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A B S T R A C T

Purpose
We performed a phase II study of oral vorinostat, a histone and protein deacetylase inhibitor, to
examine its efficacy and tolerability in patients with relapsed/refractory indolent lymphoma.

Patients and Methods
In this open label phase II study (NCT00253630), patients with relapsed/refractory follicular
lymphoma (FL), marginal zone lymphoma (MZL), or mantle cell lymphoma (MCL), with � 4 prior
therapies were eligible. Oral vorinostat was administered at a dose of 200 mg twice daily on days
1 through 14 of a 21-day cycle until progression or unacceptable toxicity. The primary end point
was objective response rate (ORR), with secondary end points of progression-free survival (PFS),
time to progression, duration of response, safety, and tolerability.

Results
All 35 eligible patients were evaluable for response. The median number of vorinostat cycles received
was nine. ORR was 29% (five complete responses [CR] and five partial responses [PR]). For 17
patients with FL, ORR was 47% (four CR, four PR). There were two of nine responders with MZL (one
CR, one PR), and no formal responders among the nine patients with MCL, although one patient
maintained stable disease for 26 months. Median PFS was 15.6 months for patients with FL, 5.9 months
for MCL, and 18.8 months for MZL. The drug was well-tolerated over long periods of treatment, with the
most common grade 3 adverse events being thrombocytopenia, anemia, leucopenia, and fatigue.

Conclusion
Oral vorinostat is a promising agent in FL and MZL, with an acceptable safety profile. Further
studies in combination with other active agents in this setting are warranted.

J Clin Oncol 29:1198-1203. © 2011 by American Society of Clinical Oncology

INTRODUCTION

While much progress has been made in the treat-
ment of indolent lymphoma over the past few years,
the high recurrence rate necessitates investigation of
novel approaches for both first-line and salvage
therapy. Patients with low-grade lymphomas tend
to respond initially to approaches as disparate as
watchful waiting, anthracycline-based chemothera-
py (in conjunction with cyclophosphamide1 or
fludarabine2,3), stem-cell transplant,4,5 or more re-
cently, bendamustine6,7; however, the lymphoma
recurs in the majority of patients within 5 years. On
recurrence, remissions can be achieved with further
chemotherapy, but the disease-free intervals tend to
be shorter with each line of treatment.1 Allogeneic
transplant has been successful in selected patients,
but with greater treatment-related mortality,5 while

autologous high-dose therapy, with or without the ad-
dition of high-dose radiolabeled antibodies has not
been curative.8 In recent years, the addition of ritux-
imab, a targeted antibody, has improved initial re-
sponses to chemotherapy7,9 and bendamustine has
shown impressive single-agent activity,7 but ultimately
most patients still recur. Given that the majority of
patients relapseandrequire several linesof therapy, it is
imperative that multiple classes of effective agents be
available for sequential and combination therapies.

There is good preclinical evidence to support the
use of histone deacetylase inhibitors (HDACi) in lym-
phoidmalignancies.HDACihavebeenshowntoaffect
ahostofcellulartargetsandprocessesthatmightleadto
antitumor activity in lymphoid malignancies, includ-
ing angiogenesis, apoptosis, the cell cycle, and tumor
immunology.10-13 Relevant specific targets whose lev-
els or acetylation are affected by this class of agents
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include p53, gadd45, p21waf-1/cip1, hsp90, as well as various pro-
inflammatory cytokines.14-16 B-cell tumor lines are more sensitive to
vorinostat than solid tumor lines in vitro.17

Vorinostat (suberoylanilide hydroxamic acid), approved by the
US Food and Drug Administration in 2006 for the treatment of ad-
vanced cutaneous T-cell lymphoma, is an orally bioavailable synthetic
hydroxamic acid class HDACi with both histone and protein deacety-
lase activity.18 In clinical trials, responses among patients with lym-
phoid malignancies are prominent. In the initial phase I study
using intravenous vorinostat, of the four responders, two were
patients with lymphoma.19 In a phase I study of oral vorinostat in
Japanese patients with lymphoma, responses were seen in three of
four treated patients with follicular lymphoma and one of two
treated patients with mantle cell lymphoma.20

We report results of a phase II study of vorinostat at 200 mg
orally, twice daily, on a 2-week-on, 1-week-off schedule. Included in
this cohort are patients with follicular lymphoma, marginal zone B cell
lymphoma, and mantle-cell lymphoma, who have recurred after
rituximab and/or chemotherapy.

PATIENTS AND METHODS

All accrued patients signed an informed consent, according to the Decla-
ration of Helsinki. The City of Hope institutional review board approved
this trial in accord with an assurance filed with and approved by the
Department of Health and Human Services.

Patient Eligibility

Patients older than age 18 years were eligible if they had histologically or
cytologically confirmed relapsed/refractory indolent non-Hodgkin’s lym-
phoma. Included in this category were relapsed or refractory follicular center
lymphomas of any grade, marginal zone B cell lymphoma (including both
nodal and extranodal disease), and mantle cell lymphoma. Patients may have
had up to four prior chemotherapeutic or radioimmunoconjugate-containing
regimens; however, steroids alone, rituximab, or local radiation did not count
as regimens. Patients who had had chemotherapy within 4 weeks, rituximab
within 3 months (unless there was evidence of progression), radiotherapy
within 2 weeks, or those who had not recovered from adverse events due to
agents administered more than 4 weeks earlier, were excluded. Demonstration
of recurrent disease, progression, or persistence after the most recent line of
therapy was required for eligibility. Patients with Eastern Cooperative Oncol-
ogy Group status lower than 2, absolute neutrophil count (ANC) higher than
1,000/�L, platelet counts higher than 100,000/�L, creatinine � 2 mg/dL, and
liver function tests lower than 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 7-day break on a 21-day cycle for
the first cycle. Radiologic assessment by computed tomography (CT) and/or
positron emission tomography (PET) scan was performed at baseline and after
every three cycles. Response was assessed by standard criteria.21,22 Patients
with measurable response or stable disease were permitted to continue vorinostat
until progression. Patients who achieved complete response (CR) were treated
with two further cycles of vorinostat and then observed after discontinuation.
Patients who achieved CR and completed treatment as described were allowed to
be restarted on drug in the event of relapse 6 months or longer from the time of
initialCR,giventhechronicrelapsingnatureof indolent lymphomas.Compliance
with treatment was monitored by use of drug diaries.

Toxicity was assessed on days 1 and 8 of every cycle, and graded using the
National Cancer Institute Common Toxicity Criteria for Adverse Events ver-
sion 3.0. Treatment was held for patients who presented with nonhematologic
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 presented to treatment and were found to have ANC � 500/�L,
but � 1,000/�L, or platelet counts � 50,000, but � 75,000/�L. This dose
reduction was reversible with normalization of counts. For patients who pre-
sented with hematologic toxicity of ANC lower than 500/�L, or platelet count
lower than 50,000/�L, dose was held until recovery to ANC higher than
1,000/�L or platelet count higher than 50,000/�L; if it lasted longer than 1
week, the drug would be restarted at 100 mg daily less than their previous dose.
If this dose also lead to ANC lower than 500/�L or platelet count lower than
50,000/�L, than the 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 granulocyte colony-stimulating
factor or granulocyte-macrophage colony stimulating factor was not allowed
during this study.

Patient Evaluation

Pretreatment evaluation consisted of history and physical examination,
assessment of performance status, CBC, hepatic and renal function tests.
Laboratory tests, history and physical examination, and performance status
assessment were repeated on day 1 of each cycle. Women of reproductive age
underwent a serum pregnancy test. CT (or optional PET-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 accord-
ing to the International Harmonization Project criteria.21,22

Study Design

Response rate (CR � partial response [PR]) was the primary end point.
The two-stage optimum design by Simon was used. In the first stage, 17
patients were enrolled, with the design such that if four or more patients
achieved CR or PR, accrual would continue to a total of 33 patients, with 10 or
more responses regarded as evidence of sufficient activity to warrant further
investigation. An underlying 20% response rate would be regarded as not
sufficiently active, with the trial designed to have little chance of missing a 40%
response rate. If the true response rate were 20%, the proposed design had a
90% chance of declaring vorinostat insufficiently active, and a 55% chance of
stopping early. If the true response rate were 40%, there would be an 89%
chance of concluding vorinostat sufficiently active. All patients beginning
vorinostat therapy were included in response rates calculations. As mantle-cell
lymphoma was considered an indolent lymphoma at the time of study design,
all eligible histologies were included in the primary response evaluation, al-
though individual histologies were analyzed as part of the secondary analysis.

Overall survival (OS) and progression-free survival (PFS) were also sec-
ondary end points. Survival estimates were calculated using the Kaplan-Meier
product-limit method; 95% CIs were calculated using the logit transformation
and the Greenwood variance estimate.23 OS was measured from the day of
initial protocol treatment to death from any cause. PFS was defined as time
from initial protocol treatment to progression, relapse, or death from any
cause, whichever occurred first.

RESULTS

Patient Characteristics

A total of 37 patients were enrolled in the study between Septem-
ber 2005 and January 2008 (Table 1). Two enrolled patients were
ineligible due to diffuse B-cell lymphoma at start of treatment. Treat-
ment was changed for these ineligible patients (within 2 months of
enrollment) before a response evaluation. The patients were replaced
and they are not included in the analysis. In the 35 eligible patients (12
female, 23 male), the median age at treatment was 65 years (range, 32
to 79). Histologies represented included mantle cell in nine patients,
marginal zone lymphoma in nine patients, and follicular lymphoma
in 17 patients, of whom four were grade 1, six were grade 2, six were
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grade 3, and there was one follicular lymphoma of unknown grade.
Previous treatments included rituximab in 36 of 37 patients, radiola-
beled antibodies in three patients, autologous stem-cell transplant in
eight patients, and local radiation in 10 patients. Twenty-seven pa-
tients received anthracycline-containing regimens as part of their pre-
vious treatment. Overall prior treatments received before study
enrollment included: rituximab only (n � 2), one line of chemother-
apy (n � 9), two lines chemotherapy (n � 7), three lines chemother-
apy (n � 11), four lines chemotherapy (n � 6).

Treatment and Toxicities

The median duration of treatment was 6 months; with a maxi-
mum of 49� months (one patient still on therapy). Disease progres-
sion was the most common cause for discontinuation of therapy, with

22 patients stopping therapy due to progression, three due to toxici-
ties, one due to intercurrent unrelated illness, four due to either patient
or physician preference, and four others discontinuing after attaining
a complete response. Of the three patients who stopped due to toxicity,
one was due to grade 3 fatigue after 10 courses, one for a grade 4
thrombosis after five courses, and one for a combination of grade 2
diarrhea and grade 2 dizziness after two courses. The most common
grade 3 to 4 toxicities seen were thrombocytopenia, anemia, leukope-
nia, and fatigue (Table 2).

Efficacy

All 35 of the eligible patients were evaluable for response. The
median number of cycles received was nine (range, two to 67). Re-
sponse rates for the overall population and each disease grouping are
given in Table 3. There were 10 of 35 formal responses, with five CRs
(14%) noted and five PRs (14%), giving a formal overall response rate
of 29% (95% CI, 0.15 to 0.46). Figure 1 shows OS and PFS for the total
patient population. The 2-year OS for the total population was 77%
(95% CI, 0.64 to 0.92) and the 2-year PFS was 37% (95% CI, 0.24 to
0.57). Seventeen patients with follicular lymphoma were treated on
study; in this population there were four CRs and four PRs leading to
a response rate of 47% for follicular lymphoma. The median PFS for
patients with follicular lymphoma was 15.6 months (95% CI, 6.2 to
not reached [NR]), with a 6-month PFS of 71% (Fig 2A). There were
two responders among the nine patients with marginal zone lym-
phoma, one CR and one PR (the PR patient had clearance of lesions by
CT-PET, but persistence in marrow), a response rate of 22% for
marginal zone lymphoma. The median PFS for the patients with
marginal zone lymphoma was 18.8 months (95% CI, 2.1 to NR), with
a 6-month PFS of 89% (Fig 2A). There were no formal responses
among the nine patients with mantle cell lymphoma, although one
patient maintained stable disease for 26 months (37 cycles). The me-
dian PFS for patients with mantle cell lymphoma was 5.9 months
(95% CI, 2.1 to NR), with a 6-month PFS of 44% (Fig 2A). Only for
mantle cell lymphoma did OS reach a median, of 16.9 months (95%
CI, 9.8 to NR) as illustrated in Figure 2B.

Four of the patients with PR as best response subsequently
progressed (at 4, 5, 9, and 18 months after achieving PR), and one
patient with marginal zone lymphoma continues to be in PR 40
months after achieving a PR. Four of the patients who achieved CR
remained in CR at 49, 41, 23, and 23 months. One patient who
achieved CR, relapsed after 27 months (Table 4). The median PFS
for responders was 38 months. Notably, the onset of response was
typically preceded by a long period of disease stabilization; in one
case the patient had stable disease for close to 2 years and then
developed CR based on CT scan. For all responders the median
time to best response was 6.5 months (range, 2 to 26), and the
median duration of response was 27 months.

DISCUSSION

Vorinostat is an oral HDAC inhibitor with activity against class I and II
histone deacetylases, approved by the US Food and Drug Administra-
tion in 2006 for the treatment of advanced cutaneous T-cell lym-
phoma. Given the interesting preclinical and clinical activity of this
class of drugs in lymphoid malignancy, we conducted a phase II study
of vorinostat as a single agent in indolent lymphoma. Given the biol-
ogy of indolent lymphoma, we hypothesized that a dosing regimen

Table 1. Patient Characteristics

Characteristic No. %

Eligible patients 35
Age, years

Median 64.5
Range 32-79

Sex
Male 23
Female 12

Karnofsky score
Median 90
Range 70-100

Ann Arbor clinical stage
I 1
II 6
III 13
IV 15

LDH level
Median 486
Range 235-890

LDH elevated 10 29
FLIPI

I 2
II 5
III 4
IV 6
Median 3

Marrow involvement 12 34
Histological subtype

Follicular
Total 17
I 5
II 6
III 6

Mantle cell 9
Marginal zone 9

Prior therapies
Autologous transplant 8
Radioimmunotherapy 3
Rituximab 34

No. of prior chemotherapy regimens
Median 2
Range 0-4�

Abbreviations: LDH, lactate dehydrogenase; FLIPI, Follicular Lymphoma
International Prognostic Index (for follicular lymphoma patients only).

�Two patients received prior rituximab monotherapy alone.
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that maintained adequate levels of drug with minimal toxicity would
be best, and thus chose the 200 mg oral twice-daily schedule, which
had been well-tolerated and effective in the phase I study.

In this trial, we saw formal responses in relapsed patients with
follicular and marginal zone lymphoma (eight of 17 patients with
follicular lymphoma, two of nine patients with marginal zone lym-

phoma), but no formal responses among the patients with mantle cell
lymphoma. Noteworthy are the prolonged PFSs for all groups, with a
median of 15.6 months for follicular lymphoma, 5.9 months for man-
tle cell lymphoma (with one patient experiencing stable disease for 28
months), and a median PFS for marginal zone lymphoma of 18.8,
suggesting that disease progression is slowed even in the absence of
formal response.

The patient population was fairly heavily pretreated as com-
pared to the usual patients with this disease (seven patients with
three prior lines of therapy, and three with four prior lines of
therapy), with responses seen in patients who had progressed after
salvage therapies including autologous transplant, and all patients
except one having previously received rituximab. This suggests
that resistance to chemotherapy or rituximab does not predict
resistance to vorinostat, which may be crucial in this population,
given that patients with follicular lymphoma generally require a
series of treatment regimens over time.

Overall, the drug was well-tolerated for extended treatment du-
rations; multiple patients have been able to stay on therapy for several
years, with little impact on their daily outpatient lives. Adverse events
were similar to those seen in other studies and did not seem to increase
with the number of cycles. It is of note that formal responses generally
required many cycles with prolonged periods of stable disease. This
phenomenon may be akin to that seen with another class of clinical
epigenetic agents, the hypomethylating agents in myelodysplastic syn-
drome, which typically show benefit after multiple cycles and manifest
clinical activity largely by slowing progression of disease.

Table 2. Toxicities

Adverse Event

Treatment-Related Toxicities by
Grade (possible)

2 3 4 3/4 (%)

ANC 7 4 2 17
AST/ALT 2 — — —
Anorexia 6 1 — 3
Bicarbonate, serum low 1 — — —
Constipation — — — —
Creatinine 4 — — —
Dehydration — — — —
Diarrhea 6 — — —
Distension/bloating 1 — — —
Dizziness 3 — — —
Dry mouth/salivary gland 2 — — —
Dry skin 3 — — —
Dysphagia 1 — — —
Dyspnea 2 — — —
Fatigue 13 3 — 9
Hyperglycemia 1 — — —
Headache 2 — — —
Heartburn/dyspepsia 1 — — —
Hemoglobin 6 4 — 11
Hemorrhage, GU (vagina) 1 — — —
Hot flashes/flushes 1 — — —
Hypertension 1 — — —
Hypokalemia — 1 — 3
Hyponatremia — 1 — 3
Hypophosphatemia 7 2 — 6
Hypotension 3 — — —
Infection

With grade 3 or 4 ANC 2 — — —
With � grade 3 ANC 6 — — —
Skin (cellulitis) — 1 — 3

INR — 2 — 6
Leukocytes (total WBC) 5 3 1 11
Lymphopenia 3 4 1 14
Myalgia 2 1 — 3
Mucositis/stomatitis 1 1 — 3
Muscle weakness (not neurologic) 3 — — —
Nail changes 1 — — —
Nausea/vomiting 9 — — —
Neuropathy: sensory 1 — — —
Pain (not muscle or headache) 5 — — —
Palpitations 1 — — —
Platelets 4 3 7 29
Pneumonitis/pulmonary infiltrate 1 — — —
Rash/desquamation 1 — — —
Somnolence 1 — — —
Supraventricular/nodal arrhythmia 2 — — —
Taste alteration 2 — — —
Thrombosis/thrombus/embolism — 1 1 6

Abbreviations: ANC, absolute neutrophil count; GU, genitourinary; INR,
international normalized ratio for coagulant response time.

Table 3. Efficacy

Best Response All Patients Follicular Mantle Cell Marginal Zone

CR 5 4 0 1
PR 5 4 0 1
SD 18 7 6 5
PD 6 2 3 1
NA 1 0 0 1

Abbreviations: CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease; NA, not available.
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Fig 1. Survival for total population. Overall survival (OS) and progression-free
survival (PFS) estimates were calculated for the entire patient population (N �
35). PFS is defined as the time from treatment to relapse, progression, or death
from any cause, whichever occurred first.
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There are several mechanistic explanations for the activity of
vorinostat particularly in the follicular B-cell lymphomas. Vorinostat
is an epigenetic drug, with activity against both class I and class II
deacetylases, affecting acetylation of histones and other proteins. From
an epigenetic perspective, HDACi have been shown to alter expression
levels of several proteins involved in lymphoid malignancies, including

myc, bcl-2, bcl-XL, and bcl-6, which may push the abnormal cells
towards apoptosis.15 In addition, the growth of follicular lym-
phoma may be particularly dependent on the state of the microen-
vironment, with elevated levels of a number of cytokines seen in
patients with follicular lymphoma.24 We have shown in a mouse
model that the production of several of these cytokines, including
interleukin-6, can be suppressed even with low doses of vorinos-
tat.16 Thus, it is likely that the activity of HDACi in indolent
lymphoma is related to effects on multiple pathways.

Another clinical trial with an HDACi, reported in abstract for-
mat, included patients with follicular lymphoma. In a phase II study of
the isotype-selective HDACi MGCD0103, three PRs of 28 patients
with follicular lymphoma were seen, whereas in a study of the broad
spectrum HDAC inhibitor PCI-24781, of four patients with follicular
lymphoma, one PR and one CR were seen.25,26

Recent data demonstrates promising activity in this patient
population with novel agents such as bortezomib, lenalidomide, and
bendamustine. Bendamustine, a novel alkylating agent, shows an im-
pressive 82% overall response rate in patients with follicular lym-
phoma, with a duration of response in this group of 9 months.7

Responses are seen in six (27%) of 22 patients with follicular lym-
phoma grade 1 to 2 treated with daily oral lenalidomide at 25 mg, with
a PFS for the entire group of 4.4 months, and an impressive median
duration of response of over 16.5 months. Fewer patients with mar-
ginal zone lymphoma are included in the lenalidomide study, while
patients with mantle cell and follicular grade 3 were excluded.27 Bort-
ezomib at a 1.5 mg/m2 dose administered on days 1, 4, 11, and 18 of a
21-day cycle, to a group of patients similar to those in our study, yields a a
formal response rate of 50% for mantle cell patients, and 50% in follicular
lymphoma with prolonged treatment. The PFS for the group was 4.75
months.28 Theresultswereport forsingle-agentvorinostatare inlinewith
thesenovelapproachesandsuggestthatwenowhavemultipletherapeutic
modalities to offer for these patients with indolent lymphoma.

In summary, this study demonstrates single-agent activity of the
oral histone deacetylase inhibitor, vorinostat, in relapsed or refractory
follicular and marginal zone lymphoma, with a well-tolerated toxicity
profile. Given this single agent activity, studies in combination with
other agents such as rituximab, lenalidomide, bortezomib and benda-
mustine are warranted.
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Fig 2. Survival stratified by histology. (A) Overall and (B) progression-free
survival estimates were calculated for the three histological populations: marginal
zone (n � 9), follicular (n � 17), and mantle cell (n � 9). Progression-free survival
is defined as the time from treatment to relapse, progression, or death from any
cause, whichever occurred first.

Table 4. Responders

Patient No.� Histology FLIPI No. Priors Best Response Time to Best Response Duration of Response PFS

2 FL Gr 2 3 3 PR 6 9 15
3 FL Gr 2 1 1 CR 6 49� 55�

4 FL Gr 3 4 3 PR 2 4 6
9 MZL NA 1 PR 10 40� 50�

10 MZL NA 3 CR 26 23� 48�

13 FL Gr 2 2 1 CR 5 41� 46�

15 FL Gr 3 2 2 PR 20 18 38
17 FL Gr 2 2 3 CR 4 27 31
24 FL Gr 3 2 3 PR 11 5 16
36 FL Gr 2 4 1 CR 7 23� 30�

Abbreviations: FLIPI, Follicular Lymphoma International Prognostic Index; PFS, progression-free survival; FL, follicular lymphoma; Gr, grade; PR, partial response;
CR, complete response; MZL, marginal zone lymphoma; NA, not available.

�For all responders, median duration of response was 27 months, median time to best response was 6.5 months (range, 2 to 26 months), and median PFS for
responders was 38 months.
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