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Abstract. Artemisinin is an extract from the plant Artemisia
annua. With its semi-synthetic derivatives, they form a group
of well-known and efficacious antimalarial drugs. Recent
studies have documented the potential anticancer effect of
artemisinin and its derivatives (ARTs). This review summarizes
results of preclinical studies, documenting mechanisms of
anticancer actions of ARTs and clinical studies focused mainly
on efficacy, safety and dose-ranging of ARTs as anticancer
chemotherapeutics. The main mechanisms of action of ARTs
is the production of reactive oxygen species, inhibition of cell
cycle in Gy/G phase, induction of apoptosis and inhibition of
angiogenesis. Safety studies have shown no evident toxicity
and low incidence of adverse effects. ARTs potential to inhibit
growth of solid tumours suggests their application in a
neoadjuvant therapy. Dihydroartemisinin and artesunate
exhibit chemosensitising effects in vivo in breast, lung,
pancreas and glioma cancer cells, proposing the use of ARTs
also in combination anticancer therapy.

Cancer remains one of the leading causes of death along with
cardiovascular diseases and respiratory diseases in Europe.
As the population is ageing, the risk of cancer is rising and
so is the search of new chemotherapeutics aimed to fight
cancer. It is mainly the patients with highly metastatic and
aggressive cancers who benefit from alternative drugs to
conventional chemotherapeutics, to which the cancer cells
commonly develop drug resistance (1, 2). Herbs long time
known and used today in traditional Chinese medicine
present a large source of active substances and the aim of
research of new chemotherapeutics against cancer.
Artemisia annua is a well and long-known Chinese
medicinal plant that is often used in jaundice and hepatitis
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treatment, also for reducing fever, nausea, headaches and
excessive sweating caused by summer heat, parasitic
infections and malaria. The earliest Chinese herbalist texts,
dating back to 168 B.C. mention dried leafs of Artemisia
annua mixed with other plants prepared as an infusion used
for treatment of haemorrhoids and as a libido enhancer (3-5).

In the western medicine, artemisinin is widely used in
malaria therapy. WHO recommendations include artemisinin-
based combination therapy as a first line treatment for
uncomplicated malaria caused by Plasmodium falciparum (6).
It is well tolerated and no significant side-effects are
registered. Several studies demonstrated that artemisinin and
its derivatives (ARTSs) exhibit action against viruses and other
parasites such as Schistosoma or Leishmania, but also against
cancer (7). Observations that artemisinin inhibits the growth
of many transformed cell lines have led to the hypothesis that
the drug can also be useful for the treatment of human
neoplasia.

As for the antimalarial effects, also the exact mechanisms
that underlie the anticancer activities of ARTs remain elusive
(8). However, the presence of the endoperoxide bridge and
production of reactive oxygen species (ROS) is suggested as
an important feature not only in antimalarial action but also in
the fight against cancer cells (9). The aim of this review was
to summarize current knowledge of artemisinin anticancer
mechanisms of action and clinical trials evaluating its efficacy.
The review is based on PubMed search for articles with the
keywords "artemisinin anticancer", "artesunate cancer",
"dihydroartemisinin cancer", "artemisinin mechanism",
"artemisinin combination cancer" and terms "artemisinin",
"artesunate", "dihydroartemisinin" on ClinicalTrials.gov.

Source and Extraction of Artemisinin

Artemisinin is a sesquiterpene lactone isolated from the
Sweet Wormwood or Artemisia annua. Qinghao (the Chinese
name for Artemisia annua) is belonging to the family of
Asteraceae. It is an annual plant, native to China, nowadays
cultivated in many countries around the world. Its height in
natural condition is from 30 to 100 cm, although if cultivated
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can reach up to 200 cm. It takes about 8 months to reach the
full size. With a brownish stem and specific leaves divided
into two or three leaflets is characterized by an intensive
sweetly aroma. The little flower heads are yellow and
spherical, 2-2.5 mm in diameter and organised in panicles.
Artemisinin is extracted mainly from the leaves. Plants are
harvested usually at the beginning of flowering, at which
time the content of artemisinin in leaves is the highest. The
content of artemisinin itself is very small at around 0.01 to
1.4% of dry weight of plants. However new hybrid plants
were cultivated in Switzerland, containing up to 2% of leaf
artemisinin (3, 10, 11).

China is the largest world supplier of Artemisia annua
(providing together with Vietnam up to 70% of plant
material annually), and the country of origin and first to
extract artemisinin. It cooperates constantly and intensively
with World Health Organization (WHO) on spreading the
skills and technology in the cultivation of Artemisia annua
(12). Therefore, China plays a key role in fight against
malaria, but also widely engages in research of anticancer
effects of artemisinin in countless studies aiming to introduce
a new prospective oncology treatment.

The first isolation of artemisinin from the herb occurred
in 1972 by a group led by Youyou Tu during a plant
screening research program, under the name Project 523, set
up in Beijing to find an adequate treatment for malaria. And
it was Tu Youyou a Chinese female pharmaceutical chemist
and a first Chinese Nobel laureate in physiology or medicine
awarded in 2015 for a discovery of artemisinin (8).

After the plants being harvested and dried artemisinin, due
to its poor solubility in water, is extracted using solvents,
typically hexane. However there are different ways of
extraction of artemisinin, varying in the content of
artemisinin, depending on the solvent used for extraction.
Nowadays the most frequently are decoction, liquid solvent
extraction, pressurized solvent extraction, microwave-
assisted extraction and supercritical fluid extraction (13).

The basic method of artemisinin extraction for industrial
purposes involves the use of classic heated organic solvents,
such as petroleum ether and hexane. To achieve reasonable
balance between price and amount of extracted artemisinin,
increased pressure, temperature of reactants or extended
extraction time period are used in modern technologies. To
eliminate other phytological compounds in extracted material
the crystallization process is necessary for purifying
artemisinin (13, 14).

Early after discovery of artemisinin and its anti-malaric
activity, its semi-synthetic derivatives such as artemether,
dihydroartemisinin, arteether, and artesunate have been
developed. These compounds are considered to be about five
times more effective to fight Plasmodium parasite and also
the cancer cells. These derivatives can be obtained through
chemical synthesis, recombinant DNA techniques or
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isolation from natural materials. However the last one
remains still the most economical way (15).

The supply of artemisinin extracted from Artemisia annua
is unstable through the year, depending on harvest. This issue
complicates production of artemisinin-based therapeutics,
therefore new biological syntheses are developing, using for
example strains of Saccharomyces cerevisiae for high-
yielding production of artemisinic acid, precursor of
artemisinin, presenting affordable and stable source of
artemisinin. However, this approach is not yet available for
industrial use (14).

Mechanisms of Action of Artemisinin
and its Derivatives (ARTS)

Although ARTs are long known and effectively used as
antimalarials, their specific biological action is poorly
identified and understood. After discovery of its chemical
structure being sesquiterpene lactone, the presence of
chemically rare peroxide bond is thought to be crucial in its
antimalarial action against Plasmodia in human body but
also anticancer properties (16).

Within the cell, the ARTs being generally hydrophobic,
they act mainly in membrane systems and have been found
in localizations such as ER, food vacuoles, mitochondria and
other. Current in vivo and in vitro studies propose numerous
possible mechanisms of action. The most described and cited
are: 1) oxidative stress, 2) induction of apoptosis, 3)
inhibition of angiogenesis, 4) arrest of cell cycle at Gy/G,
and 5) ferroptosis (16, 17).

Production of reactive oxygen species. Reactive oxygen species
(ROS) are universal products of aerobic metabolism and their
main source in human cells are mitochondria. They induce
damage to the membranes, DNA, proteins, and organelles,
playing an important role in cell autophagy and apoptosis.
Production of ROS induced by dihydroartemisinin caused
mitochondrial dysfunction and led to dihydroartemisinin-
induced autophagy of iron-loaded leukemia cell lines (18).
ROS elicited from artemisinin and its different derivatives has
been demonstrated to play an important role in ARTs-induced
apoptosis in various tumor cell lines studies, including
glioblastoma (19), T-cell lymphoma (20), neuroblastoma (21),
breast cancer (22) and embryonal rhabdomyosarcoma cells
(23). In a recent study on human hepatocellular carcinoma cells
artesunate induced ROS-dependent apoptosis via a Bax-
mediated intrinsic pathway (24).

The role of ROS was studied also in vitro on a panel of
ovarian cancer cell lines and in vivo in female mice model
of ovarian cancer. Results of this study show inhibition of
growth of ovarian cancer cells as well as the growth of
tumour in a mouse model. Artesunate-treated ovarian cancer
cells showed a strong induction of ROS and reduced
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proliferation. Depending on the concentration of artesunate,
applied in cell cultures, ROS-dependent cell cycle arrest
occurred in the G,/M phase whereas ROS-independent cell
cycle arrest occurred in the G, phase (9). This study has also
cleared up some of the mechanism of anticancer activity of
ARTs in human ovarian tumour and proposed their
promising application mainly in patients with advanced
ovarian cancer experiencing recurrent disease, often chemo-
resistant.

Induction of apoptosis. Induction of apoptosis was observed
in spontaneously immortalized iatrogenic cell line of
Kaposi’s sarcoma treated with artesunate, a semisynthetic
derivative of artemisinin. Apoptosis was detected using
ELISA assay. As Kaposi’s sarcoma derives from endothelial
cells of the skin vasculature, human umbilical vascular
endothelium (HUVE) cells have been used as a control and
comparable target for treatment with artesunate. In contrary
to Kaposi’s sarcoma cells, no apoptosis was induced after
24 h respectively 48 h of application of artesunate in HUVE
(25). Increased apoptosis rates and significant antiproliferative
effect of artesunate in a dose-dependent manner was described
in a study with human colorectal carcinoma cells. In addition,
significant results in attenuating growth of human colorectal
carcinoma was demonstrated in vitro and in vivo in mice
xenografts. There was detected a connection between
antiproliferative effect of artesunate and Wnt/B-catenin
pathway by immunofluorescence analysis (26). Wnt/B-catenin
pathway is important in embryonic processes as cell
specification, cell proliferation and cell migration (27).
Alterations and genetic mutations in this pathway thus leading
to several human tumor diseases including colorectal, breast
and prostate cancer (28).

Inhibition of angiogenesis. Neoplastic vascularization is
important for tumor growth, supplying cancer cells with
oxygen and nutrients. As well as for its metastatic spread,
when tumor cells penetrate into the systemic blood
circulation (29), which is typical for aggressive and rapidly
growing tumours. The ability of the tumor cells to synthetize
angiogenic factors is crucial and represent a target for
anticancer drugs (30).

The antiangiogenic activity of antimalarial ARTs have
been demonstrated in several studies. In a study with
Kaposi’s sarcoma-IMM cell lines, nude mice were injected
subcutaneously with Matrigel pellets with VEGF (vascular
endothelial growth factor), TNFa (tumor necrosis factor o)
and heparin as angiogenic stimuli. Artesunate was
administered either directly to the Matrigel or given to the
animals orally in the drinking water. After four days the
pellets were recovered from mice, rinsed, weighted and the
amount of haemoglobin in pellets was measured to estimate
effect of artesunate. Strong vascularization and presence of

functional blood filled vessels were present in the samples
without administration of artesunate and drastically reduced
vascularization was observed in the pellets containing
artesunate (25). Similarly, down-regulation of VEGF
expression and suppression of angiopoietin 1 secretion
induced by artesunate were reported in a study with multiple
myeloma cells (31). The effect of artesunate on aortic
sprouting was analyzed in vitro on chronic myeloid leukemia
K562 cells. The angiogenesis in aortic sprouting was induced
by cultivating in conditioned media from K562, chronic
myelogenous leukemia cell line. When pretreated with
artesunate the number of new microvessels in sample was
markedly reduced, in a time-dependent and dose-dependent
manner proving antiproliferative effect of artesunate (32).

Cell-cycle arrest. Uncontrolled cell division is one of the
basic characteristics of cancer cells. ARTs showed the ability
of arresting the cell cycle by changing expression and
activity of several regulatory enzymes. In human Ishikawa
endometrial cancer cells artemisinin induced a G, cell cycle
arrest and downregulated cyclin-dependent kinase-4 (CDK4)
gene expression by disruption of nuclear factor-kB (NF-xB)
interactions with the CDK4 promoter (33). G;-phase arrest
was also induced in gallbladder cancer cells treated with
artemisinin. In this case the cell cycle arrest was linked with
decreased expression of CDK4 and cyclin D1 and an
increase in a tumour suppressor protein p16 expression (34).
Artesunate caused G,/M cell cycle arrest in breast cancer
cells by upregulating the expression of Beclinl, initiator of
autophagy (35). In a study on pancreatic cancer cell lines the
treatment with dihydroartemisinin resulted in a dose-
dependent Gy/G cell cycle arrest affecting the expression of
cell cycle regulatory enzymes, such as cyclin E, CDK2,
CDK4 and p27. Furthermore, dihydroartemisinin inhibited
the translocation and DNA-binding activity of NF-xB,
proposing this one as a target of dihydroartemisinins growth
inhibitory effect on cancer cell lines (36).

Ferroptosis. Lately the mechanism of action of
dihydroartemisinin in head and neck squamous cell
carcinoma (HNSCC) cells was also studied, based on known
antimalarial mode of action of ARTs, comprehending Fe?*
ions and proposed the hypothesis of ferroptosis (37).
Ferroptosis represents a specific form of programmed cell
death caused by the iron-dependent accumulation of lipid
reactive oxygen species and depletion of plasma membrane
polyunsaturated fatty acids (38). In a study on HNSCC cells
treated with dihydroartemisinin, increased ROS levels were
found. This increase was prevented by an iron chelator
desferrioxamine. These results show that dihydroartemisinin
requires iron to induce cell death in HNSCC cells. The
mitochondrial morphology changes, typical for ferroptotic
cells were also observed (37). As iron is needed for DNA
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synthesis and tumour cells use it for their rapid growth, it is
possible that higher levels of iron are target and explain the
specific activity of dihydroartemisinin on tumour cells.
Another evidence supporting the hypothesis of ferroptosis
are the decreased levels of GPx4 and Ras in
dihydroartemisinin-treated HNSCC cells, as both GPx4 and
Ras are important regulators of ferroptosis (37).

Artemisinin in Combination with
Other Anticancer Drugs

Combination chemotherapy is nowadays the standard of care
aiming at maximizing efficacy and minimizing systemic
toxicity at the same time. Multiple mechanisms of action of
ARTs, which differ from traditional chemotherapeutics
propose the possibility of effective synergism of these two.
It has been reported that resistant cancer cell lines become
sensitive by adding artemisinin and its derivatives to the
conventional treatment (chemosensitization) (15). Artesunate
showed the ability of sensitizing breast cancer cells to
epirubicin in an autophagy cascade-dependent manner. In
contrast, artesunate did not significantly increase the
cytotoxicity of docetaxel, another commonly used anticancer
drug in breast cancer (35).

Shuang-Jia Wang et al. (2010) demonstrated in their study
a synergism of dihydroartemisinin and gemcitabine on
pancreatic cancer cells. Significant increase of apoptosis,
decreased Ki-67 index, decreased NF-kB activity and its
related gene products such as c-myc, cyclin D1, Bcl-2,
Bcl-xL were manifested. Inhibition of gemcitabine-induced
NF-xB activation is believed to be the main mechanism
dihydroartemisinin acts in synergism with gemcitabine
against pancreatic tumour cells (36).

Effective combination of dihydroartemisinin and traditional
chemotherapeutics used for treatment of lung carcinomas,
cyclophosphamide and cisplatin was shown in a murine Lewis
lung carcinoma and the human non-small cell lung cancer
models in mice. Both combination of high dose
dihydroartemisinin and cyclophosphamide and dihydroarte-
misinin and cisplatin induced significant reduction of tumour
volume compared with either therapy alone. Moreover, the
incidence of spontaneous pulmonary metastasis was
completely inhibited by the combination of dihydroartemisinin
with cyclophosphamide (39).

Dihydroartemisinin potentiated the cytotoxic effect of
temozolomide, in glioma cells, mainly by generating reactive
oxygen species. Dihydroartemisinin increased
temozolomide-induced apoptosis and necrosis in dose
dependent way (40). Furthermore, increased apoptosis was
observed in human hepatoma cells HepG2 (p53 wild-type),
Huh-7, BEL-7404 (p53 mutant) and Hep3B after treatment
with two combinations: dihydroartemisinin and gemcitabine,
and artemisinin and gemcitabine. Similarly, in mouse models
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of human hepatoma carcinoma both combinations
significantly decreased tumor growth. In all xenograft
models dihydroartemisinin showed greater, dose-dependent
therapeutic effects compared with artemisinin (41).

These lines of evidence suggest that ARTs, mainly
dihydroartemisinin and artesunate, possess the chemo-
sensitising effects and propose their future use in the fight
with chemoresistant carcinomas.

Clinical Studies

To date, there is a great number of in vitro and in vivo
studies, describing anticancer effects of ARTs with
encouriging results. Also several case reports documenting
reducing effect of ARTs on tumour size and growth were
published (42). However, only few clinical trials with
oncological patients were completed and their results
published. The most studied are patients with solid tumours:
colorectal carcinoma, breast cancer, hepatocellular carcinoma
and lung cancer. Different clinical trials mostly Phases 1 and
2 are in progress, recruiting also patients with intra-epithelial
neoplasia (43, 44). Table 1 summarizes the results of
completed clinical trials and trials in progress. Number of
participating patients, specific drug, dose and route of
administration is included.

The efficacy and toxicity of artesunate as an add-on
therapy in patients with advanced non-small cell lung cancer
(NSCLC) was studied by Zhang ZY et al. (45). They
recruited 120 patients with NSCLC, randomly divided them
into control group receiving NP (a chemotherapy regimen of
vinorelbine and cisplatin) and trial group, treated with
artesunate combined with chemotherapy. At least two 21-day
cycles of treatment were performed. The results showed no
significant differences in the short-term survival rate, mean
survival time and 1-year survival rate between the trial group
and the control group. However significant differences
appeared in disease control rate. Disease control rate of the
trial group (88.2%) was significantly higher than that of the
control group (72.7%) (p<0.05). Moreover the trial group’s
time to progression was 24 weeks significantly longer than
that of the control group (20 weeks). There was no
significant differences found in toxicity between the two
groups, such as myelosuppression or digestion reaction
leading to conclusion that artesunate seems to be safe to be
used in the treatment of NSCLC (45).

Results of another safety and efficacy study were
published in 2011 by Jansen FH et al. Patients with advanced
cervical cancer were treated by oral artenimol-R
(dihydroartemisinin) for 28 days and the levels of tumour
markers were measured afterwards. A decrease of expression
of p53, EGFR, and antigen Ki-67, a cellular marker of
proliferation was evidenced. Moreover the number of blood
vessels stained by the CD31 antibody was reduced, whereas
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the expression of transferrin receptor protein 1 (CD71)
increased. Treatment with dihydroartemisinin induced
clinical remission in all patients, with a median time for the
disappearance of the symptoms being 7 days (46). Despite
the results of this study are encouraging, the number of
patients participated in this study is low and call for a
clinical trial with larger group of patients to obtain more
reliable results.

Anticancer effect and tolerability of oral artesunate in
colorectal cancer patients was evaluated in a single centre,
randomised, double-blind, placebo-controlled trial. There
were twenty patients who completed the trial per protocol.
They received either 14 daily doses of oral artesunate
(200 mg) or placebo preoperatively before the curative
resection of single primary site colorectal carcinoma. The
primary outcome (significant apoptosis in the epithelial cells
of the tumour specimen defined as >7% of cells with apoptotic
features) was achieved in 55% of placebo recipients and 67%
of artesunate treated patients. With even more encouraging
secondary outcomes: Artesunate manifested a very high
probability (0.97, calculated with an informative prior in
Bayesian analysis) of effect on Ki-67 staining of tumour cells
(Ki-67 being a marker of tumour cell proliferation) and 0.79
probability for increased CD31 expression. And there was a
~75% fall in circulating CEA levels after 2 weeks of treatment
only with artesunate in one case (47). The same team launched
in October 2016 a Safety and Effectiveness Study of Pre-
operative Artesunate in Stage II/IIl Colorectal Cancer,
recruiting 200 patients, with similar inclusion criteria as in the
previous study from 2014. Patients will be followed up closely
for 5 years after treatment with artesunate to review the effect
of artesunate on recurrence free survival of patients and the
safety and tolerability of artesunate (48). Another Phase 2
clinical trial recruiting patients with histologically confirmed
Stage II/III colorectal cancer awaiting surgical treatment is in
progress in the 108 Military Central Hospital in Vietnam.
Artesunate will be given orally in dose of 200 mg once a day
for 14 days to patients awaiting surgical treatment with
curative intent and recurrence free survival 2 years after
surgery will be compared with control placebo group as a
primary outcome (48).

A rapid dose escalation design (as shown in Table 1) was
used to determine maximum tolerated dose of intravenous
artesunate for treatment 19 patients with different solid
tumours. This Phase 1 study started in January 2015 on
Georgetown University and the results were not yet
published (49). Pharmacokinetics of artesunate and
dihydroartemisinin in patients with metastatic breast cancer
was studied by Ericsson et al. They analysed plasma and
saliva samples from 23 female patients treated with 100, 150
or 200 mg oral artesunate for at least 3 weeks. The combined
drug (artesunate) and metabolite (dihydroartemisinin) model
characterized the population pharmacokinetic properties of

artesunate in plasma. Results showed a 24.9% increase in
apparent elimination clearance of dihydroartemisinin after
daily treatment with oral artesunate for >3 weeks, suggesting
a potential autoinduction of metabolism. Moreover the
concentrations of salivary and plasma dihydroartemisinin
correlated and proposed a possible use of saliva samples in
further pharmacokinetic  investigations (50). The
pharmacokinetics and safety of artesunate in patients with
hepatocellular carcinoma was evaluated in Phase 1 study
recruiting patients in the University hospital in Ghent.
Artesunate was administrated orally in dose-escalation
manner. As a measure of safety and tolerability was studied
the number of participants with adverse events and the
maximum tolerated dose in the time frame of 14 days.
Neither results of pharmacokinetic analysis, nor safety and
tolerability results were yet published (51).

Another Phase 1 study searched for well-tolerated dose of
oral artesunate as add-on therapy in patients with metastatic
breast cancer. During four weeks 106 adverse effects were
observed in 23 female patients treated with oral artesunate.
No adverse effects were probably or certainly related to the
artesunate add-on therapy to guideline-based oncological
therapy. However adverse effects such as leucopenia,
neutropenia, anemia and vertigo were observed possibly
related to the artesunate add-on therapy. Most side-effects
resolved spontaneously after treatment with artesunate was
finished and no neurotoxic, ototoxic or hepatotoxic effects
were reasons for individual discontinuation of treatment. As
safety and tolerability did not reach an upper limit, the dose
200 mg/d (2.2-3.9 mg/kg/d) was suggested for Phase 2 trials
with regular monitoring of reticulocytes, NTproBNP and
neurological, and audiological examinations (52). In the
same clinical trial the possible side effects of artesunate on
auditory system were investigated. Four patients resulted
having adverse events of the auditory system possibly related
to the intake of artesunate (none of these classified as severe)
but did not require treatment interruption. And four patients
observed problems with the vestibular system (vertigo), one
of which was classified as severe adverse effect, nevertheless
was fully reversible after discontinuation of artesunate. No
dose-limiting auditory toxicity was proved after 4 weeks of
therapy with artesunate (53).

Among studies with no results published at present, there
is a Phase 1/2a study, run by Guy’s and St Thomas NHS
Foundation Trust in London. Artemether will be given to
patients with advanced solid tumour as a sublingual spray for
four months. And they will search for the highest safe dose
of artemether in the Phase 1 and the effect on growth of the
tumour in the Phase 2 (54). New studies recruiting patients
with intraepithelial neoplasia are in progress in several
medical centers in Maryland, USA (43, 44). Estimated
completion date of these studies is February and March 2019
respectively. Patients with cervical intraepithelial neoplasia
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Table 1. Clinical trials evaluating anticancer effects of ARTs.

Status Type of Phase  No. of Drug, dose Key results Reference
cancer patients
Results Colorectal ca  Phase 1 20 14 daily doses of neoadjuvant oral Apoptosis in >7% of cells in 67% 47)
artesunate 200 mg in trial group or Reduced Ki67 expression (0.89 prob.)
a matching placebo in control group Increased CD31 expression (0.79 prob.)
Adverse events: neutropenia
Results Cervical ca Phase 1 10 Oral dihydroartemisinin for 28 days Decreased expression of p53 (46)
Decreased expression of EGFR
Decreased expression of Ki-67
Decreased number of blood vessels
No adverse events of grade 3 or 4
Results Metastatic Phase 0/1 23 Artesunate add-on therapy Safety and tolerability of artesunate (52)
breast ca 100, 150 or 200 mg oral artesunate at dose 200 mg/d (2.2-3.9 mg/kg/d)
daily during four weeks Phase 2 trials suggested
Adverse events: leucopenia,
neutropenia, anemia, vertigo
Results Metastatic Phase 1 23 Oral artesunate 100, 150, or A 24.9% increase in apparent (50)
breast ca 200 mg daily >3 weeks elimination clearance of
dihydroartemisinin
(combined drug-metabolite model)
Possible use of saliva sampling in
pharmacokinetic investigations suggested
Results Advanced Phase 1 120 Artesunate (120 mg, once-a-day No significant differences in the (45)
non-small cell intravenous injection, from the short-term survival rate,
lung cancer 1st day to 8th day, for 8 days) with MST and 1-year survival rate
(NSCLC) the basal therapy NP (vinorelbine DCR of the trial group 88.2%
and cisplatin) in trial group DCR of the control group 72.7% trial
or basal therapy NP group’s time to progression 24 weeks the
in control group control group’s time to progression 20 weeks
No significant difference was found
in toxicity between the two groups
Recruiting Colorectal ca  Phase 2 200 Neoadjuvant artesunate given orally Estimated Completion Date: May 2023 (48)
Stage II/IIT as a dose of 200 mg once a day for Outcomes:
14 days in trial group or a matching Recurrence free survival at
placebo for 14 days in control group 2 years after surgery
Adverse events
Patient quality of life
Completed  Advanced Phasel/2a 87 Artemether sublingual spray Estimated Completion Date: October 2016 (54)
solid tumours 20 mg for 4 cycles of escalation Outcomes:
dosing, 28 days per cycle Determinate recommended Phase 2 Dose
No. of patients with complete or
partial response, stable disease at
16 weeks, reduction of validated
biomarkers in Phase 2a
Recruiting  Stage II/III Phase 2 200 Artesunate given orally as a dose Estimated Completion Date: December 2021 (48)
Colorectal estimated of 200 mg once a day Outcomes:
Cancer for 14 days in trial group Recurrence free survival 2
or a matching placebo for years after surgery
14 days in control group
Recruiting HPV-associated Phase 1 18 Artesunate suppositories Estimated Completion Date: March 2019 (44)

anal estimated trans-anally in escalated
intraepithelial doses 200 mg, 400 mg, 600 mg
neoplasia daily for 5 days up to 3 cycles
AIN 2/3
Recruiting Cervical Phase 1 30 Intravaginal artesunate in
Intraepithelial estimated suppositories for up to a
Neoplasia total of three cycles
Grade 2/3

High risk HPV

Outcomes:

Regression of anal intraepithelial neoplasia
Clearance of AIN2/3 disease
Clearance of human papillomavirus (HPV) virus
Estimated Completion Date: February 2019
Outcomes:

Histologic regression of CIN2/3
[Time Frame: 28 weeks]

“43)
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Table 1. Continued

Status Type of Phase  No. of Drug, dose Key results Reference
cancer patients
Completed Solid tumours  Phase 1 19 Intravenous artesunate in Outcomes: (49)
escalating doses: 8, 12, 18, 25, Maximum Tolerated
34, 45 mg/kg on days 1 and Dose [Time Frame: 1 year]
8 of every 3 week cycles
Completed  Advanced Phase 1 15 Oral artesunate once-daily for Outcomes: 51
hepatocellular 14 days, dose-escalation Number of Participants with
carcinoma Adverse Events [Time Frame: 14 days]

Maximum tolerated dose [Time Frame: 14 days]
Pharmacokinetic analysis of Cmax, Cmin,
Tmax, and AUC. [Time Frame: 2 days]

(CIN2/3) associated with high risk HPV and patients with
HPV-associated anal intraepithelial neoplasia (AIN 2/3) will
be treated by artesunate suppositories and the histologic
regression, the possible clearance of HPV as well as the
artesunate doses will be evaluated.

Conclusion and Future Perspectives

ARTs represent an efficacious antimalarial drug group with an
excellent safety profile. Their anticancer properties have been
documented in multiple preclinical and clinical studies. ARTs
effectively reduce the growth of solid tumours by inhibition
of angiogenesis, induction of apoptosis and ferroptosis,
production of reactive oxygen species and induction of cell-
cycle arrest. As new, modern technologies of research
progress, the more detailed information about different
mechanisms of action of ARTs rise. The current number of
clinical trials is increasing and the results are encouraging.
ARTs may become an alternative for adjuvant or neodjuvant
treatment of solid tumours, specifically breast, pancreas,
colorectal or lung and other cancer. The possible regressive
effect on cervical and anal intraepithelial neoplasia may lead
to less invasive treatment procedures. The chemosensiting
effect of artesunate and dihydroartemisinin suggests the use of
ARTSs as an add-on therapy in combination with conventional
chemotherapeutics and it is to be studied in future clinical
trials. ARTs may represent one of many examples of power
hidden in natural sources and after many years of research
may become new promising anticancer drugs, hopefully
developed and introduced to clinical use in the near future.
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