib in progressive TNBC BM.
Preliminary research shows that tMZ, and CPt-11 are trans-
ported across the BBB by ABCB1 with brain/plasma ratios of 1.1,
and 2.1, respectively.[17] Furthermore, the tolerance, and activity
of irinotecan have been shown in the therapy of patients with
extracranial MBC in a phase Ib setting.[18] S-1 is an oral
fluorouracil that reverses the inhibition of the rate-limiting
enzyme in 5-FU degradation, increasing the blood concentration,
and enhancing the anti-tumor effect of 5-FU. Recurrent breast
cancer treated with S-1 alone showed an RR of 30 to 41.7%, PFS
of 5, and OS of 11.3 months with few adverse events.[19] A
combination of irinotecan, and S-1 has been implemented in
various doses for the treatment of advanced, or recurrent breast
cancer with a response rate for BM of 50%. Torigoe et al found
that irinotecan, and 5-FU combination therapy could induce an
obvious anti-tumor effect in colon cancer cell lines in vitro.[20]

They hypothesized that irinotecan reduced the activity of
thymidylate synthase, a target enzyme of 5-FU, which regulates
the cell cycle. S-1 has similar activities to those of 5-FU; the anti-
tumor effect of irinotecan, and S-1 combination therapy might
thus be improved through a similar mechanism.
Notably, the combination of apatinib with CPT-11, and S-1

produced a great effect. After 2 cycles of therapy, multiple lung
metastases were significantly, reduced in size, or had disappeared,
and the BMs had also decreased in size, or disappeared. An MRI
confirmed that the cerebral edema was significantly, lower than
before. The following mechanism might explain the curative
effect of the combination regimens in this case. The antiangio-
genic action of apatinib could have increased the transmission of
CPT-11 and S-1. In addition, apatinib could have facilitated the
passage of CPT-11, and S-1 across the BBB by reducing the
function of P-glycoprotein.
In cancer patients, BMs are a common, and life-limiting

complication. The symptoms of increased cranial pressure, and
brain edema are most frequently, treated with steroids. However,
steroids can give rise to various serious complications that further
decrease the patient’s quality of life. Apatinib is reported to be
very effective in reducing brain damage, and peripheral edema in
primary brain tumors. Here, we have noted our encouraging
experience with apatinib treatment for the control of steroid-

http://www.md-journal.com


cells and ABCB1-overexpressing leukemia cells. Biochem Pharmacol

Hu et al. Medicine (2018) 97:15 Medicine
refractory brain edema in a patient with brain-metastasized
breast cancer.
4. Conclusion

To the best of our knowledge, this report is the first to describe the
successful use of apatinib in combination with CPT-11+S-1 to
treat refractory BMs in a patient with TNBC. The efficacy in the
patient was similar to a partial response (PR). These results
suggest that a phase II clinical trial should be launched to further
evaluate the efficacy of this treatment against brain-metastasized
breast cancer.
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