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ARTICLEINFO ABSTRACT
Article history: Aim: Micropapillary/borderline (LMP) ovarian tumours are rarely included in clinical trials
Received 9 February 2010 and are intrinsically resistant to radiation and chemotherapy. Platinum resistant epithelial
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Accepted 24 February 2010 Methods: A phase II study was performed to evaluate the activity of belinostat in two
Available online 19 March 2010 patient populations: women with metastatic or recurrent platinum resistant (progression
within 6 months) EOC and LMP ovarian tumours, both groups had received no more than
Keywords: 3 prior lines of chemotherapy. Belinostat 1000 mg/m?/d was administered iv days 1-5 of a
Micropapillary (LMP) ovarian 21d cycle. Peripheral blood mononuclear cells (PBMCs) and tumour biopsies, where possi-
tumours ble, for correlative studies were obtained prior to and following treatment.
Platinum resistant ovarian cancer Results: Eighteen patients with EOC and 14 patients with LMP tumours were enrolled on
Belinostat study. Belinostat was well tolerated with no grade four toxicity (179 cycles). Grade 3 toxicity
Phase II consisted of thrombosis (3 patients), hypersensitivity (1) and elevated ALP (1). One patient

with LMP tumour had a partial response (unconfirmed) and 10 had stable disease (SD), 3
were non-evaluable. Median progression-free survival (PFS) was 13.4 months (95% confi-
dence interval (CI), 5.6 — not reached). Best response in patients with EOC was SD (nine
patients) and median PFS was 2.3 months (95% CI, 1.2-5.7 months). An accumulation of
acetylated histones H3 and H4 was noted in PBMCs and in tumour tissue.
Conclusions: Belinostat is well tolerated in both patient groups and shows some activity in
patients with micropapillary (LMP) disease.
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1. Introduction

Epithelial ovarian cancer (EOC) is the fifth leading cause of
death in women in North America.’ Patients whose disease
does not respond or in whom the duration of response is
short to initial platinum-based chemotherapy have a median
survival of only 6-9 months.? Borderline ovarian tumours or
tumours of low malignant potential (LMP) account for up to
20% of all ovarian tumours.® Although survival is excellent
in early stage disease between 10% and 20% of women will
die of their disease.®™ If surgery is not feasible there is no
established standard of care. Chemotherapy and radiation
are ineffective and these patients are rarely included in clini-
cal trials.®® New therapeutic approaches are urgently re-
quired for both of these diseases.

Histone deacetylases (HDACs) are involved in post-transla-
tional acetylation of core nucleosomal histones thus playing a
key role in the epigenetic regulation of gene expression.® Inhi-
bition of HDACs has emerged as a promising therapeutic
strategy, restoring expression of silenced genes leading to
cell differentiation and subsequent cell cycle arrest or apopto-
sis in transformed cells,’® including in ovarian cancer cell
lines. ™3

Belinostat (formally known as PXD101) is a low molecular
weight, hydroxamic acid inhibitor of class I and Il HDACs.****
Pre-clinical studies suggest that belinostat may have activity
in women with EOC.*®

The aim of this 2-stage, multicentre, phase II study was to
evaluate the efficacy and safety of belinostat in two patient
populations: metastatic or recurrent platinum resistant
(progression within 6 months) EOC and micropapllilary/LMP
ovarian tumours. Secondary aims were survival and phar-
macodynamic effects of belinostat in peripheral blood mono-
nuclear cells (PBMCs) and tumour tissue. The dose and
scheduling for this study were established by a phase I study
with belinostat in patients with solid tumours.”

2. Materials and methods

This study was conducted by the Princess Margaret Phase II
Consortium according to Good Clinical Practice guidelines
and with full research ethics board approval. All patients
signed written informed consent before study entry.

2.1.  Eligibility

Patients with histologically or cytologically confirmed plati-
num resistant (defined as progression within 6 months of
platinum therapy) recurrent EOC or micropapillary/borderline
(LMP) ovarian tumours who had received <3 prior lines of
chemotherapy for advanced disease were eligible for this trial.
Eligibility criteria included: life expectancy >12 weeks, East-
ern Cooperative Group (ECOG) performance status <2, ade-
quate haematological, hepatic and renal function and
Response Evaluation Criteria In Solid Tumours (RECIST) mea-
surable disease'®; prior treatment had to be completed
>4 weeks before study entry. Exclusion criteria included: bo-
wel obstruction, significant cardiovascular disease, prolonga-

tion of QT/QTc interval, uncontrolled hypertension or a
history of/or known brain metastases.

2.2. Study design

Belinostat 1000 mg/m? was administered intravenously on
days 1-5 of a 21d cycle. No pre-medication was required.
Treatment was discontinued for disease progression, patient
choice or toxicity.

2.3. Patient evaluation

Baseline evaluations included medical history, physical
examination, laboratory tests; CA125 and ECG and were per-
formed within 7 d of starting protocol therapy and repeated
day 1 of each cycle. Tumour response was evaluated every
two cycles (6 weeks) by RECIST.® CA125 was measured every
3 weeks according to Gynecologic Cancer InterGroup (GCIG)
criteria for response and progression.’® Toxicity was evalu-
ated according to NCI Common Terminology Criteria for Ad-
verse Events (CTCAE) Version 3.0 resolution to baseline or
grade 1 was required prior to re treatment.

2.4. Correlative studies

Representative HE sections of the tumours were reviewed by
an expert gynecopathologist (TC).

Blood samples, for peripheral blood mononuclear cells
(PBMCs), and tumour biopsies were collected <7 d prior to
and post belinostat on day 4 or 5 of cycle 1. Histone acetyla-
tion was evaluated using Western Blotting for histone H3
and H4 isolated from PBMCs. Acetylated histones were de-
tected using anti-Acetyl-Histone H3 or H4 (Lys9, Lys8) anti-
bodies (Cell Signalling Technology, Inc.).°

Paraffin sections of pre- and post-treatment biopsies from
two patients were processed using standard operating proce-
dures at the Applied Molecular Profiling Laboratory (Univer-
sity Health Network, Toronto, ON, Canada). Microwave
antigen retrieval was followed by detection of acetylated his-
tone H3 using anti-Acetyl-histone H3 antibody (1:400 dilution)
labelled on the Ventana Benchmark XT using the uVIEW DAB
(Tucson, AZ, United States of America). Positive staining was
visually evaluated (M-S T) and image analysis was performed
to obtain positive average staining intensity in regions of
interest as previously described.?

2.5.  Statistical methods and end-points

The primary end-point of this study was objective response
according to RECIST and Rustin criteria.’®'® A two-stage de-
sign was used within each cohort.?? Using response hypothe-
ses of HO < 5% and Ha > 20%, 15 evaluable patients with LMP/
borderline tumours were required for the first stage, with >1
response required to continue into second stage accrual (sig-
nificance level, «=0.05 and f = 0.20).

Using response hypotheses of HO < 10% and Ha > 30%,
12 evaluable patients with platinum resistant EOC were
required for the first stage requiring >1 response to proceed
to the second stage (significance level, «=0.10 and f = 0.10).
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PFS and OS were summarised using the Kaplan-Meier
method.

3. Results

Eighteen patients with platinum resistant EOC and 14 with
micropapillary/LMP tumours were enrolled at three centres
across Canada.

At the time of this analysis all the 18 patients with EOC
were off study with progression (14 patients), bowel obstruc-
tion (1), patient choice (2) and other (1). Thirteen patients with
micropapillary/LMP tumours were off study: progression (5),
bowel obstruction (1), toxicity (2) patient choice (5). One pa-
tient remains on study.

3.1. Patient characteristics

Table 1 summarises the pretreatment patient and disease
characteristics in both groups of eligible patients. All patients
had a diagnosis of micropapillary/LMP tumour confirmed on
expert pathology review (TC) and were actively progressing
on the basis of CT scan prior to entering the study (confirmed
by expert radiological review).

3.2. Treatment administration

Thirty-two patients received 179 treatment cycles (115 cy-
cles, LMP: 64 cycles EOC). Median two cycles/patient EOC
(range 1-14 cycles) and eight cycles/patient micropapillary/
LMP (range 1-20 cycles). Sixteen patients had missed or de-
layed doses due to patient request (4), adverse events (3)
and other (3). Three patients had dose delays. There were

no dose reductions. Two patients with LMP tumours were
taken off study for possibly drug-related adverse events
hypersensitivity (one patient) and grade 3 elevation of
ALP (1).

3.3.  Toxicity

All patients were evaluable for toxicity. Table 2 displays the
adverse events considered to be at least possibly drug related
for both patient groups The most common events (all grade 1
or 2) were fatigue (69% of patients) and nausea (59%). No pa-
tients died during study. Four patients developed disease-re-
lated bowel obstruction.

3.4.  Efficacy

Fifteen patients with platinum resistant EOC were evaluable
for response: nine had SD and six progressive disease (PD)
(Fig. 1A). Median progression-free survival (PFS) was
2.3 months (95% confidence interval (CI), 1.2-5.7 months), 6-
month progression-free proportion (PFP) was estimated at
13% (95% CI, 4-49%).

Twelve patients with micropapillary/LMP tumours were
evaluable for response: one had an unconfirmed partial re-
sponse (uPR), reduction in target lesions of 32% post cycle
eight increasing by 4% post cycle 10, 10 had SD and one PD
(Fig. 1A). The patient with uPR had received prior chemother-
apy (carboplatin/paclitaxel). An additional patient had a
CA125 response (Fig. 1B). Median PFS was 13.4 months (95%
Cl, 5.6 - not reached), 6 months PFP was estimated at 56%
(95% CI, 32-96%). Median duration of SD was 5.8 months
(range 2.8-13.6 months).

Table 1 - Patient characteristics.

Characteristic Micropapillary/borderline ovarian tumours Platinum resistant EOC
N=14 N=18

Age (years)

Median 50 59.5

Range 28-82 31-78

Performance status

0 11 11

1 2 6

2 1 1

Primary site

Ovarian 14 16

Peritoneal 1

Unknown 1

Target: Non-target sites 4.5 5

Median (range) 1-9 1-10

Prior radiotherapy

Yes 1 0

No 13 18

No. of prior chemotherapy regimens

0 3 0

1 6 4

2 5 5

3+ 0 9
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Table 2 - Adverse events on treatment (n = 32 evaluable patients).

Belinostat related toxicity CTCAE version 3. Grade 1/2 Grade 3/4 Patients (total no. %)
Fatigue 22 = 22 (69%)
Nausea 22 - 19 (59%)
Vomiting 11 = 11 (34%)
Diarrhoea 9 - 9 (28%)
Pneumonitis 2 - 2 (6%)
Sinus bradycardia 6 - 6 (19%)
Sensory peripheral neuropathy 5 = 5 (16%)
Headache 5 = 5 (16%)
Hypersensitivity 2 1 3 (9%)
Thrombosis 0 3 3 (9%)
Leukopenia 2 = 2 (6%)
Anaemia 4 - 4 (13%)
Elevated alkaline phosphatase 1 1 2 (6%)
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Fig. 1 - Waterfall plots for response to treatment (A) CA125
and (B) by RECIST criteria.

Twelve patients have died (10 in the EOC group and two
LMP patients) Median overall survival (OS) for patients with
platinum resistant EOC was 7.5 months (95% CI: 3.7 - not
reached) and median OS for the LMP patients has not been
reached.

3.5. Pharmacodynamic analyses

Paired samples of PBMCs prior to and following belinostat
were available for nine patients with micropapillary/LMP tu-

mours. A marked increase in acetylated histones H3 and H4
was demonstrated for all patients, Fig. 2. Paired tumour sam-
ples were available for two patients, patient nos. 6 and 7. A
marked increase in acetylation was observed following treat-
ment with belinostat in both patients, Fig. 3.

'

. Discussion

When surgery is no longer an option, there is no standard of
care for women with micropapillary (LMP) tumours.” To the
best of the authors knowledge, this represents the first pro-
spective study conducted in this group of women. Belinostat
shows modest activity (Fig. 1A/B) in this patient population.
Although the study did not meet criteria to proceed to the sec-
ond stage, we feel that the PFS and waterfall plots of both tu-
mour size and CA125 suggest activity that may warrant
further investigation. Defining activity by objective response,
however, may not be the best approach for patients with this,
indolent, disease. Future trials incorporating a randomised
discontinuation design to allow assessment of prolonged SD
may be preferable.

Interpreting and designing studies for women with micro-
papillary/borderline LMP tumours are challenging. The histo-
logical diagnosis and correct classification of these tumours
require expert pathological review (TC in this study).®** Prog-
nosis for these women differs depending on the presence of
non-invasive (mortality rate 6%) versus invasive peritoneal
(25%) implants.?* Eight patients had invasive implants in this
study. A further confounding factor is the histology of the
recurrence one series suggesting 73% may recur as low grade
serous EOC.” Data on outcome for non-surgical therapies are
scarce and retrospective.” One study suggesting chemother-
apy and radiation may even be detrimental for those with
non-invasive implants.® The highest reported response rate
to first line chemotherapy (retrospect review) is 26%. No re-
sponse was observed >1 non-surgical therapy.” In our study
11 patients had received prior chemotherapy. Although only
one uPR and one CA125 response were seen 10 patients had
a fall in CA125 and 10 a reduction in tumour size, having pre-
viously demonstrated actively progressing disease. Changes
in the patterns of calcification observed on CT scanning also
suggest a biological effect. Again the lack of comparative data
makes interpreting survival problematic. In a retrospective
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Fig. 2 - Histone acetylation evaluated using Western Blotting for histone H3 and H4 isolated from PBMCs Acetylated histones
detected using anti-Acetyl-Histone H3 or H4 (Lys9, Lys8) antibodies (Cell Signalling Technology, Inc.) in PBMCs taken prior to
and following belinostat in patients with micropapillary/LMP tumours.
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Fig. 3 - Acetylated histone H3 measured prior to and following belinostat (cycle 1). For patient 6 the average mean intensity in
tumour was pre 19 units and post 37 units, for stroma pre 22 units and post 32 units. For patient 7 in tumour pre 10 units and

post 63 units and stroma pre 14 units and post 49 units.

series of 21 patients receiving first line chemotherapy median
duration of SD was 12 months (range 3-77.5 months).” Based

on this a median PFS of 13.4 months in a largely, pre-treated
population appears promising.
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An increase in H3 and H4 histone acetylation was ob-
served in all nine LMP patients who had paired PBMC samples
Fig. 2. In pre-clinical studies with belinostat acetylated his-
tones measured in mice showed a similar dose response.”
In two patients (patient nos. 6 and 7) additional paired tu-
mour samples showed an increase in acetylated histone H3
in tumour cells and stroma (Fig. 3). Both patients had SD, pa-
tient 6 receiving eight and patient 7 four treatment cycles.
These data would suggest that in these patients belinostat
was having a pharmacodynamic effect in tumour tissue.

The outlook for women with platinum resistant EOC is
very poor. Despite promising activity in pre-clinical ovarian
cancer models single agent belinostat did not display suffi-
cient efficacy to warrant further investigation results similar
to those seen with Vorinostat, another HDAC inhibitor.?° Beli-
nostat in combination with conventional cytotoxics may be a
more promising approach in women with EOC.'>1626

Belinostat was very well tolerated in both study popula-
tions with fatigue the most common adverse event. Three pa-
tients developed thrombosis on study although not reported
previously for belinostat this is a recognised adverse event
in other HDAC inhibitor studies.?’?

Epigenetic changes at an intermediate level between nor-
mal ovarian tissue and EOC are well recognised for micropapil-
lary (LMP) tumours.? It is possible that Belinostat in this low
grade, indolent tumour is inducing differentiation and disease
stabilisation similar to that which is seen in another indolent
condition, myelodysplastic syndrome following administra-
tion of demethylating agents.?® Whilst the lack of single agent
activity in platinum resistant EOC is disappointing, the future
for epigenetic therapy in this disease may lie in combination
with other agents as a response modifier.

Further investigation into the biology and treatment of
micropapillary/borderline  (LMP) urgently
needed. Belinostat is the first biological agent to show prom-
ising activity in this group of women and this warrants fur-
ther investigation.

tumours are
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