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Background: Real-world data of the CM regimen [cyclophosphamide (CTX) plus
methotrexate (MTX)] in metronomic pattern for advanced breast cancer is limited to
small-sample or retrospective studies. This study was aimed to determine the effec-
tiveness and safety of CM regimen in treating advanced breast cancer and to identify
which patients are most likely to benefit from metronomic CM regimen.

Methods: Patients with advanced breast cancer who received the metronomic CM
regimen at least once between January 2009 and February 2019 in Sun Yat-sen Uni-
versity Cancer Center were included. Clinicopathological characteristics were col-
lected. Overall survival (OS) and progression-free survival (PFS) were assessed using
Kaplan-Meier estimates. Characteristics between patients with PFS < 6 months and
>6 months were compared using the Chi-square test. Univariate and multivariate Cox
regression model was used to estimate the prognostic factors for PFS and OS.
Results: A total of 186 patients were included. The median age and follow-up were
49 years and 13.3 months, respectively. Over 50% of the patients were estrogen recep-
tor/progesterone receptor-positive, and 60.8% had been heavily treated (>3 lines). The
objective response rate was 3.8%, the disease control rate at 12 weeks was 41.4%, and
the clinical benefit rate at 24 weeks was 31.2% (58/186). The median PFS was 4.0
months [95% confidence interval (CI): 3.6-4.7 months], the median duration of clin-
ical benefit was 9.5 months (95% CI: 8.2-10.8 months), and the median OS was 26.8

Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CBR, clinical benefit rate; CI, confidence interval; CM,

cyclophosphamide plus methotrexate; CR, complete response; CTX, cyclophosphamide; DCB, duration of clinical benefit; DCR, disease control rate; DFI,

disease-free interval; ER, estrogen receptor; Her2, human epidermal growth factor receptor 2; HR, hazard ratio; mCHT, metronomic chemotherapy; MTX,

methotrexate; ORR, objective response rate; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PFS, progression-free survival; PR,

progesterone receptor; SD, stable disease; VEGF, vascular endothelial growth factor.
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1 | BACKGROUND

The term metronomic chemotherapy (mCHT) was first coined
by Douglas Hanahan in 2000 [1] and refers to frequent admin-
istration of chemotherapy at a low, minimally toxic dose with-
out prolonged drug-free breaks [2]. For the past few decades,
evidence has shown that, unlike conventional chemotherapy,
mCHT has peculiar mechanisms of inhibiting tumor growth,
including antiangiogenic effects, immuno-mediated effects,
anti-proliferative effects, and endocrine effects on breast
cancer [2-5]. Currently, mCHT is an important alternative
for advanced cancer patients, mainly in non-small cell lung
cancer [3], breast cancer [6], and hepatocellular carcinoma
[7]. Both the Advanced Breast Cancer (ABC) panel [8] and
Pan-European expert meeting [9] considered metronomic
regimens, such as vinorelbine plus capecitabine and the
CM regimen [cyclophosphamide (CTX) plus methotrexate
(MTX)], as sufficient to be recommended for some patients
with advanced breast cancer in clinical practice.

Clinical trials of mCHT for breast cancer have been con-
ducted in neoadjuvant, adjuvant, and metastatic settings [10].
In neoadjuvant setting, phase II clinical trials with limited
samples showed that mCHT with or without endocrine ther-
apy achieved some activity in patients who were intolerant to
standard chemotherapy [11-13]. Studies investigating efficacy
of mCHT in adjuvant setting have not shown its superiority as
maintenance therapy in high-risk, early-stage, triple-negative
breast cancer patients after standard adjuvant chemotherapy
[14]. Studies on mCHT in metastatic setting have shown
durable effect and low toxicity. The objective response rate
(ORR) was 18%-62%, with a time-to-progression (TTP) of
3-21 months [10]. Oral administration of CTX 50 mg per
day combined with dual anti-human epidermal growth fac-
tor receptor 2 (Her2) therapy also achieved a progression-

months (95% CI: 20.9-37.7 months). Multivariate analysis for PFS revealed the CM
regimen as maintenance therapy and no liver metastasis as favorable prognostic fac-
tors. Furthermore, patients without liver metastasis were more likely to have a PFS
over 6 months than those with liver involvement (P = 0.022). Liver, lymph node, and
brain metastases were unfavorable prognostic factors for OS. The CM regimen was
well-tolerated without newly reported adverse events.

Conclusions: The CM regimen was effective in selected patients. In clinical practice,
it would be better used as maintenance therapy and in patients without liver metastasis.
Further follow-up investigation should be performed to examine its effect when used

in combination with other treatments and determine predictive biomarkers.

metronomic chemotherapy, advanced breast cancer, cyclophosphamide, methotrexate, real-world

free survival (PFS) of over 12 months in patients who were
not suitable for standard chemotherapy [15]. Since many
trials in metastatic setting have shown mCHT as a well-
tolerated treatment strategy, the expert panel in the “Metro-
nomic chemotherapy for advanced breast cancer” study group
agreed that mCHT can be a treatment option for metastatic
disease in selected patients [6]. Vinorelbine, capecitabine,
CTX, and MTX are most commonly used agents in clinical
practice, and their metronomic dosages have been assessed
in several studies [16-19]. Further, it is easy to modify their
dosages when adverse events occur.

The VICTOR-6 study [20] aiming at summarizing the
data of mCHT in Italy has provided the real-world effective-
ness of vinorelbine, capecitabine, CTX, and MTX in treating
advanced breast cancer. However, the percentage of patients
treated with CTX or MTX in this study composed less than
25% of the study cohort. Furthermore, other real-world data
of mCHT with the CM regimen is limited to small-size retro-
spective studies [21, 22]. In our center, we have administered
metronomic CM regimen for metastatic disease since 2009.
Herein, in this study, we investigated the effectiveness and
safety of metronomic CM regimen in patients with advanced
breast cancer, and identified patients that may benefit from
metronomic CM regimen.

2 | PATIENTS AND METHODS
2.1 | Patient selection

Patients who received metronomic CM regimen (CTX 50 mg
once a day and MTX 2.5 mg twice a day on days 1 and 2
every week) at least once between January 2009 and February
2019 at Sun Yat-sen University Cancer Center were included.
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Inclusion criteria were as follow: 1) female patients with
pathological diagnosis of advanced breast cancer and without
other primary malignancy; 2) both CTX and MTX were
administered in metronomic doses, with dose escalation or
discontinuation of one drug allowed for poor tolerability; 3)
patients with at least one clinical evaluation after adminis-
tration of the CM regimen, including physical examination,
ultrasound examination, computed tomography, and mag-
netic resonance imaging according to physician’s discretion.
Patients who received the CM regimen as maintenance
therapy were also included. We defined the CM regimen as
maintenance therapy when it was given to patients who had
achieved complete response (CR), partial response, or stable
disease (SD) from the previous treatment; otherwise, the CM
regimen was defined as salvage therapy. Clinicopathological
characteristics, including age, menopausal status, estrogen
receptor (ER) status, progesterone receptor (PR) status, Her2
status, previous therapeutic lines and regimens, metastatic
sites, disease-free interval (DFI), ORR, disease control rate
(DCR), clinical benefit rate (CBR), PFS, duration of clinical
benefit (DCB), overall survival (OS), and reported adverse
events (AEs), were collected retrospectively from electronic
records in our center. DFI was defined as the time from
curative surgery to the date of clinical evidence of recurrence
or metastasis. ORR was defined as the percentage of patients
with complete response or partial response according to
Response Evaluation Criteria in Solid Tumor (RECIST 1.1)
[23]. CBR was defined as the percentage of patients with CR,
partial response, or SD > 6 months according to RECIST 1.1.
PFS was defined as the time from initial administration of
the CM regimen to the time of disease progression or death
of any cause. DCB was defined as the time from the initial
administration of the CM regimen to the time of disease
progression or death in patients who achieved CR, partial
response, or SD after CM therapy for more than 24 weeks.
OS was defined as the time from initial administration of CM
regimen to death by any cause.

2.2 | Follow-up

We tracked down patients’ medical history, which included
but not limited to latest outpatient visiting date, hospital-
ization date, and laboratory examination date in our center.
Telephone follow-up was done to access the latest health
status of patients, especially those who did not visit a doctor
for more than 6 months. The last follow-up was updated on
May 5™, 2019.

2.3 | Statistical analysis

Clinicopathological characteristics between two groups
(patients with a PFS > 6 months and < 6 months) and ORR

and CBR among different groups were compared using
the Chi-square test. The OS, DCB, and PFS were assessed
using Kaplan-Meier estimates and the log-rank test. The Cox
proportional hazards model with 95% confidence interval
(CI) was used for the univariate analysis to verify the factors
significantly related to PFS and OS. Variables with a P value
less than 0.1 in the univariate analysis were included into
multivariate Cox model to identify independent prognostic
factors. Results were considered significant if P was less than
0.05. All analyses were performed using SPSS software for
Windows (version 19; IBM SPSS, Somers, NY, USA).

3 | RESULTS
3.1 | Clinicopathological characteristics

A total of 186 patients were included (Table 1). The median
age of all patients was 49 (range, 28-76) years. More than 60%
of the patients were ER/PR-positive, and the Her2-positive
rate was 23.7%. Seventy-five (40.3%) patients received the
CM regimen as maintenance therapy, and 111 (59.7%)
received it as salvage therapy. The median number of therapy
lines for metastatic diseases was 3 (range, 0-13). In the context
of treatment combination, 38 of the 102 patients with luminal
B Her2-negative subtype received the CM regimen in combi-
nation with endocrine therapy, and 19 of the 44 patients with
Her2-positive disease received the CM regimen plus targeted
therapy. Six patients received the CM regimen with other ther-
apy (including radiotherapy or local surgery for metastatic
sites), and 101 (54.3%) received the CM regimen alone. Of
the 52 patients received the CM regimen in combination with
endocrine therapy, 8 [6 of them were ER/PR-positive (< 10%
positive staining) in the primary tumor and ER/PR-negative
in the metastatic sites] did not receive prior endocrine ther-
apy for metastatic diseases, 17 (32.6%) had one line and 27
(51.9%) had at least 2 lines of endocrine therapy for metastatic
diseases. Of the 27 patients received the CM regimen plus tar-
geted therapy, 23 (85.2%) received prior targeted therapy with
trastuzumab; 6 (22.2%) had disease progression after treat-
ment with lapatinb, pertuzumab, and pyrotinib.

3.2 | Response rate

The ORR of all patients was 3.8% (7/186), the DCR was
41.4% (77/186) at 12 weeks and CBR was 31.2% (58/186)
at 24 weeks (Table 2). Despite the ORR in patients receiving
the CM regimen in combination with targeted therapy being
higher (7.4%, 2/27), response rates among different combi-
nation therapies were not significantly different (P = 0.952).
The DCR of patients received the CM regimen as mainte-
nance therapy (57.3%, 43/75) was significantly higher than
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TABLE 1 Baseline clinicopathological characteristics of 186 TABLE 1 (Continued)

patients with advanced breast cancer before treatment with the CM Number

regimen of patients
Number Variable [cases (%)]
of patients Prior therapy for metastatic disease

Variable [cases (%)] None 7 (3.8)

Total 186 Endocrine therapy (+ anti-Her2 therapy) 13 (7.0)

Menopausal status Chemotherapy (+ anti-Her2 therapy) 53 (28.5)
Premenopausal 70(37.6) Endocrine therapy/chemotherapy 113 (60.8)
Postmenopausal 116 (62.4) (+anti-Her2 therapy)

Visceral metastasis Lines of prior therapy for metastatic disease
Yes 122 (65.6) 0 7(3.8)

No 64 (34.4) 1 28 (15.1)

Metastatic site 2 38 (20.4)
Bone 75 (40.3) >3 113 (60.8)
Lung 59 31.7) Disease status prior using the CM regimen
Liver 53 (28.5) PD 111 (59.7)
Lymph nodes 77 (41.4) SD 51(27.4)
Brain 21 (1L.3) CR/partial response 24 (12.9)
Others 20 (10.8) Therapy combined with the CM regimen

ER status None 101 (54.3)
Positive 115 (61.8) Endocrine therapy 52(27.9)
Negative 71(38.2) Exemestane 17.(9.1)

PR status NS-AI 18 (9.7)
Positive 106 (57.0) Fulvestrant 5(2.7)
Negative 80 (43.0) SERM 11(5.9)

Her?2 status Bicalutamide 1(0.5)
Positive 44 (23.7) Targeted therapy 27 (14.5)
Negative 142 (76.3) Trastuzumab 11(5.9)

Molecular subtype Lapatinib 8(4.3)
Luminal B Her2-negative 102 (54.8) Pyrotinib 1(0.5)
Luminal B Her2-positive 19 (10.2) Trastuzumab + lapatinib 4(2.2)
ER/PR-negative Her2-positive 25(13.4) Apatinib 3(1.6)
Triple-negative 40 (21.5) Others (radiotherapy or surgery) 6(3.2)

Prior (neo)adjuvant therapy for primary disease Abbreviations: ER, estrogen receptor; PR, progesterone receptor; Her2, human
None 23 (12.4) epidermal growth factor receptor 2; DFI, disease-free interval; CM, cyclophos-
Chemotherapy ISTEAGE o eonse N3 AL v s, ot i, SR, sostvs st
Endocrine therapy 99 (53.2) gen receptor modulator.

Radiotherapy 79 (42.5)
Targeted therapy 12 (6.5)
Disease status that of patients receiving the CM regimen as salvage therapy
De novo stage IV 31167 (3.8.7‘7.0, 43/111; P = 0.013). Furthermore, th.e DCR of patients
with liver metastasis (30.2%, 16/53) was significantly lower
Recurrence 155 (83.3) than that of patients without liver metastasis (52.6%, 70/133;
DFI < 5 years 124 (66.7) P =0.018).
DFI > 5 years 31 (16.7)
(Continues)

3.3 | PFS and OS

The median PFS and OS of all patients were 4.0
months (95% CI: 3.6-4.7 months) and 26.8 months
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TABLE 2 Response rates of patients with advanced breast cancer after different treatment protocols
SD DCR CBR
ORR (=12 weeks) (=12 weeks) (=24 weeks)
Treatment Total (cases) [cases (%)] [cases (%)] [cases (%)] [cases (%)]
Overall 186 7(3.8) 70 (37.6) 77 (41.4) 58 (31.2)
CM regimen alone 101 3 3.0 41 (40.6) 44 (43.6) 38 (37.6)
CM + endocrine therapy 52 2(3.8) 18 (34.6) 20 (38.5) 12 (23.1)
CM + targeted therapy 27 2(7.4) 9 (33.3) 11 (40.7) 6(22.2)
CM + other therapy 6 0 (0) 2 (33.3) 2 (33.3) 2 (33.3)
Abbreviations: ORR, overall response rate; SD, stable disease; DCR, disease control rate; CBR, clinical benefit rate; CM, cyclophosphamide and methotrexate.
TABLE 3 Survival of patients with advanced breast cancer after different treatment protocols
PFS [months, OS [months, DCB [months,
median median median
Variable 95% CI)] P value 95% CI)] P value 95% CI)] P value
Overall 4.0 (3.6-4.7) 26.8 (20.9-37.7) 9.5 (8.2-10.8)
Visceral metastasis 0.274 0.840 0.089
Yes 4.1 (3.5-4.8) 23.9 (16.2-31.5) 9.5 (7.6-11.5)
No 3.3 (2.4-4.1) 22.2 (17.5-27.0) 7.3 (2.0-12.5)
Liver metastasis 0.022 0.043 0.597
Yes 3.8 (3.0-4.5) 20.8 (12.9-28.8) 9.1(7.9-10.2)
No 4.4 (34-5.4) 29.1 (19.5-38.7) 9.8 (7.5-12.2)
Molecular subtype 0.295 0.378 0.071
Luminal B Her2-negative 4.1 (3.6-4.7) 26.8 (3.1-50.6) 7.9 (5.6-10.0)
Luminal B Her2-positive 3.5 (2.4-4.6) 26.1 (11.4-40.9) 14.0 (1.2-28.5)
ER/PR-negative Her2-positive 4.1 (3.2-5.1) 36.9 (22.2-51.5) 10.3 (4.6-16.0)
Triple-negative 4.0 (2.0-5.9) 22.1 (10.1-34.2) 12.9 (6.4-19.4)
Treatment 0.218 0.791 0.329
CM alone 4.4 (3.8-7.1) 26.1 (14.3-40.0) 9.1 (3.7-14.5)
CM + endocrine therapy 3.9 (3.0-4.6) 36.8 (10.3-63.2) 8.1 (4.7-11.5)
CM + targeted therapy 3.7 (3.0-5.1) 22.1(19.3-25.0) 9.5 (8.0-11.0)
CM therapy pattern 0.002 0.230 0.021
As maintenance therapy 4.8 (2.7-6.9) 30.3 (21.3-39.3) 12.2 (7.8-16.7)
As salvage therapy 3.8 (3.2-4.3) 20.9 (11.6-30.1) 7.9 (6.1-9.6)

Abbreviations: PFS, progression-free survival; OS, overall survival; CI, confidence interval; DCB, duration of clinical benefit; CM, cyclophosphamide and methotrexate.

(95% CI: 20.9-37.7 months), respectively (Table 3, Fig-
ure 1A&B). Both the median PFS and OS of patients without
liver metastasis were longer than those of patients with
liver metastasis (P = 0.022 and P = 0.043 respectively;
Figure 1C&D). Patients receiving the CM regimen as
maintenance therapy had a longer median PFS than those
receiving the CM regimen as salvage therapy (P = 0.002;
Figure 1E). However, the median OS was not significantly
different (P = 0.230; Figure 1F). The median PFS in patients
receiving treatment combinations ranged from 3.7 to 4.4
months and were not significantly different (P = 0.218).
The median DCB of all patients was 9.5 months (95% CI:
8.2-10.8 months). The median DCB of patients receiving the
CM regimen as maintenance therapy was significantly longer

than that of patients receiving the CM regimen as salvage
therapy (P = 0.021). The median DCB of patients without
liver metastasis was longer than that of patients with liver
metastasis (P = 0.597), but without significant difference.
The median PFS and OS among patients with differ-
ent molecular subtypes did not show significant difference
(P = 0295 and P = 0.378 respectively; Table 3, Fig-
ure 2A&B). For patients who received the CM regimen alone,
there were no differences in PFS and OS among patients with
different molecular subtypes (P =0.053 and P = 0.237 respec-
tively; Figure 2C&D). The CM regimen in combination with
endocrine therapy was not superior to the CM regimen alone
in either PES or OS in patients with luminal B Her2-negative
subtype (P =0.940 and P = 0.796 respectively; Figure 2E&F).
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FIGURE 1 Kaplan-Meier PFS and OS curves of patients with advanced breast cancer stratified by liver metastasis and CM administration.

A&B, PFS and OS curves of all patients; C&D, PFS and OS curves of patients with or without liver metastasis; E&F PFS and OS curves of patients

cyclophosphamide and metrotrexate

receiving the CM regimen as maintenance therapy or as salvage therapy. Abbreviations: PFS, progression-free survival; OS, overall survival; CM,
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3.4 | Prognostic factors for PFS and OS

Cox regression analysis was performed to identify patients
who may benefit from metronomic CM therapy. Liver metas-
tasis and the CM regimen as maintenance therapy were prog-
nostic factors for PFS (Table 4). Patients with liver metasta-
sis had a 54.8% higher risk of disease progression than those
without [hazard ratio (HR) = 1.43, 95% CI =: 1.00-2.04,
P =0.046]. Patients received the CM regimen as maintenance
therapy had a lower risk of disease progression than those
received it as salvage therapy (HR = 0.60, 95% CI = 0.42-
0.84, P = 0.003). No other variables were significantly asso-
ciated with PFS.

Fifty-eight (34.5%) of the 186 patients achieved PFS
longer than 6 months, and 19 (10.2%) still had response to
metronomic CM therapy at 12 months. Patients without liver
metastasis before metronomic CM therapy were more likely
to have a PFS > 6 months than those with liver metastasis
(P = 0.022, Table S1). No other factors were significantly
associated with the likelihood of PFS over 6 months. In 19
patients who had responses at 12 months, 12 had received
more than three lines of prior therapy for metastatic disease,
and 11 had visceral metastasis.

Cox regression analysis was also performed to evaluate the
prognostic factors for OS. Lymph node, liver, and brain metas-
tases, disease progression prior to metronomic CM therapy,
and receiving the CM regimen as the third-line therapy for
advanced diseases were unfavorable prognostic factors for OS
(Table 4).

3.5 | Safety

Forty-four patients reported at least one AE after metronomic
CM therapy (Table 5). The most frequently reported AE was
nausea (7.1%). Two patients reported grade 2 elevated aspar-
tate aminotransferase (AST)/alanine aminotransferase (ALT),
which were considered to be related to liver metastasis and
recovered to grade 1 after symptomatic treatments. All other
AEs were classified as grade 1.

Fifteen (8.1%) of the 186 patients had dose reduction (dis-
continuation of either MTX or CTX), and 1 had temporary
break of both CTX and MTX due to AEs. No patient reported
death due to AEs. The reasons for drug discontinuation or
temporary break were elevated AST/ALT (n = 4), nausea
(n=5), loss of appetite (n = 4), skin rashes (n = 1), peripheral
neuropathy (n = 1), and diarrhea (n = 1).

4 | DISCUSSION

The present study demonstrated the real-world effectiveness
of metronomic CM therapy in advanced breast cancer patients

TABLE 5 Adverse events among all patients with advanced
breast cancer after different treatment protocols

Grade 1 Grade 2
Any grade [cases [cases

Adverse event [cases (%)] (%)] (%)]
Any 44 (23.6) 42 (22.4) 2(1.2)
Nausea 12 (7.1) 12 (7.1) 0
Pain 11 (6.5) 11 (6.5) 0
Loss of appetite 8 (4.8) 8 (4.8) 0
Fatigue 74.2) 74.2) 0
Elevated AST/ALT 5(3.0) 3(1.8) 2(1.2)
Skin rash 5@3.0) 5@3.0) 0
Cough 4(2.4) 4(2.4) 0
Arthralgia 4(24) 4(2.4) 0
Peripheral neuropathy 3(1.8) 3(1.8) 0
Weight loss 1 (0.6) 1 (0.6) 0
Insomnia 1(0.6) 1 (0.6) 0
Decreased 1(0.6) 1(0.6) 0

WBC/neutrophil

count
Decreased platelet 1(0.6) 1 (0.6) 0

count

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase;
WBC, white blood cell.

who were previously heavily treated. The DCR at 12 weeks
was 41.4% and remained 31.2% at 24 weeks, which was rela-
tively lower than the reported DCR (31%-62.5%) in both clin-
ical trials [18, 22, 24] and retrospective studies [21, 25]. It
is acceptable when considering that more than 60% of the
patients had visceral metastasis and were treated with multiple
lines of prior therapy. Consistent with the results of previous
studies [18, 21, 22, 24], the median PFS of all patients was
4.0 months; however, the median DCB was 9.5 months in the
present study. Colleoni et al. [18, 22] reported that the median
TTP of the CM regimen were 2.8 and 3.8 months in two phase
II studies. A meta-analysis [26] including all metronomic reg-
imens for advanced breast cancer and prostate cancer showed
that the mean ORR of mCHT was 26.0% and the median PFS
was 4.6 months. Studies of other metronomic regimens with
or without targeted therapy have reported the ORR of 18%-
62% and PFS ranging from 4.3 to 10.8 months [16, 17, 27-
29]. No clinical trials have compared the efficacy among these
regimens.

The present study revealed that 10.2% of patients have a
durable response to the CM regimen. This phenomenon was
also observed in other studies. In the VICTOR-2 study [17],
24.3% of patients in first-line and 22.2% of patients in second-
line therapy setting had a durable response lasting at least 12
months. Another study has also shown that 15.7% of patients
achieved a prolonged clinical benefit from metronomic CM
therapy, in which prolonged clinical benefit was defined as
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disease control of longer than 12 months [19]. They also have
discovered that hormonal receptor status and achievement of
objective response were factors predicting prolonged clinical
benefit. However, in the present study, the absence of liver
metastasis was the only factor that was associated with a PFS
> 6 months.

The combination of mCHT with targeted therapy, such as
trastuzumab [30], pertuzumab [15], and bevacizumab [27,
28], has been studied in several phase II trials. The addition
of targeted therapy yielded good efficacy without extra tox-
icity in patients with limited lines (< 3 lines) of therapy for
advanced disease. In the present study, the combined use of
anti-Her2 therapy yielded a CBR of 26.4% and a median PFS
of 3.7 months with good tolerability in patients who received
at least 3 lines of therapies.

Subgroup analysis showed that the CM regimen as mainte-
nance therapy and no liver metastasis were the factors associ-
ated with response to metronomic CM therapy. This might be
because patients that did not benefit from prior therapy or with
liver metastasis usually have poor response to chemotherapy
and poor prognosis. Therefore, patients with relatively good
prognosis would be more likely to benefit from the subse-
quent treatments. Additionally, due to the unique mechanisms
of metronomic therapy, the time from initiation use of mCHT
to best tumor response may be longer than that in conventional
chemotherapy, and the anti-tumor effects may be stronger in
patients with low tumor burden than in those with high tumor
burden.

Researchers have tried to find predictive factors of response
to mCHT in order to select the patients who will be most likely
to benefit. Colleoni et al. [18, 22] have demonstrated the asso-
ciation of serum vascular endothelial growth factor (VEGF)
level and possibility of response, although a significant drop
in VEGF level was observed after 2 months of treatment in
patients with response. Circulating endothelial cells and their
progenitor counterparts have been studied as predictors for
response to mCHT combined with the antiangiogenetic agent
bevacizumab [28, 29]. Standardization of these biomarkers
should be confirmed before wide application in clinical
practice. In the VEX study, increased tumor-infiltrating
lymphocytes were associated with shorter TTP [31]. Clinical
subtypes have also been reported to be associated with
response to mCHT (no specific regimen referred), in which
study no triple-negative breast cancer patients responded
to mCHT, whereas hormone receptor-positive patients had
higher ORR [32]. However, the present study showed no
difference in the effectiveness among patients with different
molecular subtypes. Previous studies have shown that factors
associated with good prognosis (sensitive to prior therapy or
ER/PR expression) were also associated with better response
to mCHT [19, 32]. Biomarkers related to angiogenesis or
the tumor-immune system may be predictors of response to
specific mCHT regimens. The present study also discovered

that metronomic CM regimen as maintenance therapy and
the absence of liver metastasis were associated with respon-
siveness and prolonged PFS. Other clinical factors were not
related to PFS in the present study.

In a meta-analysis in 2011, maintenance therapy for
advanced breast cancer was shown to be associated with
prolonged PFS and OS [33]. Experts and guidelines recom-
mend advanced breast cancer patients who have unacceptable
AEs after standard chemotherapy should consider change to
maintenance therapy, using low-toxicity endocrine therapy
or convenient oral cytotoxic agents. mCHT is an option for
maintenance therapy because of its low toxicity, durable
effectiveness, and tolerability [34]. The present study further
demonstrated that the use of metronomic CM therapy as
maintenance therapy achieved a median DCB of 12.2 months.

In terms of safety, metronomic CM therapy was well-
tolerated and with low toxicity. In patients receiving the CM
regimen in combination with endocrine therapy, targeted ther-
apy, or local therapy such as radiotherapy, no new AEs were
reported.

There were limitations in the present study. First, all data
were retrospectively collected, which could lead to selec-
tion bias. Prospective observational study of this topic would
provide more detailed data. Second, because only a few
patients were treated with the CM regimen in combination
with endocrine therapy or targeted therapy, we could not pre-
cisely evaluate the efficacy of combination treatments accord-
ing to specific molecular subtypes. However, the present study
supplemented more real-world data of mCHT to help physi-
cians in clinical practice. As most of the advanced breast can-
cer patients have longer survival than patients with other types
of advanced cancer, a durable, effective, low-toxicity thera-
peutic option is important. mCHT can be a good option for
selected patients.

5 | CONCLUSIONS

Metronomic CM therapy showed durable effect in selected
patients. We recommend its use as maintenance therapy and
in patients without liver metastasis in clinical practice. Fur-
ther follow-up investigation should be performed to identify
patients who be most likely to benefit from this therapeutic
regimen.
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