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Abstract

Purpose  Artesunate (ART) has been used for a long time
in the treatment of Plasmodium falciparum malaria and has
been considered safe. The present phase I study aimed to
determine the daily dose of ART that is well tolerated as
add-on therapy in patients with breast cancer for 4 weeks of
therapy. Ototoxicity could be a potential safety concern in
settings different from malaria. Therefore, comprehensive
audiological assessment was essential.

Methods The ARTIC M33/2 study was a prospective,
open, uncontrolled, monocentric phase I dose-escalation
study to evaluate the safety and tolerability of ART in
patients with advanced breast cancer. Patients received
either 100, 150 or 200 mg oral ART daily for a test phase
of 4 weeks as add-on therapy to their ongoing oncological
treatment. For the investigation of the safety of ART for
hearing, an audiological assessment was performed with
each patient before the intake of ART and after 4 weeks of
therapy.
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Results Twenty-three female patients were included in the
study. During the test phase, four patients had adverse events
(AEs) of the auditory system possibly related to the intake of
ART. However, none of these AEs was classified as severe AE
(SAE) and did not require treatment interruption. Four patients
had AEs concerning the vestibular system (vertigo) during the
test phase, one of which was classified as SAE. However, the
SAE was fully reversible after discontinuation of ART.
Conclusion None of the audiological results after 4 weeks
of therapy with ART showed any dose-limiting auditory
toxicity. However, audiological monitoring in further clini-
cal studies with prolonged use of oral ART in doses up to
200 mg daily is warranted.

The ARTIC M33/2 study is registered at eudract.ema.
europa.eu with the Number 2007-004432-23 and at clini-
caltrials.gov with the Number NCT00764036.

Keywords Artesunate - Ototoxicity - Breast cancer -
Metastasis

Introduction

Artesunate (ART) is a semisynthetic derivate of artemisinin
(ARM), which is isolated from the Chinese plant Artemi-
sia annua. In the 1970s, ARM and its derivates, such as
ART, artemether and dihydroartemisinin, were character-
ized as effective and well-tolerated drugs against malaria.
Since then, their importance in medicine has considerably
increased as well as their use worldwide [1]. In 2006, the
World Health Organization (WHQO) recommended the
artemisinin-based combination therapy (ACT) as first-line
treatment against Plasmodium falciparum malaria as drug
resistance to most other antimalarial drug classes increased
and therefore reduced their effectiveness [2].
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At present, most of the research on ARM and its deri-
vates is based on the use as antimalarial drugs. However,
in vitro studies showed that ARM and its derivates also
have potent anticancer activity [3—6]. Moreover, ARM has
been shown to have a chemosensitization effect on cancer
cells which were resistant to conventional chemotherapy
[7].

As several in vivo studies [8—11] and human case reports
[12, 13] also suggested an anticancer potential of arte-
misinin derivatives, the systematic evaluation of the safety
and tolerability of artemisinin derivatives in cancer patients
was justified.

Prior to our investigation, concerns had been raised that
ARM and its derivatives might have neurotoxic effects
impairing among others the auditory and vestibular system
mainly because neuroauditory toxicity had been reported in
animal studies [14, 15].

In view of the concerns that had been raised about the
potential damaging effect of ARM and its derivates on
the brainstem and other neuroauditory structures, another
study was performed in Vietnam on 242 patients who had
received up to 21 cycles of antimalarial treatment within
24 months with either ART or ARM (corresponding to
a median of 168 mg/kg up to >1000 mg/kg in 6.7-7.2 %
of those patients) [16]. Patients underwent clinical exami-
nations, audiometry and brainstem evoked response audi-
ometry (BERA) and were compared to a control group of
108 patients from the same village in Vietnam, who had
not been treated with these drugs. The study could not
show any evidence of neuroauditory toxicity that could
be attributed to the treatment with ARM or ART. Similar
results using audiometry and early latency auditory brain-
stem response (ABR) tests came from another case—con-
trol study from 79 patients having more than two treatment
courses of artemether or artesunate within the previous
3 years and 79 untreated controls from the same malaria
endemic area of Thailand [17]. However, the promising
results of these studies need to be re-evaluated carefully
as they did not consider the neuroauditory function of the
subjects before and during the intake of ARM or ART. As
there are no pre-treatment data to compare with, no state-
ment can be made about the hearing status of the patients
before the intake of the antimalarial medication. Hearing
data were only obtained after the medical treatment that
had already been completed. In the study of Van Vugt et al.
[17] the most recent treatment cycle was finished at least
31 days before the hearing assessment. Thus both studies
cannot evaluate possible reversible hearing impairments
that might have occurred during or directly following ARM
or ART treatment.

This limitation was eluded by a study from 2006, with
fifteen healthy volunteers aged eighteen to twenty-three
who underwent an artificial malaria infection and were
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treated with artemether—lumefantrine (AL) [18]. Audiolog-
ical examinations at baseline confirmed normal hearing in
all participants and were repeated during the illness (day 8
after infection, but before beginning of medical treatment)
and after the end of the treatment (day 21 after infection).
Two of the participants had subclinical negative hearing
threshold changes in the two lowest frequencies tested
(250 Hz and 500 Hz) on day 8 and 21. However, these
alterations were not judged to be drug-related because they
appeared after infection with malaria but before the intake
of the medication. This suggests that malaria itself could
be responsible for the deterioration so that overall, no clear
drug-related hearing impairment could be detected in this
study.

In 2004, a case—control study was performed on workers
at a construction site in Mozambique. Air conduction audi-
ometry was performed before beginning of the employ-
ment and repeated once after termination of the contract.
The 150 cases were workers who had been treated with AL
during their employment for uncomplicated P. falciparum
malaria. They showed a statistically significant difference
in the hearing assessment compared to 150 control work-
ers. The intra-individual assessment of hearing threshold
changes showed mostly subclinical hearing losses between
the two assessments. In contrast, the hearing assessments of
the healthy untreated controls did not show the same extent
of threshold changes [19]. However, since the control
workers had not suffered from malaria and had not been
treated with AL, due to the design of the study, a structural
bias cannot be excluded. Besides, the study only used air
conduction audiometry for the audiological assessment, the
cases and controls were not matched, and the study does
not inform on possibly relevant confounders such as age
or known pre-existent diseases of the subjects. Moreover,
it is not sure whether the observed hearing loss might be
attributed to the lumefantrine constituent of AL, to malaria
itself or to other important risk factors such as intensity and
duration of noise exposure at the construction site or use of
other possibly ototoxic drugs as Mehta et al. [20] discuss in
their comment on the report of Toovey and Jamieson.

Another study from Thailand in 68 patients treated for
malaria with AL in the previous 5 years and 68 untreated
controls found no evidence of auditory brainstem toxicity
attributable to treatment with AL [21]. These findings are
consistent with the comment of Reinhart et al. [22] follow-
ing the publication of Toovey and Jamieson. Their opinion
is based on 2318 patients treated with artemether—lume-
fantrine (AL) as antimalarial therapy in 16 clinical trials
with 16 cases (0.7 %) of hearing loss. It is also based on
their search of the Novartis safety database where they did
not find spontaneous reports of adverse events for their
marketed product co-artemether (AL) for any irreversible
neuro- or auditory toxicity. Therefore, the results of Toovey
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and Jamieson need to be re-evaluated carefully and in con-
text with other clinical studies on different artemisinin
compounds.

In 2005, Panossian et al. reported the case of a 42-year
old female breast cancer patient after right mastectomy
having been treated with tamoxifen, fluoxetine and an
herbal therapy consisting among others of 200 mg arte-
misinin twice a day. As ARM is approximately five times
less potent than ART in malaria therapy [16], this would be
equivalent to <100 mg of ART per day. After 2 weeks of
this medical treatment, she presented with diplopia, dys-
arthria and ataxic gait. In an MRI of her brain, symmetric
punctual signal prolongations could be shown in the T2
sequence that improved 7 days after discontinuation of all
her medical treatment as well as did the neurological symp-
toms. Tamoxifen, fluoxetine and the herbal treatment apart
from ARM were ruled out as trigger for her disorders by
the literature research, and re-exposure to tamoxifen and
fluoxetine was without re-occurrence of the previously pre-
sented symptoms [23]. Considering these findings of most
probably artemisinin-caused neurotoxicity in a case where
cerebral malaria manifestations were no confounder for
neurological symptoms, it is necessary to carefully exam-
ine the side effects, especially their dose dependence of
an artemisinin-based therapy in a context other than anti-
malarial treatment.

As there had never been a study investigating the effects
of prolonged use of ARM and its derivates in human can-
cer patients, the multidisciplinary ARTIC M33/2 phase I
study aimed to assess the safety and tolerability of ART in
patients with metastatic or locally advanced breast cancer.
This article presents the results of the extensive investiga-
tion of the auditory and vestibular system within this phase
I study.

Materials and methods
Study design and participants

The ARTIC M33/2 study was a prospective, open, uncon-
trolled, monocentric phase I dose-escalation study, and it
was performed at the University Hospital of Heidelberg.

Female patients with histologically confirmed metastatic
breast cancer having no safety concerns of the responsi-
ble oncologist were eligible for participation in this study
on the safety of artesunate as oral add-on therapy to their
respective oncological treatment.

If no dose-limiting adverse events (DL-AEs) were
detected after 4 weeks, patients could give a second
informed consent and continue the add-on therapy during
an extension phase, which was limited up to the second
progression under the add-on therapy.

Study medication regimen

The study drug was administered as an add-on therapy
to the individual conventional therapy over a period of
4 weeks. Patients received one of three different doses
(consecutively, dose group I: 100 mg, dose group II:
150 mg, dose group III: 200 mg) of orally administered
ART (Arinate™, Dafra Pharma, Turnhout, Belgium) daily.

The first dose of the study medication was administered
in the presence of one of the investigating physicians (UO0),
and thereafter patients were monitored for at least 4 h. On
the next days, patients took the medication at home and a
pill count was carried out at every following examination in
the hospital.

Outcome measures

Safety monitoring before, during and after the intake of
ART included DL-AE:s as primary outcome as well as labo-
ratory assessments, neurological, cardiological and audio-
logical examinations as secondary outcomes. Details of the
data collection and primary safety data not related to hear-
ing will be presented elsewhere.

Audiological measures

To evaluate the safety and tolerability of oral ART for hear-
ing, an audiological assessment was performed for each
patient before the beginning of the intake of ART (BL;
baseline) and after 4 weeks of therapy (U2).

For participants of the extension phase audiological
assessments were repeated every 3 months (U3, 4 and 5).
In case of occurrence of clinically relevant AEs of the audi-
tory system, the audiological assessment of the respec-
tive patient was repeated four to 8 weeks following the
withdrawal of the study medication. Further audiologi-
cal assessments could be scheduled if judged clinically
necessary.

The audiological assessment included otoscopy, pure-
tone audiometry, tympanometry, stapedius reflex measure-
ment, transitory evoked otoacoustic emissions (TEOAE),
distortion product otoacoustic emissions (DPOAE) and
brainstem evoked response audiometry (BERA), which is
a synonym for early auditory brainstem responses (ABR);
both terms are used in this paper. All audiological examina-
tions were carried out in the Department of Otolaryngol-
ogy, Head and Neck Surgery at the University Hospital of
Heidelberg.

Pure-tone audiometry was performed with an Auritec
AT 335 computer audiometry system (Auritec Medizindi-
agnostische Systeme GmbH, Hamburg, Germany). Hearing
levels were determined via air conduction for frequencies
from 125 hertz (Hz)-8 kHz.
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Impedance measurement, including tympanometry
and stapedius reflex measurement, was also performed
with the Auritec AT 335 audiometer. For tympanometry,
the pressure in decapascal (daPa), at which the eardrum
has the greatest mobility and the compliance of the ear-
drum in milliliters were measured. The stapedius reflex
was determined for the frequencies 500, 1000, 2000 and
4000 Hz. The reflex was measured in both ears separately
and was determined for the ipsilateral as well as the con-
tralateral ear.

Otoacoustic emissions were recorded in an acoustically
shielded room. TEOAE were measured with an ILOS88
device (Otodynamics Ltd., Hatfield, UK). Click noises
with a duration of 100 ws and a repetition rate of 50 Hz
were used for acoustical stimulation. The determination of
the TEOAE was carried out under the following measuring
conditions: Stimulus levels ranged from 80.3 to 85.4 dB
and the residual noise varied from —5.6 to 3.3 dB. Crite-
ria for the assessment of physiological stimulus responses
were the visual evaluation by an experienced examiner, the
amplitudes of the signal and the residual noise as well as
the reproducibility of the responses.

DPOAE were determined with an ILO92 device (Oto-
dynamics Ltd., Hatfield, UK). They were measured at
frequencies from 1 to 4 kHz for both ears separately. Pri-
mary tone levels ranged from 58.5 to 80.8 dB. For each fre-
quency, the primary tone level L2 was determined in deci-
bel (dB) as well as the residual noise in dB and the signal
to noise ratio (SNR), which is the ratio of the mean signal
amplitude and the standard deviation of the residual noise.
The actual amplitude should be 6 dB above the noise floor
to be considered a true distortion product.

BERA was measured in an acoustically and electrically
shielded room. Ag-/AgCl-electrodes were attached to the
vertex, mastoid and forehead. Each ear was stimulated
separately with biphasic click sounds of two times 100 s
duration while the other ear was masked with white noise.
The responses were recorded with the ERA 3.7 Soft-
ware (ZLE Systemtechnik, Munich, Germany) and Beyer
DT-48 dynamic headphones (Beyerdynamic GmbH & Co.
KG, Heilbronn, Germany) served as electric-acoustical
converters. Stimulus levels varied from 80 to 90 dB and
were varied in steps of 5 or 10 dB until the responses were
sufficiently exact, which was normally achieved at 80 dB.
Artifacts were suppressed through variable amplitude
control by the examiner. By means of computer-assisted
averaging of 4000 artifact-free EEG (electroencepha-
logram) sections, the actual auditory evoked responses
could be filtered and were plotted as average curves. To
evaluate the quality of the measurement, the residual
noise was determined by dividing the average curves into
two parts and calculating the difference between the two
curves.
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The latency of wave V, the amplitude of wave V and the
interpeak latency between wave I and wave V were chosen
for our analysis.

Screening for hearing and vestibular problems

In addition, every week each patient completed the ques-
tionnaire BN20+ for frequent screening for neurological
and possible other symptoms. The BN20+ contains the
Brain module BN20 of the European Organization for
Research and Treatment of Cancer (EORTC), items 8-19
from the quality of life (QLQ) questionnaire QLQ C30 [24]
and 8 additional unvalidated questions covering possible
side effects known from malaria therapy with ART.! Possi-
ble audiometric and vestibular changes were monitored
with the following questions:

Question no. 51: Did you have any noises, ringing or buzz-
ing in the ears?

Did you perceive any hearing loss?

Did you have dizziness or vertigo?
The answers to the questionnaire rep-
resent subjective assessments of the
patients and were descriptively analyzed.

Question no. 52:
Question no. 53:

Statistical analysis

The statistical analysis was done as intention to treat (ITT)
analysis. In other words, each patient who received the
study drug at least once was included in the analysis.

The secondary endpoints reported here investigate pos-
sible ototoxic effects of ART analyzed through the audio-
logical assessment. The results are displayed in this paper
together with a description of all AEs of the auditory and
vestibular system. In general, the analysis was done for
each ear separately. Since the audiological measurements
were of continuous or ordinal scale and the assumption
of a normal distribution was not justified, the Wilcoxon
signed rank test was applied to test for differences between
the baseline (BL) values and the values after 4 weeks (U2,
using the notation of the study protocol) of ART therapy.
The null hypothesis of no differences between BL and U2
was tested one-sided versus the alternative hypothesis of
impairment of hearing, which indicated an adverse event.
A p value of <0.05 would indicate statistical significance
for the respective audiological endpoint. The results of the
audiological measurements were described in detail by
reporting the median (Med), minimum (Min) and maxi-
mum (Max) for the right and the left ear for BL and U2.

! This use of the tool BN20+ as screening instrument for frequent
screening for safety monitoring was permitted by the EORTC.
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Furthermore, we calculated the median of the changes
between BL and U2 values as well as between the right and
left ear (see Table 3) on which the statistical test (Wilcoxon
signed rank) is based.

Since the individual dose groups contained only a small
number of patients and since no clear dependency on dose
was observed, we combined the data of all 23 patients both
at baseline (BL) and after 4 weeks of ART therapy (U2).

The analysis of pure-tone audiometry was done for each
ear separately at the 250, 500, 750, 1000, 1500, 2000, 3000,
4000 and 6000 Hz frequencies. Here, we compared the
audiometric threshold value of the left ear from the screen-
ing assessment at 250 Hz with the value at 250 Hz of the
left ear after 4 weeks of therapy with ART. This was done
for each frequency in each of both ears. The thresholds at
125 and 8000 Hz were not taken into account in the statis-
tical analysis since, due to practical reasons, many values
were missing and thus the comparability with the other fre-
quencies was not given.

In the impedance measurement we had two values for
each ear to analyze—the middle ear pressure in daPa and
the compliance in milliliters.

The stapedius reflex registration was done for frequen-
cies of 500, 1000, 2000 and 4000 Hz for each ear sepa-
rately, and the reflex was measured ipsi- and contralateral
each time.

The analysis of TEOAE was restricted to the two values
for True OAE level (total emission amplitude corrected for
residual noise) and for reproducibility in each ear.

DPOAE were analyzed by comparison of BL and U2
values of the True DP levels at the 1000, 1500, 2000, 3000
and 4000 Hz frequencies.

To analyze the results of BERA, three baseline values
were compared to the values after 4 weeks of ART intake—
the latency of wave V, the amplitude of wave V and the
interpeak latency between wave I and wave V. In accord-
ance with the other hearing tests, the values were deter-
mined for both ears separately.

Results

Between 2008 and 2011 a total of 23 patients with meta-
static breast cancer completed the study; they took either
100, 150 or 200 mg ART as add-on therapy to their onco-
logical treatment regimen. Dose group I contained six
patients (1-01 to 1-06), dose group II seven patients (2-01
to 2-07) and dose group III ten patients (3-01 to 3-10). Two
patients who received <75 % of their planned dose without
experiencing a dose-limiting adverse event were replaced.
Patient characteristics and audiological function before
the beginning of the add-on therapy with ART are pro-
vided in Table 1. Audiological assessments after 3, 6 and

12 months of the add-on therapy with artesunate were
available from nine, seven and three patients, respectively.
A flow chart of the study is depicted in Fig. 1.

In den BN20+ questionnaire, five patients had AEs
concerning the auditory system (subclinical hearing loss,
tinnitus)—four during the first 4 weeks and another one
after 11 months of the add-on therapy. None of those was
a dose-limiting AE. Six patients presented with vertigo that
could not certainly be ruled out to originate from the ves-
tibular system, four during the first 4 weeks and two oth-
ers after 2 and 10 months. One of these AEs was classified
DL-AE and was documented 5 days after stopping ART. A
causal association with the add-on therapy with ART could
not definitely be excluded. The DL-AE healed without any
residues as well as did the other vestibular AEs including
two patients in whom vertigo reappeared after 2 months. A
detailed listing of auditory or vestibular adverse events pos-
sibly related to the intake of ART is given in Table 2.

The statistical analysis of the hearing data provided the
following results:

For pure-tone audiometry no statistical significance was
observed (p > 0.1). To compare the baseline and follow-up
values after 4 weeks, we also illustrated the pure-tone air
conduction thresholds in Fig. 2.

There was a statistically significant difference in the
impedance measurement from baseline to the values after
4 weeks for the pressure in Pascal in the left ear (p = 0.01),
whereas changes of the pressure in the right ear as well
as of the compliance in both ears were not significant
(p > 0.05).

In the stapedius reflex measurement no significant
changes were seen for all the contralateral measurements
(right and left ear) of the reflex as well as for the ipsilateral
reflex at 500, 1000 and 4000 Hz in both ears and the ipsilat-
eral reflex in the left ear (p > 0.05). However, the ipsilateral
stapedius reflex in the right ear at 2000 Hz showed a statis-
tically significant difference (p = 0.01).

No statistical significance was observed for TEOAE (p
values > 0.1) as well as for DPOAE (p values > 0.05) and
BERA (p values > 0.05).

A detailed synopsis of the results of the audiological
assessments is presented in Table 3.

Discussion

As most common chemotherapeutics still have a large
number of undesirable side effects, the request for new
drugs with high anticancer activity and low incidence of
adverse effects remains a prevailing issue in clinical oncol-
ogy. Considering the promising and still growing in vitro
and in vivo data for anticancer activity of artemisinin
derivatives [3, 4, 25-28], the investigation of the safety and
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Table 1 Patient characteristics and audiological functions before the beginning of artesunate therapy

Dose group 1 Dose group 2 Dose group 3 Total study population

Ethnic origin

Caucasian n==6 (100 %) n="7(100 %) n =10 (100 %) n =23 (100 %)
Age at initial diagnosis

Mean + SD 442 +6.2 47.7£10.5 46.7 £ 13.5 46.3 £10.8

Minimum, median, maximum 35,45,51 31,48, 61 31,42,72 31,44,72
Age at beginning of the study

Mean £ SD 51.8+£8.1 58.7+10.4 56.0 £ 12.3 55.7+10.6

Minimum, median, maximum 39, 53, 61 44,60, 71 41,54,73 39,57,73
Smoking habits

Smoker 1(17 %) 1 (14 %) 0 (0 %) 29 %)

Former smoker 3 (50 %) 3 (43 %) 5 (50 %) 11 (48 %)

Non-smoker 2 (33 %) 3 (43 %) 5 (50 %) 10 (43 %)
Postmenopausal 5(83 %) 7 (100 %) 10 (100 %) 22 (96 %)
ECOG performance status

0 5 (83 %) 7 (100 %) 3 (40 %) 16 (70 %)

1 1(17 %) 0 (0 %) 6 (60 %) 7 (30 %)

24 0 (0 %) 0 (0 %) 0 (0 %) 0 (0 %)
NYHA

No heart failure 6 (100 %) 6 (86 %) 10 (100 %) 22 (96 %)

I 0 (0 %) 1(14 %) 0(0 %) 14 %)

I-1v 0 (0 %) 0 (0 %) 0(0 %) 0 (0 %)
Oncological standard therapy (several possible)

Endocrine? 2 6 7 15

Monochemotherapy® 4 1 3 8

Bisphosphonates® 3 5 8 16

Others? 2 3 3 8
Chronic accompanying diseases of hearing 3 (50 %) 2 (28 %) 2 (20 %) 7 (30 %)
Audiological assessment normal and age appropriate at baseline®

Yes 5(83 %) 7 (100 %) 10 (100 %) 22 (96 %)

No 1(17 %) 0 (0 %) 0 (0 %) 1 (4 %)

# Tamoxifen, letrozole, anastrozole, exemestane, fulvestrant, megestrol acetate, GnRH analogues and others

b Gemcitabine, doxorubicin, capecitabine and others
¢ Clodronate, pamidronate, ibandronate, zoledronate and others
e.g., Trastuzumab in patients with overexpression of HER2/neu

¢ Before starting add-on therapy with artesunate

tolerability of prolonged use of these drugs in human can-
cer patients was justified, because their short-time use for
malaria treatment has only few adverse effects. Therefore,
our phase I study aimed to investigate the safety and toler-
ability of ART as oral add-on therapy in twenty-three breast
cancer patients for 4 weeks. It showed that ART generally
was well tolerated for hearing and the vestibular system in
the doses examined. All AEs were only possibly caused
by the add-on therapy with artesunate. Five days after the
last intake of the add-on therapy a dose-limiting vertigo
was observed, but the patient fully recovered thereafter.
Additionally, two ongoing subclinical abnormalities in the
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hearing assessment and an ongoing tinnitus without clear
causality were detected while pre-existing hearing or ves-
tibular impairments in other patients did not deteriorate.

In the statistical analysis of the hearing data, only two
parameters of hearing impairment showed a statistically
significant difference (p values lower than 0.05) between
baseline and the 4 weeks measurement. Those were the
impedance measurement of the left ear and the stapedius
reflex measurement at 2000 Hz in the right ear. All the
other p values did not exceed the significance level of 0.05.
When discussing these two significances from a statistical
point of view, two counteracting issues were noted: on the
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| 23 patients included in the study]
!

BL: Audiological screening, n = 23
(4 - 28 days before intake of artesunate)
]

Assignment to the dose groups:
group 1 (n=6), group 2 (n =7), group 3 (n = 10)
U0: Start intake of artesunate

l
U2: Audiological screening, n = 23
(after 4 weeks + 1 week)

‘14 terminated the study

|9 included in extension phase

U3: Audiological screening, n =9
(after 3 months + 1 month)

2 terminated the
extension phase

U4: Audiological screening, n =7
(after 6 months + 1 month)

4 terminated the
extension phase

U5: Audiological screening, n =3
(after 12 months + 1 month)

Fig. 1 Study flow chart giving an overview over the enrolment, dose
groups, follow-up dates and numbers of patients in each follow-up

one hand the sample size of this study was small (n = 23)
so that the power to detect relevant differences was not
high. On the other hand, as we implemented a broad

battery of audiometric examinations and many parameters
were examined, the type 1 error was inflated so that actu-
ally a lower threshold value than p < 0.05 might have been
implemented. Therefore a clinical assessment of the two
parameters with p < 0.01 appeared indicated to judge the
relevance on ototoxicity.

The two noticeable parameters were not registered in
the same test and thus are not directly consecutive values.
Moreover, they were observed only in one of the two ears
although the study drug was administered systemically and
not locally. Therefore, a causal association to the study
drug appears to be very unlikely. Consequently, we could
maintain the null hypothesis stating that there was no dif-
ference between the BL and U2 values and reject the alter-
native hypothesis.

Results from a randomized placebo controlled clini-
cal study in twenty-three colorectal cancer patients [29]
who received 200 mg oral artesunate or placebo daily for
2 weeks prior to surgery did not report any AE from the
auditory or vestibular system. However their cumulative
doses were lower, audiological assessments were miss-
ing and the number of patients taking ART was much
smaller.

Our results concerning the safety of ART for hearing are
consistent with other clinical studies performed since 2007
in larger numbers of patients after short-time treatments for
malaria with ART or other derivatives of ARM.

A randomized, prospective, three-armed study of Car-
rasquilla et al. [30] comparing the auditory safety and
efficacy of the treatment of 265 patients with uncompli-
cated P. falciparum malaria from Columbia either with
artemether—lumefantrine  (AL), atovaquone-proguanil
(AP) or with artesunate-mefloquine (AM) for 3 days did

Table 2 Adverse events possibly related to artesunate affecting the auditory and vestibular system

Category/symptom (patient number) Dose (mg/day) CTCAE Vs. 3.0 Causality Day of artesunate Duration of AE (days) Outcome

Auditory/ear
Temporary hearing loss (1-01) 100 1
Tinnitus (2-02) 150 2
Tinnitus (2-03) 150 2
Subclinical hearing loss (3-04) 200 1
Subclinical hearing loss (3-10) 200 1
Dizziness from neurology
Vertigo (1-01) 100 1
Vertigo (2-01) 150 1
Vertigo (2-02) 150 3
Vertigo (2-04) 150 1
2
Vertigo (2-05) 150 2
Vertigo (3-08) 200 1

Possible 328 135 Fully recovered
Possible 8 1 Fully recovered
Possible 14 >4 years Ongoing
Possible 28 Ongoing
Possible 29 Ongoing

Possible 306 26 Fully recovered

Possible 1 10 Fully recovered

Possible  FU day 5 17 Fully recovered

Possible 12 30 Fully recovered
56 21

Possible 66 1 Fully recovered

Possible 2 14 Fully recovered
64 29
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Fig. 2 Pure-tone air conduction audiometric thresholds at baseline
and after 4 weeks of therapy with artesunate. Left and right ear are
depicted separately. Audiometric thresholds are given as mean val-

not show any adverse effect on brainstem auditory path-
ways or pure-tone threshold measurements related to the
drug exposure in neither of the three study groups. Car-
rara et al. [31] found that there was no toxic effect of ART
on the auditory pathways in patients with acute uncompli-
cated P. falciparum malaria from Thailand who had been
treated with a standard 3-day dose of ART combined with
mefloquine. Gurkov et al. [32] examined 97 patients with
uncomplicated P. falciparum malaria from Ethiopia who
were treated with a standard 3-day regimen of AL, AP or
quinine. Their comprehensive audiological monitoring
including a follow-up after 90 days could not detect any
toxic effect of AL or AP on peripheral hearing or brainstem
auditory pathways either. Other experimental and clinical
antimalarial studies also included another important fac-
tor in their examinations: Hearing levels were tested in
a standardized murine cerebral malaria model or before

@ Springer
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ues of all 23 patients with range in dB; x-axis frequency in Hz, y-axis
hearing thresholds in dB

beginning of the medical treatment and at different stages
of the malaria disease, allowing to make a statement about
the effects of acute malaria infection on hearing. In 2010,
Schmutzhard et al. [33] examined the effects of malaria
infection for hearing in twenty mice compared to a control
group of nine healthy mice. Auditory brainstem responses
were measured before infection with malaria and at its
peak. The study revealed significant hearing impairments
in the malaria group compared to the baseline values,
especially in ten mice that developed cerebral malaria.
The control group did not have any hearing alterations.
This leads us to the conclusion that the malaria infection
itself is an important factor in the development of hearing
impairments and therefore needs to be taken into account
in the evaluation of malaria treatments. These findings are
consistent with another study performed in 2012 on 58
children in Ghana suffering from uncomplicated malaria
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and treated with either artesunate-amodiaquine (AA), AL
or amodiaquine [34]. Hearing assessment was performed
at baseline—before beginning the drug intake—and at
days 3, 7, 28 and after 9 months and compared to a ran-
domly selected age- and sex-matched control group of 57
healthy children from the same area in Ghana who were
not treated with the study medication. The study showed
elevated hearing thresholds in all three treatment groups,
especially throughout the acute phase of the disease that
were, however, fully reversible after a follow-up period of
9 months. Therefore it is most probable that these hearing
impairments are owed to malaria itself and not to the arte-
misinin compound of the medication.

The findings from our study do not confirm the results
of the retrospective study of Toovey [19] about small but
irreversible hearing impairment after treatment for malaria
with AL although the cumulative doses of ART used in our
study were considerably higher than the doses administered
in the above-mentioned malaria studies. Therefore we can
confirm that oral ART was well tolerated for hearing in the
majority of our breast cancer patients, but ongoing sub-
clinical hearing losses or tinnitus cannot be excluded after
long-term exposure.

Conclusion

Our results show that the continuous intake of ART for
4 weeks in doses up to 200 mg daily was well tolerated
concerning neuro-audiological function at all three doses
tested in patients with metastatic or locally advanced breast
cancer. However, a temporary dose-limiting vertigo was
observed: Two patients experienced ongoing subclinical
hearing loss and another one an ongoing tinnitus. There-
fore regular audiological assessments should be included in
clinical studies investigating oral ART in the treatment of
cancer patients to increase the database on ototoxicity.
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