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Irinotecan has been used in the treatment of various malignancies for many years. Still, the knowledge regarding

this drug is expanding. The pharmacogenetics of the drug is the crucial component of response to irinotecan.

Furthermore, new formulations of the drug are introduced for it enhanced delivery. Novel formulations of drugs

(e.g., liposomal formulations, dendrimers, and nanoparticles) have a huge potential to avoid potentially life-

threatening side effects of the iriniotecan. 

Irinotecan  topoisomerase  cancer

1. Definition

Irinotecan has been used in the treatment of various malignancies for many years. Still, the knowledge regarding

this drug is expanding. The pharmacogenetics of the drug is the crucial component of response to irinotecan.

Furthermore, new formulations of the drug are introduced in order to better deliver the drug and avoid potentially

life-threatening side effects.

2. Introduction

Despite significant progress in medicine, classical chemotherapy still remains the first-line treatment of cancer,

especially metastatic tumors. Tumor drug resistance and potential side effects are the main limiting factors in

cancer treatment. These factors promote continuous drug development and research that studies the effects of

combined treatments of existing drugs. Moreover, the field of drug delivery is expanding rapidly, raising hope for

more efficient anticancer therapies  . These include the use of liposomal formulations, dendrimers, and

nanoparticles as delivery systems. Among conventional antineoplastic drugs, several classes are distinguishable:

alkylating agents, antimetabolites, topoisomerase inhibitors, mitotic spindle inhibitors, and others  .

Topoisomerase I inhibitors have been extensively studied since the late 1960s; however, initially, their clinical use

was hindered due to their severe toxicity and low stability. Irinotecan as the first member of this drug group was

approved for the treatment of cervical, lung, and ovarian cancer in Japan in 1994. In the following years, its use

was approved in Europe (1995) and the USA (1996) .

3. Irinotecan (CPT-11)

One of the best-studied topoisomerase I inhibitors is irinotecan. Since its introduction in 1996, 7-ethyl-10-[4-(1-

piperidino)-1-piperidino]-carbonyloxycamptothecine (CPT-11) has been used to treat various types of cancer such
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as: pulmonary , pancreatic, gastric , ovarian  , cervical  , colorectal , and others . Isolated

from the Chinese tree Camptotheca acuminata, camptothecin alkaloid was the base for semi-synthetic, water-

soluble anologs such as irinotecan (CPT-11, drug name: Camptosar , Campto ) and topotecan (Hycamtin ) that

have been approved by the US Federal Drug Administration for clinical use (in 1996 and 2007 respectively)  .

Irinotecan is a pentacyclic alkaloid provided with a bis-piperidine side chain, which contributes to its water solubility

(Figure 1) . Similar to other campthothecins, irinotecan undergoes structural changes depending on the

physiological pH of the cellular environment. Irinotecan is considered to be active in lactone structural form but

impermeable through cell membranes and therefore inactive in carboxylate form  .

Figure 1. Chemical structures of camptothecin and irinotecan.

4. New Irinotecan Formulations

Many different approaches were taken to overcome the problem of bioavailability of the drug or its active

metabolite SN-38. These include the design of liposomal formulations, nanoparticles, polymer conjugates,

dendrimers, peptides, or carbohydrates .

Liposomal irinotecan (nal-IRI, ONIVYDE) was approved in 2015 . Since then, new liposomal irinotecan

formulations have been developed and used as second-line treatments of metastatic pancreatic cancer  .

Liposomes are phospholipid bilayers equipped with inner aqueous pockets that are used as drug delivery

enhancers of hydrophobic and hydrophilic agents  . Liposomes provide a protective layer that shelters

encapsulated drug from the structural alterations or chemical degradation . Furthermore, the covalent

adherence of polyethylene glycol (PEG) molecules can be used to improve the systemic circulation of drugs .

PEGylated liposomal formulation of irinotecan (MM-398) improved the cytotoxic effects of irinotecan in a mouse

model of brain metastasis compared to irinotecan monotherapy . Liposomal formulations of irinotecan are

promising new cytotoxic agents that can be utilized to treat other malignancies such as metastatic breast cancer

. Zhang et al.  conjugated irinotecan with a series of fatty acids to increase its lipophilicity and allow particles

to self-assemble in an aqueous environment in order to protect estrified irinotecan from bond hydrolysis by

carboxylesterases. This approach resulted in higher intracellular accumulation and an elevated cytotoxicity of

irinotecan  .

[5][6][7] [8][9] [10][11] [12] [13] [14]

® ® ®

[15]

[16]

[17][18]

[19]

[20]

[21][22]

[23]

[24]

[25]

[26]

[20] [27]

[27]



Irinotecan | Encyclopedia.pub

https://encyclopedia.pub/entry/1328 3/9

One of the main factors that favored liposomal drug formation was the asset of alleviated toxicity due to more

directed delivery. Different kinds of carriers have been used to achieve this goal. However, most of them fail to

serve their purpose in vivo, while exhibiting a high potential in vitro.

Not only liposomal formulations but also graphene-based irinotecan formulations were prepared to increase the

effectiveness of the drug. Graphene with a sp2-hybridized 2D framework has attracted much attention from

scientists because of its outstanding properties. Graphene oxides (GOs) provide a relatively high surface for

loading of drug. Moreover, the oxidation of graphene results in the formation of chemical groups such as such

hydroxyl (–OH), epoxy (> O), and carboxylic (–COOH) groups that can be modified according to the purpose.

Furthermore, graphene has high membrane penetrating potential, and the formulations of drugs can be easily

uptaken by the cells. Karki et al.  performed research on SN-38 loaded on graphene oxides (GOs) modified with

either polyvinylpyrrolidone (PVP) or excipient β-cyclodextrin (β-CD). The team analyzed the release of the drug

from the nanocarriers and assessed their cytotoxicity in human breast cancer cells (MCF-7). The researchers

showed that the SN-38 loaded on nanocarriers exhibited higher cytotoxic potential in the tested cell line. Moreover,

the GO–PVP nanocarrier had higher cytotoxic activity than the GO–β-CD nanocarrier, indicating that GO–PVP is a

more effective drug delivery system  .

Alibolandi et al.  developed a PEGylated acetylated carboxymethylcellulose conjugate of SN38 and covalently

attached it to an aptamer against CD133 to ensure the selective delivery of the drug to colorectal cancer stem

cells. This approach allowed the nanoparticles to be uptaken by a CD133-expressing HT29 cell line in vitro.

Furthermore, the use of nanoconjugates resulted in an enhanced cytotoxicity of the drug compared to the non-

targeted self-assembled nanoconjugate  .

Valencia et al. proposed a combinatory therapy of both cisplatin and irinotecan encapsulated in poly(d,l-lactide-co-

glycolide)-co-poly(ethylene glycol) (PLGA–PEG)-based nanoparticles. The self-assembly of molecules allowed

irinotecan to be passively incorporated into the complexes. The formed nanoparticles were directed toward

prostate cancer cells overexpressing prostate-specific membrane antigen (PSMA) receptors, by using the PSMA

ligand S,S-2-(3-[5-amino-1-carboxypentyl]-ureido)pentanedioic acid. This resulted in selective endocytotic uptake

and the controlled release of drug, allowing complexes to act as cytotoxic agents. Both agents exhibited synergistic

activities, resulting in elevated cell killing .

On the other hand, Onishi et al.   examined irinotecan nanoparticles with poly(ethylene glycol)-block-

poly(propylene glycol)-block-poly(ethylene glycol) for their antitumor potential in mouse sarcoma model in vivo. The

group suggested that the tested nanoparticles may exhibit cytotoxic potential in solid tumors distant from the

administration site .

Machmoudi et al.  constructed PEGylated polyamidoamine (PAMAM) dendrimers containing SN-38 conjugated

with peptides: BR2 and CyLoP1. The team assessed both the cytotoxicity and uptake of the formulation by the

murine colon carcinoma (C26) cell line. In vitro studies showed that the formulation was much more cytotoxic

(range of 154.4-635 nM) compared to SN38 in native form. In addition, the dendrimers were uptaken more
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promptly by cells compared to SN38. Furthermore, in vivo studies were carried out in order to estimate antitumor

efficacy. The results showed that the new formulation enhanced drug accumulation efficiency at the tumor site and

exhibited higher anti-tumorigenic efficacy compared to SN-38 alone .

Wang et al. developed novel nanoparticles that consisted of hyaluronic acid, poly(lactic-co-glycolic acid), chitosan,

and pluronic F-127 as a nanocarrier of irinotecan and doxorubicin . Recently, Hyaluronic Acid ChemoTransport

(HyACT ) has been employed as a carriage system of irinotecan. Preclinical studies using the mentioned

formulation showed improved responsiveness in CD44 positive tumor cells. In addition, it has been demonstrated

that the combination resulted in improved progression-free survival in metastatic colorectal cancer when compared

to normal irinotecan monotherapy  .

Interesting studies were carried by Naumann et al. . The team employed SN-38 conjugated to gold

nanoparticles via oligonucleotides complementary to specific mRNAs unique to the cancer cells of Ewing sarcoma.

In a cancer cell, the SN38-conjugate oligonucleotide is released, allowing the inhibition of topoisomerase by SN-38.

The obtained result showed that the drug was efficiently delivered and selectively released in both in vitro and in

vivo conditions .

Zashikhina et al.   developed self-assembled poly(l-lysine)-b-poly(l-leucine) (PLys-b-PLeu) polymersomes. The

cytotoxicity of polypeptide polymerosomes was tested on three cell lines: HEK, NIH-3T3, and A549. The

researchers found that the carriers did not exhibit any cytotoxic activity in the tested cell lines. Moreover, the

loading of irinotecan into polymersomes resulted in similar antitumor activity in vitro to that observed for free drug

. The summary of new drug formulations is provided in Table 2 below.

Table 2. New irinotecan formulations with effects of modifications and references.
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New Formulation Effect of Modification Reference

PEGylated liposomal irinotecan
Improved cytotoxic effects of irinotecan

in mouse model of brain metastasis
compared to irinotecan monotherapy.

Irinotecan (Iri)-fatty acid prodrugs (Iri5C, Iri-8C, and
Iri-12C) with alkyl chains of different lengths

synthesized by esterification using DCC
(dicyclohexylcarbodiimide) and DMAP (4-

dimethylamino-pyridine).

Higher intracellular accumulation of the
drug and elevated cytotoxicity of

irinotecan.

SN-38 loaded on graphene oxides (GOs) modified
with either polyvinylpyrrolidone (PVP) or excipient β-

cyclodextrin (β-CD).

SN-38 loaded on nanocarriers
exhibited higher cytotoxic potential in

the MCF-7 cell line. The GO–PVP
nanocarrier had higher cytotoxic

activity than the GO-β-CD nanocarrier,
indicating that the GO–PVP

nanocarrier is a more effective drug
delivery system.
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