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Abstract
Liver cancer, a large proportion of which is hepato
cellular carcinoma (HCC), is diagnosed in more than 
700000 people each year worldwide. Liver cancer 
is particularly prevalent in Asia, Sub-Saharan Africa 
and the South Pacific, where hepatitis B and hepatitis 
C infection rates are very high. However, due to 
resistance to chemotherapy, patients with intermediate 
and advanced-stage disease cannot benefit from this 
treatment. Clusterin, which is overexpressed in many 
different cancers, is a stress-induced cytoprotective 
protein that confers treatment resistance. Custirsen 
(OGX-011) is a novel 2’-methoxyethyl modified phos
phorothioate antisense oligonucleotide that targets 
secretory clusterin protein expression and is currently 
in clinical trials for patients with different cancers. In 
recent years, a number of different clinical trials have 
been performed, and two phase Ⅲ clinical trials of 
custirsen evaluating combinations with chemotherapy 
in patients with metastatic castration-resistant prostate 
cancer and metastatic non-small cell lung cancer are 
currently in progress. The aims of this review are to 
summarize the current state of research on clusterin, 
predict future research directions and analyze the 
potential of the clinical application of custirsen in HCC. 
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Core tip: Resistance of liver cancer cells to chemo
therapy continues to be a major clinical obstacle to 
extending the survival rate of patients with hepato
cellular carcinoma (HCC). Custirsen, targeting secretory 
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clusterin protein expression, is currently in clinical 
trials for patients with different cancers and considered 
to play a role in chemosensitization. This review is to 
summarize the current state of research on clusterin, 
to predict future research directions and to analyze the 
potential of the clinical application of custirsen in HCC.
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INTRODUCTION
Liver cancer is the sixth most common neoplasm and 
the second most frequent cause of cancer-related 
death worldwide, and hepatocellular carcinoma 
(HCC) accounts for 70%-90% of the total liver cancer 
burden[1-3]. HCC is often associated with liver cirrhosis 
resulting from major chronic liver diseases including 
chronic hepatitis B and C virus infections, alcoholic 
liver disease and non-alcoholic steatohepatitis. 
Despite improved diagnostic techniques and increased 
screening of high-risk patients in developed countries, 
only 20%-30% of patients with HCC are diagnosed 
in early stages and have the opportunity to receive 
potentially curative treatments (surgical resection, 
transplantation or local ablation). Another 20% of 
patients have multifocal intra-hepatic tumors. For 
these patients, trans-arterial chemoembolization 
(TACE) has been considered a standard treatment 
strategy. The remaining half of patients present with 
advanced disease and must receive systemic therapy 
without surgical treatment[4,5].

Decreasing tolerance to chemotherapy is the key 
to improving the curative effects of systemic therapy 
for HCC. Clusterin is a stress-induced cytoprotective 
chaperone that confers treatment resistance and is 
overexpressed in response to cellular stress across 
a number of cancers, including standard cancer 
treatments, such as hormone therapy, radiation therapy 
and chemotherapy. Custirsen (OGX-011) is a novel 
phosphorothioate antisense oligonucleotide (ASO) 
compound that targets expression of the secretory 
clusterin protein (sCLU)[6,7]. This review aims to 
summarize important data and review research 
progress about the role of novel targeted agents in 
enhancing chemotherapy sensitivity and then indicate 
the potential research direction in HCC.

CLUSTERIN GENE STRUCTURE AND 
FUNCTION
The Clusterin (CLU) gene is a single-copy gene, located 

on chromosome 8p21-p12, where it is organized 
into nine exons, eight introns and a 5’-untranslated 
region, and it encodes three different transcriptional 
isoforms in humans [isoform 1, NM_001831, mRNA 
(GenBank); isoform 2, NR_038335, non-coding RNA 
(GenBank); and isoform 3, NR_045494, non-coding 
RNA (GenBank)][8]. The latest data from GenBank 
showed that isoform 1 encodes the functional protein 
and isoforms 2 and 3 represent non-coding RNAs due 
to the presence of an upstream ORF that is predicted 
to interfere with translation of the longest ORF. In 
humans, there are two proteins encoded by this gene: 
secretory CLU protein (sCLU) (75-80 kDa) and nuclear 
CLU protein (nCLU) (55 kDa)[9,10]. The CLU gene 
encodes for an mRNA of 2877 bp, which translates to 
a 449-amino acid polypeptide. The first 22 amino acids 
of the secretory glycoprotein (75-80 kDa) represent 
a classical hydrophobic leader signal sequence, and 
these acids are translated into a leader polypeptide 
that targets the protein to the endoplasmic reticulum 
(ER). There, the 22-mer peptide is removed through 
proteolytic processing, producing a 50-kDa precursor, 
which is further processed to a 60-kDa form in the ER. 
As the protein is transported to the Golgi complex, it 
is glycosylated and further proteolytically cleaved into 
two 40-kDa subunits, α- and b-chains. Then, the two 
subunits are assembled into a heterodimeric complex, 
which is linked by five disulfide bonds[9,11]. The nuclear 
CLU protein (55 kDa) is synthesized from a truncated, 
alternatively spliced nuclear clusterin mRNA, which 
lacks exon Ⅱ (containing the first AUG and encoding the 
ER-targeting secretion signal sequence). Exons Ⅰ and 
Ⅲ are spliced together, placing the second in-frame 
AUG in exon Ⅲ as the first available translation 
start site. Translation of the nuclear clusterin mRNA 
produces a about 49-kDa pre-nuclear clusterin (pnCLU) 
protein, which localizes in the cytoplasm and remains 
dormant, presumably by hiding the nuclear localization 
site (NSL) within the C-terminal portion of the protein. 
Following whole-body ionizing radiation (IR) or cell 
damage, the pnCLU protein can be post-translationally 
modified to generate a mature about 55-kDa pro-
apoptotic protein form (nCLU), which has N-and 
C-terminal coiled-coil domains[10,12]. Multiple reports 
have shown that the sCLU protein is cytoprotective 
and anti-apoptotic, whereas the nCLU protein is pro-
apoptotic[10,13]. Overexpression of sCLU in human 
prostate cancer cells results in treatment resistance 
and cytoprotection against TNF, androgen withdrawal, 
and a variety of cytotoxic agents, such as paclitaxel, 
gemcitabine, cisplatin and docetaxel, whereas 
depletion of the sCLU protein using siRNA increases 
sensitivity to treatment[14-18]. Similar sCLU properties 
have been observed in chemoresistance to various 
chemotherapeutic agents found in many other tumor 
types, including breast, lung, kidney and pancreas 
cancer cells[13,17,19-22]. Based on these results, targeting 
sCLU to sensitize cancer cells to chemotherapy 
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has become an attractive new strategy for cancer 
treatment.

CUSTIRSEN (OGX-011) IN CLINICAL 
TRIALS
Antisense oligonucleotide (ASO) therapy is a method 
for inhibiting specifically targeted genes. ASOs are 
short synthetic analogues of natural nucleic acids, 
complementary to mRNA regions of a targeted gene 
that induce selective degradation of the mRNA or 
inhibit translation of the selected mRNA into protein[23]. 
Custirsen is a second-generation 2’-MOE-modified 
phosphorothioate ASO, which is a 21-nucleoside 
complement to the clusterin gene exon Ⅱ mRNA 
translation initiation site with one CpG motif. It is 
considered to be a potent inhibitor of sCLU expression 
in vitro, in vivo and in human clinical trials, with no 
apparent effect on the expression of nCLU[20]. Hence, 
custirsen plays the role of chemosensitization by 
influencing the anti-apoptotic protein sCLU instead of 
the pro-apoptotic protein nCLU. In preclinical studies, 
custirsen significantly increased the treatment effects 
of hormone therapy and chemotherapy in multiple 
tumors, including non-small cell lung, prostate, breast, 
bladder and kidney cancers[9,13,18]. Thus far, there 
have been three phase Ⅰ and six phase Ⅱ clinical 
trials, which have been completed with a total of 390 
patients enrolled (101 patients in phase Ⅰ and 289 
patients in phase Ⅱ)[24-29]. 

Phase Ⅰ clinical trials
Twenty-five patients with localized prostate carcinoma 
and high-risk features (the first-in-humans phase Ⅰ trial), 
were treated with custirsen (40 mg, 80 mg, 160 mg, 
320 mg, 640 mg) by 2-h intravenous infusion on 
days 1, 3, 5, 8, 15, 22, and 29 for one cycle. Then, 
radical prostatectomy was performed within 7 d of 
the last custirsen dose. In this trial, one subject was 
designated to determine the relationship between the 
plasma and prostate tissue concentration of custirsen 
and clusterin expression in prostate tissues and lymph 
nodes following dose-dependent custirsen treatments. 
Custirsen treatment in all of the patients was well 
tolerated and produced a custirsen distribution in the 
prostate tissues, with a dose-dependent decrease in 
clusterin expression and an associated increase in the 
apoptotic index. Furthermore, an effective biologic dose 
of 640 mg was established for phase Ⅱ trials, based on 
its ability to suppress clusterin mRNA expression by > 
90%[24]. In the subsequent phase Ⅰ trial[25], 40 patients 
with different malignancy types, including prostate, 
ovary, renal, non-small cell lung, bladder and breast 
cancers, were enrolled in two groups with treatments 
of escalating doses of custirsen (40 mg-640 mg) 
with weekly docetaxel (30 mg/m2, intravenous) or 
docetaxel (75 mg/m2, intravenous) every 3 wk. In 
this study, custirsen at a biologically active dose was 

shown to be viable when combined with standard 
doses of docetaxel. More importantly, although the 
incidence of gastrointestinal toxicity was higher for 
higher dose levels of custirsen, the overall toxicity of 
the combination was mild or moderate. Furthermore, 
the incidence and quality of these toxicities were 
considered consistent with those of single-agent 
docetaxel, and there was no significant worsening with 
dose escalation. In addition, a consistent decrease 
in serum clusterin level was observed at the 640 mg 
dose, which has been recommended as the biologically 
effective dose for subsequent phase Ⅱ trials. The third 
trial, registered in Clinical Trials.-Gov., was an open-
label, one-arm, one-sequence crossover drug-drug 
interaction study in advanced solid tumor subjects 
whose aim was to evaluate the potential effects of 
custirsen on the pharmacokinetics of paclitaxel. This 
trial started on December 9, 2011, and was completed 
in October 2013. The results of this trial are being 
analyzed, and thus for, no original articles have been 
published in PubMed (Table 1). 

Phase Ⅱ clinical trials
Six phase Ⅱ clinical trials of custirsen were performed 
to further evaluate the safety and efficacy of custirsen 
in combination with various cancer therapies: three 
prostate cancer trials[26,27]; one lung cancer trial[28]; 
and one breast cancer trial[29]. In the breast cancer 
trial, five of fifteen patients had confirmed partial 
responses for an overall response rate of 33%, which 
was one of the primary objectives of this trial. The 
median duration of stable disease was 9.3 mo, and the 
toxic effects were similar to those with single-agent 
docetaxel. Serum clusterin levels as mean percentage 
changes (relative to baseline) decreased to 23.3%, 
25.9% and 32.1% on days 8, 15, and 22, respectively, 
yet there was no relationship between the response 
rate and the serum clusterin[29]. Subsequently, in lung 
cancer trial, the results were confirmed by Laskin 
et al[28] In this trial, custirsen was administered for 
patients with NSCLC. Tumor response to custirsen in 
combination with gemcitabine/platinum occurred in 25 
(31%) of 81 patients, and the 1- and 2-year survival 
rates were 54% and 30%, respectively. The toxicity 
of the combination was not obviously different from 
what has been reported for gemcitabine/platinum 
combinations. Serum CLU levels were significantly 
decreased after custirsen treatment by day 1 of cycle 2 
or 3, with 52 of the 55 patients exhibiting a reduction 
in CLU during treatment compared with their baseline 
levels (Table 2).

Then subsequently, a total of 82 patients with 
metastatic CRPC were enrolled in a multicenter trial to 
evaluate the clinical and biologic activity of custirsen in 
combination with standard docetaxel and prednisone 
treatment[26]. Median serum clusterin decreased by 
26% in the custirsen plus docetaxel/prednisone arm 
(arm A, 41 patients) and increased by 0.9% in the 
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docetaxel/prednisone only arm (arm B, 41 patients). A 
PSA decrease of ≥ 50 was observed in 23 patients in 
arm A and 22 patients in arm B. The results from this 
trial also showed that the median PFS time and the 
median OS estimate were 7.3 mo and 23.8 mo in arm 
A and 6.1 mo and 16.9 mo in arm B, respectively. This 
trial demonstrated that clusterin is a useful therapeutic 
target, and it supported the conclusion of improved 
survival outcomes for patients treated with docetaxel 
and custirsen, so further evaluation of the combination 
(phase Ⅲ trial) is warranted. In a recent phase Ⅱ trial 
of custirsen, male patients were randomized to receive 
docetaxel/mitoxantrone in combination with custirsen 
to evaluate the safety and efficacy of two second-
line treatments for mCRPC[27]. Twenty patients were 
treated with docetaxel plus custirsen (arm A), and 
twenty-two patients were treated with mitoxantrone 
plus custirsen (arm B). The overall survival rate and 
median time to pain progression were 15.8 mo and 
10.0 mo in arm A and 11.5 mo and 5.2 mo in arm 
B, respectively. PSA decreases of 90% or more, 50% 
or more, and 30% or more occurred in 4, 8 and 11 
patients, respectively, in arm A, and PSA decreases of 
50% or more and 30% or more in 6 and 7 patients, 
respectively, in arm B. This trial provided the evidence 
that combining custirsen with chemotherapy is 
feasible in patients with progressive metastatic CRPC 
following first-line docetaxel therapy and that custirsen 
treatment significantly reduces the mean CLU level 
during treatment, compared with baseline. For the first 
time, this trial identified a correlation between serum 
levels and survival that supported further evaluation 
of serum CLU, which is being evaluated in phase Ⅲ 
studies of custirsen as a predictive biomarker. Another 
trial was designed to assess the effects of combined 
hormone ablation therapy and weekly treatment with 
custirsen prior to surgery in patients with localized 
prostate cancer. Twenty-four patients were enrolled 
in this trial and were treated with an LHRH agonist in 
combination with weekly custirsen treatment for 12 
wk, with prostatectomy performed within 14 d of the 
last dose of custirsen. Decreased expression of clusterin 

and an increase in the apoptotic index of prostate tumor 
cells were observed, although neoadjuvant treatment 
was not associated with pathologic complete response.

Ongoing phase Ⅲ clinical trials
Currently, there are two randomized, global, phase Ⅲ 
trials of custirsen in combination with chemotherapy 
agents compared with chemotherapy agents alone. 
The AFFINITY trial (NCT01578655) aims to compare 
cabazitaxel/prednisone alone to a combination with 
custirsen for second-line chemotherapy in prostate 
cancer. This trial is a randomized, open-label, multi
center, international trial that was designed to confirm 
that adding custirsen to cabazitaxel/prednisone 
treatment can slow tumor progression and enhance 
survival outcomes compared to standard cabazitaxel/
prednisone treatment in men with metastatic CRPC. A 
total of approximately 630 patients will be randomized 
in equal numbers to the two arms. The estimated study 
completion date of this trial is December 2015. Another 
phase Ⅲ trial, known as ENSPIRIT (NCT01630733), 
has been designed to compare the overall survival 
of patients randomized to receiving custirsen in 
combination with docetaxel (arm A) to that of patients 
randomized to receive docetaxel alone (arm B). 
Eleven hundred patients with advanced or metastatic 
NSCLC who have failed platinum-based therapy will be 
required for this trial. This trial started in September 
2012, and it is estimated to conclude in July 2017 (Table 
3).

One completed phase Ⅲ trial
The phase Ⅲ SYNERGY trial was completed in April 
2014, and was designed to confirm that adding 
custirsen to standard first-line docetaxel/prednisone 
treatment could slow tumor progression and enhance 
survival outcomes compared to standard first-
line docetaxel/prednisone treatment alone. In this 
trial, 1000 male patients with prostate cancer were 
randomly assigned with equal probability to two 
arms. In the first half of 2014, the results from this 
trial were announced by the company OncoGenex 

Clinical trial Notes Drugs Patients, n Phase

OGX-011-01[24] Dose escalation, single-center study in patients 
receiving hormone therapy and custirsen prior to 

radical prostatectomy

Buserelin, 
custirsen 
sodium, 

flutamide

25 Ⅰ
Hormone therapy and OGX-011 before radical 
prostatectomy in treating patients with prostate cancer
(NCT00054106)
OGX-011-2[25] Dose escalation, multi-center, study with custirsen in 

combination with docetaxel in patients with CRPC, 
NSCLC, breast, ovarian, bladder or renal cancer

Custirsen 
sodium, 

docetaxel

40 Ⅰ
OGX-011 and docetaxel in treating patients with 
metastatic or locally recurrent solid tumors
(NCT 00471432)
OGX-011-10 Open-label, one arm, one-sequence crossover drug-

drug interaction study in advanced solid tumors 
subjects to evaluate the potential effect of custirsen 

on the pharmacokinetics of paclitaxel

Custirsen, 
paclitaxel and 

carboplatin

36 Ⅰ
A clinical study in cancer patients to investigate the 
potential impact of custirsen on the blood levels of 
the chemotherapeutic drug, paclitaxel, when given 
together as part of a treatment regimen
(NCT01497470)

Xiu P et al . Clusterin in hepatocellular carcinoma
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Pharmaceuticals. The results suggested that custirsen 
plus standard first-line docetaxel/prednisone therapy 
did not display a statistically significant improvement 
in overall survival in male patients with metastatic 
CRPC, compared to docetaxel/prednisone alone 
(median survival: 23.4 mo and 22.2 mo, respectively). 
A thorough analysis of this trial must be performed 
to explore the potential key factors that might have 
contributed its results. Although the results of this 
phase Ⅲ trial were unexpected, there are still two 
phase Ⅲ trials and one phase Ⅱ trial ongoing. We need 
to await the results from the ongoing trials to perform 
a comprehensive analysis of data from completed trials 
(Table 3). 

Preclinical studies of sCLU in HCC
The CLU gene was first detected in ram rete testis 
fluid and was subsequently found in many different 
tissues[30-32]. Thus, at the beginning of study into the 
gene, it had many different names, such as SGP-2[33], 
SP40-40[31], TRPM-2[34], and ApoJ[35]. After complete 
cDNA cloning, sequencing and comparison, it was 
proved that SGP-2 and TRPM-2 were identical to 

CLU[36,37]. Today, this protein is officially named CLU. 
It was detected for the first time in HCC by Tobe et 
al[38], who found that SP40-40 could be expressed in 
hepatoma cells and also provided further evidence 
for the assignment of the human SP40-40 gene to 
chromosome 8. sCLU is a unique glycoprotein thought 
to be involved in numerous physiological processes, 
including lipid transport, the regulation of complement 
function, programmed cell death and membrane 
recycling by regulating some potential pathways 
(Figure 1)[39]. The Burkey group found that human 
HCC cells (HepG2) could secrete Apo lipoprotein J 
(Apo-J), another name for sCLU, in association with 
a significant amount of lipid, providing unequivocal 
evidence that Apo-J could transport lipids[35]. This 
research also demonstrated that Apo-J was a secreted 
lipid transport protein associated with all of the major 
lipid classes that could play an important role in lipid 
transportation. In addition, other researchers found 
that TRPM-2 mRNA could be induced by heat shock 
treatment of the human culture cell line HepG2[40]; 
and this heat shock induction was observed in culture 
cells derived from different animal species. Because 

Clinical trial Notes Drugs Patients, n

OGX-011-3[26]

Docetaxel and prednisone with or without OGX-011 
in treating patients with recurrent or metastatic 
prostate cancer that did not respond to previous 
hormone therapy
(NCT00258388)

Randomized, two-arm, open label, multi-
center study in patients who received 
docetaxel/prednisone with/without 

custirsen

Custirsen sodium:
640 mg iv for 2 h-Cycle 1: days 7, 5, 3, 1, 8, 

15 (4 wk cycle)
Docetaxel: 75 mg/m2 iv for 1 h-day 1 

every 3 wk (3 wk cycles)
Prednisone:
5 mg PO bid

82

0GX-011-04
Hormone ablation therapy in patients with localized 
prostate cancer

A single-arm, open-label, single center study 
to assess the effects of combined hormone 

ablation therapy and weekly treatment with 
custirsen prior to surgical removal of the 

prostate gland

LHRH agonist (hormone ablation) was 
given with weekly custirsen treatment 

for 12 wk and prostatectomy performed 
within 14 d of the last dose of custirsen

24

OGX-011-05[28]

A study of OGX-011/Gemcitabine/Platinum-based 
regimen in stage ⅢB/Ⅳ non-small cell lung cancer
(NCT00138658)

An open-label trial to assess the safety and 
anti-tumor effect of OGX-011 when given 
to patients in combination with GEM and 

CIS/CARB

Custirsen sodium: 640 mg iv for 2 h Cycle 
1: days 7, 5, 3 and days 1, 8, 15 of every 

21-d cycle
GEM: days 1 and 8

Cisplatin/Carboplatin: day 1
6 cycle 2

81

OGX-011-06[29]

OGX-011 and docetaxel in treating women with 
locally advanced or metastatic breast cancer
(NCT00258375)

To study how well giving OGX-011 together 
with docetaxel works in treating women 

with locally advanced or metastatic breast 
cancer

Custirsen sodium: 640 mg iv for 2 h on 
days 7, 5, 3, 1, 8 and 15 of cycle 1 and on 

days 1, 8, 15 on the other cycle
Docetaxel: 75 mg/m2 iv for 1 h on days 1 

and 8

15

OGX-011-07[27]

Evaluation of safety and feasibility of OGX-011 in 
combination with second line chemotherapy in 
patients with HRPC
(NCT00327340)

A multicenter, open-label, randomized 
study evaluating the safety and feasibility 

of custirsen in combination with second line 
chemotherapy in patients with HRPC

Prednisone: 5 mg twice daily through 
completion of the final treatment cycle.
Custirsen: 640 mg iv for 2 h on days 9 to 

1 of every cycle
Mitoxantrone: 12 mg/m2, iv on day 1.

Docetaxel: 75 mg/m2, iv on day 1

42

Assessing the effects of combined therapy with 
androgen ablation and OGX-011 given prior to 
radical prostatectomy on pathologic complete 
response rates in men with localized prostate cancer 
and high risk features
(NCT00138918)

An open-label, non-blinded, phase Ⅱ 
clinical, tissue pharmacokinetic and 
pharmacodynamics study of weekly 

OGX-011 and neoadjuvant hormone therapy 
prior to radical prostatectomy in patients 

with localized prostate carcinoma and high 
risk features

Neoadjuvant hormone therapy: buserelin 
9.9 mg subcutaneously × 1 injection with 
flutamide 250 mg orally tid for the first 4 

wk
OGX-011: 640 mg by intravenous infusion 

over 2 h on days 1, 3, and 5

45
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there might be a relationship between heat shock 
and apoptosis[41], TRPM-2 might play a role in the 
process of apoptosis[40]. As research continued, sCLU 
was found to be expressed in many human tumors, 
including breast, lung, bladder, kidney and prostate 
cancers. Its expression has been documented to 
lead to broad-based resistance to other unrelated 
chemotherapeutic agents such as doxorubicin and 
cisplatin[14-16,18]. To explore the expression of clusterin 
in HCC, Kang et al[42] examined 100 surgically resected 
HCCs using the tissue microarray method, and they 
found that a total of 89 HCCs exhibited clusterin 
overexpression, which was associated with poor 
Edmondson’s histological grades and high TNM stages. 
Another group demonstrated that CLU overexpression 
was an important factor for metastasis and this might 
be related to YKL-40 in playing the metastatic role in 
HCC. However, the study by Aigelsreiter et al[43] found 
the opposite results after analysis, and the authors 
reported that the reasons for this discrepancy might 
be methodological differences or differences in antigen 
preservation. In addition, Hsieh et al[44] suggested 
that dysregulation of the clusterin gene in human 
hepatoma was most likely due to cellular responses to 
external stresses, particularly during sample collection 
procedures, rather than due to any correlations with 
hepatoma development or progression. External 
stresses or micro-environmental changes can greatly 
affect gene or protein expression. Although there 
is varying sCLU protein expression in a number 
of different liver cancer tissues, sCLU might also 
contribute to resistance of HCC to chemotherapy and 

could play a role in promoting HCC metastasis[45]. Our 
previous results demonstrated that overexpression of 
sCLU abrogated OXA-induced inhibition of cell growth 
and cell apoptosis, but depletion of sCLU synergized 
with OXA to inhibit cell growth and enhance cell 
apoptosis, by regulating the proteins involved in 
mitochondrial apoptosis pathways. sCLU could be a 
novel molecular target for overcoming OXA resistance 
in HCC[21,22]. In recent years, an increasing number 
of reports have provided evidence that a proteomic 
approach is a promising method for discovering and 
identifying novel biomarkers for HCC. In Asako Kimura’
s research, three-step proteome analyses were 
performed in serum samples, and 83 up-regulated 
proteins, the most significantly overexpressed of which 
was sCLU, were found in the serum of HCC patients. 
The overexpression of serum sCLU was confirmed 
by ELISA using another group of HCC samples, and 
the author confirmed that sCLU was a potential novel 
serum marker for HCC[46]. The same conclusion was 
also verified by another research center[47]. However, 
opposite conclusions were obtained from three 
different research groups[48-50], all of which demon
strated that serum sCLU levels in HCC patients were 
significantly lower than those in healthy patients 
but statistically higher than in cirrhosis patients. The 
reasons for this discrepancy might include that the 
total number of cases was insufficient and that the 
selection criteria for patients were different. Therefore, 
a large number of clinical trials in different research 
centers are necessary to explore the potential of serum 
clusterin as a biomarker in HCC.

Phase Ⅲ trial Treatment and Arms Patients, n Completion Date

ENSPIRIT
A multinational, randomized, open-label 
study of custirsen in patients with advanced or 
metastatic non-small cell lung cancer
(NCT01630733)

Arm A: Custirsen Docetaxel
Custirsen: Three loading doses of custirsen 640 mg iv over 2 h 

administered in 5 to 9 d prior to day 1 of cycle 1, then custirsen 640 
mg iv weekly every 21-d cycle

Docetaxel: 75 mg/m2 iv over 1 h on day 1 of every 21-d cycle
Arm B: Docetaxel

Docetaxel: 75 mg/m2 iv over 1 h on day 1 of every 21-d cycle until 
disease progression, unacceptable toxicity, withdrawal of consent or 

protocol specified parameters to stop treatment

1100 July, 2017

AFFINITY Drugs: cabazitaxel, prednisone, custirsen sodium   630 December, 2015
Comparison of cabazitaxel/prednisone alone 
or in combination with custirsen for second 
line chemotherapy in prostate cancer
(NCT01578655)

Following 2 loading doses of custirsen (640 mg iv), cabazitaxel (25 
mg/2 iv) is administered on a 3-wk cycle with weekly custirsen (640 
mg iv) and daily prednisone (10 mg PO) until disease progression, 

unacceptable toxicity, or completion of 10 cycles
Drugs: cabazitaxel, prednisone

Cabazitaxel (25 mg/m2 iv) is administered on a 3-wk cycle with 
daily prednisone (10 mg PO) until disease progression, unacceptable 

toxicity, or completion of 10 cycles
SYNERGY
Comparison of docetaxel/prednisone to 
docetaxel/prednisone in combination with 
OGX-011 in men with prostate cancer
(NCT01188187)

Drugs: custirsen sodium, docetaxel, prednisone
Docetaxel/prednisone on a 3-wk cycle with weekly OGX-011 640 
mg infusions until disease progression, unacceptable toxicity, or 

completion of 10 cycles.
Drugs: docetaxel, prednisone

Docetaxel/prednisone on a 3-wk cycle until disease progression, 
unacceptable toxicity, or completion of 10 cycles

1023 April, 2014
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CONCLUSION
Custirsen (OGX-011) is a second-generation antisense 
molecule designed to block the expression of the 
protein sCLU, which is up-regulated in tumor cells 
in response to treatment interventions, such as 
chemotherapy, hormone ablation and radiation therapy. 
In recent years, studies of the Clusterin gene have led 
to the understanding of entirely new mechanisms of 
cancer drug resistance (Figure 1). Studies from multiple 
canters worldwide have indicated the potential for the 
development of therapeutic strategies that aim to 
overcome cancer cell drug resistance and the targeting 
of clusterin as an early diagnostic serum biomarker in 
HCC. However, in the coming years, questions remain 
regarding the role of Clusterin gene in HCC that must 
be explored. First, additional experiments exploring 
the expression of sCLU in HCC tissues are required to 
confirm the relationships between sCLU expression 

and clinicopathologic parameters in HCC patients, and 
more samples are needed from HCC patients with 
HBV or HCV infection from multiple research centers. 
Second, in recent years, an increasing number of 
reports have provided evidence that clusterin could 
be a novel biomarker for HCC. However, the research 
about the pertinence of sCLU expression in tumor 
tissues and blood serum is limited. If we could find 
the relationship between the sCLU expression in 
tumor tissues and blood serum, in other words, if the 
contents of sCLU in blood serum could predict the 
expression of sCLU in tumor tissues, there will be of 
great significance for the individualized treatment in 
HCC. Third, understanding the mechanisms and the 
signaling pathways regulated by sCLU could be critical 
to unravelling the solution for multi-drug resistance in 
HCC. Then, further investigations should be targeted 
at the mechanisms and signaling pathways regulated 
by sCLU in HCC. Furthermore, although additional 

Figure 1  Potential mechanisms of secretory clusterin in tumors[21,22,39]. ER: Endoplasmic reticulum; Cyto C: Cytochrome c; IGFR: Insulin-like factor receptor.
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preclinical trials and clinical trials are necessary to 
explore the role of sCLU in HCC, targeting the sCLU 
with custirsen could also validate the approach as a 
systemic therapy to increase chemotherapy sensitivity. 
A deeper understanding of the mechanisms and the 
role of sCLU in anticancer drug resistance might reveal 
that custirsen is a valuable therapeutic agent for 
overcoming anticancer drug resistance in advanced 
HCC.
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