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Abstract

We performed a phase Il study of oral vorinostat (200 mg twice daily, days 1-14 of a 21-day
cycle), to examine efficacy and tolerability in patients with relapsed/refractory hodgkin lymphoma
(HL) with < 5 prior therapies. The primary endpoint was objective response rate (ORR), with
secondary endpoints of progression-free survival (PFS), overall survival (OS), safety and
tolerability. A two-stage design was used for patient accrual. Twenty-five eligible patients were
accrued in the first stage. Median time on treatment was 3.8 months. ORR was 4% (1 partial
response). Median PFS was 4.8 months. The drug was well tolerated. The second stage of accrual
was not opened due to few objective responses. Oral vorinostat has limited single agent activity in
relapsed/refractory HL. There was one partial response, while seven other patients had stable
disease for > 1 year, including 2 with stable disease for nearly 3 years, suggesting that further
studies in combination with other active agents in this setting may be warranted.

INTRODUCTION

With use of radiotherapy and regimens such as ABVD, approximately 60% of Hodgkin’s
Lymphoma patients may achieve cure, whereas the remaining 40% will either fail up-front
treatment or relapse within three years?. These patients can be expected to do poorly with
current salvage regimens. The best current salvage regimens such as ESHAP or ICE
incorporate platinum compounds; use of ESHAP, for example, a regimen containing cis-
platinum, can lead to a good initial response rate, but disease free survival is roughly only
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30% at three years2. Patients with better performance status may opt for high-dose
chemotherapy with autologous stem cell transplant. However, less than half of transplanted
patients achieve five year disease free survival3. A strategy becoming more widely used is to
identify potential chemosensitive patients who may respond to autologous transplant by use
of protocols such as ICE. These selected patients at Memorial Sloan Kettering have a
reported three year disease free survival of 70%, however, non-responders to salvage
therapy do poorly®. Thus, newer, more effective agents are necessary.

Vorinostat (suberoylanilide hydroxamic acid), is an orally bioavailable synthetic
hydroxamic acid class histone deacetylase inhibitor (HDACI) with both histone and protein
deacetylase activity®. In clinical trials, responses among patients with lymphoid
malignancies are prominent. In the initial phase I study using intravenous vorinostat, of the
four responders, one was an HL patient, one of whom had prolonged stable disease®. In a
phase | study of oral vorinostat in Japanese patients with lymphoma, responses were seen in
4 of 6 patients with follicular and mantle cell lymphoma’, whereas in a recently reported
phase 11 study of vorinostat as a single agent, responses were seen in follicular and marginal
zone lymphoma&.

We report results of a Phase 11 study of vorinostat at 200 mg orally, twice-daily, on a two-
week-on, one-week-off schedule. Included in this cohort are patients with HL, who have
recurred after up to five lines of chemotherapy, including transplant.

PATIENTS AND METHODS

Patients were informed of the investigational nature of the study and signed a written
informed consent in accordance with institutional, federal and Declaration of Helsinki
guidelines. The trial is registered with ClinicalTrials.gov Identifier as NCT00132028. The
study was activated on September, 2005 and closed August, 2007.

Patient Eligibility

Patients over the age of 18 were eligible if they had relapsed/refractory Hodgkin lymphoma
with bi-dimensionally measurable disease. Patients may have had up to five prior
chemotherapeutic regimens; patients must have been at least three months post autologous
or one year post allogeneic transplant. Patients who had had chemotherapy within 4 weeks,
radiotherapy within 2 weeks, valproic acid for non-seizure purposes or other histone
deacetylase inhibitors within 14 days, or those who had not recovered from adverse events
due to agents administered more than 4 weeks prior to registration, were excluded. Patients
with clinical evidence of central nervous system involvement were also excluded.
Demonstration of recurrent disease, progression or persistence after the most recent line of
therapy was required for eligibility. Patients with Zubrod performance status 0— 2, ANC
greater than 1000/pL, platelet counts over 100,000 /uL, creatinine < 2 mg/dL, and liver
function tests < 2.5 times normal were eligible.

Treatment Plan

One cycle of therapy was defined as: vorinostat 200 mg twice daily administered orally for
14 days followed by a seven-day break on a 21-day cycle. Radiological assessment by CT
scan was performed at baseline and after every three cycles. PET scanning was performed at
the discretion of the treating institution. Response was assessed by standard criteria®.
Patients with partial response or stable disease were treated with vorinostat until
progression. Patients who achieved CR were treated with two further cycles of vorinostat
and then followed after discontinuation. Toxicity was assessed on days 1 and 8 of every
cycle, and graded using the NCI CTCAE version 3.0. Treatment was held for patients who
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presented with non-hematologic toxicity of grade 3 or 4, until toxicity resolved to below
grade 2. These patients were restarted at 100 mg daily less than their previous dose. If grade
3 or greater toxicity occurred at that dose, the patient was taken off the drug.

Dose was decreased by 100 mg daily less than their previous dose for patients who had
ANC 500-1000/uL, or platelet counts 50-75K /uL. This dose reduction was reversible with
normalization of counts. For patients with hematologic toxicity of ANC < 500/uL, or
platelet count < 50K/pL, dose was held until recovery to ANC > 1000/uL or platelet count >
50K/pL; if it lasted more than one week, drug would be restarted at 100 mg daily less than
their previous dose. If this dose also led to ANC< 500/uL or platelet count < 50K/pL, then
patient was removed from study.

Patients already on erythropoeitin or aranesp for lymphoma related anemia were allowed to
continue use of these agents, but these were not permitted to be started during therapy. Use
of G-CSF or GM-CSF was not allowed during this study.

Patient Evaluation

Pre-treatment evaluation consisted of history and physical examination (H&P), assessment
of performance status (PS), complete blood count (CBC), hepatic and renal function tests.
Laboratory tests, H&P, and PS assessment were repeated on day 1 of each cycle. CT was
obtained at baseline and every three cycles to assess response. Bone marrow biopsy for
presence of marrow involvement was done at baseline and every three cycles if baseline
exam revealed marrow involvement. Responses were assessed according to the International
Working Group criteria®.

Study Design

RESULTS

Confirmed response rate (CR+PR) was the primary endpoint. It was judged that this therapy
would be of further interest if the confirmed response rate was 30% or greater, while further
testing would not be pursued if the confirmed response rate were 10% or lower. The two-
stage design of Green and Dahlberg1® was used. In the first stage, 20 patients were enrolled.
If 2 or more patients achieved CR or PR, accrual would continue to a total of 35 patients,
with 8 or more responses overall regarded as evidence of sufficient activity to warrant
further investigation. This design has a significance level of 2% and a power of 87%.
Because of a surge in accrual just before temporary closure of the first stage of accrual, in
order to maintain the same significance level, the threshold for continuation to the second
stage of accrual was revised up to 3 or more patients achieving CR or PR. All eligible
patients beginning vorinostat therapy were included in the analysis. Overall survival (OS)
and progression-free survival (PFS) were secondary endpoints. Survival curves were plotted
using the Kaplan-Meier product-limit method OS was measured from the day of registration
to death from any cause. PFS was defined as time from registration to first instance of
progression, relapse, or death from any cause.

Patient Characteristics

A total of 27 patients were enrolled in the study between 9/05 and 1/08 (Table 1). Two
patients were ineligible, one due to insufficient documentation of baseline laboratory
measures and one due to lack of documentation of HL. In the 25 eligible patients (11 female,
14 male), the median age at registration was 41.6 (range 19.9-71.1) years. Previous
treatments included bone marrow transplant in 11 patients, limited radiation (<50% of body)
in 16 patients, and extensive radiation (=50% of body) in 2 patients. All patients received at
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least 2 lines of prior chemotherapy, with the breakdown as follows: 2 lines (n=6), 3 lines
(n=8), 4 lines (n=7), and 5 lines (n=4).

Treatment and Toxicities

Efficacy

The median duration of treatment was 3.8 months (range 0.2—35.8 months). Reasons for
discontinuation of therapy included disease progression (n=11 patients), toxicities (n=7),
physician preference (n=4), patient death (n=2), and patient refusal (n=1). Four patients
experienced Grade 4 hematologic toxicities, and 12 more patients experienced Grade 3
toxicities, primarily hematologic (see Table 2).

The breakdown of best response observed for the study population is presented in Table 3.
One of the 25 eligible patients had a partial response, giving an overall confirmed response
rate of 4% (95% CI 0-20%), which, according to the study design, was too low to initiate a
second stage of accrual. Four patients for whom response assessment was inadequate are
considered non-responders.

Figure 1 shows PFS and OS for the study population. There have been 20 patient deaths,
with median OS (95% CI) of 15.7 months (6.6, 34.1). Twenty-four patients have either
progressed or died, with median PFS (95% CI) of 4.8 months (3.4, 13.2). Among 12 patients
whose best response was stable disease, 7 remained progression-free for more than a year, 2
of whom were on protocol treatment for more than a year.

DISCUSSION

The outcome for patients with relapsed/refractory Hodgkin lymphoma on standard therapy,
for those who progress after standard salvage regimens, and particularly for those who
progress after stem cell transplant, is poor; new approaches are needed for these patients.

Vorinostat is an oral HDACI with activity against class | and 1 histone deacetylases,
approved by the US FDA in 2006 for the treatment of cutaneous manifestations in patients
with cutaneous T-cell lymphoma (CTCL) who have progressive, persistent or recurrent
disease on or following two systemic therapies.. There is good preclinical evidence to
support the use of histone deacetylase inhibitors (HDACI) in lymphoid malignancies.
HDACI have been shown to affect a host of cellular targets and processes that might lead to
antitumor activity in lymphoid malignancies, including angiogenesis, apoptosis, the cell
cycle, and tumor immunologyl1-14. Relevant specific targets whose levels or acetylation are
affected by this class of agents include p53, GADD45, p21Waf-1/¢iP1 hsp90, as well as
various pro-inflammatory cytokines'®17. In preclinical work, vorinostat has demonstrated
significant activity against Hodgkin lymphoma cell lines, in which vorinostat, through
inhibition of both class | and Il deacetylases, leads to a pro-apoptotic cell type, through
effects upon Myc, Bcl-XL, hTERT, Bad, Bid, and miRNAs, leading directly to apoptosis as
well as sensitizing to other molecular agents8-19. Given the interesting preclinical and
clinical activity of this class of drugs in lymphoid malignancy, we conducted a phase Il
study of the oral HDAC inhibitor, vorinostat as a single agent in HL.

In this trial, toxicities were tolerable and consistent with the now well recognized syndrome
seen with HDAC inhibitor treatment, of fatigue, anorexia and thrombocytopenia, and were
manageable in this group of heavily treated patients. Formal PR was documented in one
patient. For another patient, the treating institution reported shrinkage of involved nodes,
which remained FDG-PET negative for over three years, however, due to inconsistencies in
scanning techniques used over time, this did not qualify as a response. Among the patients
that did not achieve CR or PR, seven patients maintained stable disease for at least one year.
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A patient with progressive disease after autologous transplant had resolution of symptoms
from lung involvement and stable disease for a period of three years, after which she was
enrolled upon the SGN-35 study and entered CR. It is of interest to compare the results of
this early vorinostat study with subsequent studies using vorinostat or similar agents.
Younes, et al, described activity with single agent MGCDO0013, however, with enough
toxicity to hinder development of the agent?. A large phase II study was recently completed
with panobinostat (LBH589), in which 2 CR’s and 15 PR’s were reported out of 127
patients?L. In these studies, prolonged stable disease and partial responses were much more
common than CR. This prolongation of stable disease confirms the original phase |
observations in which PR and prolonged stable disease responses were seen in HL patients
treated with vorinostat?2. It is becoming clear that the prolonged states of stable disease seen
with this class of agents are of clinical importance. Further study of these agents,
particularly in combination with chemotherapy or other molecular agents, is warranted.
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Tablel
Baseline Characteristics (N=25)
Median age (range) 41.6 (19.9-71.1)
Gender 14 (56%)
Male 11 (44%)
Female
Race 20 (83%)
White 4 (17%)
Other 1
Missing
Performance status 12/12 (48%/48%)
0/1 1 (4%)
2
Disease Status 13 (52%)
Recurrent 12 (48%)
Refractory
Prior Treatment 11 (44%)
Bone Marrow Transplant 2 (8%)
Radiation Therapy 16 (64%)
Extensive (=50% of body) 3(2-5)

Limited (<50% of body)

Median # Chemotherapy Regimens (range)
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Table 2
Adverse Events
Toxicity Grade3 (%) | Grade4 (%)
Anemia 7 (28%) 1 (4%)
Anorexia 1 (4%) 0
Dehydration 2 (8%) 0
Diarrhea 1 (4%) 0
Elevated alk phos 1 (4%) 0
Elevated creatinine 1 (4%) 0
Elevated INR 2 (8%) 0
Fatigue 1 (4%) 0
Increased PTT 1 (4%) 0
Infection: bladder/urinary tract | 1 (4%) 0
Hyperglycemia 1 (4%) 0
Hypotension 1 (4%) 0
Leukopenia 1 (4%) 0
Lymphopenia 3 (12%) 0
Muscle weakness 1 (4%) 0
Musculoskeletal pain 1 (4%) 0
Nausea 1 (4%) 0
Neutropenia 1 (4%) 0
Pneumonitis 1 (4%) 0
Thrombocytopenia 1 (4%) 3 (12%)
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Best Response

Table 3

Best Response

N (%)

Complete response

0

Partial response

1 (4%)

Stable disease

12 (48%)

Progressive disease

8 (32%)

Assessment inadequate

4 (16%)
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