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ABSTRACT
Background: Metronomic chemotherapy is based on antiangiogenic and immunologic mechanisms obtained by the administration of traditional cytotoxic drugs at lower concentration without rest periods. The low dosage induces fewer or
no side effect compared to classic maximum tolerated dose administration (MTD). At present, no treatment related
acute leukaemia was reported in cyclophosphamide-based metronomic chemotherapy (CMC). Case: We report the case
of an 81-year-old man considered as having castration and chemo-refractory metastatic prostate cancer. CMC was
started. Objective response was observed in this heavily pre-treated patient with progression free survival lasting more
than 30 months. No toxicity was observed in this period and his autonomy was maintained. Finally, our patient developed a chemotherapy-induced acute myeloid leukaemia at 36th month of CMC. Conclusion: Even CMC is a well-tolerated treatment; secondary acute leukaemia is related to cumulative dose of cyclophosphamide. The benefit and the risk
of long-term exposure to cyclophosphamide should be carefully balanced.
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1. Introduction
Classic Maximum Tolerated Dose administration (MTD)
is by definition the highest dose of a drug or treatment
that does not cause unacceptable side effects. Most of
chemotherapy protocols were developed based in this
concept [1].
Metronomic chemotherapy is the administration of
traditional cytotoxic drugs at lower concentration without
rest periods. The basis of this particular modality is supported by its antiangiogenic effect [2-5]. Moreover, cyclophosphamide-based metronomic chemotherapy (CMC)
enhances immune response against tumour by inhibition
of CD4+25+T regulatory cell function [6], whereas higher
doses of cyclophosphamide are associated with cytotoxicity and immunosuppression [7,8].
Several phase II trial analyzed the interest of CMC in
different tumours, only or in combination [9-15]. Most
interesting results were observed in breast and prostate
cancer. In monotherapy, tolerability is excellent and
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grade III-IV non-haematological toxicities are virtually
absent [12-14]. At present, no treatment related acute
leukaemia was reported with CMC.
We report here the first case of treatment related acute
myeloid leukaemia secondary to long exposure to CMC.

2. Case Report
A 77-year-old man was referred to our institution for
refractory metastatic synchronous bladder and prostate
carcinoma. Three years before, a urinary obstruction conducted a diagnosis of a high-grade prostate adenocarcinoma extending through the bladder muscle (stage pT4,
Gleason score 8). PSA (Prostate Serum Antigen) at diagnosis was 3.4 ng/ml. CT scan, bone scintigraphy, and
MRI (Magnetic Resonance Imaging) showed osteoblastic
metastases at his right hipbone. A medical castration by
androgen deprivation therapy was started without locoregional treatment. Two years before, a cystoscopic examination showed an invasive transitional-cell carcinoma localized in urethra extended into prostate tissue
(stage pT4a). Cystoprostatectomy was rejected in this
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patient with metastatic prostatic cancer. One year before,
he presented a pain in pelvic region and PSA raised to 15
ng/ml. New endoscopic examination showed a large infiltration of the bladder by transitional-cell carcinoma
and persistence of Gleason 8 adenocarcinoma at prostate
resection. Bone scintigraphy and CT scan documented
multiple pulmonary metastases and progression of bone
metastases. An oral anti-androgen treatment and zoledronic acid were added to LHRH (Luteinizing HormoneReleasing Hormone) analogue. Radiotherapy of pelvis
was undertaken and then, a mono-chemotherapy by gemcitabine was started.
The patient was a retired military nurse, single, and
lived half of the time in Equator. There was no history of
alcohol or tobacco intoxication, and he was otherwise in
good health and the rest of patient’s medical history was
unremarkable.
At admission, his only complaint was his intermittent
pain in his hip. CT scan showed stable disease, but PSA
increased to 14 ng/ml. Oral anti-androgen was replaced
by estramustine, and gemcitabine was maintained. Seven
months later, the PSA rose to 67 ng/ml. CT scan and
bone scintigraphy disclosed pulmonary and bone progression. He presented grade 1 asthenia. Several lines of
chemotherapy were prescribed: Carboplatin-paclitaxel
for 6 months, Phase I trial with vinflunine for 2 months,
and paclitaxel for 4 months. Important limiting toxicities

were observed at each protocol. The disease progressed
soon after its stop, and clinical deterioration became evident (ECOG Performance Status at 2). In total, in 30
months, 4 lines of chemotherapy were tempted.
A new treatment by CMC at dose of 50 mg a day
without interruption was proposed. Six months later, new
CT scan showed a surprising partial response (Figure 1).
PSA decreased to 19.9 ng/ml. The tolerability was excellent. We encouraged the patient to continue CMC regimen. One year later a new CT scan revealed a major
pulmonary response and PSA decreased to 6.6 ng/ml
(Figure 2). This response lasted during 30 months until
PSA rose to 31 ng/ml but the CT scan showed no evidence of pulmonary progression (Figure 3). New hormone therapy by diethylstilbestrol was started. Unfortunately, six months later, an acute myeloid leukaemia
(AML) was diagnosed. Cytogenetic study confirmed a
treatment-induced leukaemia with loss of whole chromosome 5, partial monosomie of chromosome 17 and 18
(43, X, −Y, −5, t(17;18), −18). He decided to return to
South America to continue palliative transfusion therapy.

3. Discussion
Metronomic chemotherapy is based on dual antiangiogenic and immunologic mechanisms obtained by the administration of traditional cytotoxic drugs given con-

Figure 1. 6 months after cyclophosphamide start.

Figure 2. 18 months after cyclophosphamide start.
Copyright © 2013 SciRes.
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Figure 3. 28 months after cyclophosphamide start.

tinuously and at low concentration. Low doses of cyclophosphamide are able to enhance immune response
against a variety of antigens. In murine model, metronomic cyclophosphamide has shown a decrease activity
of regulatory T cells (TREGs) implicated in tolerance to
self-antigens, such as tumour-associated antigens [6].
Moreover, endothelial cells required in the neo-angiogenic process suffer from the chemotherapy toxic effect
as any other dividing cells. It is well established that under metronomic regimen endothelial cell sub-lethal or
lethal alterations are observed and the continuous exposure may definitively compromise their recovery [2-5].
Maximum Tolerated Dose (MTD) regimen was and
still is the main way to manipulate chemotherapy drugs
to treat solid tumours in view of dose-intensity effect.
However, this does not take in consideration the interacttion between tumour cells and its complex environment
such as stroma, vessels, growth factors, and immune
system among others. Besides, the main gold of MTD is
to kill tumour cells and this regimen is especially valid
when tumour shrinkage is required with potential curative-intent surgery. In palliative setting, the clinical endpoint is overall survival or quality-of-life. Tumour response rate by RECIST criteria is not a good surrogate
end-point for survival benefice [16,17]. Recently, a phase
III trial in advanced melanoma treated with ipilimumab,
an immunotherapy, showed that the survival benefice is
not even related to tumour progression [18].
CMC is a complete different way to treat cancer cells
than classic MTD regimen since its main mechanism is
the inhibition of angiogenesis and enhancement of immune response decreasing TREGs implicated in tolerance
of tumour cells. Consequently, CMC’s target is the tumour environment instead of tumour cell itself.
CMC regimen was already used in prospective trials in
other cancers. In breast cancer, CMC in combination
with low dose methotrexate (MTX) was used in a phase
II trial as second line treatment in metastatic setting. The
disease control rate was 31.7%, comparable to other
second line regimens. Twenty-six per cent of patients
Copyright © 2013 SciRes.

were still responding after 12 months [10]. Cost/effective
analysis also favoured this regimen [11].
In prostate cancer, two prospective phase II study
evaluated CMC regimen as monotherapy in castration
refractory prostate cancer (CRPC). Raghavan et al. evaluated 30 patients with measurable disease. Disease control was observed in 18 of 30 patients (6 PR, and 12 SD),
and median OS was 12.7 months. Lord et al. evaluated
80 CRPC patients. Overall response rate was 34.5%, and
the PFS was 7.5 months. The treatment was well tolerated. The only grade III-IV toxicities were haematological, mostly lymphopenia [12,13]. Treatment efficacy
was also observed in different combination regimens
with CMC [14].
In transitional bladder cancer, a phase I/II trial with
paclitaxel at classic MTD of 175 mg/m2 and cyclophosphamide 50 mg day 1 to 7 was undertaken. In this group,
partial response rate was 31%, time to progression and
median OS were 5 and 8 months, respectively [15].
In our case, the patient had a castration-refractory bone
metastatic prostate cancer and a muscle and prostate invasive transitional bladder cancer. Unfortunately, pulmonary metastases have never been biopsied. However
in retrospective analysis, its history was more likely from
prostate origin than transitional bladder cancer. PSA
concurred with lung metastases evolution and the long
control of advanced disease by CMC in monotherapy
was clearly described in the literature for prostate cancer
but not for bladder origin. Four different regimens of
chemotherapy were used before CMC. He was not considered refractory to chemotherapy since stable disease
was noted after each regimen but no objective response
was seen and disease progression was observed soon
after each stop. Toxicity was sometimes important and a
dose limiting factor. CMC was prescribed as fifth line
chemotherapy. The treatment was well tolerated and
pursued without interruption. Surprisingly, objective partial response was documented and PFS was 30 months
(equivalent to all four precedent treatments together in
earlier stage). Biologic progression was finally docuJCT
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mented without radiologic progression until his acute
leukaemia was diagnosed (after 36 months of treatment
by CMC).
AML can be secondary cancer related to chemotherapy. Even though there is no publication associating
AML to metronomic cyclophosphamide, is highly possible. In the trial of Colleoni et al. in breast cancer, cyclophosphamide was continued up to 2 years but no second
cancer was described. In prostate cancer, no case of leukaemia was reported. In a prospective phase III trial of
rhabdomyosarcoma treated with high dose of cyclophosphamide, the incidence density of developing acute
myeloid leukaemia was 7.6, in comparison to 51.6 when
cyclophosphamide and etoposide were given and 0 when
patients did not received neither cyclophosphamide nor
etoposide. The median time to development of AML in
these cases was 39 months [19]. In a cohort of 3412 patients treated for non-Hodgkin lymphoma including 118
patients with secondary malignancy, a higher risk of
leukemia as restricted to patients given cumulative dose
of cyclophosphamide more than 11,250 mg/m2 [20,21].
Our patient received 50 mg daily dose without interrupttion for 36 months with consequent cumulative dose of
more than 60,000 mg. However he was also exposed to
other leukemic potential drugs and their contribution to
development of secondary AML cannot be excluded. The
three unbalanced abnormalities observed in our patient
(complete monosomie of chromosome 5 and partial monosomie of chromosome 17 and 18 are most frequently
observed in alkylant-induced AML [19].
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4. Conclusions
CMC is a well-tolerated treatment and clinical benefit
was evident in our patient. This excellent tolerance profile and efficacy led us to pursuit the treatment for 36
months with consequent cumulative total dose of more
than 60 g of cyclophosphamide. Even though treatmentrelated leukaemia with CMC was not published, acute
leukaemia related to cumulative dose of cyclophosphamide is well described in the literature. However, clinical
oncologists rarely bare in mind this potential risk of
cyclophosphamide-based protocols and can be particularly dangerous in case of CMC with good tumour control since clinical or biological limiting toxicities are extremely rare.
Treatment-related acute leukaemia should be considered in case of CMC treatment, and the benefit and the
risk of long-term exposure to cyclophosphamide should
be carefully balanced.
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