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Abstract

Fenbendazole is a benzimidazole anthelmintic agent commonly used to treat animal parasitic infections. In
humans, other benzimidazoles, such as mebendazole and albendazole, are used as antiparasitic agents. Since
fenbendazole is not currently approved by the FDA or EMA, its pharmacokinetics and safety in humans have yet
to be well-documented in medical literature. Despite this, insights can be drawn from existing in vitro and in vivo
animal studies on its pharmacokinetics. Given the low cost of fenbendazole, its high safety profile, accessibility,
and unique anti-proliferative activities, fenbendazole would be the preferred benzimidazole compound to treat
cancer. To ensure patient safety in the repurposing use of fenbendazole, it is crucial to perform clinical trials to
assess its potential anticancer effects, optimal doses, therapeutic regimen, and tolerance profiles. This review
focuses on the pharmacokinetics of orally administered fenbendazole and its promising anticancer biological
activities, such as inhibiting glycolysis, down-regulating glucose uptake, inducing oxidative stress, and enhancing
apoptosis in published experimental studies. Additionally, we evaluated the toxicity profile of fenbendazole and
discussed possibilities for improving the bioavailability of the drug, enhancing its efficacy, and reducing potential

toxicity.
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antiparasitic therapeutic agent in dogs and other animals. In humans, other benzimidazoles, such as mebendazole
and albendazole, are used as antiparasitic agents (1). Fenbendazole exerts its antiparasitic effects primarily in the
anterior intestine by depolymerizing microtubules, inhibiting intestinal secretory vesicle transport. Fenbendazole
binds to beta-tubulin in parasites, causing microtubule destabilization and hindering tubulin polymerization. This
destabilization disrupts cellular function, such as glucose uptake, thereby affecting the energy management of
parasites. Due to its poor absorption by oral administration, fenbendazole is particularly effective for targeting

intestinal parasites (2).

In August 2016, fenbendazole garnered global attention as a potential anti-cancer therapy following the complete
recovery success story of Joe Tippens, who was diagnosed with small-cell lung cancer. At the time, Tippens was
undergoing a clinical trial for a novel anti-cancer drug. Meanwhile, under the guidance of a veterinarian, Tippens
began self-administering 222 mg fenbendazole orally, along with vitamin E supplements, CBD oil, and bioavailable
curcumin. After three months of self-administration, a PET scan revealed no detectable cancer cells in his body.
Notably, Tippens was the only patient cured of cancer among the 1,100 clinical trial participants (3). While the Joe
Tippens case is compelling, it remains an anecdotal report. It underscores the need for rigorous clinical trials to

validate the efficacy and safety of fenbendazole as an anti-cancer therapy.

The anti-cancer activity of fenbendazole has been studied across many cell lines, demonstrating anti-tumor effects
against multiple cancer types (Table 1) (4-7). Additionally, fenbendazole has shown efficacy against 5-FU,
paclitaxel, and docetaxel-resistant cancer cells (5, 8, 9). Compared to albendazole, fenbendazole was more
effective against 5-FU-resistant colorectal cells, likely due to its intervention in glycolysis (5).

Table I. View inline

Studies of fenbendazole in vivo and in vitro cell lines.

Although fenbendazole exhibits promising anti-cancer effects, experimental studies indicated its poor water
solubility has hindered its therapeutic performance. When administered orally, fenbendazole struggles to reach
systemic circulation and, subsequently, the therapeutic levels necessary to impact tumors (10-12). Addressing

pharmacokinetic limitations is crucial to repurposing fenbendazole for cancer treatment.

This review focuses on the pharmacokinetics of fenbendazole when administered orally and its promising
anticancer biological activities, such as inhibiting glycolysis, down-regulating glucose uptake, inducing oxidative
stress, and enhancing apoptosis. In addition, we evaluate the toxicity profile of fenbendazole and discuss

possibilities for improving the bioavailability of the drug, enhancing its efficacy, and reducing potential toxicity. This
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Studies attribute the anti-cancer mechanisms of fenbendazole to increasing p53 activation, inhibiting the GLUT1
transporter and hexokinase, and reducing glucose uptake in cancer cells (4). Enhanced glycolysis is a crucial
signal of tumor progression (13-15). Under anaerobic conditions, glycolysis produces lactate, which increases
acidification in the tumor microenvironment and leads to drug resistance (16). Metabolic disturbances, such as
glutamine overuse, further enhance glycolysis, creating a feedback loop for tumor growth (15, 17). Fenbendazole
has been found to inhibit glucose uptake, resulting in reduced lactate levels (4). Thus, fenbendazole can serve as

a viable treatment for drug-resistant cancer cells.

Fenbendazole exhibits several other mechanisms contributing to its anti-cancer effects, primarily by disrupting
energy metabolism. It functions as a microtubule destabilizing agent, impairs proteasomal function, and inhibits
glucose metabolism. Glucose, a primary energy source for tumor cells, is metabolized through aerobic glycolysis
and delivered across the cell membrane via the GLUT1 transporter (18). Unlike normal cells, cancer cells perform
glycolysis to metabolize glucose to lactate even under aerobic conditions (13, 16, 19). Although aerobic glycolysis
is not an efficient method of supplying energy and appears to produce less ATP than oxidative phosphorylation, it
provides essential materials for tumor cell growth, such as nucleotides, amino acids, and lipids (20, 21).
Additionally, the ATP/ADP and NADH/NAD+ ratios in tumor cells remain high, indicating sufficient ATP supply
through glycolytic tumor metabolism (22).

The GLUT1 transporter has been highly expressed in 99% of patients with squamous cell carcinoma and 50% of
patients with adenocarcinoma (23-25), leading to being proposed as a promising therapeutic target in cancer
therapy (26). Fenbendazole induces mitochondrial translocation of p53, indicating activation of the p53-p21
pathway, which inhibits GLUT transporter expression and prevents glucose uptake in cancer cells (4). Through
p53 activation, fenbendazole is believed to impede hexokinase Il (HKII) (4, 7), the first glycolytic pathway enzyme
critical for cancer cell growth. However, another study did not observe inhibition of HKII activity at 1 and 10 yM
fenbendazole (10). As a primary enzyme in glucose metabolism, the inhibition of HKIl would prevent tumor
development (4, 27, 28). Therefore, fenbendazole’s actions on HKIl warrant further exploration. Thus, through
targeting GLUT1, HKII, and glycolysis, fenbendazole can lead to cancer cell starvation and reverse drug

resistance, aiding cancer treatment.

In addition to glycolysis inhibition, fenbendazole induces apoptosis in cancer cells (4-7). In colorectal cancer
(CRC) cells, fenbendazole triggers apoptosis through mitochondrial injury and the caspase 3-PARP pathway. In
wild-type CRC, fenbendazole activates p53-mediated apoptosis by increasing p53 expression. Additionally, it
induces necrosis, autophagy, and ferroptosis. In 5-FU-resistant CRC, fenbendazole triggers apoptosis without

affecting p53 expression, likely enhancing p53-independent ferroptosis-augmented apoptosis (5).
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microtubule depolymerizing activity in human cancer cell lines and demonstrates anticancer effects in vitro and in
vivo (4, 10, 35). Fenbendazole induces cell cycle arrest in the G,/M phase (4, 36) and demonstrates tubulin
destabilization activity at concentrations of 1 and 10 uM, with more cell cycle arrest demonstrated at higher

concentrations (10 uM) (10).

When administered orally at micromolar concentrations, fenbendazole induces cytotoxicity and effectively blocks
cancer cell growth. Fenbendazole also causes oxidative stress and activates the MEK3/6-p38MAPK pathway,
inhibiting cancer cell proliferation and enhancing apoptosis. Fenbendazole reduces toxicity to normal cells while
maintaining its anti-cancer effects of impairing energy metabolism and restraining cancer cell migration and
invasion (37). Beyond oncology, fenbendazole shows potential in treating pulmonary fibrosis by inhibiting the

progression of bleomycin-induced lung fibrosis (36).

Pharmacokinetics of Fenbendazole

Given that fenbendazole has not been approved for regulatory use in humans, pharmacokinetic data for this drug
is limited. While no clinical trials have tested fenbendazole in humans, insights can be drawn from in vitro and in
vivo animal studies. The FDA recently granted a fast-track designation for developing oxfendazole, a major
metabolite of fenbendazole, to treat human trichuriasis. Pharmacological studies of oxfendazole can help

supplement the understanding of fenbendazole’s pharmacokinetics in humans.

Fenbendazole undergoes partial absorption in the liver, where it is rapidly metabolized by flavin-monooxygenase
(FMO) and CYP3A4 enzymes to become its sulfoxide derivative, oxfendazole (fenbendazole sulfoxide) (38, 39).
Additionally, CYP2J2 and CYP2C19 enzymes metabolize fenbendazole into hydroxyfenbendazole (40). Another
metabolic pathway converts fenbendazole into fenbendazole sulfone (41, 42) by pre-systemic and systemic
metabolism (43). Although fenbendazole sulfone predominates in the plasma following administration (41),
oxfendazole is the primary metabolite responsible for the biological activity of fenbendazole (44). Through
systemic metabolism (43), oxfendazole is reduced back to fenbendazole (44) rather than first-pass metabolism
(Figure 1) (45).
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Figure 1.

The metabolites of fenbendazole. Structures based on the metabolic scheme shown in the Fenbendazole UN FAO document
(42).

In male rats, the maximum concentration of fenbendazole was observed to be 0.32 ug/ml (Table II) (10). After
hepatic metabolism, fenbendazole and its metabolites are excreted via the feces and urine. A study performed in
cattle found that 36% of orally administrated fenbendazole was recovered in the feces, with none in urine. When
administered intravenously, over 50% of the fenbendazole dose was excreted as hydroxyfenbendazole (46).

Ul Ol View inline | Download powerpoint

Pharmacokinetic profile of fenbendazole when administered orally to male rats at a dose of 10 mg/kg. After the peak
concentration, the drug concentration remained lower than 0.1 pg/ml (10).

Due to its low water solubility and permeability of 0.3 pg/ml (11), fenbendazole struggles to reach systemic
circulation at levels sufficient to affect tumors. Its drug release rate is 5% within 15 min and 81% within an hour

(12).

Safety and Toxicity

In animals, fenbendazole demonstrated a high safety margin and low toxicity. A safety profile study of

fenbendazole administered to cattle found that fenbendazole was well-tolerated. even when administered at six
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Oxfendazole, a major metabolite of fenbendazole, is well tolerated in humans. A randomized, double-blind,
placebo-controlled, phase | study conducted in 70 healthy participants evaluated multiple ascending oral doses of
oxfendazole, from 0.5 to 60 mg/kg. The dose study found acceptable safety and tolerability profiles, even after 5
repeated daily doses of up to 15 mg/kg. This clinical trial also characterized the disposition of fenbendazole,

describing the drug as a one-compartment model with formation rate-limited elimination (43).

Although studies of the pharmacokinetics of oxfendazole can give insight into the safety of fenbendazole, it should
be noted that the solubility of oxfendazole is 44.12 ug/ml (49), demonstrating much higher pharmacokinetic
exposure than the solubility of fenbendazole at 0.3 ug/ml (11), even after the same oral dose (50). Further clinical

studies using fenbendazole are needed to accurately assess its safety, toxicity, and therapeutic dose in humans.

Increasing Fenbendazole Solubility and Absorption

A significant challenge in using fenbendazole is its low water solubility and bioavailability. Improving the water
solubility is essential, as it would reduce the amount of drug needed to reach the same therapeutic effect. With this
increase in solubility, fenbendazole can also meet the requirements for use as a systemic anticancer drug. Several
studies have investigated various vehicles to overcome this low solubility limit (Table III).

B View inline | Download powerpoint

Studies exploring various vehicles to improve the solubility of fenbendazole.

Among the discussed vehicles for increasing the bioavailability of oral fenbendazole, it would be worthwhile to
focus on dimethyl sulfoxide (DMSO), Salicylic acid, and methyl-B-cyclodextrin. DMSO and DNTC (DMSO, NMP,
Tween-80, and Cremophor mix in a 1:3:2:2 ratio) are highly promising solvents that warrant further exploration.
DMSO inhibits several cytochrome P450 subtypes (2C9, 2C19, 2E1, and 3A4) in a concentration-dependent
manner (51, 52). Since 2C19 and 3A4 are known CYP450 subtypes that metabolize fenbendazole, inhibiting these
enzymes would allow fenbendazole to stay in circulation at higher concentrations for longer periods. Through this
increase in bioavailability, fenbendazole can prolong its effects on cancer cells. Fen-DMSO and Fen-DNTC have
also been found to be cytotoxic and induce apoptosis in paclitaxel-resistant cells (53). Due to their enhanced

cytotoxicity, DMSO or DNTC formulations could be beneficial in treating drug-resistant cancer types.

Another method to improve the solubility of fenbendazole would be to complex it with methyl-B-cyclodextrin at a
1:1 ratio. When fenbendazole is complexed with methyl-3-cyclodextrin, the complex can significantly increase the

drug’s water solubility to 20.21 mg/ml, which is 60,000 times better than the average solubility of fenbendazole.
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salicylic acid performed exceptionally well, achieving a 100% drug release rate in under 1 hour and a 1.052 mg/ml
solubility. This significant drug release rate improvement could offer immediate therapeutic action. The
enhancement in solubility is suggested to be due to intermolecular interactions such as carboxylic-carboxylic or

carboxylic-amino groups forming hydrogen bonds (12).

Fenbendazole as a Cancer Therapy in Humans

Despite the lack of regulatory approval and extensive clinical trials for fenbendazole as a cancer treatment in
humans, some cancer patients have self-administered the drug, as documented in case studies. Table IV
discusses four case reports where fenbendazole has led to a reduction in tumor size (54, 55) and two cases (56,
57) where patients experienced drug-related hepatic dysfunction (Table IV). In both cases, despite the
hepatotoxicity, patients’ liver function recovered rapidly upon discontinuing fenbendazole.

Table IV. View inline

Summarized patient case reports on the self-administration of fenbendazole for cancer.

Due to its accessibility over the counter at a relatively low price, patients have turned to fenbendazole as an at-
home treatment for cancer. As the published case reports observed, the most common self-administered regimen
involves taking 1 gram of fenbendazole orally once daily for three consecutive days, followed by four days off
treatment (54-57). However, the use of fenbendazole for cancer therapy in humans requires further pilot and
extensive clinical trials to establish effective doses and regimens. Patients with compromised liver function, liver
cirrhosis, or liver cancer should use fenbendazole with caution. Additionally, combining fenbendazole with
glycolysis inhibitors and hepatoprotective pharmaceutical or nutraceutical agents can lead to synergic therapeutic

activity while reducing potential liver toxicity.

Conclusion and Perspectives

Fenbendazole’s disruptive effects on energy metabolism are fascinating areas of study that could lead to
significant advancements in cancer treatment. Various studies in cell lines and animals have demonstrated the
efficacy of fenbendazole in inhibiting tumors and targeting drug-resistant cancer cells through glycolysis inhibition.
By increasing p53 expression and impacting multiple cellular pathways that act on GLUT and HKII, fenbendazole
down-regulates glucose uptake, causing cancer cell starvation and enhancing apoptosis. Through this

mechanism, fenbendazole effectively eliminates cancer cells while exhibiting no or acceptable minimal toxicity to
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pharmaceutical, nutraceutical, and glycolysis inhibitors can be a promising approach to improving the drug’s

effectiveness while reducing its potential reversible liver toxicity.

With its high safety profile, affordability, and minimal side effects, fenbendazole stands out as a potential option for
cancer therapy. Moreover, fenbendazole is easy to acquire and can be administered orally, offering a less invasive
treatment that can increase patient adherence. Furthermore, by inhibiting glycolysis in cancer cells and preventing
lactate buildup, fenbendazole surpasses albendazole and mebendazole in treating drug-resistant cells, making it

the benzimidazole of choice for cancer therapy.

Despite numerous success stories using fenbendazole and the extensive research performed in vitro and in vivo,
repurposing fenbendazole for cancer treatment remains non-suggested by conventional medical institutions and
oncologists. Clinical trials should be funded and performed to promote the possible application of fenbendazole as

an inexpensive, well-characterized, and widely available anticancer therapeutic in animals and humans.

Footnotes

e Authors’ Contributions

JN: Conceptualization, Visualization, Writing — original draft, Writing — review & editing; TQN:
Conceptualization, Writing — review & editing; BH: Prepared the references, Writing — review & editing;
BXH: Conceptualization, Supervision, Writing — review & editing. All Authors read the manuscript before
submission.

e Conflicts of Interest

All Authors declare no conflicts of interest in writing and publishing the manuscript.

¢ Funding
The manuscript writing and submission are author-initiated with no funding.
Received July 9, 2024.
Revision received July 15, 2024.
Accepted July 17, 2024.

Copyright © 2024 International Institute of Anticancer Research (Dr. George J. Delinasios), All rights reserved.

This article is an open access article distributed under the terms and conditions of the Creative Commons

Attribution (CC BY-NC-ND) 4.0 international license (https://creativecommons.org/licenses/by-nc-nd/4.0).

WE USE COOKIES ON THIS SITE TO ENHANCE YOUR USER EXPERIENCE

By clicking any link on this page you are giving your consent for us to set cookies.

OK, | agree More info

5/31/2025, 9:33 AM



Oral Fenbendazole for Cancer Therapy in Humans and Animals | Antic... https://ar.iiarjournals.org/content/44/9/3725

10.

1

12.

13.

. «Jasmer DP, Yao C, Rehman A, Johnson S: Multiple lethal effects induced by a benzimidazole anthelmintic in the anterior

intestine of the nematode Haemonchus contortus. Mol Biochem Parasitol 105(1): 81-90, 2000. DOI: 10.1016/
S0166-6851(99)00169-3 CrossRef PubMed Google Scholar

. 4Edmond Man Says Cheap Drug for Dogs Cured His Cancer. Oklahoma, USA, Koco News, 2019. Available at: https://

www.koco.com/article/edmond-man-says-cheap-drug-for-dogs-cured-his-cancer/27276538 [Last accessed on June 29,
2024] Google Scholar

. «Dogra N, Kumar A, Mukhopadhyay T: Fenbendazole acts as a moderate microtubule destabilizing agent and causes

cancer cell death by modulating multiple cellular pathways. Sci Rep 8(1): 11926, 2018. DOI: 10.1038/s41598-018-30158-6
CrossRef PubMed Google Scholar

. «Park D, Lee JH, Yoon SP: Anti-cancer effects of fenbendazole on 5-fluorouracil-resistant colorectal cancer cells. Korean J

Physiol Pharmacol 26(5): 377-387, 2022. DOI: 10.4196/kjpp.2022.26.5.377 CrossRef PubMed Google Scholar

. KalantarMotamedi Y, Ejeian F, Sabouhi F, Bahmani L, Nejati AS, Bhagwat AM, Ahadi AM, Tafreshi AP, Nasr-Esfahani MH,

Bender A: Transcriptional drug repositioning and cheminformatics approach for differentiation therapy of leukaemia cells. Sci
Rep 11(1): 12537, 2021. DOI: 10.1038/s41598-021-91629-X CrossRef PubMed Google Scholar

. 4«Park D: Fenbendazole suppresses growth and induces apoptosis of actively growing H4lIE hepatocellular carcinoma cells

via p21-mediated cell-cycle arrest. Biol Pharm Bull 45(2): 184-193, 2022. DOI: 10.1248/bpb.b21-00697 CrossRef PubMed
Google Scholar

. 4Chang CS, Ryu JY, Choi JK, Cho YJ, Choi JJ, Hwang JR, Choi JY, Noh JJ, Lee CM, Won JE, Han HD, Lee JW: Anti-cancer

effect of fenbendazole-incorporated PLGA nanoparticles in ovarian cancer. J Gynecol Oncol 34(5): €58, 2023. DOI: 10.3802/
jg0.2023.34.e58 CrossRef PubMed Google Scholar

. 4«Duan Q, Liu Y, Booth CJ, Rockwell S: Use of fenbendazole-containing therapeutic diets for mice in experimental cancer

therapy studies. J Am Assoc Lab Anim Sci 51(2): 224-230, 2012. pubMed Google Scholar

4Jang J, Lee K, Koh B: Investigation of benzimidazole anthelmintics as oral anticancer agents. Bull Korean Chem Soc 43(5):
750-756, 2022. DOI: 10.1002/bkcs.12519 CrossRef Google Scholar

. «Ding Y, Zhang Z, Ding C, Xu S, Xu Z: Preparation and evaluation of fenbendazole methyl-B-cyclodextrin inclusion

complexes. BMC Vet Res 20(1): 214, 2024. DOI: 10.1186/s12917-024-04056-1 CrossRef PubMed Google Scholar

J4Priyanka KB, Ramya TS, Swarnalatha K, Sushmitha G, Ara A, Srujana TS, Swapna B: Cocrystals of fenbendazole with
enhanced in vitro dissolution performance. Eur Chem Bull 12(8): 9056-9061, 2023. DOI: 10.31838/ecb/2023.12.Si8.826

CrossRef Google Scholar

4Phan LM, Yeung SC, Lee MH: Cancer metabolic reprogramming: importance, main features, and potentials for precise
targeted anti-cancer therapies. Cancer Biol Med 11(1): 1-19, 2014. DOI: 10.7497/j.issn.2095-3941.2014.01.001

WE USE COOKIES ON THIS SITE TO ENHANCE YOUR USER EXPERIENCE

By clicking any link on this page you are giving your consent for us to set cookies.

OK, | agree More info

9 of 14

5/31/2025, 9:33 AM



Oral Fenbendazole for Cancer Therapy in Humans and Animals | Antic... https://ar.iiarjournals.org/content/44/9/3725

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

CA, Hongo RA, Young KL, Brown RE, Todd VM, Huffstater T, Abraham A, O’Neil RT, Wilson MH, Xin F, Tantawy MN,
Merryman WD, Johnson RW, Williams CS, Mason EF, Mason FM, Beckermann KE, Vander Heiden MG, Manning HC,
Rathmell JC, Rathmell WK: Cell-programmed nutrient partitioning in the tumour microenvironment. Nature 593(7858):
282-288, 2021. DOI: 10.1038/s41586-021-03442-1 CrossRef Google Scholar

<Bose S, Le A: Glucose metabolism in cancer. In: The heterogeneity of cancer metabolism. Cham, Switzerland, Springer,
pp. 3-12, 2018. Google Scholar

<Damiani C, Colombo R, Gaglio D, Mastroianni F, Pescini D, Westerhoff HV, Mauri G, Vanoni M, Alberghina L: A metabolic
core model elucidates how enhanced utilization of glucose and glutamine, with enhanced glutamine-dependent lactate
production, promotes cancer cell growth: The WarburQ effect. PLoS Comput Biol 13(9): €1005758, 2017. DOI: 10.1371/
journal.pcbi. 1005758 CrossRef PubMed Google Scholar

4Lunt SY, Vander Heiden MG: Aerobic glycolysis: Meeting the metabolic requirements of cell proliferation. Ann Rev Cell Dev
Biol 27(1): 441-464, 2011. DOI: 10.1146/annurev-cellbio-092910-154237 CrossRef PubMed Google Scholar

4Vander Heiden MG, Cantley LC, Thompson CB: Understanding the Warburg effect: the metabolic requirements of cell
proliferation. Science 324(5930): 1029-1033, 2009. DOI:10.1126/science.1160809 Abstract/FREE Full Text Google Scholar

4Pavlova NN, Thompson CB: The emerging hallmarks of cancer metabolism. Cell Metab 23(1): 27-47, 2016. DOI: 10.1016/
j.cmet.2015.12.006 CrossRef PubMed Google Scholar

4Schiliro C, Firestein BL: Mechanisms of metabolic reprogramming in cancer cells supporting enhanced growth and
proliferation. Cells 10(5): 1056, 2021. DOI: 10.3390/cells10051056 CrossRef PubMed Google Scholar

4Martinez-Reyes |, Chandel NS: Cancer metabolism: looking forward. Nat Rev Cancer 21(10): 669-680, 2021. DOI:
10.1038/s41568-021-00378-6 CrossRef PubMed Google Scholar

4Koh YW, Lee SJ, Park SY: Differential expression and prognostic significance of GLUT1 according to histologic type of non-
small-cell lung cancer and its association with volume-dependent parameters. Lung Cancer 104: 31-37, 2017. DOI: 10.1016/
j-lungcan.2016.12.003 CrossRef PubMed Google Scholar

Goodwin J, Neugent ML, Lee SY, Choe JH, Choi H, Jenkins DMR, Ruthenborg RJ, Robinson MW, Jeong JY, Wake M, Abe
H, Takeda N, Endo H, Inoue M, Xuan Z, Yoo H, Chen M, Ahn JM, Minna JD, Helke KL, Singh PK, Shackelford DB, Kim JW:
The distinct metabolic phenotype of lung squamous cell carcinoma defines selective vulnerability to glycolytic inhibition. Nat
Commun 8: 15503, 2017. DOI: 10.1038/ncomms 15503 CrossRef PubMed Google Scholar

+Smolle E, Leko P, Stacher-Priehse E, Brcic L, El-Heliebi A, Hofmann L, Quehenberger F, Hrzenjak A, Popper HH,
Olschewski H, Leithner K: Distribution and prognostic significance of gluconeogenesis and glycolysis in lung cancer. Mo/
Oncol 14(11): 2853-2867, 2020. DOI: 10.1002/1878-0261.12780 CrossRef PubMed Google Scholar

4Sizemore ST, Zhang M, Cho JH, Sizemore GM, Hurwitz B, Kaur B, Lehman NL, Ostrowski MC, Robe PA, Miao W, Wang Y,

WE USE COOKIES ON THIS SITE TO ENHANCE YOUR USER EXPERIENCE

By clicking any link on this page you are giving your consent for us to set cookies.

OK, | agree More info

10 of 14

5/31/2025, 9:33 AM



Oral Fenbendazole for Cancer Therapy in Humans and Animals | Antic... https://ar.iiarjournals.org/content/44/9/3725

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

<4Patra KC, Wang Q, Bhaskar PT, Miller L, Wang Z, Wheaton W, Chandel N, Laakso M, Muller WJ, Allen EL, Jha AK, Smolen
GA, Clasquin MF, Robey B, Hay N: Hexokinase 2 is required for tumor initiation and maintenance and its systemic deletion is
therapeutic in mouse models of cancer. Cancer Cell 24(2): 213-228, 2013. DOI: 10.1016/j.ccr.2013.06.014 CrossRef

PubMed Google Scholar

aCermak V, Dostal V, Jelinek M, Libusova L, Kovar J, Résel D, Brabek J: Microtubule-targeting agents and their impact on
cancer treatment. Eur J Cell Biol 99(4): 151075, 2020. DOI: 10.1016/j.ejcb.2020.151075 CrossRef PubMed Google Scholar

Dumontet C, Jordan MA: Microtubule-binding agents: a dynamic field of cancer therapeutics. Nat Rev Drug Discov 9(10):
790-803, 2010. DOI: 10.1038/nrd3253 CrossRef PubMed Google Scholar

Coulup SK, Georg GI: Revisiting microtubule targeting agents: a-Tubulin and the pironetin binding site as unexplored targets
for cancer therapeutics. Bioorg Med Chem Lett 29(15): 1865-1873, 2019. DOI: 10.1016/j.bmcl.2019.05.042 CrossRef

Google Scholar

Higa GM: The microtubule as a breast cancer target. Breast Cancer 18(2): 103-119, 2011. DOI: 10.1007/s12282-010-0224-7
CrossRef PubMed Google Scholar

4Arnst KE, Wang Y, Hwang DJ, Xue Y, Costello T, Hamilton D, Chen Q, Yang J, Park F, Dalton JT, Miller DD, Li W: A potent,
metabolically stable tubulin inhibitor targets the colchicine binding site and overcomes taxane resistance. Cancer Res 78(1):
265-277, 2018. DOI: 10.1158/0008-5472.CAN-17-0577 Abstract/FREE Full Text Google Scholar

4Jordan M: Mechanism of action of antitumor drugs that interact with microtubules and tubulin. Curr Med Chem Anticancer
Agents 2(1): 1-17, 2012. DOI: 10.2174/1568011023354290 CrossRef Google Scholar

4Mrkvova Z, Uldrijan S, Pombinho A, Bartinék P, Slaninova I: Benzimidazoles downregulate Mdm2 and MdmX and activate
p53 in MdmX overexpressing tumor cells. Molecules 24(11): 2152, 2019. DOI: 10.3390/molecules24112152 CrossRef
PubMed Google Scholar

4Wang L, Xu K, Wang N, Ding L, Zhao W, Wan R, Zhao W, Guo X, Pan X, Yang J, Rosas |, Yu G: Fenbendazole attenuates
bleomycin-induced pulmonary fibrosis in mice via suppression of fibroblast-to-myofibroblast differentiation. Int J Mol Sci
23(22): 14088, 2022. DOI: 10.3390/ijms232214088 CrossRef PubMed Google Scholar

4Peng Y, Pan J, Ou F, Wang W, Hu H, Chen L, Zeng S, Zeng K, Yu L Fenbendazole and its synthetic analog interfere with
Hela cells’ proliferation and energy metabolism via inducing oxidative stress and modulating MEK3/6-p38-MAPK pathway.
Chem Biol Interact 361: 109983, 2022. DOI: 10.1016/j.cbi.2022.109983 CrossRef PubMed Google Scholar

4Capece BP, Virkel GL, Lanusse CE: Enantiomeric behaviour of albendazole and fenbendazole sulfoxides in domestic
animals: Pharmacological implications. Vet J 181(3): 241-250, 2009. DOI: 10.1016/j.tvjl.2008.11.010 CrossRef PubMed

Google Scholar

4Virkel G, Lifschitz A, Sallovitz J, Pis A, Lanusse C: Comparative hepatic and extrahepatic enantioselective sulfoxidation of

WE USE COOKIES ON THIS SITE TO ENHANCE YOUR USER EXPERIENCE

By clicking any link on this page you are giving your consent for us to set cookies.

OK, | agree More info

11 of 14

5/31/2025, 9:33 AM



Oral Fenbendazole for Cancer Therapy in Humans and Animals | Antic... https://ar.iiarjournals.org/content/44/9/3725

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Abstract/FREE Full Text Google Scholar

4McKellar QA, Gokbulut C, Muzandu K, Benchaoui H: Fenbendazole pharmacokinetics, metabolism, and potentiation in
horses. Drug Metab Dispos 30(11): 1230-1239, 2002. DOI: 10.1124/dmd.30.11.1230 Abstract/FREE Full Text Google Scholar

<4Fenbendazole. Food and Agriculture Organization. Available at: https://www.fao.org/fileadmin/user_upload/vetdrug/
docs/41-4-fenbendazole.pdf [Last accessed on June 29, 2024] Google Scholar

«Bach T, Murry DJ, Stebounova LV, Deye G, Winokur P, An G: Population pharmacokinetic model of oxfendazole and
metabolites in healthy adults following single ascending doses. Antimicrob Agents Chemother 65(4): e02129-20, 2021. DOI:
10.1128/AAC.02129-20 Abstract/FREE Full Text Google Scholar

4Gottschall DW, Thoeodorides VJ, Wang R: The metabolism of benzimidazole anthelmintics. Parasitology today, pp.
115-124, 1990. Google Scholar

4Oxfendazole. Food and Agriculture Organization. Available at: https://www.fao.org/fileadmin/user_upload/vetdrug/
docs/41-4-oxfendazole.pdf [Last accessed on June 29, 2024] Google Scholar

4Short CR, Barker SA, Hsieh LC, Ou SP, McDowell T, Davis LE, Neff-Davis CA, Koritz G, Bevill RF, Munsiff IJ: Disposition of
fenbendazole in cattle. Am J Vet Res 48(6): 958-961, 1987. PubMed Google Scholar

«Muser RK, Paul JW: Safety of fenbendazole use in cattle. Mod Vet Pract 65(5): 371-374, 1984. PubMed Google Scholar

«Villar D, Cray C, Zaias J, Altman NH: Biologic effects of fenbendazole in rats and mice: A review. J Am Assoc Lab Anim Sci
46(6): 8-15, 2007. PubMed Google Scholar

4An G, Murry DJ, Gajurel K, Bach T, Deye G, Stebounova LV, Codd EE, Horton J, Gonzalez AE, Garcia HH, Ince D,
Hodgson-Zingman D, Nomicos EYH, Conrad T, Kennedy J, Jones W, Gilman RH, Winokur P: Pharmacokinetics, safety, and
tolerability of oxfendazole in healthy volunteers: a randomized, placebo-controlled first-in-human single-dose escalation
study. Antimicrob Agents Chemother 63(4): €02255-18, 2019. DOI: 10.1128/AAC.02255-18 Abstract/FREE Full Text

Google Scholar

4Gokbulut C, Biligili A, Hanedan B, McKellar QA: Comparative plasma disposition of fenbendazole, oxfendazole and
albendazole in dogs. Vet Parasitol 148(3-4): 279-287, 2007. DOI: 10.1016/j.vetpar.2007.06.028 CrossRef PubMed

Google Scholar

4Hickman D, Wang JP, Wang Y, Unadkat JD: Evaluation of the selectivity of in vitro probes and suitability of organic solvents
for the measurement of human cytochrome p450 monooxygenase activities. Drug Metab Dispos 26(3): 207-215, 1998.
Abstract/FREE Full Text Google Scholar

<Easterbrook J, Lu C, Sakai Y, Li AP: Effects of organic solvents on the activities of cytochrome p450 isoforms, udp-
dependent glucuronyl transferase, and phenol sulfotransferase in human hepatocytes. Drug Metab Dispos 29(2): 141-144,

WE USE COOKIES ON THIS SITE TO ENHANCE YOUR USER EXPERIENCE

By clicking any link on this page you are giving your consent for us to set cookies.

12 of 14

OK, | agree More info

5/31/2025, 9:33 AM



Oral Fenbendazole for Cancer Therapy in Humans and Animals | Antic... https://ar.iiarjournals.org/content/44/9/3725

54. «Abughanimeh O, Evans T, Kallam A: Fenbendazole as a treatment for diffuse large b-cell lymphoma. Ann Hematol Oncol
7(2): 1284, 2020. Google Scholar

55. «Chiang RS, Syed AB, Wright JL, Montgomery B, Srinivas S: Fenbendazole enhancing anti-tumor effect: A case series. Clin
Oncol Case Rep 4(2), 2021. Google Scholar

56. «Yamaguchi T, Shimizu J, Oya Y, Horio Y, Hida T: Drug-induced liver injury in a patient with nonsmall cell lung cancer after
the self-administration of fenbendazole based on social media information. Case Rep Oncol 14(2): 886-891, 2021. DOI:
10.1159/000516276 CrossRef PubMed Google Scholar

57. aThakurdesai A, Rivera-Matos L, Nagra N, Busch B, Mais DD, Cave MC: Severe drug-induced liver injury due to self-
administration of the veterinary anthelmintic medication, fenbendazole. ACG Case Rep J 11(5): e01354, 2024. DOI:
10.14309/crj.0000000000001354 CrossRef Google Scholar

58. Dogra N, Mukhopadhyay T: Impairment of the ubiquitin-proteasome pathway by methyl N-(6-phenylsulfanyl-1H-
benzimidazol-2-yl)carbamate leads to a potent cytotoxic effect in tumor cells: a novel antiproliferative agent with a potential
therapeutic implication. J Biol Chem 287(36): 30625-30640, 2012. DOI: 10.1074/jbc.M111.324228 Abstract/FREE Full Text

Google Scholar

59. Gao P, Dang CV, Watson J: Unexpected antitumorigenic effect of fenbendazole when combined with supplementary
vitamins. J Am Assoc Lab Anim Sci 47(6): 37-40, 2008. PubMed Google Scholar

60. Jin IS, Jo MJ, Park CW, Chung YB, Kim JS, Shin DH: Physicochemical, pharmacokinetic, and toxicity evaluation of
Soluplus(®) polymeric micelles encapsulating fenbendazole. Pharmaceutics 12(10): 1000, 2020. DOI: 10.3390/
pharmaceutics12101000 CrossRef Google Scholar

View Abstract

Previous Next
€) ©

A Back to top

In this issue

Anticancer Research

Vol. 44, Issue 9
ANTICANCER RESEARCH September 2024

' = Table of Contents

Table of Contents (PDF)
About the Cover

Index by author

Back Matter (PDF)

Ed Board (PDF)

Front Matter (PDF)

e 14, A o

WE USE COOKIES ON THIS SITE TO ENHANCE YOUR USER EXPERIENCE

By clicking any link on this page you are giving your consent for us to set cookies.

OK, | agree More info

13 of 14 5/31/2025, 9:33 AM



Oral Fenbendazole for Cancer Therapy in Humans and Animals | Antic... https://ar.iiarjournals.org/content/44/9/3725

© Article Alerts
% Email Article

@ Citation Tools

© Reprints and Permissions

v Related Articles

No related articles found.
PubMed Google Scholar
» Cited By...
» More in this TOC Section
» Similar Articles

Keywords

Fenbendazole, fenbendazole pharmacokinetics, cancer treatment, repurposed drugs, glycolysis inhibitors, review

ANTICANCER RESEARCH

© 2025 Anticancer Research

)

Powered by :-; HighWil’e

WE USE COOKIES ON THIS SITE TO ENHANCE YOUR USER EXPERIENCE

By clicking any link on this page you are giving your consent for us to set cookies.

OK, | agree More info

14 of 14 5/31/2025, 9:33 AM



