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A B S T R A C T   

Cancer progression is strongly affected by epigenetic events in addition to genetic modifications. One of the key 
elements in the epigenetic control of gene expression is histone modification through acetylation, which is 
regulated by the synergy between histone acetyltransferases (HATs) and histone deacetylases (HDACs). HDACs 
are thought to offer considerable potential for the development of anticancer medications, particularly when 
used in conjunction with other anticancer medications and/or radiotherapy. Belinostat (Beleodaq, PXD101) is a 
pan-HDAC unsaturated hydroxamate inhibitor with a sulfonamide group that has been approved by the U.S. 
Food and Drug Administration (FDA) for the treatment of refractory or relapsed peripheral T-cell lymphoma 
(PTCL) and solid malignancies or and other hematological tissues. This drug modifies histones and epigenetic 
pathways. Because HDAC and HAT imbalance can lead to downregulation of regulatory genes, resulting in 
tumorigenesis. Inhibition of HDACs by belinostat indirectly promotes anti-cancer therapeutic effect by provoking 
acetylated histone accumulation, re-establishing normal gene expressions in cancer cells and stimulating other 
routes such as the immune response, p27 signaling cascades, caspase 3 activation, nuclear protein poly (ADP- 
ribose) polymerase-1 (PARP-1) degradation, cyclin A (G2/M phase), cyclin E1 (G1/S phase) and other events. In 
addition, belinostat has already been discovered to increase p21WAF1 in a number of cell lines (melanoma, 
prostate, breast, lung, colon, and ovary). This cyclin-dependent kinase inhibitor actually has a role in processes 
that cause cell cycle arrest and apoptosis. Belinostat’s clinical effectiveness, comprising Phase I and II studies 
within the areas of solid and hematological cancers, has been evidenced through several investigative trials that 
have supported its potential to be a valuable anti-cancer drug. The purpose of this research was to provide insight 
on the specific molecular processes through which belinostat inhibits HDAC. The ability to investigate new 
therapeutic options employing targeted therapy and acquire a deeper understanding of cancer cell abnormalities 
may result from a better understanding of these particular routes.   
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1. Introduction 

Epigenetic modifications contribute to the expression of DNA, 
microRNAs and, histone modifications which alter gene transcription 
and cellular behavior. The prevalence of aberrant epigenetic modifica-
tions that lead to many diseases increases with age. The expression of 
genetic variations consequently leads to a number of disorders, most 
notably cancer [1,2]. Numerous hematologic malignancies, including 
Hodgkin’s lymphoma, myelofibrosis, acute myelogenous leukemia 
(AML), and peripheral T-cell lymphoma (PTCL), exhibit increased levels 
of histone deacetylating enzymes; inhibition of these enzymes can arrest 
cell proliferation and induce cell apoptosis [3]. Histone deacetylases 
(HDACs) are a class of epigenetic enzymes that are important for epi-
genetics, chromatin biology, histone alterations, and transcriptional 
control [4]. By removing the acetyl group from histone and non-histone 
proteins, HDACs modulate the expression of target genes, leading to 
transcriptional inactivity in chromatin [5]. Additionally, they are 
necessary for preserving a dynamic homeostasis between protein acet-
ylation and other post-translational modifications[6]. HDAC inhibitors 
(HDACis) decrease angiogenesis, promote cell differentiation and cell 
death in cancer cells, halt the cell cycle, and regulate the immune system 
function. The processes through which HDAC inhibitors exert their 
anticancer effects vary depending on the doses, the HDAC inhibitors, 
and the form of tumor, etc. HDACis are considered interesting candidates 
for anticancer drug development, especially when used in combination 
with other anticancer drugs or/and radiotherapy [7]. The U.S. Food and 
Drug Administration (FDA) has approved belinostat, an unsaturated 
hydroxamate (Fig. 1) pan-HDAC inhibitor with a sulfonamide compo-
nent, for the treatment of refractory or relapsed PTCL and solid malig-
nancies. This drug modifies histone and epigenetic pathways [8]. It 
promotes histone acetylation by exhibiting class I and II HDAC enzyme 
action. HDAC inhibition is achieved by binding the inhibitor specifically 
to the catalytic site of the enzyme [9]. Apoptosis, cell cycle arrest, and 
decreased proliferation of cancer cells are the results of this event. By 
altering the microtubule dynamics of the cell and stimulating cell death, 
belinostat enhances the levels of non-histone protein acetylation as well 
as histone acetylation. Belinostat has a favorable safety profile and does 
not cause bone marrow toxicity when used in combination with other 
chemotherapy drugs [1]. Furthermore, belinostat indirectly promotes 
anti-cancer therapeutic effect by provoking acetylated histone accu-
mulation, re-establishing normal gene expressions in cancer cells and 
stimulating other routes such as the immune response, p27 signaling 
cascades, changes in expression of cell cycle regulatory proteins’ sur-
vivin, caspase 3 activation, nuclear protein poly (ADP-ribose) 
polymerase-1 (PARP-1) degradation, cyclin A (G2/M phase), cyclin E1 
(G1/S phase) and other signaling pathways [10–12]. 

Moreover, belinostat has already been discovered to stimulate 
p21WAF1 in a number of cell lines (melanoma, prostate, breast, lung, 
colon, and ovary). This cyclin-dependent kinase inhibitor actually has a 
role in processes that cause cell cycle arrest and apoptosis [13]. This 
compound did not cause the differentiation of leukemic cells into 
granulocytic forms on its own, but when combined with all-trans reti-
noic acid (ATRA), it promoted HL-60 and NB4 cell differentiation [14]. 
Depending on the dose administered, belinostat induced active 
chromatin-specific acetylation of histones H3K9 and H3K16 and 
hyperacetylation of histone H4 [12]. On the other hand, the clinical 
effectiveness including phase I and II clinical trials in solid and 

hematological cancers of belinostat has been demonstrated by several 
research studies which have proven its application as a powerful anti-
cancer drug. The purpose of this investigation was to highlight the 
precise molecular mechanisms involved in the inhibition of HDAC by 
belinostat. Understanding in more detail such specific pathways may 
greatly contribute to the better comprehension of cancer cell disorders 
and may open the opportunity to explore new therapeutic strategies 
through targeted therapy. 

2. Research methodology 

In this study, a comprehensive bibliometric search was performed to 
gather information on belinostat. Specifically, studies investigating the 
anticancer mechanisms and clinical efficacy of belinostat were consulted 
using a range of reputable databases, including ScienceDirect, Springer, 
Scopus, Google Scholar, PubMed, and others. The search was conducted 
using relevant keywords such as belinostat, anticancer effect of belino-
stat, anticancer mechanism of belinostat, clinical efficacy of belinostat, 
and so on, to ensure the search results were relevant and comprehensive. 
The data was organized into tables, then analyzed and discussed 
chronologically. 

3. Clinical investigations 

The clinical effectiveness of belinostat has been demonstrated by 
several research studies which have proven its application as a powerful 
anticancer drug. In the following section, we will discuss the clinical 
effectiveness of belinostat in chronological order of its development.  
Table 1 summarizes all studies that have clinically investigated the 
anticancer effects of belinostat. 

Even before its approval by the FDA on July 3, 2014 for clinical 
treatment [28], the anticancer effect of belinostat was investigated by 
Gimsing et al. [15] for the treatment of subjects with advanced hema-
tological neoplasia by determining its tolerance via maximum tolerated 
dose (MTD). To do this, the authors chose a 21-day cycle to infuse 
different doses of belinostat (600, 900 and 1000 mg/m2/day) to pa-
tients. In addition, in patients with multiple myeloma, adverse effects 
related to renal failure have occurred, prompting more attention in the 
treatment of these patients with belinostat. In general, this HDACi pre-
sented an acceptable safety profile with an MTD value of 
1000 mg/m2/day, which could be recommended for phase II trials in the 
treatment of hematological neoplasms. This good tolerance was 
confirmed in the same year in a phase I study adopting the same 
experimental design for the treatment of forty-six advanced solid tumors 
(ASTs) patients [16]. Despite the recording of dose-limiting toxicities 
(DLTs) in some patients (nausea/vomiting, diarrhea associated with 
fatigue, and atrial fibrillation), the results of this study showed that 
belinostat treatments at different doses exhibit promising anticancer 
activity and dose-dependent pharmacodynamic and pharmacokinetic 
effects with an MTD of 1000 mg/m2/day. Indeed, administration of this 
dose stabilized the disease in 50 % of treated patients with increased IL-6 
levels, hyperacetylation of histone H4, and caspase-cleaved cytoker-
atin-18 (CK-18). From these two studies and the mechanisms of action 
already demonstrated, the clinical development of belinostat in phase II 
studies is evident, which was achieved two years later in women with 
platinum-resistant (PR) epithelial ovarian tumors (EOTs) and micro-
papillary/borderline (LMP) OTs [17]. These cancers are rarely investi-
gated in clinical trials and are inherently resistant to chemotherapy and 
radiotherapy with a poor prognosis. Therefore, administration of beli-
nostat (1000 mg/m2/day) was well tolerated with antitumor activity 
without grade 4 toxicity. 

To further assess the response rate of this molecule, Giaccone et al. 
[18] administered a dose of 1 g/m2 to patients with thymic epithelial 
tumors (TETs) in a phase II study. Treatment was stopped until intol-
erance appeared. In addition to the good treatment tolerance in patients 
with thymoma, a modest antitumor effect was observed with a high Fig. 1. Chemical structure of belinostat.  
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stabilizing activity and certain adverse effects, in particular fatigue, 
vomiting, and nausea. 

On the other hand, in patients with unresectable hepatocellular 
carcinoma (HCC) and chronic hepatic disease, the efficacy of belinostat 
was also evaluated in a phase I/II multicentre study, by determining the 
DLT and MTD and pharmacokinetic activity [19]. For phase I (18 pa-
tients), doses of 600, 900, 1200, and 1400 mg/m2/day (i.v.) were given 
on days 1–5 every 21 days, while for phase II (42 patients), 
progression-free survival (PFS) was the major endpoint. Therefore, 
linear pharmacokinetics were obtained for doses between 600 and 
1400 mg/m2. However, even at the maximum dose, the MTD was not 
reached. Interestingly, tumor stabilization was noted following this 
treatment with belinostat, which was well tolerated. 

Given the positive results already obtained against TETs in the work 
carried out by [18], a later phase I/II trial reassessed the effect of 
administering belinostat alone and combined with three anticancer 
agents, namely cyclophosphamide, doxorubicin, and cisplatin [20]. This 
assessment was performed by determining pharmacokinetics, MTD, 
safety, antitumor activity, biomarkers of response, and objective 
response rate (ORR). Authors showed that the administration of HDACi 
alone or in combination with other chemotherapeutics at different 
concentrations has immunomodulatory effects on TIM3+ CD8+ T cells 
and regulatory T cells (Treg). They further showed that this association 
is feasible and active in TET therapy, but without any ameliorating effect 
on ORR. 

This endpoint was also the primary one in a phase II trial performed 
by Foss et al. [21] in subjects with cutaneous T-cell lymphoma (CTCL) or 
peripheral TCL (PTCL). All of these patients failed prior systemic ther-
apy, while they were treated with a 1 g/m2 (i.v.) dose of belinostat for a 
21-day cycle. The results showed significant clinical activity of this 
agent with a good safety profile and ORR values of 14 % and 25 % for 
patients with CTCL and PTCL, respectively. Another phase II study 
confirmed this activity in the treatment of PTCL also using ORR as the 
primary endpoint [22]. Indeed, the same dose of belinostat 
(1 g/m2/day) was administered in infusions (of 30 min) on days 1–5 
every 3 weeks to subjects with relapsed/refractory PTCL. Therefore, 
regardless of the type or number of prior treatments, this monotherapy 
resulted in durable and complete responses with an acceptable toxicity 
profile. Based on these results, the FDA approved belinostat for rela-
psed/refractory PTCL therapy. 

On the other hand, given the good outcomes obtained following 
treatments with belinostat as a single agent, its combination with other 
compounds will further improve its clinical efficacy in cancer therapy. 
This was investigated by Agarwal and colleagues in phase I clinical trial 
in 18 patients receiving intravenously belinostat (1000 mg/m2) for days 

Table 1 
Clinical investigations of belinostat.  

Methods Clinical 
phases 

Key findings References 

Patients with hematologic 
neoplasia 
30-min (i.v.) on days 1–5 
of a 3 week cycle 
600, 900, and 1000 mg/ 
m2/day 

Phase I Well tolerated treatment 
Maximum tolerated dose 
(MTD) = 1000 mg/m2/ 
day 

[15] 

Refractory AST patients 
30-min (i.v.) on days 1–5 
of a 3-week cycle 

Phase I Induced promising 
antitumor activity 
Exhibited dose-dependent 
pharmacodynamic effects 
Well tolerated treatment 
MTD = 1000 mg/m2/day 

[16] 

Epithelial ovarian cancer 
(EOC) women 
Micropapillary/ 
borderline (LMP) 
ovarian tumors women 
1000 mg/m2/d (i.v.) on 
days 1–5 of a 3 week 
cycle 

Phase II Induced antitumor 
activity in patients with 
LMP 
Well tolerated treatment 

[17] 

Patients with thymic 
epithelial tumors (TETs), 
recurrent or refractory 
1 g/m2 (i.v.) on days 1–5 
of a 3 week cycle 

Phase II Induced modest antitumor 
activity 
Well tolerated treatment 

[18] 

Patients with unresectable 
hepatocellular 
carcinoma (HCC) and 
chronic liver disease 
Administered (i.v.) 
once/day on days 1–5 
every 3 weeks 
600, 900, 1200, and 
1400 mg/m2 per day 

Phase I/ 
II 

Maximum dose did not 
induce MTD 
Progression-free survival 
(PFS) = 2.64 months 
Produced tumor 
stabilization 
Well tolerated treatment 

[19] 

Advanced, unresectable 
TET patients 
Belinostat (1000 and 
2000 mg/m2), cisplatin 
(50 mg/m2 on day 2), 
doxorubicin (25 mg/m2 

on days 2 and 3), and 
cyclophosphamide 
(500 mg/m2 on day 3) 

Phase I/ 
II 

The combination of 
belinostat with 
doxorubicin, cisplatin, 
and cyclophosphamide is 
feasible and active in TETs 

[20] 

Subjects with peripheral T- 
cell lymphoma (PTCL) 
Subjects with cutaneous 
TCL (CTCL) 

Phase II Effective and tolerated 
treatment 
77% of patients showed 
treatment-related adverse 
events 

[21] 

Patients with PTCLs 
1000 mg/m2 as daily 30- 
minute infusions on days 
1–5 of a 21-day cycle 

Phase II Produced durable and 
complete responses 
Induced manageable 
toxicity 

[22] 

Patients receiving warfarin 
(5 mg) and belinostat 
(1000 mg/m2) orally 

Phase I No significant effect on 
the pharmacodynamics 
and pharmacokinetics of 
warfarin 

[23] 

Soft tissue sarcomas (STS) 
patients 
A 30-minute (i.v.) 
administration of 
belinostat on days 1–5 
and on day 5 with 
doxorubicin (Dox) 
Cohort 1: 600 mg/m2 

belinostat and 50 mg/m2 

Dox 
Cohort 2: 600 mg/m2 

belinostat and 75 mg/m2 

Dox 
Cohort 3: 800 mg/m2 

belinostat and 75 mg/m2 

Dox 
Cohort 4: 1000 mg/m2 

Phase I/ 
II 

MTD = Belinostat 
1000 mg/m2/day and Dox 
75 mg/m2 

Well tolerated 
combination 
Moderate response rate 
Median time to 
progression (6.0 months) 

[24]  

Table 1 (continued ) 

Methods Clinical 
phases 

Key findings References 

belinostat and 75 mg/m2 

Dox 
Advanced solid tumors 

(ASTs) patients 
Belinostat (1000 mg/ 
m2) administered on 
days 1–5, every 3 weeks 
13-cis-retinoic acid 
(50–100 mg/m2/d) 

Phase I Treatment with belinostat 
(2000 mg/m days 1–5) 
+ 13-cis-retinoic acid 
(100 mg/m days 1–14), 
every 3 weeks, was 
tolerated 

[25] 

Patients with AST and 
various degrees of 
hepatic dysfunction 
1000 mg/m2/day 

Phase I Well tolerated treatment [26] 

13 patients receiving 
temozolomide and 
radiotherapy (RT) 
500–750 mg/m2 1 × / 
d × 5 days every 3 weeks  

Induced better in-field 
control 
The median overall 
survival (OS) = 18.5 
months for the belinostat 
cohort 

[27]  
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1–5, every 3 weeks and orally warfarin 5 mg (days 14 and 3), a drug 
widely used as an anticoagulant [23]. Consequently, belinostat showed 
no impact on the pharmacodynamics or pharmacokinetics of warfarin. 
This suggests that this drug interaction (belinostat/warfarin) has no 
clinically significant antitumor effect. However, a combination therapy 
performed in the same year showed promising results in the treatment of 
soft tissue sarcomas (STS) patients [24]. This combination was achieved 
by administering belinostat and doxorubicin as a 30-min infusion (days 
1–5 and day 5, respectively), in a diversified dose-escalation schedule 
with the objective of determining DLT and MTD in solid tumors (25 
patients in phase I) as well as ORR in STS (16 patients in phase II). This 
combination showed some adverse events (nausea, fatigue, and alope-
cia), grade 3 rash (DLT), and moderate ORR with MTD values of 
1000 mg/m2/day and 75 mg/m2 for belinostat and doxorubicin, 
respectively. Importantly, the PFS following this treatment was 6.0 
months, which was superior to some investigations of doxorubicin 
monotherapy against STS [29,30]. Taken together, the belinostat/dox-
orubicin association was well tolerated. 

Another combination was evaluated between belinostat and 13-cis- 
retinoic acid at different concentrations in a phase I trial in the treatment 
of patients with ASTs. Clinical reports indicate that HDACis enhance 
signaling of this acid in the treatment of certain solid tumors [31]. The 
results showed that despite the doubling of the MTD value of belinostat 
monotherapy, the MTD was not achieved in the combined treatment. 
Concerning DLTs, the combination of belinostat (1.7 g/m2/day) with 
13-cis-retinoic acid (0.1 g/m2/day) caused hypoxia, dizziness, and grade 
3 hypersensitivity, whereas at doses of 2 and 0.1 g/m2/d, respectively, 
this combination caused a grade 3 allergic reaction. Additionally, the 
combination belinostat (2 g/m2/day)/13-cis-retinoic acid 
(0.1 g/m2/day) days 1–5 and days 1–14, respectively every 3 weeks, was 
well tolerated. 

This high tolerance to belinostat treatment with no relationship be-
tween toxicity and belinostat treatment, as a single compound, was 
recorded in the work of [26] for the treatment of AST patients and 
different levels of liver dysfunction. 

Very recently, a pilot study was carried out to evaluate for the first 
time the efficacy of this HDACi with radiotherapy (RT) against glio-
blastoma (GBM) known for its poor prognosis and high aggressiveness 
[27]. The choice of belinostat is based primarily on its high ability to 
cross the blood-brain barrier. To do this, patients with glioblastoma 
received a regimen of belinostat (500–750 mg/m2/day, days 1–5, every 
3 weeks) along with temozolomide and RT (weeks 0, 3, and 6). Hence, 
administration of belinostat with standard treatment (RT/temozolo-
mide) was found to be harmless with a radio-sensitizing effect leading to 
improved anti-GBM results and strong potential to delay recurrence 
volumes, especially in regions receiving 60 Gy, offering this HDACi as a 
highly synergistic therapeutic compound for the treatment of patients 
with glioblastoma. 

From the clinical outcomes of all the trials discussed above, it can be 
inferred that belinostat as a single agent or combined with other ther-
apeutic compounds or standard treatments (RT/chemotherapy) could 
stabilize the disease in many patients with different tumor types and 
further improve the clinical efficacy of standard treatments with a 
largely tolerable toxicity profile. 

4. Mechanisms of action underling clinical efficiency of 
belinostat 

The anticancer potential of this HDAC inhibitor has been investi-
gated in human bladder cancer cells (in vitro) (Table 2) and in an animal 
model of bladder cancer (in vivo) (Table 3) [32]. This type of cancer is a 
complex disease often, if not optimally managed, related to high mor-
tality and morbidity rates. In this study, 5 days per week treatment of 
belinostat (100 mg/kg) in animals for 3 weeks reduced tumor weight 
compared to animals in the control group, which developed at least one 
episode, with induction of an elevated expression of p21WAF1. 

Table 2 
In vitro investigations of Cellular and molecular anticancer mechanisms of 
Belinostat.  

Tumor models Methods Anticancer 
mechanisms 

References 

5637, T24, J82, 
and RT4 
urothelial cell 
lines 

1–5 μM belinostat for 
48 h 

Inhibited bladder 
cancer cell growth 
Induced cell cycle 
arrest 
IC50 ranging from 
1.0 to 10.0 μM 

[32] 

Prostate cancer 
cell lines 
(22Rv1, PC-3, 
LNCaP, and 
DU145) 

Cell cycle analysis 
Immunoblotting 

Inhibited cell 
growth (IC50 <

1.0 μM) 
Increased cell 
percentage and the 
rate of subG1 DNA 
Induced G2/M 
arrest 

[33] 

Human colon 
cancer cell line 
HCT116 

1 and 10 μM belinostat 
2-D gel electrophoresis 
LC-MSMS analysis 

Induced 
hyperacetylation of 
the core histones 
(H2A, H2B, H3, and 
H4) 
Belinostat (1 mM) 
led to cell survival 
(80%) 
Inhibited 
clonogenic cell 
growth of HCT116 
cells 

[40] 

Mantle cell 
lymphoma 
(MCL) (HBL-2, 
Jeko-1, and 
Granta-519) 
lines 

1 nmol/L to 10 μmol/L 
Western blot analysis 
Flow cytometry 

Exhibited 
concentration- 
dependent 
cytotoxicity 
Belinostat 
+ Bortezomib 
induced potent 
mitochondrial 
membrane 
depolarization and 
apoptosis 
Belinostat 
+ Bortezomib 
enhanced 
disruption of Δψm 
in MCL lines 

[34] 

Human pancreatic 
ductal 
adenocarcinoma 
(PDAC) cells 

Immunoblot analysis 
Flow cytometry 

Induced a 
significant dose- 
dependent decrease 
in cell proliferation 
Induced dose 
dependent 
apoptosis 
Enhanced the 
apoptotic effect of 
gemcitabine 
Augmented 
p21Cip1/Waf1 

expression 

[35] 

1 non-tumor 
prostate 
epithelial (PrE) 
cell and 14 PC-a 
cells 

Apoptosis and cell 
cycle analysis 
Western blot analysis 

0.5 ≤ IC50 

≤ 2.5 μM 
Increased histone 
H3 and H4 
acetylation 
Induced G2/M 
arrest 
Increased apoptosis 
percentage 

[36] 

Human 
promyelocytic 
leukemia NB4 
and HL-60 cells 

0.2–0.5–1 μmol/L 
Flow cytometric 
analysis 
Trypan blue exclusion 
test 
Annexin-V and PI 
Western blot analysis 

Inhibited cell 
proliferation 
Induced cell 
apoptosis 
Belinostat 
+ Retinoic acid 
accelerated cell 
differentiation to 

[14] 

(continued on next page) 
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Indeed, belinostat was previously found to induce p21WAF1 in several 
cell lines (melanoma, prostate, breast, lung, colon, and ovary). In fact, 
this cyclin-dependent kinase inhibitor is involved in events inducing cell 
cycle arrest and apoptosis [13]. 

Table 2 (continued ) 

Tumor models Methods Anticancer 
mechanisms 

References 

granulocytes 
Induced acetylation 
of histone H3 and 
H4 
Induced NB4 cell 
death 
Activated caspase 3 
Reduced cyclin A2 
and p27 levels 

Human renal cell 
carcinoma cell 
lines (SN12C 
and TK10) 

MTS assay 
Western blot analysis 
Flow cytometry 

Belinostat + 5- 
Fluorouracil 
inhibited the 
growth of renal 
cancer cells by 
blocking the 
induction of 
thymidylate 
synthase (TS) and 
the induction of 
ROS-induced DNA 
damage 
Belinostat + 5- 
Fluorouracil 
increased cleaved 
caspase-3 and 9 
levels in TK-10 and 
SN12C cells 
Belinostat + 5- 
Fluorouracil 
increased the subG1 

population 

[37] 

Diffuse Large B- 
cell lymphoma 
(DLBCL) cell 
lines 

Flow cytometry 
Western blot analysis 
Immunocytochemistry 
Annexin V/PI assay 

Belinostat 
+ Vincristine 
induced an additive 
cell death 
Belinostat 
+ Paclitaxel 
induced high levels 
of cytotoxicity 
Reduced 
vincristine-induced 
SAC activation and 
effectively induced 
apoptosis 
Inhibited 
microtubule 
polymerization 
Prevented 
vincristine-induced 
formation of 
polyploid cells 

[11] 

Non-small cell 
lung cancer 
(NSCLC) cell 
lines, A549 and 
H2444 

MTS assay 
Annexin V-APC and 
propidium iodide (PI) 
Western blot analysis 

Belinostat 
+ Seliciclib (CDK 
inhibitor) reduced 
cell proliferation 
(IC50 = 3.67 
± 0.80 μM) in p53 
wild-type A549 
cells 
Increased cell 
apoptosis 
Induced cell cycle 
arrest 
Formed cleaved 
caspase-3, PARP, 
and caspase-8 
Belinostat 
+ Seliciclib induced 
formation of 
truncated fragment 
(tBID) and down- 
regulation of anti- 
apoptotic Mcl-1 and 
XIAP 

[41]  

Table 2 (continued ) 

Tumor models Methods Anticancer 
mechanisms 

References 

Human 
glioblastoma 
cell lines LN-229 
and LN-18 

2 μmol/L belinostat for 
48 h 
MTT assay 
Cell morphological 
analysis 
Detection of apoptosis 
Cell cycle analysis 

Induced 70% 
apoptosis in LN-229 
cells 
Induced 28% 
apoptosis in LN-18 
cells 
IC50 = 0.21 μmol/L 
for LN-229 cells 
IC50 = 0.30 μmol/L 
for LN-18 cells 
Up-regulated pro- 
apoptotic genes in 
glioblastoma cells 
At a dose of 2 μmol/ 
L, induced the most 
significant 
suppression of cell 
proliferation 

[42] 

Lung squamous 
cell carcinoma 
cells 

Cell viability assay 
Western blot analysis 
Apoptosis assay 
qRT-PCR 

Down-regulated the 
MAPK pathway 
Induced apoptosis 
Blocked SOS/MAPK 
activation in 
cisplatin-resistant 
cells 
Belinostat 
+ Cisplatin 
inhibited ERK 
phosphorylation 
and exhibited 
strong synergistic 
cytotoxicity 

[43] 

Glucuronidation of 
SN-38 

100 and 200 μmol/L 
LC-MS/MS method 

Inhibited, dose- 
dependently, SN-38 
glucuronidation 
Decreased the 
intrinsic clearance 
Inhibited both 
heterozygous and 
homozygous 
genotypes 

[44] 

MDA-MB-231 
breast cancer 
cells 

Annexin V-FITC 
qRT-PCR 
Western blot analysis 
Wound healing assay 

Belinostat + 17- 
AAG improved 
viability inhibition 
and apoptosis rate 
of breast cancer 
cells 
Belinostat + 17- 
AAG suppressed cell 
migration 
Belinostat + 17- 
AAG enhanced the 
acetylation of 
HSP90 
Decreased mRNA 
expression levels of 
TEA domain family 
proteins 

[45] 

Breast cancer 
MCF-7 
cell line 

XTT assay 
qRT-PCR 

IC50 = 5 μM for 
48 h 
Inhibited cell 
proliferation 
Decreased cancer 
cell number 
Down-regulated 
apoptosis-related 
gene (CASP3, 
CASP9 and P53) 
expression 

[46]  
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Belinostat has demonstrated promising clinical effectiveness through 
its direct inhibition of HDACs. However, the molecular mechanisms 
underlying its anticancer effectiveness are complex and involve several 
secondary events that are dependent on HDAC inhibition. In the 
following section, we discuss the major advancements regarding the 
molecular mechanisms behind belinostat’s anticancer effectiveness. 
Tables 2 and 3 summarizes various research studies conducted in vitro 
and in vivo that investigate the potential mechanisms of belinostat for 
different types of cancer. 

In the case of prostate cancer (PC), ranked the second most diag-
nosed cancer in the world and the sixth deadliest cancer for men [47], 
this molecule inhibited tumor growth in vitro (IC50 < 1.0 μM) and in vivo 
(43%) with a G2/M arrest as well as an increase in the percent of cells 
and the content of subG1 DNA [33]. It can be deduced from these results 
that belinostat inhibits the migration of prostate cancer cells, reduces its 
metastases and the expression of the oncogenic proteins associated 
therewith. The same findings were observed in a subsequent study using 
two models (in vitro and in vivo) of androgen-dependent and 
androgen-independent PC in addition to an increase in acetylation of 
histones H3 and H4 [36]. Indeed, the cell death mechanisms of this 
hydroxamate HDAC inhibitor were G2/M cell cycle arrest, p21 and p27 
expression, caspases-8 and − 9 activity, Bcl-Xl and Bcl2 
down-modulation, p53 acetylation, and survivin and Akt/pAkt reduc-
tion (Fig. 2). Thus, the authors associated this anti-tumor efficacy of 
belinostat with the androgen receptor (AR). 

In order to study the impact of this agent in the treatment of colon 
cancer (CC), Beck et al. [40] adopted the proteomic approach of 
examining the differentially expressed proteome of a cell following drug 
treatment using 2D gel electrophoresis. Therefore, a dose-dependent 
inhibition of HCT116 CC cell line growth was observed with detection 
of 45 proteins, the majority of which are implicated in anti-apoptoic and 
apoptoic phenomena and which are associated with pro-oncogenic 
transcription factors such as AP1 components, p53, and JUN. 

On the other hand, the effectiveness of this substance has been tested 
(in vivo and in vitro) on the growth of pancreatic ductal adenocarcinoma 
(PDAC) cells ([35]. The results showed an inhibition of cell growth in 
both models, an induction of tumor cell apoptosis in a dose-dependent 

manner, a reduction in tumor volume (in vivo), a reinforcement of the 
apoptotic effect of a chemotherapy drug (gemcitabine), and an increase 
in the expression of p21Cip1/Waf1, a major protein involved in the regu-
lation of cell cycle. 

In contrast, anti-leukemic therapy based on epigenetic drugs is little 
investigated. This is why [14] evaluated the activity of belinostat, alone 
or combined with all-trans-retinoic acid (RA), against acute myeloid 
leukemia (AML). Using promyelocytic leukemia cells (NB4 and HL-60), 
the authors recorded cell cycle arrest in G0/G1 or S, PARP-1 degradation, 
and caspase-3 activation with changes in survivin and cyclin A2 and E1 
expression. In addition, this epigenetic drug reduced the expression of 
HDAC1 and HDAC2 as well as that of the components of the core pol-
ycomb repressive complex 2 (PRC2), namely SUZ12 and EZH2, with a 
dose-dependent augmentation in histone (H3 and H4) acetylation. 
Additionally, the combination of belinostat with RA potentiated gran-
ulocyte differentiation and changed the expression of C/EBPε, C/EBPα, 
and CD11b. 

Moreover, this combination therapy has been adopted in the treat-
ment (in vitro and in vivo) of renal cell carcinoma that, despite several 
therapeutic strategies, represents a poor clinical outcome [37]. Indeed, 
in addition to the potentiation of the antitumor effect of 5-fluorouracil, 
the combination of these two drugs (belinostat + 5-fluorouracil) syn-
ergistically inhibited the growth of renal tumor cells by blocking the 
production of thymidylate synthase (TS) and reactive oxygen species 
(ROS) induced DNA damage. In addition, this combination reduced 
tumor weight and volume with increased levels of Ac-H3 and γ-H2AX (in 
vivo). 

Furthermore, co-administration of belinostat with vincristine, an 
alkaloid used in the treatment of cancers, has been used in diffuse large 
B-cell lymphoma (DLBCL) therapy, an aggressive malignancy, using 
DLBCL cell lines [11]. In fact, early mitotic arrest of cell lines sensitive to 
belinostat cytotoxicity occurred before apoptosis, whereas resistant ones 
complete mitosis with arrest in G1 phase. In belinostat-resistant cells, 
low-dose vincristine was combined with the studied HDACi to induce 
mitotic arrest. Thus, this association triggered a potential apoptotic ef-
fect with down-regulation of MCL-1 expression and up-regulation of BIM 
expression. In parallel, belinostat prevented the polyploidy responsible 

Table 3 
In vivo investigations of Cellular and molecular anticancer mechanisms of Belinostat.  

Tumor models Methods Anticancer mechanisms References 

Ha-ras transgenic mice 100 mg/kg, i.p., 5 days each week for 3 weeks Reduced mice bladder weights 
Decreased hematuria 
Induced p21WAF1, HDAC core and cell communication genes 

[32] 

PC-3 cells in a xenograft mouse model A 3-week treatment 
Belinostat administered (i.p.) at a dose of 20 or 40 mg/kg, 
twice daily, or at a dose of 40 mg/kg, three times daily 

Inhibited tumor growth by up to 43% 
No lung metastases were recorded in animals given 
belinostat 

[33] 

HBL-2 cells in a xenograft mouse model Belinostat administered (35 mg/kg/day) for 7 days 
Bortezomib administered i.p. (0.5 mg/kg) on days: 1, 4, 8, 
and 11 

Belinostat + Bortezomib enhanced efficacy compared with 
either drug alone 

[34] 

A chimeric mouse model Tumourigenicity study 
Immunohistochemistry 

Reduced growth in both subcutaneous and intrapancreatic 
tumors 
Reduced xenograft tumor volumes 

[35] 

PC-3 and 22rv1 cells in a xenograft 
mouse model 

Belinostat (20 and 40 mg/kg) administered (i.p.) twice 
daily 

Slowed tumor growth of PC-3 and 22rv1 xenografts [36] 

SN12C cells in a xenograft mouse model Treatment initiated on day 0 when tumors were about 
100 mm3 

Reduced tumor volume and weight 
Increased g-H2AX and Ac-H3 levels 

[37] 

Model of Hepa 129 carcinoma 
implanted in immunocompetent 
animals 

Immunoprofiling 
Flow cytometry 
IFN-γ ELISPOT assay 

Improved anti-tumor therapeutic response induced by the 
anti-CTLA4 checkpoint inhibitor Inhibited tumor growth 
Belinostat + Anti-CTLA-4 induced a complete cessation in 
tumor growth 

[38] 

A murine hepatocellular carcinoma 
model 

ELISPOT 
Western blot analysis 
Flow cytometry 

Improved the antitumor activity of anti-CTLA-4 
Enhanced antitumor immunity and decreased Tregs in anti- 
CTLA-4–treated mice 
Enhanced IFN-γ production by antitumor T-cells 
Belinostat + CTLA-4 and PD-1 induced inhibition led to 
complete tumor rejection 
Belinostat + Anti-CTLA-4 modulated PD-1 expression in 
Tregs and effector T-cells associated with higher effector 
cytokine levels 

[39]  
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for resistance to vincristine, whereas the latter sensitized DLBCL cells to 
belinostat cytotoxicity. 

On the other hand, lung cancer is divided into two main types; SCLC 
and NSCLC accounting for 85% of all cases of lung cancers [48]. In 2016, 
Ong et al.[41] suggested a new treatment strategy for NSCLC (in vitro) by 
combining belinostat and seliciclib (CDK inhibitor). The combination of 
these two drugs reduced cell proliferation (IC50 = 3.67 ± 0.80 μM), 
increased apoptosis, up-regulated BID and p53 levels, and 
down-regulated XIAP and Mcl-1 levels with the formation of cleaved 
PARP, caspase-3 and − 8. 

In the same context, and to better understand the epigenetic mech-
anism of belinostat cytotoxicity in lung cancers, Kong et al. [43] targeted 
lung squamous cell carcinoma (SCC) cell lines. Consequently, this 
pan-HDACi sensitized SCC cells, induced apoptosis, down-regulated the 
MAPK pathway and up-regulated the transcription of FBXW10 and 
FBXO3, proteins targeting son of sevenless (SOS), which regulates the 
MAPK pathway for proteasome-induced degradation. 

In addition, HDAC inhibition has been used against glioblastoma in 
order to overcome the major obstacles already found in its treatment, 
namely anaplasticity, high heterogeneity, and migration of its cells, 
justifying its poor survival prognosis [42]. It is one of the most abundant 
glial tumors. To our knowledge, Kusaczuk et al. [42] were the only ones 
who tested the impact of belinostat treatment on human glioblastoma 
cells, LN-18 and LN-229. They revealed that after 48 h of stimulation at 
a dose of 2 μmol/L of this molecule, apoptosis of 70 % and 28 % was 
observed in LN-229 and LN-18 cells, respectively. This effect was asso-
ciated with an overexpression of certain pro-apoptotic genes (p21, Chop, 

Bim, and Puma) with decreased cell number in S phase, in a cell 
type-specific manner. Taken together, these results indicate that beli-
nostat acts selectively with complex and variable mechanisms. 

In combating cancer, combination therapy is often more effective 
than monotherapy [49]. While drug-drug interactions can induce 
serious signs of toxicities such as neutropenia and diarrhea [50,51]. 
Irinotecan is considered to be one of the effective anticancer agents with 
high toxicity potential and it is mainly transformed into SN-38, an active 
metabolite. Glucuronidation of this metabolite forms SN-38 glucuronide 
(deactivated form) using uridine diphosphate glucuronosyltransferase 
(UGT) enzymes. Indeed, [44] showed that belinostat (100 and 200 
μmol/L) inhibits glucuronidation of SN-38 by UGT1A1, which signifi-
cantly decreases Vmax and CLint. 

On the other hand, the combination of HDACi with immunothera-
peutic protocols may provide enhanced therapeutic benefits. In this 
sense, Llopiz and collaborators carried out two in vivo studies to inves-
tigate the therapeutic potential of belinostat combined with (anti-CTLA- 
4/anti-PD-1) checkpoint inhibitors in the treatment of hepatocellular 
carcinoma (HCC) [38,39]. In a murine HCC model, the authors recorded 
an improvement in the anti-cancer activity of anti-CTLA-4, a decrease in 
tumor volume, a decrease in regulatory T-lymphocytes, and an increase 
in the synthesis of IFN-γ by anticancer T-cells. Interestingly, the com-
bined therapy completely stopped tumor growth. 

Recently, some studies have evaluated the effect of belinostat com-
bined [45] or alone [46] in breast cancer (BC) treatment. For the first 
study, the combination of this drug with 17-allylamino-demethoxygel-
danamycin (17-AAG) against MDA-MB-231 BC cells showed an 

Fig. 2. Illustration of the anticancer mecha-
nisms of belinostat (PXD 101) by enhancing 
apoptosis and inducing G2/M cell cycle arrest 
in prostate cancer cells. G2/M cell cycle arrest, 
p21 and p27 expression, caspases-8 and − 9 ac-
tivity, Bcl-Xl and Bcl2 down-modulation, p53 
acetylation, and survivin and Akt/pAkt decrease 
were the cell death mechanisms of belinostat. Ab-
breviations: ROS, reactive oxygen species; Bax, 
Bcl-2-associated X protein; Bcl-2, B-cell lym-
phoma 2; Akt, protein kinase B; cdc2, Cyclin- 
dependent kinase 2.   
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improvement in apoptosis rates and tumor cell viability with suppres-
sion of tumor cell migration compared to groups treated with either drug 
alone. The anti-migration effect observed in the combined treatment 
was explained by the enhancement of the phosphorylation of 
YY1-associated protein 1 and by the decrease in the mRNA expression of 
TEAD family proteins. Indeed, transcription factor TEAD is involved in 
developmental processes and has a major role in tumorigenesis pro-
motion [52]. The apoptotic effect recorded in this study was confirmed, 
in the second study, by belinostat as monotherapy against MCF-7 BC 
cells [46]. The results showed that this substance reduces the number of 
cancer cells (IC50 = 5 μM) and down-regulates the expression of 
apoptosis genes. 

Taken together, these data indicate that belinostat alone or com-
bined with other chemotherapeutics represents a promising therapeutic 
strategy warranting further clinical evaluation. 

5. Drug development update on Belinostat 

Belinostat was approved following a drug development study initi-
ated in the late 1990s by the biotechnology company Prolifix Ltd. It is 
the outcome of a careful engineering strategy that first involved known 
natural compounds and synthetic inhibitors at the time the project was 
started and then expanded to include the development of structural in-
formation [53]. Belinostat, which has received marketing authorization 
in the USA for the treatment of patients with relapsed or refractory 
peripheral T-cell lymphoma (PTCL) [8], was ultimately selected and 
developed following a search for HDAC inhibitors [21]. Development of 
the Belinostat formulation focused primarily on the creation of an 
intravenous (IV) formulation [53]. In this sense, Spectrum Pharmaceu-
ticals, Inc. and Onxeo SA, the two firms driving the ongoing develop-
ment of belinostat, are currently conducting additional 
company-sponsored studies in which belinostat, in combination with 
other drugs, particularly epidrugs, could enhance the management of 
patients affected by cancer [53]. Belinostat is among the agents (vor-
inostat, romidepsin, tucidinostat and panobinostat) with a confirmed 
HDAC-mediated mechanism of action for the treatment of various in-
dications that have been approved in 2020 [54]. 

An extensive spectrum of inhibitor agents being investigated focused 
on epigenetic modulators including belinostat and others (such as aza-
citidine, decitabine, vorinostat, romidepsin, panobinostat, tazemetostat, 
enasidenib and ivosidenib, etc.) and immune checkpoints (atezolizmab, 
avelumab, cemiplimab, durvalumb, ipilimumab, nivolumab and pem-
brolizmab, etc.).) as well as immune checkpoints (atezolizmab, avelu-
mab, cemiplimab, durvalumb, ipilimumab, nivolumab and 
pembrolizmab, etc.) to promote anti-cancer therapy responses [55]. As 
demonstrated in the study conducted by Johnston PB et al., for patients 
with newly diagnosed PTCL, belinostat in combination with doxoru-
bicin, vincristine, cyclophosphamide, and prednisone was well tolerated 
and had a high frequency of clinical responses [56]. 

However, drug combinations, particularly HDACis, are effective in 
increasing the responsiveness of FDA-approved drugs, but they often 
lead to increased toxicities associated with the duration of treatment. 
This examination reveals that the variety of indications is increasing 
thanks to several clinical trials and that a number of fields of preclinical 
research are also seeing great prospects [54]. 

6. Conclusions and perspectives 

Here, the molecular pathways involved in belinostat’s cancer 
treatment-related HDAC inhibition were emphasized. Belinostat, an 
HDAC inhibitor, is inferred to have considerable power to modify 
signaling pathways that indirectly mediate cell cycle regulation and 
result in cell death. Belinostat may therefore be employed as a chemo-
preventive medication in the treatment of various tumors as a result of 
these findings. However, we had some recommendations. Belinostat 
should initially be used in targeted therapy alongside other drugs used in 

chemotherapy while investigating any potential beneficial interactions. 
In addition, greater comprehension of the intracellular arrangement, 
notably the processes that control tumor transformation, might be 
rendered possible by the mechanistic understanding of the anticancer 
effect of these compounds, whether belinostat or other chemicals. The 
study of these types of compounds currently used in the clinic will help 
to expand our knowledge of the mechanism and the cellular hierarchy 
between healthy and tumor cells. Indeed, chemotherapy drugs have 
enabled scientists to better distinguish the function of cells by consid-
ering that the suppression of a molecular process remains a consequence 
of successive occurrences favoring tumor initiation and progression. 
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Synthesis and evaluation of biological activities of two belinostat analogs bearing 
fluorine at the CAP, VNUHCM Journal of Natural Sciences. 7 (2023) press-press. 

[4] G. Manzotti, A. Ciarrocchi, V. Sancisi, Inhibition of BET proteins and histone 
deacetylase (HDACs): Crossing roads in cancer therapy, Cancers. 11 (2019) 304. 

[5] S.G. Patel, J.J. Karlitz, T. Yen, C.H. Lieu, C.R. Boland, The rising tide of early-onset 
colorectal cancer: a comprehensive review of epidemiology, clinical features, 
biology, risk factors, prevention, and early detection, The Lancet Gastroenterology 
& Hepatology. (2022). 

[6] E. Seto, M. Yoshida, Erasers of histone acetylation: the histone deacetylase 
enzymes, Cold Spring Harb. Perspect. Biol. 6 (2014), a018713. 

[7] T. Eckschlager, J. Plch, M. Stiborova, J. Hrabeta, Histone deacetylase inhibitors as 
anticancer drugs, Int. J. Mol. Sci. 18 (2017) 1414. 

[8] L. Cao, H. Yao, L. Yu, Y. Ren, J. Liu, X. Li, X. Jia, The synthesis and evaluation of 
sulfonamide derivatives target EGFR790M/L858R mutations and ALK 
rearrangement as anticancer agents, Bioorg. Med. Chem. (2023), 117241. 

[9] R.G. Kenny, Z. Ude, J.R. Docherty, C.J. Marmion, Vorinostat and Belinostat, 
hydroxamate-based anti-cancer agents, are nitric oxide donors, J. Inorg. Biochem. 
206 (2020), 110981. 

[10] A. Garmpi, N. Garmpis, C. Damaskos, S. Valsami, E. Spartalis, A. Lavaris, N. Patelis, 
G.-A. Margonis, K.G. Apostolou, M. Spartalis, Histone deacetylase inhibitors as a 

N. El Omari et al.                                                                                                                                                                                                                               

http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref1
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref1
https://doi.org/10.2147/IJGM.S294802
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref3
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref3
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref4
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref4
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref5
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref5
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref5
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref6
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref6
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref6
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref7
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref7


Biomedicine & Pharmacotherapy 165 (2023) 115212

9

new anticancer option: how far can we go with expectations? delivery systems, 
J. BU: Off. J. Balk. Union Oncol. 23 (2018) 846–861. 

[11] A.P. Havas, K.B. Rodrigues, A. Bhakta, J.A. Demirjian, S. Hahn, J. Tran, 
M. Scavello, A.A. Tula-Sanchez, Y. Zeng, M. Schmelz, Belinostat and vincristine 
demonstrate mutually synergistic cytotoxicity associated with mitotic arrest and 
inhibition of polyploidy in a preclinical model of aggressive diffuse large B cell 
lymphoma, Cancer Biol. Ther. 17 (2016) 1240–1252. 

[12] G. Valiuliene, I. Stirblyte, D. Cicenaite, A. Kaupinis, M. Valius, R. Navakauskiene, 
Belinostat, a potent HDAC i, exerts antileukaemic effect in human acute 
promyelocytic leukaemia cells via chromatin remodelling, J. Cell. Mol. Med. 19 
(2015) 1742–1755. 

[13] J.A. Plumb, P.W. Finn, R.J. Williams, M.J. Bandara, M.R. Romero, C.J. Watkins, N. 
B. La Thangue, R. Brown, Pharmacodynamic response and inhibition of growth of 
human tumor xenografts by the novel histone deacetylase inhibitor PXD101, Mol. 
Cancer Ther. 2 (2003) 721–728. 

[14] J. Savickiene, G. Treigyte, G. Valiuliene, I. Stirblyte, R. Navakauskiene, Epigenetic 
and molecular mechanisms underlying the antileukemic activity of the histone 
deacetylase inhibitor belinostat in human acute promyelocytic leukemia cells, 
Anti-Cancer Drugs 25 (2014) 938–949, https://doi.org/10.1097/ 
CAD.0000000000000122. 

[15] P. Gimsing, M. Hansen, L.M. Knudsen, P. Knoblauch, I.J. Christensen, C.E. Ooi, 
P. Buhl-Jensen, A phase I clinical trial of the histone deacetylase inhibitor 
belinostat in patients with advanced hematological neoplasia, Eur. J. Haematol. 81 
(2008) 170–176, https://doi.org/10.1111/j.1600-0609.2008.01102.x. 

[16] N.L. Steele, J.A. Plumb, L. Vidal, J. Tjørnelund, P. Knoblauch, A. Rasmussen, C. 
E. Ooi, P. Buhl-Jensen, R. Brown, T.R.J. Evans, J.S. DeBono, A phase 1 
pharmacokinetic and pharmacodynamic study of the histone deacetylase inhibitor 
belinostat in patients with advanced solid tumors, Clin. Cancer Res. 14 (2008) 
804–810, https://doi.org/10.1158/1078-0432.CCR-07-1786. 

[17] H.J. Mackay, H. Hirte, T. Colgan, A. Covens, K. MacAlpine, P. Grenci, L. Wang, 
J. Mason, P.-A. Pham, M.-S. Tsao, J. Pan, J. Zwiebel, A.M. Oza, Phase II trial of the 
histone deacetylase inhibitor belinostat in women with platinum resistant 
epithelial ovarian cancer and micropapillary (LMP) ovarian tumours, Eur. J. 
Cancer 46 (2010) 1573–1579, https://doi.org/10.1016/j.ejca.2010.02.047. 

[18] G. Giaccone, A. Rajan, A. Berman, R.J. Kelly, E. Szabo, A. Lopez-Chavez, J. Trepel, 
M.-J. Lee, L. Cao, I. Espinoza-Delgado, J. Spittler, P.J. Loehrer, Phase II study of 
belinostat in patients with recurrent or refractory advanced thymic epithelial 
tumors, JCO 29 (2011) 2052–2059, https://doi.org/10.1200/JCO.2010.32.4467. 

[19] W. Yeo, H.C. Chung, S.L. Chan, L.Z. Wang, R. Lim, J. Picus, M. Boyer, F.K.F. Mo, 
J. Koh, S.Y. Rha, E.P. Hui, H.C. Jeung, J.K. Roh, S.C.H. Yu, K.F. To, Q. Tao, B.B. Ma, 
A.W.H. Chan, J.H.M. Tong, C. Erlichman, A.T.C. Chan, B.C. Goh, Epigenetic 
therapy using belinostat for patients with unresectable hepatocellular carcinoma: a 
multicenter phase I/II study with biomarker and pharmacokinetic analysis of 
tumors from patients in the Mayo phase II consortium and the cancer therapeutics 
research group, JCO 30 (2012) 3361–3367, https://doi.org/10.1200/ 
JCO.2011.41.2395. 

[20] A. Thomas, A. Rajan, E. Szabo, Y. Tomita, C.A. Carter, B. Scepura, A. Lopez-Chavez, 
M.-J. Lee, C.E. Redon, A. Frosch, C.J. Peer, Y. Chen, R. Piekarz, S.M. Steinberg, J. 
B. Trepel, W.D. Figg, D.S. Schrump, G. Giaccone, A phase I/II trial of belinostat in 
combination with cisplatin, doxorubicin, and cyclophosphamide in thymic 
epithelial tumors: a clinical and translational study, Clin. Cancer Res. 20 (2014) 
5392–5402, https://doi.org/10.1158/1078-0432.CCR-14-0968. 

[21] F. Foss, R. Advani, M. Duvic, K.B. Hymes, T. Intragumtornchai, A. Lekhakula, 
O. Shpilberg, A. Lerner, R.J. Belt, E.D. Jacobsen, G. Laurent, D. Ben-Yehuda, 
M. Beylot-Barry, U. Hillen, P. Knoblauch, G. Bhat, S. Chawla, L.F. Allen, 
B. Pohlman, A phase II trial of Belinostat (PXD101) in patients with relapsed or 
refractory peripheral or cutaneous T-cell lymphoma, Br. J. Haematol. 168 (2015) 
811–819, https://doi.org/10.1111/bjh.13222. 

[22] O.A. O’Connor, S. Horwitz, T. Masszi, A. Van Hoof, P. Brown, J. Doorduijn, 
G. Hess, W. Jurczak, P. Knoblauch, S. Chawla, G. Bhat, M.R. Choi, J. Walewski, 
K. Savage, F. Foss, L.F. Allen, A. Shustov, Belinostat in patients with relapsed or 
refractory peripheral T-cell lymphoma: results of the pivotal phase II BELIEF (CLN- 
19) study, JCO 33 (2015) 2492–2499, https://doi.org/10.1200/ 
JCO.2014.59.2782. 

[23] N. Agarwal, J.P. McPherson, H. Bailey, S. Gupta, T.L. Werner, G. Reddy, G. Bhat, E. 
B. Bailey, S. Sharma, A phase I clinical trial of the effect of belinostat on the 
pharmacokinetics and pharmacodynamics of warfarin, Cancer Chemother. Pharm. 
77 (2016) 299–308, https://doi.org/10.1007/s00280-015-2934-1. 

[24] J. Vitfell-Rasmussen, I. Judson, A. Safwat, R.L. Jones, P.B. Rossen, M. Lind-Hansen, 
P. Knoblauch, A. Krarup-Hansen, A phase I/II clinical trial of Belinostat (PXD101) 
in combination with doxorubicin in patients with soft tissue sarcomas, Sarcoma 
2016 (2016) 1–9, https://doi.org/10.1155/2016/2090271. 

[25] T. Luu, P. Frankel, J.H. Beumer, D. Lim, M. Cristea, L.J. Appleman, H.J. Lenz, D. 
R. Gandara, B.F. Kiesel, R.L. Piekarz, E.M. Newman, Phase I trial of belinostat in 
combination with 13-cis-retinoic acid in advanced solid tumor malignancies: a 
California cancer consortium NCI/CTEP sponsored trial, Cancer Chemother. 
Pharmacol. 84 (2019) 1201–1208, https://doi.org/10.1007/s00280-019-03955-7. 

[26] N. Takebe, J.H. Beumer, S. Kummar, B.F. Kiesel, A. Dowlati, G. O’Sullivan Coyne, 
R. Piekarz, L. Rubinstein, L.K. Fogli, U. Vaishampayan, S. Goel, C.L. O’Bryant, B. 
F. El-Rayes, V. Chung, H. Lenz, R. Kim, C.P. Belani, J.M. Tuscano, W. Schelman, 
N. Moore, J.H. Doroshow, A.P. Chen, A phase I pharmacokinetic study of belinostat 
in patients with advanced cancers and varying degrees of liver dysfunction, Br. J. 
Clin. Pharmacol. 85 (2019) 2499–2511, https://doi.org/10.1111/bcp.14054. 

[27] K. Xu, K. Ramesh, V. Huang, S.S. Gurbani, J.S. Cordova, E. Schreibmann, B. 
D. Weinberg, S. Sengupta, A.D. Voloschin, M. Holdhoff, P.B. Barker, L.R. Kleinberg, 
J.J. Olson, H.-K.G. Shu, H. Shim, Final report on clinical outcomes and tumor 

recurrence patterns of a pilot study assessing efficacy of Belinostat (PXD-101) with 
chemoradiation for newly diagnosed glioblastoma, Tomography 8 (2022) 
688–700, https://doi.org/10.3390/tomography8020057. 

[28] H.-Z. Lee, V.E. Kwitkowski, P.L. Del Valle, M.S. Ricci, H. Saber, B.A. Habtemariam, 
J. Bullock, E. Bloomquist, Y. Li Shen, X.-H. Chen, FDA approval: belinostat for the 
treatment of patients with relapsed or refractory peripheral T-cell lymphomaFDA 
approval of Belinostat for relapsed or refractory PTCL, Clin. Cancer Res. 21 (2015) 
2666–2670. 

[29] I. Judson, J.A. Radford, M. Harris, J.-Y. Blay, Q. van Hoesel, A. Le Cesne, A.T. Van 
Oosterom, M.J. Clemons, C. Kamby, C. Hermans, Randomised phase II trial of 
pegylated liposomal doxorubicin (DOXIL®/CAELYX®) versus doxorubicin in the 
treatment of advanced or metastatic soft tissue sarcoma: a study by the EORTC soft 
tissue and bone sarcoma group, Eur. J. Cancer 37 (2001) 870–877. 

[30] O.S. Nielsen, P. Dombernowsky, H. Mouridsen, S. Daugaard, M. Van Glabbeke, 
A. Kirkpatrick, J. Verweij, Epirubicin is not superior to doxorubicin in the 
treatment of advanced soft tissue sarcomas. The experience of the EORTC soft 
tissue and bone sarcoma group, Sarcoma 4 (2000) 31–35. 

[31] R. Pili, B. Salumbides, M. Zhao, S. Altiok, D. Qian, J. Zwiebel, M.A. Carducci, M. 
A. Rudek, Phase I study of the histone deacetylase inhibitor entinostat in 
combination with 13-cis retinoic acid in patients with solid tumours, Br. J. Cancer 
106 (2012) 77–84. 

[32] M.T. Buckley, J. Yoon, H. Yee, L. Chiriboga, L. Liebes, G. Ara, X. Qian, D.F. Bajorin, 
T.-T. Sun, X.-R. Wu, I. Osman, The histone deacetylase inhibitor belinostat 
(PXD101) suppresses bladder cancer cell growth in vitro and in vivo, J. Transl. Med. 
5 (2007) 49, https://doi.org/10.1186/1479-5876-5-49. 

[33] X. Qian, G. Ara, E. Mills, W.J. LaRochelle, H.S. Lichenstein, M. Jeffers, Activity of 
the histone deacetylase inhibitor belinostat (PXD101) in preclinical models of 
prostate cancer: investigation of Belinostat in Prostate cancer, Int. J. Cancer 122 
(2008) 1400–1410, https://doi.org/10.1002/ijc.23243. 

[34] L. Paoluzzi, L. Scotto, E. Marchi, J. Zain, V.E. Seshan, O.A. O’Connor, Romidepsin 
and Belinostat synergize the antineoplastic effect of bortezomib in mantle cell 
lymphoma, Clin. Cancer Res. 16 (2010) 554–565, https://doi.org/10.1158/1078- 
0432.CCR-09-1937. 

[35] D.I. Dovzhanskiy, S.M. Arnold, T. Hackert, I. Oehme, O. Witt, K. Felix, N. Giese, 
J. Werner, Experimental in vivo and in vitro treatment with a new histone 
deacetylase inhibitor belinostat inhibits the growth of pancreatic cancer, BMC 
Cancer 12 (2012) 226, https://doi.org/10.1186/1471-2407-12-226. 

[36] G.L. Gravina, F. Marampon, I. Giusti, E. Carosa, S. Di Sante, E. Ricevuto, V. Dolo, 
V. Tombolini, E.A. Jannini, C. Festuccia, Differential effects of PXD101 (belinostat) 
on androgen-dependent and androgen-independent prostate cancer models, Int. J. 
Oncol. 40 (2012) 711–720. 

[37] M.J. Kim, J.S. Lee, S.E. Park, H.-J. Yi, I.G. Jeong, J.S. Kang, J. Yun, J.-Y. Lee, S. Ro, 
J.S. Lee, E.K. Choi, J.J. Hwang, C.-S. Kim, Combination treatment of renal cell 
carcinoma with Belinostat and 5-fluorouracil: a role for oxidative stress induced 
DNA damage and HSP90 regulated thymidine synthase, J. Urol. 193 (2015) 
1660–1668, https://doi.org/10.1016/j.juro.2014.11.091. 

[38] D. Llopiz, M. Ruiz, P. Pivette, V. Trochon-Joseph, B. Vasseur, C. Lemarchand, 
G. Dixon, P. Sarobe, B. Sangro, Enhanced anti-tumor efficacy of a checkpoint 
inhibitor in combination with the HDAC inhibitor belinostat in a murine hepato- 
cellular carcinoma preclinical model, Cancer Res. 77 (2017) (1059–1059). 

[39] D. Llopiz, M. Ruiz, L. Villanueva, T. Iglesias, L. Silva, J. Egea, J.J. Lasarte, 
P. Pivette, V. Trochon-Joseph, B. Vasseur, G. Dixon, B. Sangro, P. Sarobe, Enhanced 
anti-tumor efficacy of checkpoint inhibitors in combination with the histone 
deacetylase inhibitor Belinostat in a murine hepatocellular carcinoma model, 
Cancer Immunol. Immunother. 68 (2019) 379–393, https://doi.org/10.1007/ 
s00262-018-2283-0. 

[40] H.C. Beck, J. Petersen, S.J. Nielsen, C. Morszeck, P.B. Jensen, M. Sehested, 
M. Grauslund, Proteomic profiling of human colon cancer cells treated with the 
histone deacetylase inhibitor belinostat, Electrophoresis 31 (2010) 2714–2721, 
https://doi.org/10.1002/elps.201000033. 

[41] P.-S. Ong, L. Wang, D.M.-H. Chia, J.Y.-X. Seah, L.-R. Kong, W.-L. Thuya, 
A. Chinnathambi, J.-Y.A. Lau, A.L.-A. Wong, W.-P. Yong, D. Yang, P.C.-L. Ho, 
G. Sethi, B.-C. Goh, A novel combinatorial strategy using Seliciclib® and 
Belinostat® for eradication of non-small cell lung cancer via apoptosis induction 
and BID activation, Cancer Lett. 381 (2016) 49–57, https://doi.org/10.1016/j. 
canlet.2016.07.023. 

[42] M. Kusaczuk, R. Krętowski, A. Stypułkowska, M. Cechowska-Pasko, Molecular and 
cellular effects of a novel hydroxamate-based HDAC inhibitor – belinostat – in 
glioblastoma cell lines: a preliminary report, Investig. N. Drugs 34 (2016) 552–564, 
https://doi.org/10.1007/s10637-016-0372-5. 

[43] L.R. Kong, T.Z. Tan, W.R. Ong, C. Bi, H. Huynh, S.C. Lee, W.J. Chng, P.J. 
A. Eichhorn, B.C. Goh, Belinostat exerts antitumor cytotoxicity through the 
ubiquitin-proteasome pathway in lung squamous cell carcinoma, Mol. Oncol. 11 
(2017) 965–980, https://doi.org/10.1002/1878-0261.12064. 

[44] L. Wang, C.E. Linus Chan, A.L.-A. Wong, F.C. Wong, S.W. Lim, A. Chinnathambi, S. 
A. Alharbi, L.S.-U. Lee, R. Soo, W.P. Yong, S.C. Lee, P.C.-L. Ho, G. Sethi, B.C. Goh, 
Combined use of irinotecan with histone deacetylase inhibitor belinostat could 
cause severe toxicity by inhibiting SN-38 glucuronidation via UGT1A1, Oncotarget 
8 (2017) 41572–41581, https://doi.org/10.18632/oncotarget.15017. 

[45] Y. Zuo, H. Xu, Z. Chen, F. Xiong, B. Zhang, K. Chen, H. Jiang, C. Luo, H. Zhang, 
17–AAG synergizes with Belinostat to exhibit a negative effect on the proliferation 
and invasion of MDA‑MB‑231 breast cancer cells, Oncol. Rep. (2020), https://doi. 
org/10.3892/or.2020.7563. 

[46] Z. Tuncer, T. Duran, C. Gunes, E. Kurar, Apoptotic effect of Belinostat (PXD101) on 
MCF-7 cancer cells, Ann. Med. Res. 28 (2021) 941, https://doi.org/10.5455/ 
annalsmedres.2020.07.747. 

N. El Omari et al.                                                                                                                                                                                                                               

http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref7
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref7
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref8
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref8
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref8
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref8
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref8
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref9
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref9
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref9
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref9
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref10
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref10
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref10
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref10
https://doi.org/10.1097/CAD.0000000000000122
https://doi.org/10.1097/CAD.0000000000000122
https://doi.org/10.1111/j.1600-0609.2008.01102.x
https://doi.org/10.1158/1078-0432.CCR-07-1786
https://doi.org/10.1016/j.ejca.2010.02.047
https://doi.org/10.1200/JCO.2010.32.4467
https://doi.org/10.1200/JCO.2011.41.2395
https://doi.org/10.1200/JCO.2011.41.2395
https://doi.org/10.1158/1078-0432.CCR-14-0968
https://doi.org/10.1111/bjh.13222
https://doi.org/10.1200/JCO.2014.59.2782
https://doi.org/10.1200/JCO.2014.59.2782
https://doi.org/10.1007/s00280-015-2934-1
https://doi.org/10.1155/2016/2090271
https://doi.org/10.1007/s00280-019-03955-7
https://doi.org/10.1111/bcp.14054
https://doi.org/10.3390/tomography8020057
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref25
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref25
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref25
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref25
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref25
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref26
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref26
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref26
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref26
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref26
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref27
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref27
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref27
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref27
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref28
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref28
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref28
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref28
https://doi.org/10.1186/1479-5876-5-49
https://doi.org/10.1002/ijc.23243
https://doi.org/10.1158/1078-0432.CCR-09-1937
https://doi.org/10.1158/1078-0432.CCR-09-1937
https://doi.org/10.1186/1471-2407-12-226
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref33
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref33
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref33
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref33
https://doi.org/10.1016/j.juro.2014.11.091
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref35
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref35
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref35
http://refhub.elsevier.com/S0753-3322(23)01003-X/sbref35
https://doi.org/10.1007/s00262-018-2283-0
https://doi.org/10.1007/s00262-018-2283-0
https://doi.org/10.1002/elps.201000033
https://doi.org/10.1016/j.canlet.2016.07.023
https://doi.org/10.1016/j.canlet.2016.07.023
https://doi.org/10.1007/s10637-016-0372-5
https://doi.org/10.1002/1878-0261.12064
https://doi.org/10.18632/oncotarget.15017
https://doi.org/10.3892/or.2020.7563
https://doi.org/10.3892/or.2020.7563
https://doi.org/10.5455/annalsmedres.2020.07.747
https://doi.org/10.5455/annalsmedres.2020.07.747


Biomedicine & Pharmacotherapy 165 (2023) 115212

10

[47] J. Ferlay, M. Ervik, F. Lam, M. Colombet, L. Mery, M. Piñeros, A. Znaor, I. 
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