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Optimized first-line therapy for stage IV breast cancer brings
long-term disease-free survival: a case report and biological
analysis
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Abstract: For patients with stage IV breast cancer, the purpose of routine treatment is to achieve tumor
control and prolonged life without disease progression. But optimized first-line therapy for stage IV breast
cancer can bring long-term disease-free survival. We reported a patient with HER2-positive stage IV breast
cancer who achieved clinical remission following optimized first-line therapy (albumin-bound paclitaxel plus
capecitabine combined with trastuzumab). Meanwhile, the detection of circulating tumor cells (CTC) in
combination with PET/CT evaluation showed tumor complete remission, inducing the concept of biological
complete remission (bCR). Over 10 years, the patient was followed-up, and she remained in disease free.
Circulating tumor DNA (ctDNA) combined with CTC biological analysis was used to elucidate the long-
term survival benefits of bCR. Even for stage IV patients, active and reasonable systemic treatment can

achieve not only progression-free survival but also disease-free survival.
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Introduction survival after initial treatment. The diagnosis and treatment

. . technology in breast cancer have continuously developed
Stage IV breast cancer, which refers to those patients who &y y p

. . o . over the past decade, including the iteration of NGS,
have a distant metastasis at the initial diagnosis, accounts

ctDNA, and CTC detection technology, which introduced

for 5-10% of breast cancer cases (1). For early breast

cancer, after surgery and systemic treatment, patients are
considered to be in a state of “disease-free survival” and
have a chance to heal. However, unlike early breast cancer
patients, those with stage IV disease undergo treatment
with the aim of controlling the tumor, thus prolonging life
without disease progression, and improving symptoms. Yet,
sometimes in clinical therapy, we encounter stage IV breast
cancer patients who exhibit complete tumor remission after
systemic treatment, and achieve long-term survival.

Patients with stage IV breast cancer who have progressed
to distant metastasis can also achieve long-term disease-free
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breast cancer diagnosis and treatment into the era of
precision medicine.

Herein, we report a patient with HER2-positivestage
IV breast cancer who achieved clinical remission after six
cycles of optimized first-line treatment with albumin-bound
paclitaxel plus capecitabine combined with trastuzumab.
CTC detection in combination with PET/CT evaluation
showed tumor complete remission, inducing the concept of
biological complete remission (bCR) (2).

This article reports a combination of ctDNA and
CTC biological analysis techniques to elucidate the long-
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Figure 1 Patient treatment and examination results. (A) PET-CT scan images of lung metastasis; (B) detection of CTC and ctDNA. TXH,

taxanes + capecitabine + trastuzumab; TH, taxanes + trastuzumab; CR, complete remission; bCR, biological complete remission; pCR,

pathological complete remission; H, trastuzumab; CT'C, circulating tumor cell; ctDNA, circulating tumor DNA.

term disease-free survival benefit brought by bCR and
the conversion of progression-free survival to disease-free
survival in the patient with stage IV breast cancer. This case
is reported in accordance with the CARE guidelines.

Case presentation

A 56-year-old woman presented in our department and was
subsequently diagnosed with T2N1M1, stage IV cancer
of the left breast, with metastasis to the left axillary lymph
nodes and lungs. Immunohistochemistry showed ER(-),
PR(-), and HER2(+++). After the diagnosis was confirmed,
albumin-boundpaclitaxel (nab-paclitaxel, 200 mg,
126.6 mg/m’, d1 and d8/21 days) and capecitabine
(3,000 mg, 1,898.7 mg/m’, d1-14/21 days) were used
in combination with trastuzumab (440 mg, d1/21 days).
Capecitabine was discontinued after four cycles, and
paclitaxel plus trastuzumab were continued for two cycles.
The patient experienced an adverse event in the form
of a rash. After 1 cycle of treatment, the patient’s CTC
level decreased from 3 to 0. After 3 cycles of treatment,
the PET/CT SUVmax values of all lesions decreased to
0, at which point “biological complete remission (bCR)”
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was achieved. After six cycles of therapy, the patient had
complete remission (CR). Then, the patient underwent left
breast mastectomy and left axillary lymph node dissection,
and pathological complete remission (pCR) was confirmed.
Subsequently, the patient received left chest wall and left
clavicle radiotherapy, before 2 years of consolidation with
trastuzumab. The patient has received no other treatment
to date (Figure I). The patient underwent regular medical
examinations every year, and the results showed that she
remained free from disease. The latest examination, in April
2019, by PET-CT showed no abnormal lesions (Figure 1A).
CTC Cell Collector detected no circulating tumor cells,
while before the initial treatment, the number of circulating
tumor cells had been 3, as determined by the CTC Cell
Search system. Meanwhile, the NGS test of ctDNA
detected two unknown mutations of DNMT3A p.F7521
and DAXX p.N633S, while the common tumor mutation
test of the HER2 pathway was negative (Figure 1B).

Discussion

Maintenance therapy for advanced breast cancer after
combination chemotherapy presents a number of options.
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In HER2-positive breast cancer, if the initial treatment
is two types of chemotherapy combined with anti-HER?2
targeted therapy, subsequent maintenance therapy may
retain one form of chemotherapy combined with anti-
HER?2 therapy. Meanwhile, trastuzumab is acceptable as
a maintenance therapy for patients who cannot tolerate
chemotherapy. After our patient had completed the regime
of albumin-bound paclitaxel plus capecitabine combined
with trastuzumab (TXH) for four cycles, we retained the
treatment of TH for two cycles. After six cycles, complete
remission of the breast lesion, axillary lymph nodes and
the lung lesion had been achieved, and the patient received
follow-up maintenance treatment of trastuzumab after
surgery.

There is currently no recommendation for the duration
of trastuzumab maintenance therapy, especially for patients
with CR state after systemic therapy. The recommendations
for multiple treatment vary between guidelines. The
NCCN guidelines indicate that the duration of medication
in patients with long-term control is undetermined.
ASCO recommends that patients should continue with
systemic therapy until disease progression or intolerable
toxicity. The ABC-4 guidelines recommend that patients
with complete remission for a long time may consider
stopping treatment (3). Based on international consensus
and treatment practices in China, the CSCO guidelines
recommend that for patients who have achieved complete
remission, the duration should be weighed against toxicity
and the economic burden, and anti-HER2 treatment can
be stopped after 2 to 3 years of remission. If the disease
progresses at a later stage, anti-HER2 treatment can be
resumed. For our patient, regular follow-up examinations
showed that they had maintained a complete remission. We
discontinued trastuzumab therapy in conjunction with the
patient’s wishes. The patient has so far maintained disease-
free survival, which shows that for patients with long-
term control, especially those with complete remission, the
suspension of the targeted therapy after a certain period of
time is an acceptable option.

Liquid biopsy can explore tumor status in patients’
peripheral circulation (4) and guide precision therapy (5).
With the development of liquid biopsy, the technology
of capturing CTC has continued to advance. CTC Cell
Collector is a new detection technology that possesses
higher sensitivity and specificity than CTC CellSearch (6).
We performed detection with CTC Cell Collector on our
patient, and the results showed that the number of CTCs
was zero. Circulating tumor cells were still not detected
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using more sensitive detection methods, which suggested
that the patient had complete tumor remission in the
peripheral circulation.

Currently, ctDNA has application value in monitoring
tumor burden, predicting drug efficacy, assessing risk of
recurrence and metastasis, early diagnosis, and analyzing
prognosis (7). The patient in this study was tested for 1,021
tumor-related genes, and only two-point mutations of
DNMT3Ap.F7521 and DAXXp.N633S were found. The
two mutations of the MSK database were not recorded and
their clinical significance is unknown. CTCs are generally
recognized as tumor cells that have fallen off or migrated
into the vasculature from the tumor lesions, and ctDNA is
fragmented DNA in circulation from necrotic/apoptotic
cells and/or is actively secreted from intact cells. Research
on CTC and ctDNA has suggested that the ctDNA utilized
in analysis may not originate from apoptotic/necrotic
CTCs, but from actively shedding tumor cells (either in
circulation or at primary/metastatic sites) (8). Therefore,
the reason why CTC was not detected but ctDNA was
detected in this patient is evident.

Studies have shown that mutations in the HER2
pathway in ctDNA may be related to resistance to anti-
HER2 treatment (9). In our patient, no related mutations
were detected in the genes related to the HER2 pathway,
including HER2, EGFR, ALK, and CDHI. It is also worth
noting that in HER2-positive breast cancer patients, more
than 60% of patients haveHER2amplification detected in
ctDNA, but no HER2 amplification mutation was detected
in ctDNA in the patient in this study. This maybe because
most HER2-positive tumor cells are killed during long-
term treatment. Both the negative HER2 amplification and
negative HER2 pathway-related gene mutations indicate
the stability of the HER2 pathway in this patient, which
may also be interlinked with the long-term survival benefit
observed.

Unlike early breast cancer, in which the primary survival
indicator is disease-free survival, advanced breast cancer, due
to the persistent presence of tumors in the body, is mainly
evaluated based on progression-free survival. After receiving
TXH treatment, the patient in this study achieved complete
remission in imaging and pathology, and further CTC
and ctDNA tests also indicated that complete remission
had also been achieved in the peripheral circulation. For
this patient, complete remission has continued for nearly
10 years. Although still in the advanced stage, the tumor
status is closer to the tumor-free status. The patient’s first-
line therapy of PES is closer to the DFS or EFS of early-
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stage patients in terms of treatment philosophy. For stage
IV breast cancer patients, the initial rescue treatment is
really the first-line treatment because no neoadjuvant and/
or adjuvant treatment has previously been received. The
patient’s first-line choices need to be optimized, and the
conversion from progression-free survival to disease-free
survival for stage IV patients should be pursued.

In this case report based on a real clinical case, we
showed that a patient with stage IV breast cancer with
distant metastasis, through optimized first-line therapy,
could not only achieve progression-free survival, but also
long-term disease-free survival. The rapid achievement of
bCR after initial treatment may be the basis for obtaining
long-term disease-free survival. Moreover, we analyzed the
possible molecular mechanism from the level of CTC and
ctDNA gene sequencing. The limitation of this case report
is that the patient’s CTC and ctDNA were not regularly
detected during the follow-up period, and so any changes
went unnoticed. In future research, we need to accumulate
more similar patients in clinical practice to further explore
the matter.

Conclusions

For advanced breast cancer, molecular detection technology
can assist with our understanding of the molecular
biological information of the disease. In this case, after
TXH treatment, the patient’s imaging, pathology and
molecular biology results revealed complete remission.
Two years of anti-HER?2 targeted maintenance therapy
not only ensured the maintenance of treatment efficacy to
a certain extent, but also alleviated the patient’s economic
and psychological burden. The results of the patient’s
ctDNA, CTC, and PET-CT further confirmed that those
with complete biological response to MBC may achieve
long-term survival. Even for stage IV patients, active
and reasonable systemic treatment can not only achieve
progression-free survival, but also disease-free survival.
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