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Abstract: The peripheral T-cell lymphomas are a rare and heterogeneous group of mature T-cell 

lymphomas with limited available therapies. The outcome of frontline chemotherapy regimens 

has been disappointing, with a long-term survival of only 20%–30%. There is an urgent need to 

optimize induction therapy by incorporating novel agents that target the dysregulated  pathways. 

Histone deacetylase inhibitors that induce acetylation of histones and enhance apoptosis have 

shown promising activity. In this article, we summarize the role of histone deacetylase inhibitors 

and specifically discuss pharmacokinetics, efficacy, and toxicity of the recently US Food and 

Drug Administration-approved agent belinostat for its use in patients with relapsed/refractory 

peripheral T-cell lymphoma.

Keywords: histone deacetylase inhibitor, pharmacokinetics, cutaneous T-cell lymphoma

Introduction
The incidence of peripheral T-cell lymphoma (PTCL) is less than one case per 

100,000 people in the United States, which represents 10%–20% of all cases of non-

Hodgkin lymphoma. Although this heterogeneous subtype of non-Hodgkin lymphoma 

is rare, PTCL has a poor prognosis with a median overall survival (OS) of 9–42 months, 

and there are limited effective therapeutic options.1 There are over 22 subtypes of 

PTCL that have been identified. The major subtypes are PTCL, not otherwise speci-

fied (PTCL-NOS), anaplastic large cell lymphoma (ALCL), and angioimmunoblastic 

T-cell lymphoma (AITL), with differences in regional occurrence.2 The aggressive 

subtype, natural killer/T-cell lymphoma, is more common in Asia and rarely seen 

in European and North American countries.2 PTCL-NOS has been reported as the 

major subtype worldwide and typically represents a variant that does not meet criteria 

for other subtypes. Both PTCL-NOS and AITL typically affect elderly patients and 

portend a poor prognosis with an expected 20%–30% 5-year OS. ALCL is associated 

with anaplastic lymphoma kinase (ALK) amplification, which occurs in approximately 

50% of all ALCL cases.3

There has been little success in determining the most appropriate and efficacious 

treatment regimen for PTCL as evidenced by the low reported median OS. Initial treat-

ment intent is typically curative while treatment of relapsed/refractory disease is often 

palliative in nature. A 2007 retrospective meta-analysis evaluated anthracycline-based 

regimens in 2,912 patients with PTCL, and it was determined that patients who received 

this type of regimen experienced a 5-year OS of 37%. Current treatment recommenda-

tions include anthracycline-based regimens such as cyclophosphamide, doxorubicin, 

vincristine, and prednisone (CHOP).4 Other more intensive treatment options that have 
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been investigated include doxorubicin, cyclophosphamide, 

vindesine, bleomycin, and prednisone (ACVBP); variations 

of CHOP such as CHOP-14 and CHOP-21; and etoposide, 

vincristine, doxorubicin, cyclophosphamide, and prednisone 

(EPOCH), with similar results observed with CHOP.2 Many 

of these treatment modalities are based upon research with 

B-cell lymphomas due to the success seen in this type of 

lymphoma. In the end, these regimens are still expected to 

only have a median 5-year OS of less than 40%.2 Therefore, 

there is a need for further research to validate more effica-

cious treatment regimens. Prior clinical trials evaluating the 

most appropriate first-line treatment for PTCL have included 

a variety of chemotherapy regimens and hematopoietic stem 

cell transplantation. For these reasons, there is currently a 

heterogeneous approach to initial treatment.

Currently, the available evidence provides no clear 

indication towards a preferred regimen.5 Autologous stem 

cell transplantation is an option for patients with PTCL 

with 3–5-year event-free survival ranging from 30%–50%; 

however, there is controversy regarding the timing of when 

to implement this treatment strategy.6 Previous evaluations 

have determined that autologous stem cell transplantation is 

only effective for the patient population with chemosensitive 

disease. This was found to be one of the strongest predictor 

values in terms of outcome.7 Transplantation is an option for 

the first relapse in patients with ALCL or another option 

for patients with PTCL-NOS or AITL who are not enrolled in 

a clinical trial and experience a complete response. A recent 

prospective Phase II trial evaluated a combination chemo-

therapy regimen with consolidation therapy followed by 

stem cell transplantation versus traditional chemotherapy (six 

courses of CHOP-21 plus alemtuzumab). Patients were ran-

domized to either CHOP-21 + alemtuzumab for two cycles, 

followed by HyperCHidam (high-dose methotrexate, cyclo-

phosphamide, and high-dose cytarabine) for two cycles, and 

in the end, patients either underwent transplant or received 

CHOP-21 + alemtuzumab for six cycles. Patients who were 

60 years-old or younger were stratified to the transplant arm 

while patients older than 60 and younger than 75 years-old 

were stratified to the traditional chemotherapy arm. After 

a median follow-up of 40 months, the 4-year OS was 49% 

for the transplant arm versus 31% in the traditional chemo-

therapy arm. The authors concluded that first-line allogeneic 

or autologous stem cell transplantation is effective in the 

younger population in terms of clinical outcomes.8 Small 

sample populations and including multiple subtypes of 

PTCL limit the ability to draw definitive conclusions when 

determining the efficacy of stem cell transplantation.

Resistance to chemotherapy treatment for PTCL can 

occur through the overexpression of P-glycoprotein, a mul-

tidrug resistance protein that is often expressed in T-cell 

lymphoma, specifically in natural killer/T lymphoma.9 This 

can increase lymphoma cells’ resistance to medications, 

further compounding chemotherapy’s futile application in the 

treatment of PTCL.10 Extensive research has been conducted 

to evaluate treatment options for relapsed/refractory disease. 

Novel therapeutic options that have been evaluated include 

gemcitabine, pralatrexate, allogeneic stem cell transplanta-

tion, monoclonal antibodies, and the histone deacetylase 

(HDAC) inhibitors (HDACi).11 In this review, we discuss the 

role of HDACi in T-cell lymphoma.

HDAC expression in lymphoma
HDACs are overexpressed in several tumor types and may 

play a pivotal role in tumor growth via transcriptional repres-

sion of tumor suppressor genes. The expression of HDAC1, 

HDAC2, HDAC6, and acetylated H4 was evaluated using 

immunohistochemical staining in 76 patients with lymphoma 

(31 diffuse large B-cell lymphoma and 45 PTCL). HDAC1 

was expressed significantly higher in PTCL than in DLBCL, 

suggesting a probable mechanism of tumor suppression and 

sensitivity to HDACi in T-cell lymphoma.12 In a study of 

73 patients with cutaneous T-cell lymphoma (CTCL), it was 

noted that HDAC1 and HDAC2 were abundantly expressed, 

followed by HDAC6 and H4 acetylation.13

HDACi in T-cell lymphoma
HDACi play a crucial role in the acetylation and deacety-

lation of histones and exert their action through removing 

acetyl groups from histones. The deacetylation of histones 

results in a more condensed chromatin structure, which 

causes transcriptional deactivation. Transcriptional deac-

tivation allows undifferentiated growth and cell prolifera-

tion (Figure 1). Chromatin is found in the nucleus of many 

eukaryotic cells and is composed of DNA and proteins. 

A major function of chromatin is to protect DNA from 

damage. Histones are a major protein that comprise chro-

matin, and there has been increased interest over the past 

decade in the aberrant process of histone modifications, 

specifically histone acetylation. Levels of acetylation are 

balanced by histone acetyl-transferase and HDAC, and 

this balance plays a role in gene transcription/regulation as 

well as DNA repair. HDAC exerts its activity by removing 

acetyl groups from lysine located on histones, causing a 

more compact chromatin. This formation causes transcrip-

tional gene silencing, resulting in increased potential for 
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Figure 1 Pharmacology of histone deacetylase (HDAC) inhibitors.
Note: Belinostat allows hyperacetylation of suppressed genes, resulting in cell growth and/or apoptosis in malignant cells.

unregulated cell proliferation. There are approximately 

18 different HDACs categorized into four classes, where 

HDACi inhibit class I and II. Class I HDACs regulate cell 

proliferation, while class II suppress apoptosis in malignant 

cells.14 Through this inhibition, HDACi exert its antine-

oplastic activity by allowing hyperacetylation of suppressed 

genes, resulting in cell growth arrest and/or apoptosis in 

malignant cells.15 A more comprehensive explanation of this 

mechanism of action has been described previously.16

There are three drugs that have received approval by 

the US Food and Drug Administration (FDA) in lymphoma 

(Table 1).

A previous Phase II clinical trial evaluated patients with 

refractory PTCL who were treated with romidepsin. There 

were 47 patients included in this investigation who had a 

median of three prior treatments. The overall response rate 

(ORR) was 38%, and eight patients had a complete response 

to therapy. The median duration of response was 8.9 months 

with a range from 2–74 months.17

Vorinostat is an organic hydroxamic acid that inhibits 

both class I and II HDAC proteins. In a single arm, Phase II, 

multicenter trial in patients with relapsed/refractory CTCL, 

vorinostat demonstrated an ORR of 29.7%, with duration of 

response that lasted 6 months.18 Panobinostat, another oral 

HDACi, has been evaluated in patients with CTCL, with a 

response rate of 12.5%.19

Belinostat is a novel HDACi that is currently being evalu-

ated in Phase II trials in patients with relapsed or refractory 

PTCL. It has also been evaluated in a number of other malig-

nancies including ovarian and other solid tumor cancers.20 

The FDA recently granted approval for this medication, 

which was determined based upon results from the single 

arm, Phase II, BELIEF study. This medication is available 

for intravenous administration only.21 To date, there are 

three FDA-approved HDACi for T-cell lymphoma (two for 

relapsed CTCL and one for relapsed PTCL)

Preclinical and Phase I studies
The pharmacokinetic profile of belinostat has previously 

been investigated in dogs and rats. Two-compartment kinetics 

with rapid distribution was found with both intravenous and 

oral administration. The elimination half-life was 1–2 hours, 

and bioavailability was noted to be roughly 30% in dogs. 

Metabolism was rapid, and metabolites were mainly excreted 

through bile and/or feces.29

A Phase I pharmacokinetic and pharmacodynamic trial 

was conducted in humans with advanced solid tumors. 

Elimination half-life ranged from 0.3–1.3 hours, and dose had 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2014:7submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1974

Bodiford et al

no effect on this pharmacokinetic parameter. Low amounts 

(0.2%–2% of total administered dose) of parent drug were 

seen after elimination.

The pharmacokinetics of belinostat was also evaluated in 

17 patients with hepatocellular carcinoma. Doses ranged from 

600–1,400 mg/m2. The primary objective was to determine the 

major metabolic pathway for belinostat, and the authors hypoth-

esized that glucuronidation would prove to be the main pathway 

since this was observed with other HDACi. Five metabolites 

were found, and the primary metabolite was belinostat-G. The 

authors confirmed that glucuronidation is the primary metabolic 

pathway. Two other minor pathways were found: methylation 

and reduction of a hydroxamic group on belinostat.

The maximum tolerated dose (MTD) was determined in 

a Phase I study in patients with solid tumors. The dose range 

was 150–1,200 mg/m2/day, and this was given intravenously 

over 30 minutes in 46 patients. Patients received this agent on 

days 1–5 on a 21-day cycle. Dose-limiting toxicities included 

fatigue, nausea, vomiting, diarrhea, and atrial fibrillation, 

and the MTD was set as 1,000 mg/m2/day.14 The impact of 

targeting H4 acetylation was specifically evaluated in patients 

with advanced solid tumors. Hyperacetylation of H4 was seen 

after each infusion, and this effect persisted for 4–24 hours. 

The dose did have an effect on how long hyperacetylation 

lasted, where increased acetylation returned to baseline lev-

els 2 hours after infusion was complete. When higher doses 

were administered, this effect could last as long as 24 hours 

after infusion. This dose-related effect seemed to plateau 

at 900 mg/m2.30 A parallel Phase I study in patients with 

advanced hematological malignancies determined a recom-

mended dose of 1,000 mg/m2/day, days 1–5 in a 21 day cycle 

for Phase II studies.31

The feasibility of oral administration, and most importantly 

the pharmacokinetic profile of oral belinostat, was evalu-

ated in a range of varying doses and schedules. A dose of 

1,000 mg/m2 twice daily for 5 consecutive days was well toler-

ated and prolonged the drug exposure to the intended target.32 

In patients with advanced solid tumors, a continuous dosing of 

250 mg daily or twice daily was tolerated.33 In another dosing 

schedule in patients with advanced lymphoma, an oral dose of 

1,250 mg daily on days 1–14 every 3 weeks was safe and also 

effective as noted by tumor shrinkage in patients with mantle 

cell and Hodgkin lymphoma.34 The optimal dose and schedule 

of oral administration, however, has not been established.

The majority of pharmacodynamics analyses have been 

conducted to describe the effect of belinostat on the acetyla-

tion of histones 3 and 4 (H3 and H4). Plumb et al35 assessed 

the acetylation activity of both of these histones after belinos-

tat exposure. An obvious increase in the level of acetylation 

was seen both in vivo and in vitro. Growth inhibition and 

apoptosis of the malignant cells were associated with these 

increased levels of acetylation, and no noticeable toxicity 

was seen in mice.

Clinical efficacy
In 2009, Pohlman et al27 evaluated efficacy and safety of 

belinostat in patients with either CTCL or PTCL. There 

were 20 patients with PTCL included in this analysis. 

A 25% response rate was observed with two complete 

responses and three partial responses in patients with PTCL. 

The median duration of response was 159 days; a few were 

durable responses that lasted greater than 504 days by the 

end of the observation period. Stable disease was seen in 

five patients.

Table 1 Histone deacetylase inhibitors in lymphoma

Medication Route  
of administration

HDAC classes 
inhibited22

Indications Response rates Side effects

Romidepsin 
(FDA approved)

intravenous Class I  
(slight inhibition  
of class II)

Cutaneous T-cell  
lymphoma 
Peripheral T-cell  
lymphoma

ORR: 34%–35%23 
 
ORR: 25%– 38%17,24

Nausea, increased risk 
for infection, fatigue, 
thrombocytopenia, QTc 
prolongation (rare)17

vorinostat 
(FDA approved)

Oral Class I and II Cutaneous T-cell  
lymphoma 
Follicular lymphoma

ORR: 24.2%– 36%18,25 
 
ORR: 35%23

Diarrhea, fatigue, nausea, 
anorexia, thrombocytopenia, 
and anemia18,25

Panobinostat 
(under evaluation)

Oral Class I, II, and IV Cutaneous T-cell  
lymphoma 
Hodgkin lymphoma

ORR: 20%23 
 
ORR: 22%– 24%23

Anorexia, nausea, fatigue, 
diarrhea, thrombocytopenia, 
and anemia26

Belinostat 
(FDA approved)

intravenous Pan-inhibitor Cutaneous T-cell  
lymphoma 
Peripheral T-cell  
lymphoma

ORR: 14%27 
 
ORR: 26%28

Nausea, vomiting, lethargy, 
fatigue, constipation, 
flushing, and diarrhea27,28

Abbreviations: FDA, US Food and Drug Administration; HDAC, histone deacetylase; ORR, overall response rate; QTc, corrected QT interval. 
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Belinostat demonstrated clinical benefit for patients with 

refractory or relapsed PTCL in a recent Phase II clinical 

trial, the BELIEF trial.36 The evidence available for its use 

in PTCL is mostly limited to this analysis. This was a single-

arm study in which patients with PTCL who had failed at 

least one prior treatment were eligible for enrollment. The 

primary study objective was to assess the safety and efficacy 

of single-agent belinostat in refractory or relapsed PTCL. 

Inclusion criteria included platelet counts of 50,000/µL 

or greater, no prior HDACi therapy, and no relapse within 

100 days of autologous or allogeneic bone marrow transplant. 

The primary endpoint was the ORR and secondary endpoints 

were safety, time to response, progression-free survival, dura-

tion of response, and OS. Response by PTCL subtype was 

also evaluated. Belinostat 1,000 mg/m2 was administered as 

a 30-minute intravenous infusion on days 1–5 of a 21-day 

cycle until disease progression or unacceptable toxicity. 

There were 129 patients with relapsed or refractory PTCL 

who received belinostat for a median of two cycles (range 

1–33). The population was predominantly male (53%), and 

the median age was 63 years-old. The majority of patients 

received CHOP/CHOP-like regimens prior to enrollment 

(96%), and the median number of systemic therapies was 

two. A smaller proportion (23%) of patients had previously 

undergone stem-cell transplantation prior to enrollment. After 

confirmation of PTCL by central pathology review, there 

were 120 patients who were eligible for evaluation. Seven 

patients died prior to first radiologic assessment, ten had 

clinical progression, five withdrew from the trial, and one 

was lost to follow up. Twenty-six percent of the remaining 

patients demonstrated an ORR with 11% having a complete 

response and 15% a partial response. Stable disease was 

seen in 15% while 40% had progressive disease. In terms of 

the three most common subtypes, ORR was seen in 23% of 

patients with PTCL-NOS (n=77), 46% in AITL (n=22), and 

15% in ALCL, ALK-negative (n=13) (0% in ALK-positive 

[n=2]). Secondary outcomes are detailed in Table 2. The 

authors concluded that belinostat can be a novel therapeutic 

option for patients with low bone marrow reserve and/or 

thrombocytopenia. Belinostat also demonstrated a possible 

therapeutic advantage in patients with AITL with a greater 

ORR and a median progression-free survival of 4.2 months 

versus 1.6 months seen in all subtypes.27

Safety
The safety profile of belinostat has been previously investi-

gated in a Phase I clinical trial. Groups of three to six patients 

with advanced solid tumors were enrolled sequentially into 

escalating dose steps. The dose was increased in 100% 

increments until grade 2 toxicities were noted. After this, 

a sequential dose increase occurred such that the dose was 

increased by 50% until grade 3 toxicities were observed, and 

then 33% thereafter. National Cancer Institute’s Common 

Terminology Criteria for Adverse Events, version 3.0 was 

utilized to grade toxicities. The most common adverse 

events (occurred in $15% of patients) were nausea, vomit-

ing, lethargy, fatigue, constipation, flushing, and diarrhea. 

There were no hematological or grade 4 adverse reactions 

observed at any dosing regimen. The MTD was found to be 

1,000 mg/m2.30,31

Safety analysis conducted by Pohlman et al27 showed a 

small subset of the patient population experienced hemato-

logical toxicities. One had grade 3 neutropenia, one had grade 

3 thrombocytopenia, and none had grade 4 hematological 

adverse reaction. There were only four grade 3/4 adverse 

events reported, which included pruritus, rash/erythema, 

edema, and paralytic ileus. The authors concluded that 

belinostat was generally well tolerated in patients with either 

CTCL or PTCL.

The largest safety analysis of belinostat to date was con-

ducted in the BELIEF trial. There were 120 patients available 

for analysis who had PTCL confirmed by central pathology 

review. The most common grade 3/4 adverse events included 

thrombocytopenia and neutropenia, which occurred in 13% 

of patients, respectively. Other common grade 3/4 adverse 

events were anemia (10%), dyspnea (6%), pneumonia (6%), 

and fatigue (5%). The authors concluded that belinostat 

was well tolerated in patients with platelet counts below 

100,000/µL, demonstrating a possible therapeutic benefit 

for this medication. Progressive disease in 64% of patients 

was the major cause for drug discontinuation. Other causes 

included death (11%), request by patient (8%), adverse events 

(7%), and other (4%).28

Current implications
Belinostat has been included in the National Comprehensive 

Cancer Network guidelines as second line therapy for patients 

with relapsed PTCL and may be considered to obtain a remis-

sion prior to stem cell transplantation.36

Table 2 Clinical outcomes of patients treated with belinostat

Secondary outcomes All patients (n=120)

Median time to response 5.6 weeks (5.6–6.4 weeks)
Median progression-free survival 1.6 months (1.3–1.8 months)
Median overall survival 7.9 months (4.3–9.2 months)
Median duration of response 13.6 months (4.1–13.6 months)
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There are several Phase II single agent studies evaluat-

ing the role of a variety of agents in different classes such 

as immunomodulators, other HDACi, nucleoside analogs, 

monoclonal antibodies, or fusion proteins in relapsed PTCL. 

Current data does not support a specific recommendation in 

sequencing these agents after failure of frontline therapy. 

The toxicity profile of the individual drugs may guide 

the preferential use of one agent over the other. Another 

consideration is the dosing schedule of these agents that 

may depend on patient convenience. The treating physi-

cian should also consider the subtype of lymphoma while 

 recommending  treatment. Not all subtypes of T-lymphoma 

have been included in the various studies. Most of the studies 

were conducted in small Phase II studies and do not include 

all subtypes of lymphoma. Subgroup analysis of these small 

studies may not be a fair comparison; however, they may hint 

toward initial selection of therapy.

Future directions
Relapsed PTCL has historically carried a very poor prog-

nosis, with few therapeutic options. To date, belinostat 

monotherapy has been evaluated in relapsed/refractory 

PTCL with promising results. Future evaluations should be 

directed at determining the efficacy of combination regimens 

that include belinostat. Enrollment is currently ongoing in 

a clinical trial that evaluates the use of belinostat in com-

bination with CHOP (BelCHOP) for treatment of PTCL 

(NCT01839097). Other combinations include belinostat with 

paclitaxel and carboplatin and belinostat with bortezomib 

(NCT01310244; NCT01075425). Outside of PTCL, oral 

belinostat is being evaluated for its use in solid tumor malig-

nancies, and this could represent more opportunities for this 

medication. Belinostat’s efficacy is being evaluated for use 

in refractory acute leukemia, myelodysplastic syndrome, 

and nonsmall-cell lung cancer. As a single agent, this novel 

pan-HDACi could possibly represent a breakthrough in the 

treatment of PTCL among other malignancies. Given its 

modest efficacy as a single agent, combination therapies with 

other chemotherapeutic or targeted agents that demonstrate 

efficacy and tolerability would be considered an attractive 

strategy in patients with PTCL.

Disclosure
The authors report no conflicts of interest in this work.
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