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Abstract
Introduction: To evaluate the efficacy of cycled oral cyclophosphamide therapy in recurrent and advanced ovarian cancer patients.
Materials and Method: Recurrent and advanced ovarian cancer patients who are unfit for intensive chemotherapy were prescribed
oral cyclophosphamide at the dose of 50 mg twice daily for 10 days, cycled every 28 days. Treatment-related toxicity was assessed
by National cancer institute – common terminology criteria for adverse events(NCI-CTCAE) and response to treatment were
assessed by Response evaluation criteria in solid tumours (RECIST) and clinical assessment. Progression-free (PFS), and overall
survival (OS) were assessed using Kaplan meier survival analysis.
Results: 71 patients of ovarian cancer admitted to our centre from January 2012 to March 2015 with mean age of 61.2±0.74 years
were analyzed: 44 patients (61.9%) were platinum refractory/resistant, while 26 patients (36.6%) were platinum sensitive; 60
patients (84%) had received atleast one previous chemotherapy before starting MOC. The objective response rate (ORR) (complete
and partial response) was 20%. Stable disease was seen in 22 patients (30.9%) and 17patients had response duration ≥6 months, 8
patients had continued response for more than 1 year. Progression during treatment was observed in 49 patients (69.01%). Median
PFS was 5 months (range 2 – 25 months), and the 12-month PFS was 11%; and the 12-month OS was 26%
Median PFS for patients who responded to MOC was 9 months whereas 2 months for those who progressed (p = 0.01). Median OS
of responding patients was 14 months whereas it was 8 months for patients progressive on MOC (p = 0.02). No significant toxicity
was observed.
Conclusions: MOC is an effective therapy in the treatment of recurrent and advanced ovarian cancer patients, unfit for intensive
chemotherapy.
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Introduction
Ovarian cancer remains the most lethal
gynaecological malignancy with a 5-year survival rate of
25-30% in advanced stage disease.(1,2) In particular,
patients recurring within 6 months from initial therapy
exhibit low rates of response (4-23%) to salvage
treatment, and a median overall survival of ~ 12
months.(2) Patients who recur >12 months after initial
therapy are defined as platinum sensitive, and are usually
re-challenged with platinum based chemotherapy.(3)
In the palliative scenario, frequent or even
continuous administration of low dose chemotherapy
(i.e. metronomic chemotherapy like cyclophosphamide,
etoposide, celecoxib, bevacizumab) has gained much
attention in recent years; indeed, this method of drug
administration has been shown to be as active and, in
some circumstances, even more efficacious than
conventionally administered chemotherapy, with only
negligible toxicity.(4-6) Antitumor activity induced by
metronomic cyclophosphamide drug administration has
been ascribed mainly to its anti-angiogenic effects.(5-7)
Materials and Method
Retrospective data analysis was done with 71
patients of epithelial ovarian cancer treated from January
2012 to March 2015 at the Department of Medical
Oncology, in a tertiary hospital, Chennai. All patients

had histologically documented epithelial ovarian cancer
and were previously treated with at least one prior line of
platinum based chemotherapy regimen and they had
radiological evidence of recurrence or progression of
disease. Pre-treatment evaluation included abdominopelvic CT, and serum CA 125 value. These patients were
subjected to Metronomic therapy with single agent oral
cyclophosphamide 50 mg twice daily for 10 days, cycled
every 28 days as these patients could not be subjected for
any intensive/ conventional chemotherapy due to poor
performance status or co morbid conditions. Treatmentrelated toxicity was assessed after every cycle according
to NCI-CTCAE criteria (version 4 .0).(8)
Assessment of response and clinical outcome:
Response to treatment was assessed after every cycle of
chemotherapy with RECIST criteria (version 1.0)(9) and
clinical assessment. Response was also evaluated
according to Ca125 levels.(10) Objective response rate
(ORR) included complete and partial response.
Progression-free (PFS) and overall survival (OS) were
assessed.
Statistical analysis: PFS was defined as the time
interval between start of oral cyclophosphamide, till the
documentation of progressive disease. OS was defined
as time between the date of start of treatment, till date of
death or the date of last follow-up. PFS and OS were
analysed by Kaplan meier survival analysis using IBM
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SPSS 21.0. Chi square test was used to analyse the
categorical variables.
Results
Out of 71 patients with mean age 61.2±0.74 years
and mean Performance scale of 2 (ECOG), 62 patients
(87.3%) had stage IIIC disease. Among them 44 patients
(61.9%) were platinum refractory/resistant, while 26
patients (36.6%) were platinum sensitive; one patient
had stage IV disease and because of her advanced age
and poor performance status, she was considered for
upfront oral cyclophosphamide. It was noted that 60
patients (84%) had received at least one line of previous
chemotherapy before starting MOC, 43 patients (72%)
had received two lines of chemotherapy prior to start of
MOC. Majority were having abdominal disease (52.1%),
whereas 28.2% of patients had both abdominal and
visceral diseases at the start of metronomic therapy
(Table 1).
Table 1: Patient characteristics
Variables
Cases (%)
n= 71
Mean age
61.2±0.74 years
PS – ECOG
1
11(15.4%)
2
42(59.1%)
3
18(25.3%)
Platinum sensitivity
Refractory/resistant
44(61.9%)
Sensitive
26(36.6%)
No. of prior chemotherapy (n=60)
1
11(18.3%)
2
43(71.7%)
3
6(10%)
Pattern of recurrence
Abdominal diseases (peritoneal)
37(52.1%)
Visceral involvement
14(19.7%)
peritoneal + visceral involvement
20(28.2%)
CA 125 at baseline
<35 IU/ml
3(4.2%)
>35 IU/ml
68(95.8%)
Serous
61 (85.9%)
Mucinous
3 (4.2%)
Clear cell
4 (5.6%)
Endometrioid
3(4.2%)
FIGO IIIC
62 (87.3%)
IV
9(12.7%)

and none among platinum resistant/ refractory group.
ORR observed in 9 (34.6%) patients among platinum
sensitive group and 5(11.3%) patients of platinum
refractory/ resistant group, found to be statistically
significant (p< 0.001). Median PFS in platinum sensitive
group was 8 months where as it is 3 months in platinum
refractory/ resistant disease.
Stable disease was seen in 22 patients (30.9%) and
17 patients had response duration ≥6 months, whereas 8
patients had continued response for more than 1 year.
Among the study population, 49 patients (69.01%)
progressed during treatment. Median PFS was 5 months
(range 2 – 25 months), and the 12-month PFS rate was
11%; and the 12-month OS rate was 26%.(Fig. 1 & 2).

Fig. 1: Overall survival curve

Fig. 2: PFS curve
The objective response rate (ORR) (complete and
partial response) was 20%. There were two clinical CR
documented; one patient had a vaginal vault only
disease, whereas the other patient had only right sided
malignant pleural effusion at the start of metronomic
therapy.
The above mentioned complete responses in 2
patients belonged to platinum sensitive disease group

Median PFS for patients who responded to MOC
was 9 months where as it was only 2 months for those
who did not (p = 0.01). Median OS was 14 months for
responding patients whereas it was 8 months for patients
progressed on MOC (p = 0.02) (Table 2).
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Table 2: Survival results for responders to MOC
and non-responders
Responders
Non(SD+PR)
responders
Months
months
Median
9
2
P=0.012
PFS
Median OS
14
8
P=0.023
Out of 71 patients, 41 patients reported with various
toxicities as shown (Fig. 3). Grade 2 nausea was seen in
4 patients, and 2 patient had grade 1 neutropenia.

Toxicities
0
2
4

Nausea grade I
Nausea grade II
Hematological toxicity

21

Fig. 3: Toxicities observed
Discussion
This is a retrospective analysis aimed at evaluating
the efficacy of metronomic oral cyclophosphamide in
recurrent and advanced ovarian cancer patients.
Table 3: Results of various metronomic studies in
ovarian cancer
No. of Treatment ORR
pts
Beck(1965)(11)
126
CTX
48%
Handolias et al(12)
23
CTX
44%
(2016)
Gabriella
54
CTX
20.4%
F(13)(2014)
In this study
71
CTX
20%

reported in some studies,(13) whereas in this study, oral
cyclophosphamide was well tolerated, with no grade 3 or
4 toxicity.
In pre-treated recurrent Ovarian cancer, oral
cyclophosphamide has provided median PFS and OS
that were comparable to those achieved with other
cytotoxic agents in retrospective as well as phase II
studies.(13,15-17) Also patients responding to MOC
experienced a very favourable PFS (mPFS = 9 months),
and OS (mOS = 14 months) compared to non-responders
(mPFS=2
months:
mOS=
8
months)
to
cyclophosphamide.
In platinum sensitive recurrence, current standard of
care will be rechallenging with platinum based regimens.
Whereas in platinum refractory/ resistant diseases, nonplatinum
chemotherapies
(taxanes,
liposomal
doxorubicin, topotecan, etoposide, gemcitabine,
bevacizumab) are useful for salvage either as single
agent or in combination.(18) But the usage of the above
mentioned drugs/regimens are limited due to their
toxicities in patients with poor performance status and co
morbidities.
In this context, preclinical and clinical evidences
have shown that metronomic cyclophosphamide used
alone or in combination with other agents is able to
induce antitumor T cell response by selectively reducing
the circulating immunosuppressive T-regulatory cells
and myeloid derived suppressor cells;(19-20) moreover,
Metronomic oral cyclophosphamide has been also
shown to inhibit cancer stem cells in vitro and in vivo,(2122)
thus suggesting that MOC could act as a multitargeted approach.(23)
The recent data with metronomic oral
cyclophosphamide(13) and our experience with
intermittent low doses demonstrate that oral
cyclophosphamide has signiﬁcant activity in patients
with recurrent ovarian cancer which is also well tolerated
with negligible toxicity.
Conclusion
MOC is a valid option for heavily pre-treated
recurrent ovarian cancer patients, especially with
platinum refractory/ resistant disease who cannot be
subjected to standard chemotherapy.
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