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Abstract We evaluated the efficacy and safety of metro-

nomic oral cyclophosphamide (CTX) and prednisone in

metastatic castration-resistant prostate cancer (mCRPC)

patients. We analyzed retrospectively patients with mCRPC

previously treated with docetaxel, and who received metro-

nomic CTX (from 50 mg PO daily to 150 mg PO, 14 days/

7 days off) and prednisone 10 mg PO daily between Sep-

tember 2009 and April 2014 were analyzed. The primary

endpoint was prostate-specific antigen (PSA) decrease

C50 %. Secondary analysis included PSA decrease C30 %,

time-to-treatment failure (TTF) and toxicity. Demographics

and baseline characteristics were summarized using

descriptive statistics. PSA response and adverse events were

reported as relative rates. Kaplan–Meier estimates were

calculated and plotted for time-to-event endpoints. Forty

patients were evaluated. The median age was 69 years old

(52–86), 12 (30.0 %) patients presented a Karnofsky per-

formance status (KPS) of\80 %, and 34 (85 %) presented

with bone with or without nodal metastases. Median pre-

treatment PSA was 192 ng/dL (7–2696 ng/dL). All patients

were previously exposed to docetaxel, including 33 (82.5 %)

with docetaxel-refractory disease. PSA response rate was

achieved in eight (20.0 %) out of 40 patients. Additionally,

PSA declines of C30 % occurred in 14 (35.0 %) patients.

The median TTF was 3 months (95 % confidence interval

2.5–3.5). The treatment was well tolerated. Grade 3/4 lym-

phopenia was reported in 11 (27.5 %) patients and was the

only grade 3–4 toxicity reported. Metronomic oral CTX

showed activity and safety in docetaxel-pretreated mCRPC

patients. This regimen deserves further investigation in this

setting.
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Introduction

Prostate cancer is the second leading cause of cancer-

related deaths in men worldwide [1]. The standard initial

treatment for metastatic prostate cancer is androgen sup-

pression. Nevertheless, all patients invariably progress after

a median time of 18–24 months to a castration-resistant

status [2]. Despite the emergence of new alternatives,

including antiandrogenic [3, 4], cytotoxic [5], immunologic

[6] and bone-targeted agents [7], these therapies provide

short-term response.

At the end of last century, Hanahan et al. [8] coined the

term metronomic chemotherapy for continuous adminis-

tration of low-dose chemotherapeutic agents with no pro-

longed drug-free breaks [9]. Although the exact

mechanisms in which metronomic chemotherapy inhibits

tumor growth is not completely elucidated, increasing

evidence suggest that, besides antiangiogenic mechanism

[10], this type of regimen may help to restore anticancer

immune response, through decreasing the number of reg-

ulatory T cells (Treg) blocking its suppressive functions

[11, 12]. In this context, the classical bifunctional alkyl-

ating agent cyclophosphamide (CTX) given orally in

metronomic regimens has been most frequently used in

metastatic castration-resistant prostate cancer (mCRPC)

and breast cancer [13, 14].
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The aim of this study was to evaluate the efficacy and

safety of oral CTX combined with prednisone, given in

metronomic schedules for mCRPC patients pre-exposed to

docetaxel.

Materials and methods

Patients

This study is a retrospective chart review of patients with

mCRPC treated at Instituto do Câncer do Estado de São

Paulo (ICESP), Hospital das Clı́nicas da Faculdade de

Medicina, Universidade de São Paulo, Brazil. We included

in this analysis patients with mCRPC who were treated

with oral metronomic CTX in association with prednisone,

for at least 4 weeks, with the following eligibility criteria:

1—castrate levels of testosterone or prior orchiectomy; 2—

prior docetaxel exposure and 3—disease progression based

on raising prostate-specific antigen (PSA) (defined as two

consecutive increases in PSA value at least 2 weeks apart

from each value) or radiographic evidence of disease pro-

gression in soft tissue or bone with or without disease

progression on the basis of the PSA value). 4—Karnofsky

performance status (KPS) C 60 % and 5—adequate bone

marrow function (hemoglobin [8.5 g/dL, absolute neu-

trophil count 1,500/mm3, platelet count 100,000/mm3).

Patients were eligible for analysis if docetaxel was dis-

continued due to limiting toxicity, regardless of antitu-

moral efficacy. As exclusion criteria, we selected out 1—

patients with central nervous system metastasis; 2—second

cancer diagnosed 5 years before starting CTX (except non-

melanoma skin cancer or superficial bladder cancer) and

those who received CTX in combination with other anti-

neoplastic drugs. Institutional Review Board approval was

given to conduct this retrospective review.

Treatment, assessment and outcomes

Patients received different schedules of oral metronomic

CTX treatment and prednisone 10 mg PO daily according

to treating physician’s choice. Treatment was maintained

until progression of disease (PD) or significant toxicity. All

patients without previous orchiectomy received continuing

(LHRH) analog and were monitored for castration levels of

testosterone. Patients underwent clinical and laboratorial

evaluation, including complete blood cell counts, blood

chemistry and PSA levels usually every 4 weeks. The

primary end point was PSA response defined as a C50 %

reduction in PSA levels that was confirmed by another

measurement at least 4 weeks later (following PSA

Working Group criteria) [15]. Stable disease (SD) was

defined as a \50 % decrease in PSA from baseline.

Progressive disease (PD) was defined as an increase in PSA

of 25 % above nadir (minimum increase of 5.0 ng/mL).

Progressive disease was also defined for those patients with

documented new sites of disease and/or worsening of bone

pain.

Patients with severe worsening of cancer-related symp-

toms requiring an increase in analgesics or bone irradiation

were considered to have PD. A waterfall plot was provided

for the maximum decline in PSA at any point after treat-

ment with combined oral CTX and corticosteroids for each

patient. Increases in PSA levels of [100 % were reported

and registered as 100 %. Duration of PSA response was

defined as the time from the first 50 % PSA decrease to

confirmed PSA progression. Progression-free survival

(PFS) was calculated from the time of treatment initiation

to the first sign of progression documented by either PSA,

clinical examination or imaging. Overall survival (OS) was

calculated from the time of treatment initiation until the

date of death or the last follow-up.

Secondary end points included time-to-treatment failure

(TTF), toxicity and overall survival (OS). TTF was defined

as time from beginning of therapy with CTX until either

measurable PD, symptomatic progression, 25 % increase in

PSA from nadir, confirmed at least 4 weeks later, increase

in opioid requirements, and radiotherapy for palliation or

death from any cause. Patients who lost follow-up were

censored for survival analysis based on last outpatient visit.

Safety outcomes included the numbers and proportion of

patients who experienced adverse events (AEs) of any

grade. We retrospectively assessed AEs and assigned grade

levels based on the National Cancer Institute’s Common

Terminology Criteria for Adverse Events (CTCAE), ver-

sion 3.0.

Statistics

Demographics and baseline characteristics were summa-

rized using descriptive statistics. PSA responses and AEs

were reported as relative rates. Kaplan–Meier estimates

were calculated and plotted for time-to-event end points

including TTF and OS.

Results

Patients

Forty eligible patients were identified. These patients ini-

tiated CTX from June 2009 to October 2013 and were

followed until July 2014. They received different regimens

of oral CTX, in combination with oral prednisone 5 mg

twice daily continuously. The median age was 69 years

(range 52–86), and the median baseline PSA at treatment
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initiation was 192 (range 7–2,696 ng/mL). At initiation of

CTX, 12 (30.0 %) patients were classified as KPS \ 80 %,

and 34 (85 %) patients had bone with or without lymph

node disease, six (15.0 %) had lymph node only metastatic

disease, and one (2.5 %) patient had liver and lymph node

disease. Furthermore, 36 (90.0 %) presented pain and 23

(57.5 %) received palliative radiotherapy before started

CTX. All patients were previously exposed to docetaxel,

including 33 (82.5 %) with docetaxel-refractory disease.

The median number of previous docetaxel cycles was 7

(range 1–17). Demographic and clinical characteristics are

outlined in Table 1.

PSA response, TTF and OS

At the time of analysis, 37 patients had discontinued

treatment, 27 died, and two were lost to follow-up. The

median follow-up time after treatment initiation was

9.1 months. PSA response rate was achieved in eight

(20.0 %) out of 40 patients. Additionally, PSA declines of

C30 % occurred in 14 (35.0 %) patients (Table 2). The

waterfall plot with the maximal percentage of change in

PSA from baseline is shown in Fig. 1. The median TTF

was 3.0 months (2.5–3.5), and OS was 11.9 months 6

(95 % CI 4.8–19.0) (Table 2).

Toxicity

In general, metronomic oral CTX and prednisone was well

tolerated. The most common adverse event was lympho-

penia, (grade 1 = 8 (20.0 %), grade 2 = 11 (27.5 %),

grade 3 = 10 (25.0 %) and grade 4 = 1 (2.5 %). No major

clinical events, including opportunistic infections, were

observed. Other hematological and non-hematological

toxicities chart reported are listed in Table 3. Importantly,

neither hematuria nor secondary malignancy has been

reported in any patient. Furthermore, none of the patients

interrupted treatment because AEs.

Discussion

This analysis showed that metronomic oral CTX plus

prednisone can be safely administered and has antitumour

activity in mCRPC previously treated with docetaxel. Post-

treatment declines in PSA of C50 and C30 % were

observed, respectively, in 20 and 35 % of patients. Fur-

thermore, none of patients interrupted treatment due to

toxicity and lymphopenia was the only AE Cgrade 3

reported.

Historically, metronomic chemotherapy is thought to

have antineoplastic activity mainly by inhibiting tumor

angiogenesis [9]. The paradigm proposed by Folkman and

Table 1 Population characteristics

Characteristics

(n = 40)

Age (years)

Median (range) 69 (52–86)

[75 years old, n (%) 12 (30.0)

KPS, n (%)

C80 28 (70.0)

\80 12 (30.0)

PSA (serum concentration, ng/dL)

Median (range) 192 (7–2,696)

Sites of metastasis, n (%)

Bone/bone with nodes 34 (85.0)

Nodes only 6 (15.0)

Visceral organs 1 (2.5)

Pain present, n (%) 32 (80.0)

Prior palliative radiotherapy, n (%) 20 (50.0)

Prior hormonal manipulation

Castration 42 (100)

2 lines 38 (95)

[2 lines 28 (70.0)

Ketoconazole 7 (17.5 %)

Prior chemotherapy

Docetaxel plus prednisone 42 (100)

Median docetaxel cycles (range) 7 (3–17)

Disease progression relative to docetaxel

administration

During treatment 16 (40.0)

\3 months from last dose 12 (30.0)

C3 months from last dose 5 (12.5 %)

Not progressiona 7 (17.5 %)

Metronomic cyclophosphamide schedule, n (%)

100 mg once daily 21 days on 7 off 28 (72.5)

100 mg once daily 14 days on 7 off 9 (22.5)

50 mg once daily continuously 4 (10.0)

a Patients presented grade 3 AEs and were discontinued of docetaxel

Table 2 Outcomes results

Efficacy criterion Result

PSA decrease C50 % 8 (20.0 %)

PSA decrease C30 % 14 (35.0 %)

Progressive disease 17 (42.5 %)

Time-to-treatment failure

Median, months (95 % CI) 3.0 (2.5–3.5)

Overall survival

Median, months (95 % CI) 11.9 (4.8–19.0)

PSA prostate-specific antigen
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Kerbel determine that by targeting tumor endothelial cells,

metronomic chemotherapy should be able to indirectly kill

drug-naı̈ve and drug-resistant cancer cells by inducing

hypoxia and starvation upon tumor cells [16, 17]. In fact, in

preclinical models, it was demonstrated the antiangiogenic

and cytotoxic activity of continuous low dose of CTX [18,

19]. More recently, some evidence suggest that restoration

of antitumor immune response is an important additional

mechanism of action related to antineoplastic activity of

metronomic CTX regimens. Preclinical and clinical data

demonstrated that this approach both reduces the number

of Treg cells as well as causing its functional impairment

[11, 20–23]. In addition, reducing Treg cells seems to occur

only after low-dose CTX as compared to higher doses, in

which depletion of all lymphocyte subpopulations is

observed.

The primary objective of our analysis was PSA response

rate. In our study, eight (20 %) and 14 (35 %) patients

achieved declines in PSA of C50 and C30 %, respectively.

Our data are in line with other trials that have demonstrated

clinical activity of oral metronomic CTX given alone or in

combination with other agents in mCRPC, either in patients

pretreated or not with docetaxel [24–27]. Gebbia et al. [28]

published a single-arm phase II trial reporting a PSA

decrease C50 % in 26 % of 58 patients with docetaxel-

pretreated mCRPC receiving oral metronomic CTX plus

methotrexate. Other groups reporting on metronomic che-

motherapy in only docetaxel-pretreated mCRPC patients

showed PSA response rates ranging between 15 and 36 %

[24, 25, 29, 30]. Although our PSA response rate was

20 %, this is comparable to mitoxantrone-based chemo-

therapy as second-line treatment [5]. Furthermore, it is

important to notice that 30 % of patients were [75 years

old and 30 % presented with KPS \ 80.

Despite the significant proportion of patients older than

75 years old and low KPS, the treatment was safe. As

previously highlighted, no patients discontinued therapy

due to major toxicities and lymphopenia was the only grade

3 or 4 AEs reported. This finding is consistent with other

previous studies showing good tolerability of metronomic

CTX [14].

Furthermore, several studies have evaluated the role of

metronomic cyclophosphamide combination with other

therapeutic modalities. Recently, Derosa et al. [31] repor-

ted the results of a phase II trial evaluating the combination

of docetaxel plus metronomic cyclophosphamide in

mCRPC chemo-naı̈ve patients. This regimen showed a

PSA response rate of 82 % and a similar toxicity profile as

compared to docetaxel alone. Beyond this, metronomic

cyclophosphamide as an immunotherapy tool has been

combined with hormonal therapy or vaccines [12, 20].

Since 2010, new treatments for mCRPC after docetaxel

progression were approved based on significant improve-

ments in overall survival, namely cabazitaxel, abiraterone,

enzalutamide and RAD-223 [3–5, 7]. However, abiraterone

and enzalutamide, both with antiandrogen mechanisms of

action, may not be widely available, especially in low-

income and middle-income countries, as the case of Brazil.

Additionally, both cabazitaxel and radium-223 dichloride

Fig. 1 Maximal PSA change

from baseline after the

metronomic chemotherapy

regimen

Table 3 Toxicities

Toxicity Grade

1

n (%)

2

n (%)

3–4a

n (%)

Anemia 24 (70) 4 (10) –

Neutropenia – – –

Lymphopenia 8 (20) 11 (27.5) 11 (27.5)

Thrombocytopenia 5 (12) – –

Nausea 1 (2.5) 4 (10) –

Vomiting – 4 (10) –

Asthenia 5 (12.5) 2 (5) –

Stomatitis – 1 (2.5) –

Diarrhea – 1 (2.5) –

a One patient presented grade 4 lymphopenia
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presented considerable rates of grade 3 or 4 hematologic

events and a significant proportion of patients are not fit

enough for these drugs [5, 7]. In a context of an incurable

disease, it is clear that new therapies are needed for

mCRPC patients.

Despite our study limitations, mainly due to its small

sample size and its retrospective and single-center nature,

we showed that CTX and prednisone given on a metro-

nomic schedule are feasible, active and presented a

favorable toxicity profile, in docetaxel-pretreated patients

with mCRPC. Therefore, exploring the concept of drug

repositioning, which consists of using old drugs for new

indications, prospective randomized trials are needed to

better evaluate oral CTX, alone or in combination with

other agents, in both frontline and salvage settings for

patients with mCRPC [32].
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