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REVIEW

A REVIEW OF IVERMECTIN USE IN CANCER PATIENTS:
IS IT TIME TO REPURPOSE IVERMECTIN
IN CANCER TREATMENT?

LATI' YUWEN", GUAN XIAOXUE", CHEN XIAN"“, CHEN JING", ZHANG XIAOLU",
and LU MENGMENG*

School of Pharmacy, Henan University, Kaifeng 475004, China

Abstract: Ivermectin (IVM) is a safe broad-spectrum anthelminthic. Currently, ivermectin is a promising
candidate as a repurposable oncological drug. However, IVM has not yet been used in clinical cancer
patients. An updated systematic review of the literature is presented here, along with an individual-level
patient data (IPD) meta-analysis describing the safety of ivermectin in parasite-infected cancer patients.
We identified 2273 publications, and 26 sources described studies that met the minimum criteria for
a patient with cancer who was treated with ivermectin. The limited data available suggest that parasite-
infected ivermectin cancer patients are safe. However, data from carefully designed clinical trials are still
needed to provide further assurance.

Keywords: ivermectin, chemotherapy, antitumor indication, cancer patient, parasite infection.

Abbreviations: IVM, ivermectin; IPD, individual-level patient data; FDA, food and drug administration;
YAP1, yes-associated protein 1; Wnt-TCF, Wnt/T-cell factor; PAK1, p21-activated kinase; CML, chronic
myeloid leukemia; RCC, renal cell carcinoma; EGFR, epidermal growth factor receptor; ERK, extracellular
signal-regulated kinases; NF-kB, nuclear factor kappa B; ALL, acute lymphoblastic leukaemia; ATL, adult
T-cell leukaemia/lymphoma; HTLV-1, human T-cell leukaemia type 1; EGD, esophagogastroduodenoscopy;
MCL, mantle-cell lymphoma; HSCT, haematopoietic stem cell transplantation; DAH, diffuse alveolar

haemorrhage

Currently, tumors seriously threaten human
health and chemotherapy is one of the most effective
means of treating cancer [1]. In 2022, global spend-
ing on oncology drugs exceeded $150 billion, with
global sales of the top ten reaching $80.2 billion.
Medical oncology has achieved some landmarks in
fighting cancer; however, the U.S. Food and Drug
Administration (FDA) authorizes only 10-20 on-
cology drugs each year, and cancer patients are
still awaiting effective tumor-specific treatments.
According to these reports, a drug repurposing
strategy for using registered drugs for new medi-
cal indications, including oncology indications, is
promising for accelerating cancer patients’ access
to new treatment options [2].

Ivermectin belongs to the avermectins class,
which is a class of 16-membered macrolide com-
pounds [3]. It was approved by the FDA in 1987 for
the treatment of onchocerciasis, filariasis, Trichuris
trichiura, Ascaris lumbricoides, and many other
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parasites/parasitic diseases in humans. It should be
noted that the oral route is the only authorized ad-
ministration of ivermectin in humans [4]. An experi-
ment was conducted on 12 healthy male volunteers
(aged 18-50 years) who were nonsmokers. They were
administered ivermectin in the form of two tablets
or capsules, each containing a dose of 6 mg, or an
alcoholic oral solution consisting of aqueous etha-
nol (40% v/v) in a volume of 20 mL. The results
indicated that the systemic availability of the so-
lution was approximately twice that observed for
solid forms (tablets and capsules), which exhibited
similar levels of systemic availability [5]. Currently,
ivermectin is a promising repurposable oncological
drug candidate, but has not yet been used in clini-
cal cancer patients.

Ivermectin is a well-established drug [6]. As
part of the development of this antiparasitic drug,
its pharmacology, safety, and toxicity in humans and
animals have been extensively evaluated. In humans,
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ivermectin toxicity is very low [7]. A recent article
mentioned that ivermectin could act as an adjuvant
therapy in COVID-19 outbreaks [8]. Regarding the
antitumor effects of ivermectin in vivo, it has been
confirmed that tumor volume is reduced by more
than 50% after treatment in mice, while the dose of
ivermectin used is still lower than the highest safe
dose used in humans [9]. The study also showed that
safe doses of ivermectin can achieve antitumor ef-
fects in cancer patients [9]. The side effects observed
in most patients treated with ivermectin are largely
immune and inflammatory responses to the parasite
and occur essentially 24-48 hours after treatment.
Furthermore, ivermectin has previously been report-
ed to treat three cases of rheumatoid arthritis during
human immunodeficiency virus infection [10]. Here,
we provide an updated and more frequent use of in-
dividual-level patient data and a detailed review of
the literature published on the safety of ivermectin in
cancer patients infected with parasites. Feng Baiqiu
reported 42 cases of treatment of scabies patients
with oral [VM, taken once every three days, twice,
2 weeks of healing in 28 cases, 14 cases recovered in
the fourth week without obvious side effects [11]; At
the same time, it has been reported that ivermectin
is used to treat scabies under 12 months, 94.1% of
patients had no adverse reactions, and the recovery
rate reached more than 80%. Some patients had di-
arrhea and vomiting, transient tension and irritabil-
ity, purulent skin reactions, transient severe pruri-
tus, eczema, and a mild increase in creatine kinase
levels [12]. Furthermore, a recent randomized clini-
cal trial showed that high doses of ivermectin were
well tolerated for uncomplicated malaria [13], but an
overdose of ivermectin can lead to nausea, vomit-
ing, diarrhea, hypotension, allergic reactions (itching
and urticaria), dizziness, ataxia (balance problems),
epilepsy, coma, and even death [14].

In this study, 26 studies in 36 cancer patients
received oral ivermectin for one of the following in-
dications: scabies, myiasis, crusted scabies, cutane-
ous larva migrans, myiasis, pthiriasis, strongyloidia-
sis, filariasis, or parasitic disease of unknown origin.
In general, none of the 36 patients with cancer in the
26 studies experienced adverse events, all of which
were minor and self-limiting. Meanwhile, there were
no reports of serious adverse events.

METHOD

Search Strategy and Selection Criteria

This article followed the preferred reporting
item statement for systematic reviews and meta-
analyses using PRISMA flowcharts and protocols

for reporting systematic reviews. The Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2022 checklist was used to
guide this review (Table 1).

We included studies with patients treated with
ivermectin who had both cancer and parasite infec-
tion. A systematic review was conducted by search-
ing PubMed, Web of Science, and ClinicalTrials.gov
databases for studies on ivermectin and cancer. We
systematically searched the PubMed, ClinicalTrials.
gov, Google Scholar, and Web of Science data-
bases for eligible trials from January 1, 1980, to
October 25, 2022, without language restrictions. The
keyword search included ivermectin, antitumor in-
dication, chemotherapy, cancer patient, and parasite
infection (Figure 1). During this period, all clinical
trials, case series, case reports, and database entries
for reports on the use of ivermectin in patients with
cancer were included. After screening, all patients
experienced mild or no adverse reactions after treat-
ment with ivermectin.

RESULTS

We identified 944 publications and selected
26 sources that met the minimum criteria for a pa-
tient with cancer who was treated with ivermectin.

Ivermectin has a great diversity of antitumor
mechanisms, which vary with the type of cancer,
including the reduction of nuclear expression of
yes-associated protein 1 (YAPI), inhibition of the
Wnt/T-cell factor (TCF) pathway, degradation of
p21-activated kinase (PAKI), suppression of the
AKT/mTOR pathway, promotion of programmed
cell death, induction of mitochondrial dysfunction
and oxidative stress, and inhibition of KPNBI pro-
tein (Tables 2 and 3; Figures 2, 3, and 4).

Ivermectin induces caspase-dependent apopto-
sis in glioblastoma, ovarian cancer, chronic myeloid
leukemia (CML), and cervical cancer.

DISCUSSION

Ivermectin Used in Cancer Patients

In the literature, there were 26 studies on iver-
mectin use in cancer patients infected with parasites
or COVID-19 (Table 1). Currently, ivermectin exhib-
its antitumor effects in different types of cancers. We
classified the types of tumors involved as malignant
hematological tumors and solid tumors by collating
the literature. In these cases, the infection caused
the body of the patient with cancer to become less
resistant. A patient with acute lymphoblastic leuke-
mia (ALL) arrived at maintenance chemotherapy
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Table 1. Cases of ivermectin use in patients with cancer infected with parasites (cont.).

LAI YUWEN et al.

[39]

[40]

Ivermectin is also an
indicator of effectiveness

against tumors, effects of | Ref.

ivermectin on patients,

safety

Compared with

thiabendazole,
albendazole and ivermectin

appear to have a favorable

safety profile.

Indicators of a patient’s recovery

COVID-19 treatment was based
on ivermectin, azithromycin, and

corticosteroids in nine cases, whereas

60 patients did not receive any

treatment.

Adverse
reaction

N

Patient

infor-
mation
(sex, age,

country)

Peru

USA

Type of tumor

Two cancer

patients:

despite over
two weeks of

treatment with

thiabendazole

(25 mg/kg

twice daily)
plus ivermectin

(200 pg/kg

daily)

Dosage

Dosing
frequency

Other
infection

COVID-19

Infected
parasite

S. stercoralis

Study
type

Case
report

Case

report

Title

COVID-19 in

pediatric cancer

ients in a resource-

limited setting:
national data from

Peru

Strongyloidiasis

in patients at
a comprehensive
cancer center in the

United States

25 pat

26

Note: N:none;

with a Demodex infection. Considering the
persistent worsening of the rash and ocular
involvement, 200 pg/kg ivermectin and 5%
permethrin cream were administered, and the
treatment was repeated after seven days; the
rash did not recur [15]. Additionally, an adult
patient with T-cell leukemia/lymphoma and
crusted scabies was successfully cured with
aregimen of ivermectin (200 pg/kg) adminis-
tered orally twice at 10-day intervals and topi-
cal crotamiton containing 30% benzyl benzo-
ate [16]. Similarly, a patient diagnosed with
crusted scabies showed improvement after
treatment with 9 mg ivermectin (days 1, 2, 8,
9, and 15) and systemic 5% permethrin cream
for seven days. Two weeks later, all the skin le-
sions in the patient were repaired [17].

Ivermectin is the first-choice treatment
for fecal roundworm infections in patients with
cancer. A patient with human T-cell leuke-
mia type 1 (HTLV-1)-associated chronic adult
T-cell leukemia/lymphoma (ATL) was infected
with Strongyloides stercoralis (S. stercoralis).
The infection was resolved with two five-day
courses of ivermectin (100 pg/kg). The two
treatments were administered two weeks apart.
Subsequently, studies of viral RNA levels in
this patient demonstrated that Strongyloides
stimulated the replication of HTLV-1. HTLV-1
is associated with ATL in approximately 5%
of infected patients [18]. Co-infection with
Strongyloides is thought to be a co-factor for
the development of ATL. In contrast, suc-
cessful treatment of Strongyloides infections
with ivermectin may prevent HTLV-1 replica-
tion. In a clinical trial, patients with HTLV-1-
associated ATL and a history of Strongyloides
infection received corticosteroids to relieve
their ocular symptoms. After 10 days, the pa-
tient was diagnosed with disseminated S. ster-
coralis infection without corticosteroid use.
The patient was treated with ivermectin and
albendazole for deworming, and achieved full
clinical recovery [19].

Patients received secondary prophylax-
is of S. stercoralis using ivermectin. These
patients were seropositive for HTLV-1, and
esophagogastroduodenoscopy (EGD) revealed
S. stercoralis infection. They received a two-
day treatment with ivermectin (200png/kg/d) to
achieve clinical remission. Long-term intermit-
tent maintenance treatment with ivermectin
was administered after complicated strongy-
loidiasis disease [20].
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Figure 1. Preferred Reporting Items for Systematic Reviews
and Meta-Analyses flow diagram of the study selection process.
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Table 2. Summary of the antitumor mechanism of ivermectin.

Mechanism Cancer type References
Inhibit PAK-1 kinase Ovarian cancer, breast cancer, NF2 tumors, 5]
glioblastoma
Increase levels of ROS Glioblastoma, melanoma, colorectal cancer [6, 55]
Gastric cancer, colorectal cancer, ovarian
Inhibit YAP1 cancer, lung cancer, Hepatocellular carcinoma, [6, 7, 47-50]
cholangiocarcinoma
Inhibit EGFR/ERK/Akt/NF-kB pathway Colorectal cancer, breast cancer, chronic myeloid [42]
leukemia
Induce mitochondrial dysfunction and Glioblastoma, chronic myeloid leukemia, renal cell [43, 55, 56]
oxidative stress carcinoma T
Suppress Akt/mTOR pathway Breast cancer, glioblastoma [44, 55]
Lower CSCs population viability Breast cancer [46]
Inhibit MAPK pathway Melanoma, Nasopharyngeal carcinoma [51, 52]
Mimic SIN3-interaction domain Triple-negative breast cancer [53]
Increase TFE3 activity Melanoma [54]

Table 3. Summary of ivermectin promotion of programmed cell death.

Programmed cell death Cancer type References
Apoptosis Glioblastoma, leukemia [43, 55]
Autophagy Breast cancer, melanoma [44, 54]
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Summary of the antitumor mechanism of ivermectin
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Figure 2. Summary of the antitumor mechanisms of ivermectin in different tumor types.
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Figure 3. Summary of the antitumor mechanisms of ivermectin.

Microscopic examination of a patient with
multiple myeloma treated with a regimen that in-
cluded dexamethasone revealed S. stercoralis in-
fection. The patient was treated with ivermectin
for two days. The examination was negative two
months after discharge. Four months after the pa-
tient received the new chemotherapy regimen, the

test for S. stercoralis was still positive. He was
treated with ivermectin (12 mg/d) and albendazole
(400 mg twice daily). Five days after completion,
the treatment regimen was changed to ivermec-
tin 200 pg/kg once a month for secondary preven-
tion. To date, the patient has had no recurrent in-
fections [21].
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Summary of the antitumor mechanism of ivermectin
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Figure 4. Type of tumor in which ivermectin can induce apoptosis and autophagy.

Therefore, intermittent prophylactic treat-
ment was appropriate for patients who were HTLV-
1 positive and had a history of Strongyloides infec-
tion, particularly those with a history of complex
strongyloidiasis. The primary choice of treatment
is ivermectin, while albendazole can be considered
a secondary option. Because ivermectin has few-
er side effects, it is more likely to be used to treat
Strongyloides than albendazole.

A 10-year-old patient with T-cell lymphoblastic
lymphoma presented with disseminated strongyloi-
diasis four weeks after chemotherapy. The patient
was then treated with albendazole. The larvae were
still examined during the second course of albenda-
zole treatment. The dosing regimen was changed to
two days of ivermectin (200 pg/kg/d), and the lar-
vae were completely cleared from the feces. After
six months of maintenance chemotherapy, the pa-
tient remained in remission, with no recurrence of
strongyloidiasis [22].

During intermittent corticosteroid therapy,
a patient with chronic lymphocytic leukemia had
tracheal aspirate results showing S. stercoralis in-
fection. Therefore, albendazole (400 mg) was ad-
ministered via a nasogastric tube but was changed
to ivermectin (200 pg/kg/d) the next day [23]. The
report found that hyperinfection with S. stercoralis
in a patient with mantle cell lymphoma (MCL) was
associated with immunosuppression with rituximab.
Abundant larvae of S. stercoralis were found in the
stool and cough sputum samples from this patient’s
first hospitalization. The patient was administered

a two-day treatment with ivermectin (200 pg/kg/d).
Repeated courses of ivermectin showed improve-
ment in respiratory symptoms. Later, the larvae were
observed again, and ivermectin (200 pg/kg/d) was
administered for five days. No larvae were found
after the end of the treatment [24].

Strongyloides hyperinfection is a possible
cause of early alveolar hemorrhage after hemato-
poietic stem cell transplantation (HSCT). A patient
who received autologous HSCT for advanced fol-
licular lymphoma in the recurrent stage underwent
a biopsy showing larvae of S. stercoralis. He was
started on intravenous ivermectin (15 mg/d), and
symptomatically resolved within three days. Ten
days later, he was reintubated for recurrent respi-
ratory failure. Microscopic examination suggested
diffuse alveolar hemorrhage (DAH). High-dose
parenteral steroids were started. Subsequently, af-
ter showing multiple larval forms of S. stercoralis,
steroids were discontinued and adjusted to intrave-
nous ivermectin [25].

Similarly, patients with leukemia who received
hematopoietic stem cell transplants were diagnosed
with Demodex folliculitis. A single oral treatment of
12 mg ivermectin was administered, and the rash
disappeared within 24 hours [26]. Disseminated
scabies appeared during the first period of induc-
tion chemotherapy treatment in patients with acute
myeloblastic leukemia. Topical lindane was ad-
ministered for three days, and repeated after one
week due to systemic manifestations. Then, 0.2 mg/
kg of ivermectin was added orally on day eight of
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chemotherapy. Two weeks later, oral ivermectin
(0.2 mg/kg) administration was repeated. Thereafter,
all the remaining papules disappeared without any
signs of recurrence [27].

Patients with myiasis and infiltrating metastatic
breast carcinoma were treated with oral ivermectin
(200 mg/kg) following larvae removal. Two months
later, the breast tissue healed [28]. Similarly, fly lar-
vae were found in patients with oral squamous cell
carcinoma who received palliative care. They were
treated with ivermectin 6 mg for three days [29].
A patient with basal cell carcinoma of the left lower
eyelid was treated with ivermectin (200 pg/kg/d).
After reducing the swelling and death of fly larvae,
the larvae were removed, and the patient was treated
for basal cell carcinoma [30].

S. stercoralis was found in the bladders of pa-
tients with invasive metastatic cell carcinoma. A sin-
gle dose of 20 mg oral ivermectin was administered
[31]. The first case was reported in a patient with je-
junal adenocarcinoma that was infected with S. ster-
coralis. The patient was treated with ivermectin.
Four weeks later, the strongyloidiasis was cured [32].

A patient with cervical cancer and S. stercora-
lis hyperinfection syndrome received high-dose ste-
roids (dexamethasone) as part of chemotherapy. The
patient was started on ivermectin for two weeks after
the disappearance of the nematodes [33]. Similarly,
a patient with glioblastoma, treated with radiother-
apy and daily dexamethasone, was diagnosed with
disseminated strongyloidiasis. An albendazole regi-
men combined with ivermectin was administered.
Dexamethasone was reduced within three weeks of
positive Strongyloides 1gG in the serum. Treatment
was continued until Strongyloides was negative [34].

The first patient with concurrent dioctophyma
renal infection and renal cell carcinoma received
outpatient ivermectin treatment for five days af-
ter refusing interventional therapy. The patient was
treated with steroids and antihistamines to prevent
the onset of serious inflammation that threatened life
[35]. Ivermectin treatment can also be considered for
patients with scabies masquerading as prurigo nodu-
laris or systemic lupus erythematosus [36].

A 55-year-old individual visited the clinic with
a tender lump under the skin in their right armpit.
The lymph nodes were surgically removed under
local anesthesia, and subsequent histopathological
analysis confirmed the presence of filarial parasites
in the tail region. The patient was referred for fur-
ther treatment, and positive staining for filarial anti-
bodies led to the administration of ivermectin [37].
One patient diagnosed with HTLV-1 infection with
ATL and Strongyloides was successfully stabilized

and released after receiving a combination of iver-
mectin therapy and chemotherapy [38].

Ivermectin can be used to treat patients with
cancer also infected with COVID-19 [39]. A retro-
spective study conducted at the Anderson Cancer
Center of the University of Texas (Houston, Texas,
USA) investigated the efficacy of high-dose ivermec-
tin in combination with thiabendazole in managing
pulmonary overinfection caused by S. stercoralis in
cancer patients undergoing treatment. The findings
indicated that this treatment approach did not ef-
fectively control the immune response to S. sterco-
ralis infection in patients. However, a recent report
suggested that ivermectin was effective in treating
refractory cases of pulmonary hyperinfection when
oral treatment with both ivermectin and albendazole
did not produce positive results. Further investiga-
tions are warranted to explore this practice [40].

Oral ivermectin is widely used to treat para-
sitic infections in humans with few side effects ob-
served at clinical doses. Ivermectin is also safe, both
in hematological malignancies and solid tumors.
Pre-transplant screening and aggressive treatment
with ivermectin in ATLL patients with high sus-
picion of fecal roundworm infection may improve
patient outcomes.

We conducted a search for the keywords tu-
mor (cancer, carcinoma) and ivermectin on https:/
clinicaltrials.gov/. We found only three clinical tri-
als using ivermectin in cancer patients (Table 4).
Ivermectin was used as an anti-COVID-19 agent in
one of the trials and as an anticancer candidate in
the two others. To a certain extent, COVID could
promote clinical trials for antitumor indications of
ivermectin.

A recent study on ivermectin in Ecuador
showed that many poor people use ivermectin for
anticancer treatment and other diseases. The survey
collected data on age, weight, sex, community, alter-
native drug commercial name, dose (mL), frequency,
approximate duration of use, side effects, and dura-
tion of discontinuation of chemotherapy or related
drug therapies. The majority of respondents reported
a positive effect after use and were satisfied with the
efficacy of ivermectin. As expected, less than 10%
of the respondents reported side effects such as di-
arrhea, skin blisters, pain, and burning sensation.
Importantly, we must consider the dose that people
were administered, which based on the findings is
directly associated with weight, not age. Typically,
doses range from 1-2 mL to 3-5 mL with 1-2 intra-
muscular injections per month. Some people said
that they felt good after applying ivermectin, while
others said that they felt a little discomfort such as
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diarrhea, vomiting, and stomach pain.
The results of interviews with medical
experts clearly show that there is no sci-
entific determinacy regarding the role of
antitumor ivermectin in cancer patients.
Similarly, oncologists confirm that the
current scientific knowledge of the use
of ivermectin in humans is unknown;
thus, they do not recommend the use of
this drug [41].

gov/show/
NCTO05318469
gov/show/
NCT04447235
https://ClinicalTrials.
gov/show/
NCT02366884

Url
https://ClinicalTrials.
https://ClinicalTrials.

States

Mechanism of Ivermectin
in Cancer Treatment

Center, Duarte,
Mexico

California, United
Dr. Frank Arguello

Location
City of Hope Medical
Instituto do Cancer do
Estado de Sao Paulo,
SAo Paulo, Brazil
Cancer Clinic, San
Jose del Cabo, Baja
California Sur, Mexico
Instituto de Ciencia y
Medicina Genomica,
Torreon, Coahuila,

Leukemia

Leukemia is a malignant clonal he-
matopoietic stem cell disease. Clonal leu-
kemia cells proliferate and accumulate
in the bone marrow and other hemato-
poietic tissues due to mechanisms such
as uncontrolled proliferation, differen-
tiation disorders, apoptosis, and infiltra-
tion of other non-hematopoietic tissues
and organs, while inhibiting normal he-
matopoietic function. It has been found
that EGFR/ERK overexpression leads
to impaired induction of hematopoietic
cell proliferation and differentiation [42].
Wang et al. investigated the treatment
of leukemia by inhibiting mitochondrial
function and preserving normal hemato-
poietic stem cells [43]. In a study of iver-
mectin, the researchers found that iver-
mectin can inhibit the EGFR/ERK/Akt/
NF-kB pathway and induce mitochon-
drial dysfunction and oxidative stress,
both of which have a therapeutic effect
on leukemia [42, 43].

Type
Drug
Other
Drug
Drug
Drug
Drug
Drug
Drug

Quality-of-life
assessment
Placebo
Ivermectin
Losartan
Anti-bacterial
agents
Anti-fungal
agents
(ivermectin)
Anti-protozoal
agents

Intervention
Ivermectin
Pembrolizumab | Biological

Condition
Anatomic stage IV
breast cancer AJCC v8
Metastatic triple-
negative breast
carcinoma
Cancer
COVID

Coronavirus infection
Neoplasms

No results
available
No results
available
No results
available

Open | Study results
Y
N
Y

Breast Cancer

Breast cancer is an abnormal phe-
nomenon in which the proliferation of
breast epithelial factors is uncontrolled.
Its incidence is the highest among malig-
nant tumors in women. Some studies have
found that PAK can regulate and coordi-
nate the migration and invasion of breast
cancer cells [44]. Dou et al. reported that
activation of the PI3K/AKT/mTOR sig-
naling pathway induces breast cancer
progression [44]. Studies have shown that
increased NF-«kB signaling enhances the
growth potential of breast cancer cells
and promotes tumor spread to the bones,

status
Recruiting

Status
Not yet
recruiting
Unknown

Title
breast cancer
COVID-19 infection
Clinical evaluation of a new
form of cancer therapy (atavistic

chemotherapy) based on the principles
of atavistic metamorphosis (2011)

Ivermectin and pembrolizumab for the
losarTAN for cancer patients with

treatment of metastatic triple negative
Early treatment with ivermectin and

Table 4. Registered clinical trials of ivermectin in patients with cancer.
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lymph nodes, lungs, and liver [42]. Cancer stem cells
(CSCs) are a rare subset of cancer cells with simi-
lar characteristics to those of stem cells. These sub-
populations play a vital role in the initiation, devel-
opment, and spread of cancer cells to distant organs
[45]. Ivermectin may play a role in the treatment
of breast cancer by reducing the viability of CSCs
populations [46]. Breast cancer is a malignant tu-
mor that threatens women’s lives, and researchers
have studied a variety of mechanisms for its treat-
ment. Ivermectin has been shown to play a role in
the treatment of breast cancer through the above
mechanisms [42, 44, 46].

Other Cancers

Ivermectin may also have a therapeutic role in
other types of cancers. Studies have indicated that
ivermectin exerts a positive therapeutic effect in gas-
tric, rectal, ovarian, and other cancers by inhibiting
YAPI protein [6, 7, 47-50]. Through the inhibition
of the MAPK pathway, ivermectin can play a role
in the treatment of melanoma and nasopharyngeal
carcinoma [51, 52]. Kwon et al. reported the mecha-
nism of ivermectin in the treatment of triple-negative
breast cancer through the mechanism of mimicking
the SIN3-interaction domain [53].

Ivermectin Promotes Programmed Cell Death

Deng et al. confirmed that IVM could de-
crease TFE3-dependent autophagy through ROS
signaling pathways, and suppression of autophagy
increases ivermectin-induced apoptosis in human
melanoma cells [54]. In addition, [IVM can induce
mitochondrial dysfunction and oxidative stress
in glioblastoma, CML, and renal cell carcinoma
(RCC) [43, 55, 56].

Breast cancer, which is the most studied can-
cer model for ivermectin, significantly inhibits
PAKI1 expression, blocking the Akt/mTOR signal-
ing pathway, thereby stimulating autophagy [44].
Kim et al. also found that ivermectin can inhibit CSC
formation and showed that the JAK2/PAK1 disor-
der suppresses the Stat3 pathway and CSC forma-
tion, while the PAK1/Stat3 complex regulates and
controls IL-6 gene expression, and PAK1/Stat3 sig-
naling controls CSC formation [57]. Consequently,
targeting PAK1 may be useful in the treatment of
breast cancer with ivermectin. Furthermore, iver-
mectin can inhibit the epidermal growth factor re-
ceptor (EGFR)/extracellular signal-regulated kinases
(ERK)/Akt/ nuclear factor kappa B (NF-xB) path-
way, resulting in the reversal of drug tolerance in
breast cancer cells [42]. Recently, studies have shown
that in ER-negative breast cancer cells, ivermectin

synergizes with docetaxel or cyclophosphamide and
with tamoxifen in MCF-7 cells [58]. Further studies
using a combination of ivermectin and chemother-
apeutic drugs are necessary to treat breast cancer.

Although ivermectin has been used in vet-
erinary species for more than 30 years and nearly
30 years in human medicine, much research remains
to be done on its anticancer potential.

CONCLUSIONS

Treatment with ivermectin was refused due to
the current indication label. To clarify this obstacle
and raise fairness in treatment, more evidence from
cancer patients must be collected and assembled for
review. The theoretical concern about the poten-
tial neurotoxicity of ivermectin in humans has not
been substantiated. This IPD meta-analysis pro-
vides regulatory authorities and policymakers with
new evidence on the safety of ivermectin in patients
with cancer. The data provide limited but inspiring
evidence that ivermectin is secure and well toler-
ated in patients with cancer. Furthermore, it is not
among the drugs authorized for public health use.
Well-designed clinical trials in patients with cancer
without parasitic infection are necessary to optimize
dosage and determine safety, thus eliminating re-
strictions on prescriptions.
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