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Abstract

Breast cancer is a common disease in women and its incidence is increasing.
A proportion of breast cancer patients are metastatic at diagnosis or become meta-
static during the follow-up period and need a personalized and/or target treatment
approach. Metronomic chemotherapy can be regarded as a multi-targeted therapy
for advanced disease, combining effects not only on tumor cells but also on their
microenvironment by inhibiting tumor angiogenesis, stimulating anticancer
immune response, and potentially inducing tumor dormancy. In the last 10 years,
many phase I/II trials with metronomic chemotherapy in advanced breast cancer
were published and will be described in details. Although this treatment approach
was initially designed to maintain a stable disease as long as possible for meta-
static patients that cannot be cured, as results become evident, researchers and
clinicians started looking for new applications of this therapeutic strategy.
Biomarkers are being developed to identify reliable surrogate markers of response
and also to identify the proper patients to be treated. Nowadays, there are several
ongoing trials to identify the optimal regimen and schedule of metronomic che-
motherapy in the different settings of breast cancer patients. Most trials are aimed
at patients with triple negative disease, because in this setting chemotherapy still
represents one of the most reliable option. Finally, the potential development of
metronomic chemotherapy in breast cancer is still a matter of research with par-
ticular attention to identify biomarkers and individual tumor characteristics that
can better address the use of this treatment strategy in the future.
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6.1 Introduction

Breast cancer is one of the most prevalent malignancies in women in almost all
countries. In Europe, women have an 8 % chance to suffer from breast cancer before
the age of 75 and a 2 % chance of dying from the disease [1]. Although in the last
20 years the incidence of breast cancer has increased 1.5 % annually, the mortality
rates have been progressively decreasing.

Approximately 5-10 % of newly diagnosed breast cancer patients are metastatic
at diagnosis, and nearly 10—15 % of breast cancer patients become metastatic in the
first 3 years after diagnosis. Nevertheless, a proportion of patients are also likely to
develop metastases 10 years or even later after first detection [2].

Metastatic breast cancer remains an incurable but treatable disease. A key com-
ponent of the approach to this disease is conventional chemotherapy and/or endo-
crine therapy according to breast cancer biology. In recent years, targeted therapies
have been added to various chemotherapy backbones. The median survival rate of
the patient with metastasis is within the range of 3 years.

The importance of understanding the mechanisms underlying the metastatic pro-
cess and the complex interactions between tumor and host during disease progres-
sion has been widely recognized. Nevertheless, despite multidisciplinary approaches
and novel target treatments, metastatic disease remains the primary cause of death
in the majority of patients with breast cancer.

In recent years, clinicians increasingly agree in considering breast cancer not
only as one disease; in fact models of breast cancer as a systemic and heterogeneous
disease suggest novel ways to target the process of metastasis.

6.1.1 Breast Cancer Is Not One Disease: Subtypes
and Heterogeneity

During the last decade, research has focused in depth on the molecular biology of
breast cancer. Particularly, high-throughput approaches allowed researchers to
ascertain the nature of breast cancer revealing that this disease is characterized by
the interconnection of several signaling pathways. Both the cellular microenviron-
ment and the innate characteristics of the patient might influence pathophysiologic
characteristics of breast cancer, its outcome, and treatment response.

These findings led researchers to understand that each patient entails a particular
case where personalized medicine could play a crucial role. Clinicians are increas-
ingly seeking to propose a personalized medicine approach, but there are still many
unresolved issues to be addressed.

Especially in those individuals who lack a clear therapeutic target, there is a
special need to identify and validate new molecular markers. In fact, even if a tumor
has a specific druggable pathway, tumor cells often display an unexpected resis-
tance that allows them to escape death.

The hierarchical cluster analysis initially performed by Perou et al. revealed four
molecular subtypes: luminal, HER2, basal like, and normal breast [3]. The subse-
quent expansion of this work in a larger cohort of patients showed that the luminal
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Fig.6.1 Survival data of the different molecular subtypes (Adapted from Prat et al. [37])

subgroup could be divided into at least two groups (luminal A and B) and that dif-
ferent molecular subtypes were associated with different prognoses (Fig. 6.1) [4].
This new classification validated by independent groups was based on an unsuper-
vised analysis, grouping tumors according to their biological characteristics regard-
less of their clinical or prognostic variables.

These molecular classified subgroups correspond reasonably well to clinical-
pathological characterization on the basis of estrogen receptor (ER) and HER2 sta-
tus, as well as proliferation markers or histological grade performed by means of
immunohistochemistry (IHC) techniques [5, 6].

During the 2011 St Gallen Consensus Conference, a surrogate definition of
intrinsic subtypes of breast cancer was issued for purposes of clinical use [7], and it
was further refined in the recent 2013 Consensus Conference [8].

The molecular heterogeneity of breast cancer is reflected in the clinical course of
the disease and in responses to treatment.

Recently, powerful gene-sequencing techniques have revealed many genetic and
epigenetic alterations governing breast cancer [9-14]. The existence of extended
genetic variation within a single tumor mass is called intratumoral heterogeneity
[15], and new data support the idea that tumor heterogeneity represents a branching
pattern of tumor evolution, as opposed to the traditionally accepted linear model.
Metastatic disease represents the final stage of this branched tumor evolution [16].
Therefore, in the setting of metastatic breast cancer, this heterogeneity has direct
consequences for the emergence of therapy resistance even to targeted agents.
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6.1.2 The Role of Metronomic Chemotherapy

Metronomic chemotherapy exerts both direct and indirect effects not only on tumor
cells but also on their microenvironment by inhibiting tumor angiogenesis and stim-
ulating anticancer immune response. In addition, metronomic chemotherapy can
directly affect tumor cells through a theoretical drug-driven dependency/deprivation
effect and can exert additional anticancer effects and potential (re)induction of
tumor dormancy.

New mechanisms have been identified, such as the restoration of the anticancer
effect of the immune system. Therefore, metronomic chemotherapy can be regarded
as a multi-targeted therapy [17]. Although the rationale of metronomic chemother-
apy is yet to be fully elucidated, the use of low-dose oral chemotherapy in the clinic
has been initially restricted to palliative purposes.

However, after the publication of several phase I/II trials in metastatic breast
cancer (Table 6.1), clinicians are now more inclined to give credit to metronomic
chemotherapy.

6.2  Metronomic Regimens in Breast Cancer: Early Trials

Among conventional cytotoxic agents that may exert a tumor suppressive effect
through an antiangiogenic mechanism, cyclophosphamide (CTX) and methotrexate
(MTX) were those with a significant bioavailability and were therefore the best
candidate for a metronomic regimen to treat advanced breast cancer patients. The
first trial in this setting was reported in 2002 in a series of 63 advanced and pre-
treated breast cancer patients who received metronomic CM (CTX 50 mg/day
administered continuously and MTX 2.5 mg bid on days 1 and 2 each week). In this
patients’ population, an overall response rate of 19 % (95 % CI 10.2-30.9 %) and
an overall clinical benefit (CR + PR + stable disease >24 weeks) of 31.7 % (95 % CI
20.6—44.7 %) were reported without significant toxicity [18].

Few years later, the same authors reported results and long-term follow-up for
patients with metastatic breast carcinoma who obtained prolonged clinical benefit
with CM. One hundred and fifty-three patients who achieved prolonged clinical
benefit for a duration of 12 months or more were considered for the analysis. The
proportion of patients who achieved prolonged clinical benefit was 15.7 % (95 %
confidence interval 9.9-21.4 %). Median time to progression for patients with pro-
longed clinical benefit was 21 months (range 12-37+ months) [19].

To improve results obtained, a subsequent trial in a similar population of patients
investigated the association of metronomic CM with thalidomide [20]. Thalidomide
is a derivative of glutamic acid and has immune-modulating activity secondary to
inhibition of lymphocyte proliferation [38]. The drug is also able to inhibit tissue
tumor necrosis factor-a production by stimulating human monocytes and lympho-
cytes [39, 40]. In addition to its immune-modulatory activities, oral thalidomide can
inhibit angiogenesis induced by basic fibroblast growth factor and vascular endothe-
lial growth factor (VEGF) in the rabbit corneal micropocket assay [41, 42].



97

6 Metronomic Chemotherapy in Breast Cancers

(panunuoo)

[L2]

[92]

[s2l

[vc]
[ez]
[zl

[12]

[oz]

[61
‘811

'SJod

AN

(3au "sa sodzdH)
syIuow G*/,

SYOM ¢

SYooM T
AN
syuouwr 9

(S{oom L1-8
‘ID % S6) S99 01

SYIuoW 4 i WIY
SYIuoW §°¢ 1Y Wy

syluour [
d.LL UeIpSN

(% T€=1) % 01 Y40

(% 8'T8-L0%) % 9°€9 9D
(% 6'7S=6€1) % 8'1€ IO

(% 06=€S) % SL 9D
(% 18=1%) % 79 IO

(% 18-19) % 89 9D
(% €9-€€) % S IO

% 1y 440

% 9% 4D

(% 0¥—C1) % ¥ 90
(% T€=L) % L1 990
(% €'67—¥€) % S'1¥ 9D
(% 9°07-8°S)

% 81T -4 Wre IO

(% 1€-6C1)

% 6°0C -V W JJO

% L'ST :Syiuow 1< g0
(% L¥7=902) % L'1€ 9D
(% 6'05-T°01) % 61 “qIO

(38uer 1D % $6) % 9D

(33uer 1D 9% S6) % YO

(% 26) A

(% 1¢) A

(% 19) A

A

(N/X)
JuaUBAIAIJ

€C

C

9¢

oY
(44
C

4

IL1

(sypuowr 71<
40) €51

€9

sid ‘N

Sw 00¢ ‘€D

W 0OT ‘2O Bw 01 ‘1D ‘A
(A) QUUEIOpUEBA +ND

[sod

Z-HH ur qewnznjsen | mgb

3y/3w 0] qewnzIoeaaq+IND

Kep/Sur 001 qrunoprg
P S 0Qg ouIqeIdade)
Kep/Sw (g X1D

mgh 3y/3w ¢ qewnzioeaeg

p1 Sw 0§ duiqeyoade)
Aep/3w (06 X1D

mgb 3y/3w ] qewnzioeaeg

(mgh

3y/Sw 1) qewnzIoeAaq F ND

(s0am ¢/3
/3w 9) qewunznisen + D

(dINDIEP) Aep/3w ¢ NAd + Aep

/1N 000°S utredoirep + D

(Kep/3w (0T)
SPIWOPIeY F IND
(193m/T “TP)
pIq Sw ¢'7 XLIN
Aep/sw 0§ X1D
IND
[NPayYdS

Adera
oruagor3uenue
/1281e) YIM
Aderogjourayo
OTWOUOIIIA

s[ern Apreg

190UBd ISealq dnejselow ul Aderoyjowoydo dSrwouonaw ym s[ern paysijqngd L°9 ajqeL



E. Munzone et al.

98

[9¢]
[s¢€]

[vel

[e€]

[zel

[1¢]

[og]

l67]

[87]
SJoY

(88°01-8°¢)
Syjuow '/,

AN
(L'9-9°€ 1D %S6)
SYIuoW /'f

(syyuowr /'8-8°9
‘ID % S6) sypuow g
(#'8-8'C 1D % S6)
Syjuowt 9°G
(S0'6-6'9 ‘ID % S6)
sypuour /°/,
@T9+'€1D % S6)
Syyuowt 7't

AN

@9-tv

‘IO % S6) spuow 'g
dLL UelpeN

payodar jou yu ‘uorssardord 0] own 4 7.7 ‘1gauaq [BIIUI[D g ‘AJel asuodsal [[eIoA0 Yy O ‘Adeidyolper urelq-ajoym Jygm
OPIWO[0ZOWR) Z /[ ‘OUIq[eIouIA gNA ‘Urdiqnioxop Jewosodr] paye[4Sed (74 ‘ouostupaid N ‘orexenoyiowr Y7y ‘oprueydsoydooko x 1) suouviaaiqqy

% 1€ 440
(% T96=9'8L) % L'L8 IO
(% 8°€8-09) % 6'1L 990

(% ¥L-8€) % 9S 9D

(% 6'88-LCT9) % LL 9D
(% L9-8€) % TS IO

% €€ 440

(% 6'18-L09) % 89 :dD
(% 87—80) % 8€ “4I0
(% L'65-€0E) % S¥ 9D
(% L'TE-T'8) % 81 VIO

(% L'SL=¥"Th) % 1'T9 40

(% T9-8¢€) % €S 9D

(% €7-00) % £0€ TIO
(|8ueI D % S6) % 9D
(33ueI 1D 9% S6) % TIO

A
I-ON ¥—¢L
N

A

(% L9) X

A

(ape 20) N

(N/X)
JUSUNBAIRI]

6T 1
p11  pozimopuel Jj

€€ eAnodadsonay

9¢ II
9¢ /1
123 II

7S eAndadsomnoy

6¢ II
99 II
syd ‘N aseyq

(Kep/Sur 0g)

9)e1o0. [onsaSIW + X 1D
Kep/3w (OG X.1D F9[0ZoNo] Adeioyy
SYooM § QULISOPUD

b wrt Sw (g7 JuenSIAINI+ND YA 1D O/
[Z-TP (W/3W G/, ZINI+S'E
sAep wy/Su 0L GNA <
TAEM + W/3W G/ ZINL
Kep/wy3ur Gz T < 008 odeD
3w 09 < 0¢) ANA
(JJO Yoom [/U0 YoM )
G'g‘skep wysur 0/ ANA

mgb wy/3w oz a'1d
Kep 3w ()G
XIO+Mgb wysur oz a'1d

vI-1 PP
pIq ;w/Sw (O] duiqeioades s3nip pjo

¥1-1 PP Aep/,w/3W 69 XD  10j Sasn MAN
MPAYIS

(ponunuod) 1°9 3|qeL



6 Metronomic Chemotherapy in Breast Cancers 99

Therefore, the activity and biological effects of low-dose oral CTX and MTX was
compared with the same combination plus thalidomide. Overall, 171 patients with
advanced breast cancer were randomized to receive oral CM or the same regimen
plus thalidomide (200 mg daily). Nevertheless, the addition of thalidomide did not
improve results previously obtained with the CM regimen.

Preclinical evidence showed a synergism between metronomic chemotherapy
and antiangiogenic agents. Moreover, corticosteroids and low-molecular-weight
heparins have known antiangiogenic properties [43—45]; therefore, a phase I/II trial
combining daily dalteparin, cyclophosphamide, twice-weekly methotrexate, and
daily prednisone (dalCMP) was conducted in metastatic breast cancer [21] accruing
41 patients. Median time to progression (TTP) was 10 weeks (95 % CI, 8-17
weeks), and median OS was 48 weeks (95 % CI, 32-79 weeks). VEGF levels
decreased but not significantly, whereas sVEGFR-1 and sVEGFR-2 levels increased
significantly after 2 weeks of therapy. Authors concluded that metronomic dalCMP
was a safe, well-tolerated, and clinically active treatment in this setting of patients.

6.3 Combining Metronomic Chemotherapy
with Molecularly Target and Antiangiogenic
Target Agents

In order to explore the activity of metronomic chemotherapy plus targeted therapy,
22 patients with metastatic breast cancer and with the overexpression or amplifica-
tion of HER2-/neu were treated with trastuzumab (6 mg/kg every 3 weeks) in com-
bination with metronomic CM [22]. All patients were already pretreated with
trastuzumab plus other cytotoxics. The clinical benefit calculated in all patients and
in those with disease resistant to previous trastuzumab therapy was 46 % (95 % CI,
24-68 %) and 27 % (95 % CI, 6-61 %), respectively. Median time to progression
was 6 months and median duration of treatment was 5 months (range, 0.7—
18.4 months, and range, 1-18 months, respectively). These results showed that the
combination of trastuzumab and metronomic chemotherapy is effective and mini-
mally toxic in pretreated advanced breast cancer patients.

There is a rationale for the combination of metronomic chemotherapy and tar-
geted antiangiogenic agents like bevacizumab. In preclinical models, the combina-
tion of metronomic chemotherapy with a VEGFR2 antibody resulted in sustained
regressions of large tumors, without overt toxicity occurring during the course of
treatment [46]. In a randomized phase II trial comparing metronomic CTX and
MTX with the same regimen plus bevacizumab in women with pretreated advanced
breast cancer, a planned interim analysis after the first 19 patients per arm revealed
a significant advantage in favor of the combined arm in terms of objective response
(41 %) [23].

Given these premises, 46 patients with advanced breast cancer received
metronomic oral capecitabine (500 mg thrice daily) and cyclophosphamide (50 mg
daily) plus bevacizumab (10 mg/kg every 2 weeks) within a phase II trial [24]. The
overall response rate was 48 % (95 % CI, 33—63 %); long-term disease stabilization
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(SD >24 weeks) occurred in eight patients, for an overall clinical benefit of 68 %
(95 % CI, 51-81 %). Median time to progression was 42 weeks (95 % CI, 26-72
weeks). Treatment with metronomic capecitabine and cyclophosphamide in combi-
nation with bevacizumab was effective and was minimally toxic. The number of
baseline circulating endothelial cells (CECs) significantly correlated with response
and outcome, therefore supporting further studies on this surrogate marker for the
selection of patients to be candidates for antiangiogenic treatments.

A subsequent trial in the same patient population had the aim to determine the
safety and efficacy of metronomic chemotherapy combined with targeted drugs
such as bevacizumab and erlotinib [25]. Twenty-six untreated patients with HER2-
negative metastatic breast cancer and poor hormone receptor expression received
metronomic oral capecitabine (500 mg thrice daily) and cyclophosphamide (50 mg
daily) plus bevacizumab (15 mg/kg every 3 weeks) and erlotinib (100 mg daily).
The overall clinical benefit was 75 % (95 % CI, 53-90 %). Median time to progres-
sion was 43 weeks (95 % CI, 21-69). Patients with low levels of circulating endo-
thelial progenitors (CEPs) at baseline had a significantly improved progression-free
survival. Toxicity was generally mild. The analysis of the results suggested that the
metronomic chemotherapy combined with bevacizumab and erlotinib is effective
and well tolerated in a group of HER2-negative, estrogen receptor, and progesterone
receptor-poor advanced breast cancer.

A similar trial explored the activity of cyclophosphamide 50 mg p.o. daily, meth-
otrexate 1 mg/kg i.v. every 14 days, and bevacizumab 10 mg/kg i.v. every 14 days
in an anthracycline and taxane refractory metastatic breast cancer patient population
[26]. Trastuzumab was added in HER2-overexpressing tumors. Among the 22
patients evaluable for response, the clinical benefit was 63.6 % (95 % CI 40.7-
82.8 %). Median progression-free survival was 7.5 months; overall survival was
13.6 months. HER2-overexpressing or high proliferative index tumors had better
6-month PES (75 % vs. 34 % in HER2-negative tumors, p=0.043; 67 % vs. 0 % in
Ki-67 >20 % tumors, p=0.015).

A recently published phase I study evaluated the safety and tolerability of antian-
giogenic therapy using vandetanib and metronomic cyclophosphamide and metho-
trexate in metastatic breast cancer [27]. Vandetanib is an oral once daily administered
inhibitor of VEGFR, EGFR, and RET signaling with activity in combination with
chemotherapy in some solid tumors [47]. Twenty-three patients with 0—4 prior che-
motherapy regimens were treated. All patients received cyclophosphamide 50 mg
daily, methotrexate 2.5 mg days 1-2 weekly, and vandetanib daily in 3 dose-escala-
tion cohorts: 100 mg (C1), 200 mg (C2), and 300 mg (C3). Toxicities were mild and
included nausea, vomiting, fatigue, and rash. In all cohorts, a third of patients required
vandetanib dose reduction. Of the 20 response-evaluable patients, 10 % had a partial
response and 15 % stable disease >24 weeks. Proteomic analyses demonstrated
changes in platelet content of angiogenesis regulators, including vascular endothelial
growth factor and platelet factor 4, with exposure to therapy. This regimen was toler-
able at a maximum vandetanib dose of 200 mg; modest clinical activity was observed
in this heavily pretreated population. Changes observed in the platelet proteome have
been supposed to serve as pharmacodynamic markers of angiogenesis inhibition.
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6.4 New Uses for Old Drugs

Metronomic cyclophosphamide (CTX) and capecitabine may have a greater poten-
tial for treatment of metastatic breast cancer, because of their antiangiogenic activ-
ity resulting from the metronomic dosage and upregulation of thymidine
phosphorylase by CTX.

Therefore, a phase II trial was conducted in metastatic breast cancer patients
receiving oral metronomic CTX 65 mg/m? daily on days 1-14 plus capecitabine
1,000 mg/m? twice daily on days 1-14 [28]. The treatment was repeated every 3
weeks. Sixty-six patients were evaluated for efficacy, and after a median follow-up
time of 26 months, the median time to progression was 5.2 months (95 % CI, 4.2—
6.2 months), and the median overall survival was 16.9 months. The overall response
rate was 30.3 % (95 % CI, 20-43 %). Clinical benefit rate was 53.0 % (95 % CI,
38-62 %).

Caelyx is a pegylated liposomal doxorubicin (PLD), used as a single agent in
advanced breast cancer at conventional doses ranging from 40 to 50 mg/m? every
3—4 weeks, with objective response rates ranging from 31 to 33 % [48].

The pharmacokinetics of PLD supports the rationale for using the drug in a
metronomic fashion, mainly because of the polyethylene-glycol-coated liposomic
coat surrounding the molecule. Liposomes markedly prolong circulation and
enhance drug accumulation inside the tumor, retarding uptake by mononuclear
phagocytes; PLD achieves a longer half-life than non-pegylated liposomal doxo-
rubicin, as the polyethylene glycol liposome interacts with plasma proteins and
inhibits mononuclear phagocytes, consequently prolonging circulation time [49].
The drug is also characterized by a reduced volume of distribution, a long intra-
vascular circulating half-life, and a slow plasma clearance compared with free
doxorubicin.

The activity and safety of intravenous PLD 20 mg/m? biweekly for eight courses
in combination with metronomic cyclophosphamide 50 mg/day orally were evalu-
ated in 29 patients with locally advanced breast cancer who were not suitable to
receive a standard chemotherapy due to age or comorbidities or who asked for a
regimen with low incidence of toxic effects irrespective of age [29]. Eighteen
patients (62.1 %) achieved a partial response (including one pathological complete
response), ten patients (34.5 %) achieved a stable disease, and one patient experi-
enced a progressive disease. Treatment was well tolerated, with no grade 4 toxici-
ties, and with grade 3 skin toxicity in three patients and hand-foot syndrome in four
patients. The rate of breast-conserving surgery was 44.8 %. Although the regimen
was well tolerated, this combination chemotherapy showed a limited activity in the
preoperative setting.

In a case series report carried out in both anthracycline-naive and pretreated met-
astatic breast cancer patients, feasibility, clinical efficacy, and tolerability of PLD
administered with a the metronomic schedule of 20 mg/m? i.v. every 2 weeks were
tested [30].

Among 52 patients enrolled in the trial, 44 patients were assessed for either
response or toxicity. Eight patients (18 %) had partial responses and 17 (39 %)
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stable disease, with a clinical benefit of 45 % (95 % CI: 30.3-59.7 %). Nineteen
patients (43 %) had progressive disease. Neither grade 3 nor grade 4 hematological
or clinical side effects were recorded, except for two patients with grade 3 palmar-
plantar erythrodysesthesia. No cardiac toxicity was recorded. Metronomic adminis-
tration of PLD resulted as a feasible and active treatment for extensively pretreated
metastatic breast cancer patients, alternative to classic anthracyclines. Overall, a
good balancing of clinical efficacy with a good quality of life was reached in terms
of reduced side effects and low personal costs for the patient.

Anti-tubulin agents are known to have antiangiogenic effects at doses below that
required to induce cytotoxicity, including taxanes, such as paclitaxel [50] and
docetaxel [51], and vinca alkaloids such as vinblastine [52].

Most studies evaluating metronomic scheduling of anti-tubulin agents have used
weekly drug scheduling. Given the availability of an oral formulation of vinorel-
bine, which has an oral bioavailability of 43 % and a terminal half-life of approxi-
mately 29 h (+7.9 h), permitting more thrice weekly or every other day dosing [53,
54], metronomic oral vinorelbine trials were conducted in a series of patients with
advanced breast cancer.

Phase I trials of metronomic oral vinorelbine in patients with advanced cancer
indicated that 50 mg given three times a week is the optimal dose for a metronomic
schedule, yielding sustainable antitumor activity without overt toxicity [55-57].

Oral vinorelbine at 70 mg/m?, fractionated on days 1, 3, and 5, for 3 weeks on
and 1 week off, every 4 weeks was administered to 34 elderly patients with meta-
static breast cancer (median age, 74 years; range, 70-84 years) [31]. Patients were
treated with for a maximum of 12 cycles. The objective response rate was the pri-
mary end point. Two patients achieved complete responses (6 %) and 11 achieved
partial responses (32 %). Median progression-free survival and median overall sur-
vival were 7.7 months (95 % confidence interval, 6.9-9.05 months) and 15.9 months
(95 % CI, 13.1-15.91 months), respectively, for all patients. The fractionated
administration of oral vinorelbine is well tolerated with promising activity in elderly
metastatic breast cancer patients.

In a recently published trial, escalated doses of oral metronomic vinorelbine
(starting dose 30 mg) every other day continuously and capecitabine (starting dose
800 mg/m? bid) on days 1-14 every 21 days were administered [32]. Thirty-six
women were enrolled at eight escalating dose levels. For 24 patients, treatment was
first line, for 8 second line, and for 4 third line. The dose-limiting toxicity (DLT)
level was reached at oral metronomic vinorelbine 70 mg and capecitabine 1250 mg/
m?, and the recommended maximum tolerated doses (MTD) were vinorelbine
60 mg and capecitabine 1,250 mg/m?. DLTs were febrile neutropenia grades 3 and
4, diarrhea grade 4, and treatment delays due to unresolved neutropenia. There was
no treatment-related death. The main toxicities were grade 2-3 neutropenia in
16.6 % of patients each, grade 2-3 anemia 16.5 %, grade 2—4 fatigue 27.5 %, grade
2-3 nausea/vomiting 11 %, and grade 3—4 diarrhea 8.2 %. Two complete and ten
partial responses were documented. Therefore, oral metronomic vinorelbine with
capecitabine was deemed as a well-tolerated and feasible regimen that merits fur-
ther evaluation in this patients’ setting.



6 Metronomic Chemotherapy in Breast Cancers 103

The role of metronomic chemotherapy was further explored in the setting of
patients with brain metastases from breast cancer [33]. Thirty-six patients with
newly diagnosed brain metastases were treated with temozolomide (TMZ) orally
administered at a dose of 75 mg/m? during whole-brain radiotherapy, followed by 4
weeks off-therapy and a subsequent administration of oral 70 mg/m? vinorelbine
fractionated in days 1, 3, and 5, weekly for 3 consecutive weeks plus TMZ at 75 mg/
m? on days 1-21. Cycles were repeated every 4 weeks for up to 12 additional cycles.
The primary end point was the evaluation of the objective response rate (ORR).
Three complete responses and 16 partial responses have been achieved with an
ORR of 52 % (95 % CI 38-67 %) that exceeded the target activity per study design.
The median progression-free survival and overall survival were 8 and 11 months,
respectively. The schedule appeared to be well tolerated, and side effects reported
were generally mild. Authors concluded that the treatment was safe and a signifi-
cant number of objective responses were observed with a significant improvement
in quality of life in this particular setting of breast cancer patients.

6.5 Combining Metronomic Chemotherapy
with Endocrine Therapy

The activity of oral metronomic CM combined with fulvestrant was retrospectively
assessed in two cohorts of heavily pretreated estrogen receptor-positive advanced
breast cancer patients [34]. A series of 33 postmenopausal patients received fulves-
trant 250 mg via i.m. injection every 28 days. Twenty patients in the first cohort
added metronomic CM after disease progression, continuing fulvestrant at the same
dose. Thirteen patients in the second cohort started fulvestrant plus metronomic CM
upfront. Clinical benefit for both cohorts was 56 % (95 % CI 38-74 %). The addi-
tion of metronomic CM did not determine relevant toxicities. Treatment with ful-
vestrant plus metronomic CM was effective in this group of patients and was
minimally toxic providing long-term disease control in a high proportion of them.

To investigate the activity of letrozole with or without oral metronomic cyclo-
phosphamide as primary systemic treatment in elderly breast cancer patients, 114
consecutive elderly women with T2—4 NO-1 and estrogen receptor-positive breast
cancer were randomly assigned to primary letrozole therapy (2.5 mg daily for 6
months) or a combination of letrozole plus oral cyclophosphamide (50 mg/daily for
6 months) in an open-labeled, randomized phase II trial [35]. Overall response rate
was 71.9 % (95 % CI, 60.0-83.8) in the 57 patients randomly assigned to receive
primary letrozole and 87.7 % (95 % CI, 78.6-96.2) in the 57 patients randomly
assigned to receive letrozole plus cyclophosphamide.

The safety and antitumor activity of the metronomic chemo-hormonal therapy
with daily cyclophosphamide and twice daily megestrol acetate (mCM regimen)
were investigated in patients with metastatic pretreated breast cancer [36]. This
phase II study enrolled 29 pretreated postmenopausal patients with multiple meta-
static sites. Four patients had a triple negative status, 19 a positive hormonal ER
and PgR status, and 3 HER-2 overexpression. Patients received treatment with
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cyclophosphamide (50 mg/daily day 1-21/q28) and fractionated megestrol acetate
(80 mg twice a day). The overall objective response rate was 31.0 %, disease control
rate 41.3 %, mean time to tumor progression 7.4 months (CI 95 %, 3.8-10.88, range
1-48 months), and mean overall survival 13.4 months (CI 95 %, 7.24-17.18, range
1-53 months).

6.6 Tolerability of Metronomic Chemotherapy

Despite patients treated within clinical trials of metronomic chemotherapy are often
heavily pretreated or elderly, toxicities and long-term effects reported in the major-
ity of trials showed that metronomic chemotherapy, alone or in combination, is
generally well tolerated.

High-grade toxic effects were either rare or absent, and the most common toxic
effects were grade 1 nausea and/or vomiting, grade 1 and 2 anemia, neutropenia,
leucopenia, as well as low-grade fatigue. Alopecia grade 1 was rarely reported.

Some toxic effects were observed when metronomic chemotherapy was com-
bined with other agents, such as bevacizumab, or when combined with standard
doses of chemotherapy.

Nevertheless, clinicians should bear in mind that prolonged metronomic chemo-
therapy may lead to high total cumulated doses of anticancer agents, which can be
associated with secondary diseases. For instance, high cumulated dose of etoposide
[58] or temozolomide [59] can lead to the development of secondary leukemia.
However, the long-term effect of prolonged exposure to long-term chemotherapy on
normal endothelial and vascular tissues is unknown.

6.7 Biomarkers of Clinical Response

Following the preclinical observation that maximum tolerable dose and low-dose
metronomic chemotherapy have opposite effects on the mobilization and viability
of circulating endothelial cells (CECs) [60] and that CEC kinetics correlates well
with more invasive biomarker of angiogenesis [61, 62], CECs and their progenitor
counterpart (CEPs) were measured in the blood of breast cancer patients enrolled in
a variety of clinical trials involving metronomic chemotherapy alone or in combina-
tion with other drugs. CECs were found to be dynamic markers of clinical response
in breast cancer patients receiving CTX and MTX [63], and baseline CECs and
CEPs were found to be predictive markers in clinical trials where metronomic che-
motherapy was administered along with the anti-VEGF monoclonal antibody beva-
cizumab [24, 64]. CECs and CEPs have been found to have predictive and dynamic
prognostic potential in several other types of cancer in addition to breast cancer, but
the wide application of this measurement is still hampered by the lack of simple and
standardized procedures [65]. An international effort towards the standardization of
CEC and CEP enumeration is currently ongoing. Finally, the study of Dellapasqua
et al. [66] has shown that in advanced breast cancer patients, an increase in mean
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corpuscular volume of red blood cells may predict response to metronomic
capecitabine and cyclophosphamide in combination with bevacizumab. This finding
needs to be confirmed in larger clinical trials.

6.8 Conclusion and Future Directions

Metronomic chemotherapy demonstrated activity and provided disease control for
patients with metastatic breast cancer. This treatment approach was initially
designed to maintain a stable disease as long as possible for metastatic patients that
cannot be cured. In fact, the low burden of personal costs for the patient and the
possibility to continue the treatment for several months supported the use of metro-
nomic chemotherapy as an additional therapeutic tool for metastatic and pretreated
patients with breast cancer. Either elderly patients or those who prefer relatively
nontoxic regimens also benefited from this therapeutic option.

However, as results became evident and research for elucidating some conceiv-
ably novel mechanisms of action were intriguing, researchers and clinicians started
looking for new applications of this therapeutic strategy. On the other hand, not all
tumors and especially not all patients derive the same benefit from metronomic
chemotherapy. Large and highly aggressive tumors may limit this treatment option,
favoring conventional chemotherapy or targeted agents.

Biomarkers are being developed to identify reliable surrogate markers of
response and also to identify the proper patients to be treated. Among these, kinetics
and viability of circulating endothelial cells (CECs) and progenitor endothelial cells
(CEPs) are deemed to be potent predictive tools for patient stratification and treat-
ment monitoring, although the best methods of identification and measurement are
still a matter of research.

In fact, it seems unlikely that a single metronomic regimen may have the same
efficacy in all patients; the optimal combination regimens, dosing and scheduling of
metronomic chemotherapy, remains to be determined for specific breast cancer
conditions.

In recent years, the role of metronomic chemotherapy is being studied in the
adjuvant setting after a standard adjuvant chemotherapy regimen in the category of
ER-negative patients. The CM Maintenance Trial (IBCSG 22-00) investigated a
tailored chemotherapy approach for patients with endocrine nonresponsive tumors
to reduce the risk of relapse and improve survival. Unlike patients with endocrine
responsive disease, who benefit from at least 5 years of endocrine therapy after
chemotherapy, patients with endocrine nonresponsive disease do not have the same
opportunity.

In the abovementioned trial, 1 year of CM is compared with no further therapy
beyond the standard adjuvant program. The trial recently concluded with the
enrolment of 1086 patients and the results are eagerly awaited.

As shown in Table 6.2, there are still several ongoing trials to identify the optimal
regimen and schedule of metronomic chemotherapy in different settings of patients.
Many of them are still investigating specific metronomic regimens in the metastatic
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Table 6.2 Ongoing trials with metronomic chemotherapy in breast cancer

Schedule Phase Setting Ref.

Capecitabine 1,000 m/m? d1-14 + Il randomized M-+, <1 line NCT01941771

VNB 60 mg/m? d1-8 q21d vs. VNB

50 mg/day d1,3,5/week

Standard ADJ CT +capecitabine III ADJ, TN NCTO01112826

650 mg/m? bid

PTX 100 mg/m*week x 8 » DOX 11 Locally advanced NCTO01329627

24 mg/m?*/week+ T >2 cm any N

CTX 100 mg/day os x9 weeks TN or inflammatory

CDDP 25 mg/m? d1-3 q3w+CTX 1I M+, TN NCT01910870

150 mg/day os d1-14

TXT 75 mg/m*+CTX 50 mg/dayx21 IIrandomized M+ NCTO01526499

day, q3w

Capecitabine 1,500 mg/day + CTX 1I M-+, HER-2 neg NCTO01526512

50 mg/day

Capecitabine 1,500 mg/day + Al I M+, ER+, NCT01924078
postmenopausal

Pertuzumab + trastuzumab + CTX Il randomized M+, HER-2 pos, NCT01597414

50 mg/day — >60 years

T-DM1 (if PD)

DOX 24 mg/m? + CTX 60 mg/m? os/ 1I NeoADJ, TN NCT00542191

week x 12 —

PTX 80 mg/m? + CBDCA AUC 2/

week x 12

Capecitabine 1,000 mg/day +digoxin II M+ NCTO01887288

TXT 75 mg/m?*+ capecitabine 111 M+ NCT01917279

1,000 mg/m? bid d1-14x 6

cycles — capecitabine 500 mg/m? tid

d1-21 vs. 1,000 mg/m? bid d1-14

Aflibercept 6 mg/kg iv q3w + 1 M+ NCTO01843725

capecitabine 1,100-1,600 mg/m*day

vs. 1,700-2,500 mg/m?*day x 2 weeks

q3w

Bevacizumab 10 mg/kg 1 M+, locally NCTO01131195

g2 weeks +PTX 90 mg/m? d1,8,15 vs. advanced

bevacizumab 10 mg/kg

q2 weeks+CTX 50 mg/

day + capecitabine 1,500 mg/day

CM+ASA 325 mg/day (cyc 3-4) x4 1I Post-neoADJ NCTO01612247

cycles (no pCR)

Capecitabine 700 mg/m? bid, d1-14+ 1I M+ NCT01589159

etoposide 30 mg/m?%day, d1-7 q3w

AI+CM+PDN vs. CM +PDN II M+, ER+, NCT00687648
postmenopausal

CTX 50 mg/day po+ veliparib/placebo I/II M+ NCTO01351909

randomized

Abbreviations: VNB vinorelbine, M metastatic, ADJ adjuvant, PTX paclitaxel, CTX cyclophospha-
mide, DOX doxorubicin, TN triple negative, CDDP cisplatin, CBDCA carboplatin, ER estrogen recep-
tor, pCR pathologic complete response, 7XT Taxotere, ASA acetylsalicylic acid, PDN prednisone
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setting, and most trials are aimed at patients with triple negative disease, because in
this setting chemotherapy still represents one of the most reliable option.
Nevertheless, there are also trials exploring the role of metronomic chemotherapy in
the adjuvant and post-neoadjuvant setting, being this scheduling of chemotherapy
possibly useful when target agents are lacking.

A special consideration should be paid to the economic aspects. Given the
time being, we cannot avoid to consider the economic impact that the costs of
cancer treatments have on public health. In fact, the new targeted treatments often
have very high costs. Therefore, therapies such as metronomic CM and similar
regimens position themselves as potentially significantly cost-effective palliative
treatments for metastatic breast cancer when compared with other novel therapeu-
tic strategies [67].

Finally, the potential development of metronomic chemotherapy in breast cancer
cannot disregard the development of research to identify biomarkers and individual
tumor characteristics that can better address the use of this treatment strategy in the
future.
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