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Colchicine binding site inhibitors (CSBIs) target microtubules, a critical component of the cell cytoskeleton,
by inhibiting its polymerization. To date, combretastatin, indibulin, crinobulin, plinabulin, etc., that bind to
colchicine sites have been identified as promising anticancer agents. Compared to colchicine, its derivatives
and other inhibitors binding at the same site are poor substrates for Pgp pumps, making them less prone
to developing multiple drug resistance in tumor cells. Their high chemical stability with low neurotoxicity
is an added advantage, making them suitable for entering clinical trials.These inhibitors dock onto the
hydrophobic pocket of the colchicine binding site on tubulin via hydrophobic interactions. Hydrogen
bonds and electrostatic interactions between the inhibitor molecule and the amino acid residues on
tubulin are essential for stabilizing the inhibitor-tubulin complex and enhancing the binding specificity.
This review discusses the clinical trials of colchicine-binding site inhibitors in cancer chemotherapy.

Introduction

Microtubules (MTs) regulate cell division, intracellular
transport, and cellular integrity, rendering them one
of the most promising targets for cancer treatment
regimens.MTs have a cylindrical structure consisting
of 13 protofilaments, alternating a- and b-tubulin
subunits arranged in a helical pattern. The
protofilaments are arranged in a circular pattern,
forming a hollow tube with an outer diameter of
about 25 nm and an inner diameter of about 15 nm.
MTs are highly dynamic structures that can rapidly
grow and shrink by adding and removing tubulin
subunits[1]. The dynamics of microtubules are
regulated by several proteins, including microtubule-
associated proteins (MAPs) and motor proteins.
Several tubulin-bindingor microtubule targeting
agents (MTAs), such as paclitaxel, vinblastine, and
colchicine, interfere with MT dynamics and inhibit
cell division[2]. These agents also induce DNA
damage and exhibit anti-angiogenetic, anti-
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metastatic, and anti-neurogenerative potentials.
MTAs are predominantly classified into three sets.
The first set (e.g., vincristine, vinblastine,
vinorelbine, etc.) targets the vinca domain residing
between two longitudinally arranged off tubulin
heterodimers. The second one (e.g., colchicine,
combretastatin A4, nocodazole, etc.) camps inside
the tubulin dimer and primarily binds to B-tubulin
(Fig. 1)[3].The third set (e.g., paclitaxel and
epothilones) targets the taxane site on B-tubulin in
the lumen of MTs[4].

The biological significance of microtubules in
governing multiple cellular processes, especially in
cell proliferation, has led to the identification of many
MTAs as potential anti-cancer agents[5]. Several
tubulin inhibitors have already been clinically
approved for cancer treatment therapeutics, and
many more are in pipelines and currently undergoing
pre-clinical and clinical investigations. Tubulin
inhibitors either act by binding to colchicine and
vinblastine sitesand serving as promoters of tubulin
disassembly or by binding to taxane sites such as
paclitaxel and epothilone to enable tubulin assembly.
In either of the two cases, they interfere with
spindle-microtubule dynamics during mitosis, causing
cell cycle arrest and apoptotic cell death. These
MTAs distinguish between cancer cells, which are
highly proliferative, and normal cells, which makes
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Figure 1: (a) Representative docked image of colchicine and tubulin dimer (PDB ID - 1SAQ0)(b) Zoomed-in
image depicting the interacting amino acid residues with blue lines indicating the hydrogen bonds.

Table - Summary of CSBIs with their status of clinical trial

CSBls Status of Clinical trial References
Mivobulin / CI- Failed at Phase II for melanoma. [13-16]
980
Indibulin / D- Incomplete Phase I/II for metastatic breast cancer, [19-21, 23]
24851 advanced solid tumors in combination with Erlotinib.
Crolibulin / Phase I/II for anaplastic thyroid cancer [27]
Crinobulin /
EPC2407
CA-4-P / Phase II for ovarian cancer, solid tumors, and NSCLC [34-36, 38]
Fosbretabulin in combination with carboplatin and paclitaxel, Phase

ITI for anaplastic thyroid cancer
Ombrabulin / Phase II for solid tumors in combination with paclitaxel | [44, 48]
AVE8062 and carboplatin, ovarian cancer, Phase III for soft

tissue sarcoma
ABT-751 / Phase II for breast cancer, NSCLC, prostate cancer, [50, 51, 53, 70]
E7010 neuroblastoma
ZD6126 Phase II for renal cell carcinoma, for colorectal cancer [55, 56]

in combination with oxaliplatin and leucovorin
Lisavanbulin / Phase II for solid tumors, glioblastoma [59, 60]
BAL101553
Plinabulin / NPI-| | Phase III for advanced solid tumors, for NSCLC in [65, 66, 71]
2358 combination with docetaxel
Tivantinib / Phase III for hepatocellular carcinoma, for NSCLC in [68, 69]
ARQ197 combination with Erlotinib

them less susceptible to their effects[6, 7]. Over
the last decade, many MTAs have been developed
either by de-novo drug designing or by modification
of existing lead molecules. They are beingtested for
their anti-cancer potential,followed by effective
absorption, distribution, metabolism, excretion, and
toxicity (ADMET) to be potentially used at the clinical
level[8].

Many of the MTAs targeting the taxane or vinca
site have been shown to display multi-drug
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resistance and are substrates of P-glycoprotein (Pgp)
pumps[9]. Colchicine itself is a substrate of Pgp[10].
To our interests, colchicine-site-binding inhibitors
(CSBIs) demonstrated the capacity to circumvent
drug resistance because of their distinct cavity
structure, which is readily accessible to small
molecule inhibitors[11, 12]. Many of these small
molecules also exhibited high chemical stability and
low neurotoxicity. This has gathered attention, and
several CSBIs are currently under active
investigation (Fig. 2, 3). This review focuses on
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Figure 2: Chemical structures of colchicine (PubChem CID - 6167), mivobulin (PubChem CID - 182762),
indibulin (PubChem CID - 2929), crolibulin (PubChem CID - 23649181), combretastatin A1 diphosphate
(PubChem CID - 6918546) and fosbretabulin (PubChem CID - 5351387).
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Figure 3: Chemical structures of ombrabulin (PubChem CID - 6918405), ABT-751 (PubChem CID - 3035714),
ZD6126 (PubChem CID - 9896434), lisavanbulin (PubChem CID - 45259014), plinabulin (PubChem CID -
9949641), tivantinib (PubChem CID - 11494412).
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CSBIs undergoing clinical evaluation and discusses
their pros and cons as anti-cancer chemotherapeutic
agents.

CSBIs under clinical development
Mivobulin

Mivobulin, or CI-980, is a synthetic colchicine analog
and acts as a mitotic inhibitor by binding to the
colchicine site of tubulin. At the pre-clinical level, it
showed broad-spectrum activity by inhibiting the
polymerization of microtubules and arresting cellular
division in metaphase. CI-980 could cross the blood-
brain barrier being useful in melanoma cases. It also
augmented in vivo cytotoxic effects on both murine
and human tumors. However, it failed to produce
any objective response with 95% CI in phase II
clinical level due to high hematologic toxicity,
especially myelosuppression and
granulocytopenia[13-15]. It caused leukopenia and
anemia, with nausea, vomiting, and weakness.
Mivobulin was found to be ineffective in phase II
trials for advanced melanoma and refractory prostate
cancer [16].

Indibulin

Indibulin is an indole-based MT inhibitor that disrupts
MT polymerization by docking onto the colchicine
site.It dampens the MT dynamics and inhibits the
cell division at the G2/M phase. It activates the
spindle assembly checkpoint by augmenting the
levels of Mad2 and BubR1l, thereby causing
apoptosis-mediated cell death in multiple cell
lines[17]. At pre-clinical levels, it synergizes with
vinblastine to function as a potential anti-cancer
agent. It induces minimal neurotoxicity in animal
models and is less cytotoxic to differentiated neurons
than undifferentiated ones[17, 18]. It has shown
promising clinical activity and a favorable safety
profile against various types of cancer, including
metastatic breast cancer[19] and advanced solid
tumors [20, 21]. In phase I/II dose determining and
escalating clinical study, target plasma
concentrations above IC50 doses have been
achieved without any significant toxicity. Indibulin
may not be a substrate of Pgp pumps, as it
maintained its efficacy in multidrug-resistant cell
lines resistant to taxol, vincristine, or
doxorubicin[22]. It also exhibits low neural toxicity
and hasthe advantage of oral bioavailability, making
it a promising anti-cancer agent to further study
for Phase III studies[23].

Crolibulin

Crolibulin, also known as crinobulin and EPC2407, is
a chromene analog. It inhibits MT polymerization by
binding to the colchicine site on B-tubulin, and

causes mitotic cell arrest. It also inhibits
neovascularization in tumors, leading to reduced
blood flow and ischemic necrosis in the tumors[24,
25]. Clinically, it has been found effective in
monotherapy for advanced tumor types, including
pancreatic, colon, and prostate. Phase I/II dose-
determining and escalating studies reported that
crolibulin had an acceptable side effect profile with
a transient increase in blood pressure. There were
no reports of pulmonary adverse events, significant
myelosuppression, or hepatic or renal toxicities[26].
It is synergistic with cisplatin for anaplastic thyroid
cancer. In addition, it caused no infusion reactions
or renal or hepatic dysfunctions and was well
tolerated for up to 8 cycles over 6 months [27, 28].

Combretastatins

Combretastatins are water-soluble natural phenols
and they inhibit tubulin polymerization and also
exhibit anti-angiogenic potential. Combretastatin Al
diphosphate (0OXi4503) and Combretastatin A-4
phosphate (CA-4P), named fosbretabulin, are the
two combretastatin analogs that have entered
clinical trials. OXi4503 has shown promising results
in phase I as monotherapy in hepatic tumors, other
advanced solid tumors, and myeloid leukemia [29-
31]. It has also been tested with cytarabine as a
Phase I/II trial for Acute Myelogenous Leukemia and
Myelodysplastic Syndromes [32].

CA-4P or fosbretabulin has shown highly encouraging
results and is currently in Phase III trials for platinum-
resistant ovarian cancer [33], anaplastic thyroid
cancer [34, 35], and Phase I/II trials for other
advanced solid tumors [36, 37], and recurrent high-
grade gliomas [38]. It has been tested in over 500
patients as monotherapy or in combination with
paclitaxel and bevacizumab. CA-4P has been well
tolerated and exhibited no significant toxicity during
dose escalation trials. Given combretastatin’s
promising potential as an anti-cancer agent, many
synthetic analogs of it are currently in pre-clinical
studies. Amongst other synthetic analogs of
combretastatin, C12 (5-Quinolin-3-yl and 4-(3,4,5-
trimethoxyphenyl) selectively targets both mitotic
and non-mitotic cancer cells than non-cancerous
cells. It elicits multiple modes of cell death via
targeting the MT dynamics and activating the
spindle assembly checkpoint. It has been found to
reduce tumor volume in MCF-7 xenograft in NOD-
SCID mice[39-41], holding positive expectations at
the clinical stage in future investigations.

Ombrabulin

Ombrabulin,or AVE8062 is a water-soluble
combretastatin analog that inhibits tubulin
polymerization by docking onto the colchicine site.
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It has been reported as a vascular disruptor causing
arterial constriction along with its anti-tumor
activity. It hampers the tumor blood flow, causing
extensive necrosis. It acts synergistically with
docetaxel for endothelial and tumor cell lines[42,
43]. It has been clinically tested as monotherapy
and in combination with cisplatin, docetaxel, and
carboplatin on solid tumors, non-small cell lung
cancer, and ovarian cancer. This drug passed a
couple of phase I/ II trials[44-47], however, failed
to meet the expectations due to significant
cardiovascular toxicity at higher doses[48]. It also
did not show a significant objective response with
the taxane-platinum regimen versus placebo in non-
small cell lung carcinoma [47].

ABT-751

ABT-751 or E7010 is an orally bioavailable,
sulfonamide tubulin inhibitor. It blocks the cell cycle
at the G2-M phase by lodging into the colchicine
site of B-tubulin, thereby resulting in cellular
apoptosis. ABT-751 engenders broad-spectrum anti-
tumor activity extending to drug-resistant lines.
Parallelly, it also reduced tumor perfusion and
hampered tumor vasculature[49]. It is currently
under phase II trials for breast cancer[50], non-
small cell lung cancer[51], metastatic prostate
cancer that failed hormonal therapy [52], and
recurrent neuroblastoma[53]. The event-free
survival upon ABT-751 treatment is longer in
neuroblastoma children compared to other diagnoses.
Although the results are encouraging, the drug is
well tolerated with an acceptable toxicity (abdominal
pain, fatigue, and constipation) profile and no
myelosuppression, the objective response has not
been significantly better than other active
compounds and current treatments.

ZD6126

ZD6126 is an N-acetylcolchinol tubulin-binding agent.
It characteristically disrupts the endothelial cell
tubulin cytoskeleton, causing selective changes in
cell shape. The immature tumor vasculature is
disrupted, culminating in nutrient deprivation and
tumor necrosis. In pre-clinical mice models, ZD6126
caused a delay in tumor growth alone and
combination with cisplatin[54]. At the clinical level,
the dose escalation trials are currently halted owing
to their gastrointestinal (abdominal pain, vomiting)
and cardiovascular toxicity at higher doses. At
tolerated doses, it failed to produce any objective
response in patients. It is being tested at Phase II
levels as monotherapy in metastatic renal cell
carcinoma [55] and in combination with oxaliplatin
and leucovorin in metastatic colorectal cancer[56].
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Lisavanbulin

Lisavanbulin or BAL101553, a prodrug of avanbulin
or BAL27862, is causing tumor cell death by MT
destabilization and activating the spindle assembly
checkpoint. The anti-tumor activity of lisavanbulin,
which binds to the colchicine site of tubulin
heterodimer, is higher in tissues expressing end-
binding protein (EB1), MT associated protein that
regulates MT dynamics. It has completed its phase
I trials via oral infusions with a favorable safety and
tolerability profile. It exhibits significant tolerance
and no vascular toxicity, even though at doses above
70mg/m2, some symptoms of hypotension and
neutropenia were observed[57]. It demonstrates
benefits in GBM PDX models alone and in combination
with radiation therapy and temozolomide [58]. It is
currently under phase II trials for solid tumors [59]
and high-grade, recurrent glioblastomas[60].

Plinabulin

Plinabulin or NPI-2358, is a synthetic analog of
halimide derived from marine Aspergillus sp. It is a
CSBI and works effectively both as an anti-tumor
and anti-vascular agent[61]. Plinabulin triggers early
mitotic arrest and causes JNK-mediated apoptosis
in multiple myeloma cells [62]. It has been tagged
as a selective immunomodulating microtubule-binding
agent (SIMBA) and is actively investigated for the
prevention of chemotherapy-induced neutropenia
(CIN). Plinabulin can also induce macrophage to
attain an Ml1-like tumor inflammatory phenotype
[63]. In the PD-1 non-responsive immune-
competent animal model, Plinabulin in combination
with PD-1 antibody and radiation (IR) - triple IO
combination - induced~ 80% tumor reduction. It
has been tested globally in over 1400 patients and
14 clinical trials. It displayed effective dose tolerance
and safety profile in phase I and II trials and is
currently under phase III trials for CIN[64] and non-
small cell lung cancer. In Phase I, plinabulin in
combination with PD-1 and CTLA-4 antibodies
produced significant benefitsin SCLC patients who
failed platinum and PD-1/PD-L1 antibodies [65]. It
is also tested with radiation and immunotherapy for
advanced bladder carcinoma in phase I/II trials [66].
Tivantinib

Tivantinib or ARQ197 perfectly fits onto the
colchicine site of beta-tubulin, rendering disrupted
MTs. It was initially evaluated as a selective MET
inhibitor; however, it inhibits cell proliferation in both
MET-dependent and independent manner. It disrupts
MTs and induces arrest of the cells in the G2-M
phase. Tivantinib can induce apoptosis via both
extrinsic-death receptor and intrinsic — mitochondrial
pathway. ABC transporters also do not impede its
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anti-apoptotic activity,thus showing similar pre-
clinical results in both parent and MDR cell lines[67].
In phase II studies for hepatocellular carcinomas,
tivantinib doubled the overall survival rate. It has
been investigated in Phase III trials globally on about
1500 patients with liver [68] and non-small cell lung
cancer[69]. The multiple mechanisms of action and
adverse hematological toxicity of tivantinib have
limited its further investigation at the clinical
level,and more pre-clinical studies are necessary to
elucidate its cellular action.

Conclusion

This review highlightsthe clinical
developmentprogress ofCSBIs.In addition to their
anti-mitotic effects, many CSBIs bear anti-vascular
and anti-angiogenic properties. As discussed, many
of the CSBIs, such as CA-4P, OXi4503, Crinobulin,
and indibulin, continue to advance in the clinical
development process, whereas some are halted due
to their severe toxicity in the patients during the
trials.

CSBIs such as Ombrabulin and ZzD6126 exert anti-
tumor effects by vascular disruption. They cause
contraction in proliferating endothelial cells, leading
to shutdown of tumor blood flow and extensive
necrosis in tumor models. These drugs fail to produce
immediate tumor size reduction at the clinical level,
however, their combination with standard-of-care
chemotherapies could devise a multi-targeted line
of therapy. Plinabulin has shown a significant
objective response with a platinum-PD-1/PD-L1
immunotherapy regimen.

Currently, many CSBIs are under pre-clinical studies,
showing encouraging evidence for treating MDR
malignancies. They hold promises for their journey
from pre-clinical to clinical investigations in the near
future.
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