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Abstract 

The number of clinical trials for Duchenne muscular dystrophy is increasing. Many trials require muscle biopsies, which involve an 
invasive surgical procedure. Little is known about short- and long-term impacts of muscle biopsies as perceived by patients and caregivers. 
Therefore a survey was held among patients and their caregivers who participated in trials involving muscle biopsies, in seven countries. 
Seventy-eight responses were received. Analysis revealed that many patients and parents had significant anxiety before the biopsy. The main 
concern of caregivers was the required general anaesthesia. In most cases biopsies caused pain and temporarily hampered daily activities. The 
main long-term impact was scarring, although large variation in size was reported. Seventy-nine percent of caregivers were little bothered 
and 21% were moderately or severely bothered by the scar. Willingness to consider another biopsy in future protocols was higher for 
open-label studies than for placebo-controlled trials. Caregivers stressed the importance of knowing the results of biopsy analyses; only a 
minority actually received this information. Recommendations are made on the informed consent procedure regarding risks and consequences 
of muscle biopsies, and communication of results. Furthermore, efforts should be made to minimise the impact of biopsies through pain 
management and by considering plastic surgery. 
© 2019 The Authors. Published by Elsevier B.V. 
This is an open access article under the CC BY license. ( http://creativecommons.org/licenses/by/4.0/ ) 
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1. Introduction 

Duchenne muscular dystrophy (DMD) is a devastating
disorder hallmarked by progressive muscle weakness leading
to loss of ambulation in childhood, respiratory insufficiency,
cardiomyopathy and early death [1] . Mutations in the DMD
gene lead to absence of the dystrophin protein that normally
links the extracellular matrix to the contractile elements in
the sarcolemma, which is thought to protect skeletal muscle
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bres from contraction induced damage [2] . Muscle pathology
onsists of inflammation, failed muscle regeneration and a
rogressive replacement of muscle by fibrotic tissue and
at [3] . In order to stop these irreversible processes, a
umber of therapeutic strategies have been developed that
im to restore some form of dystrophin production or slow
own the pathological processes that lead to loss of muscle
issue. These include stop codon read-through compounds
hat allow the production of low levels of dystrophin in
atients with nonsense mutations in dystrophin, various
ypes of antisense oligonucleotides (AON) that allow the
roduction of partially functional dystrophins by restoring the
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http://crossmark.crossref.org/dialog/?doi=10.1016/j.nmd.2019.06.004&domain=pdf
http://www.sciencedirect.com
https://doi.org/10.1016/j.nmd.2019.06.004
http://www.elsevier.com/locate/nmd
http://creativecommons.org/licenses/by/4.0/
mailto:EHNiks@lumc.nl
https://doi.org/10.1016/j.nmd.2019.06.004
http://creativecommons.org/licenses/by/4.0/


I.E.C. Verhaart, A. Johnson and S. Thakrar et al. / Neuromuscular Disorders 29 (2019) 576–584 577 

d  

t  

a  

i  

a  

o  

u  

b  

a
 

i  

m  

W  

t  

d
i
a  

f  

s  

f  

2  

a  

(  

m
 

i  

t  

a  

b  

p  

g  

e  

i  

b  

p  

b  

i  

i  

t  

s  

r  

a  

e  

l  

p  

w  

c  

m  

o  

p  

c  

a  

t  

a  

J  

t  

c

2

2

 

m  

E  

c  

p  

a  

a  

t  

b  

q  

a  

g  

w  

p  

p  

P  

D
o  

i  

v
(

2

 

t  

D  

F  

t  

r  

t  

q  

p  

i  

a  

t  

a  

I  

v  

k  

t  

a  

p

3

 

c  

K  

w  

c
 

a  
isrupted reading frame through exon skipping of pre-mRNA
ranscripts, and delivery of micro-dystrophins using adeno-
ssociated viral vectors. Other therapeutic approaches aim to
ncrease levels of utrophin, a protein with similar properties
s dystrophin, to reduce the levels of myostatin, an inhibitor
f muscle growth, in order to increase muscle mass, or to
se histone deacetylase (HDAC) inhibitors to simultaneously
oost muscle regenerative capacity, and reduce inflammation
nd fibrosis formation [4] . 

Over the past 12 years, these compounds have been tested
n clinical trials, which involved muscle biopsies of various
uscles as defined by the study protocol of that trial [5–18] .
hile invasive, the biopsies were taken to obtain evidence

hat the compound was performing as proposed, i.e. showing
ystrophin expression for dystrophin restoring approaches, 
ncreased utrophin levels for utrophin upregulating 

pproaches, or reducing levels of fibrosis and inflammation
or HDAC-inhibitors [16] . Furthermore, in dose escalation
tudies, biopsies were performed to discover the optimal dose
or the therapeutic compounds [6,9,12–14,16,18] . Finally, in
016 the exon 51 skipping compound eteplirsen received
ccelerated approval from the Food and Drug Administration
FDA; USA) based on small increases in dystrophin in
uscle biopsies obtained from treated patients [19] . 
Given the invasive nature of muscle biopsies, stakeholders

n the DMD field including medical ethical boards throughout
he world have struggled with the balance between necessity
nd burden of muscle biopsies performed in children. A
iopsy will cause some kind of pain during the healing
rocess, and will leave a permanent scar. In most cases,
eneral anaesthesia is required for which careful planning is
ssential in this patient population. The extent of the scar is
nfluenced by the technique used. Needle and conchotome
iopsies can be done through relatively small incisions,
otentially even smaller than one centimetre, whereas open
iopsies require incisions of several centimetres, especially
n areas with more subcutaneous fat [20] . The conchotome
s a angled scissor-like device hat cuts muscle through
he opening and closing of a sharp-edged jaw [21] . While
maller biopsies are obviously preferred, sometimes protocols
equest larger, open biopsies, e.g. when more extensive
nalyses are required, to obtain spare samples for validation
xperiments, or to serve as backups in case of complex
ogistic handling. Although the extent of the burden for
atients and families is crucial in the process of deciding
hether to participate in a trial involving muscle biopsies,

onsistent data on short- and long-term effects of these
uscle biopsies are lacking [22] . To address this, the aim

f the current study was to learn the patients’ and caregivers’
erspectives on the burden of muscle biopsies obtained in
linical trials. Furthermore, the hope was to identify ways to
ttenuate the burden of the muscle biopsy procedure for future
rials. This effort was initiated by patient representatives
nd performed in collaboration with academic researchers.
ointly, a questionnaire was constructed, translated, and sent
o patients and caregivers who had participated in any relevant
linical trial for DMD between 2007 and 2017. 
. Materials and methods 

.1. Questionnaire 

The questionnaire was designed in English by four
embers of the muscle biopsy working group (AJ, AAR,
HN and FM). It consisted of three parts: 1) General
haracteristics of the patient, which clinical trial they had
articipated in, the number and location of the biopsies taken
s defined in the study protocol, and if general or local
naesthesia had been used; 2) Perception of the child about
he biopsy; 3) Perception of the parent/caregiver about the
iopsy. It consisted of a combination of multiple choice
uestions, scales, and open questions. The questionnaire
ddressed both short-term and long-term impacts, as well as
eneral concerns and recommendations for future trials. It
as made clear that responses had to be focused on biopsies
erformed as part of a clinical trial, and not of any diagnostic
rocedure. A draft version was reviewed by the United Parent
roject Muscular Dystrophy board (UPPMD, now World
uchenne Organization (WDO), see https://worldduchenne. 
rg/). The final English version (Appendix 1) was translated
n Dutch and Italian. The questionnaire was built as an online
ersion using freely available software from SurveyMonkey®
 www.surveymonkey.com). 

.2. Participants 

In the Netherlands, a link to the electronic version of
he questionnaire was sent to all members of the Dutch
uchenne Parent Project (DPP) as part of a regular newsletter.
amilies known to the DPP as participants of a clinical trial

hat had undergone a muscle biopsy as protocol requirement
eceived a personal email containing the same link. Finally,
he participants were notified of the possibility to fill out the
uestionnaire either on paper or electronically by the local
rincipal investigator of the Leiden University Medical Center
f they had participated in this centre. In the UK, caregivers
nd patients were informed of the possibility to complete
he survey via emails from charity databases. Furthermore,
wareness of the survey was raised by social media. In
taly a personal email containing the link to the electronic
ersion of the survey was sent to caregivers and patients
nown to Parent Project onlus as participants of a clinical
rial that included a muscle biopsy. Furthermore a dedicated
nnouncement containing the electronic link to the survey was
ublished on the organization web site and on social media. 

. Results 

Responses were received from 78 children and their
aregivers from seven countries (the Netherlands, United
ingdom, Italy, United States, Canada, France and Australia)
ho reported on 150 biopsies. An overview of all

haracteristics is given in Tables S1–S6. 
Most children had participated in trials for drisapersen,

n AON designed to skip exon 51, ezutromid, a compound

https://worldduchenne.org/
http://www.surveymonkey.com
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Fig. 1. Feeling of the children before and after the biopsy. Correlation of 
feeling of the children before and after the biopsy ( n = 75). 
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that aims to increase utrophin expression, or the histone
deacetylase inhibitor givinostat. Most children had been
younger than 10 years old when the first biopsy was taken
(range: 5–16 years), and underwent two biopsies in total
(range: 1–5 biopsies). Most biopsies were taken from the
biceps brachii muscle. For four patients it was unclear from
which muscle the biopsy was taken. Their answers have been
excluded when results are split by biopsy site. Two patients
had biopsies taken from multiple sites. When results are split
by muscle, the answers have been taken into account for both
muscles. In 83% of the biopsies, general anaesthesia had been
used, mainly administrated intravenously. 

3.1. Short-term impact 

Around half of the children ( n = 33) indicated that they had
been nervous or scared before the biopsies, the remaining
had felt fine or could not remember ( Fig. 1 ). There was a
Fig. 2. Pain caused by biopsy ( n = 76). (A) P
orrelation between the feeling of the children before and
fter the biopsies. The majority of those who felt fine before
lso felt fine afterwards, whereas more children who had been
ervous or scared before the procedure did not feel fine after
he biopsy. Examples of feelings of children who did not feel
ne were pain, tiredness and feeling emotional. In general,
hildren appeared to be less nervous before the biopsy than
heir caregivers. The largest concern of the parents/caregivers
as the anaesthesia applied during the procedure. 
In the questionnaire seven children experienced problems

ith general anaesthesia, and one with local anaesthesia.
hese problems included nausea, agitation, increased heart

ate, and difficulty waking up. One case of rhabdomyolysis
esulted in hospitalization. 

Pain after the biopsy was reported by 67 (88%) of the
esponders, whereas nine (12%) did not ( Fig. 2 A). The
ain was classified as mild to moderate by the majority
88%). Pain classification seemed slightly lower for biopsies
aken from the biceps than those obtained from leg muscles
 Fig. 2 B). The pain control given after biopsies of the biceps
as considered good or very good by 83% ( n = 48). However,

or the muscle biopsies taken from the leg, the pain treatment
ppeared less effective. The majority (89%) considered the
reatment of pain sufficient (good or very good; Table 1 ). 

Healing of the wound also had an impact on daily activities
ccording to 51% of the responders ( Fig. 3 ). Children
ndicated they had, among others, difficulties in walking,
howering, writing and were feeling uncomfortable in bed. 

.2. Long-term impact 

There was a large difference between the sizes of the scars,
anging from three to 60 mm (median 30 mm). There were no
onsistent differences in scar sizes between the biopsy sites
 Fig. 4 A). The majority of children and caregivers indicated
hat they were not or little bothered by the scars (1–2 on a
cale of 1–5) ( Fig. 4 B). For those who were bothered by their
ain caused by biopsy. (B) Level of pain. 
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Table 1 
Treatment of pain. 
Effectiveness of pain control after biopsy split by biopsy site as considered by parents/caregivers ( n = 76). 

Level of pain 

Biceps Tibialis Gastrocnemius Quadriceps Total 

Very good 15 37% 3 19% 1 9% 0 0% 19 27% 

Good 23 56% 11 69% 9 82% 1 33% 44 62% 

Neither good nor bad 3 7% 2 13% 1 9% 1 33% 7 10% 

Bad 0 0% 0 0% 0 0% 0 0% 0 0% 

Very bad 0 0% 0 0% 0 0% 1 33% 1 1% 

Fig. 3. Impact of biopsy on daily activities ( n = 73). 
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cars (scores 4 and 5), the reasons varied and were mainly
esthetic. However, four responders indicated that their scar(s)
ere sometimes itchy or sensitive to touch even several years

fter the biopsy. A difference was observed between feelings
f the children and the caregivers’ perception on how their
hild feels; of the eight children who felt ‘bothered’, only
wo of their caregivers reported similarly. Scar healing was
onsidered to be not satisfactory by 35%, but there was no
lear correlation between the biopsy site and how this healing
as reported ( Fig. 4 C). Caregivers’ descriptions of scars that
ad not healed well, indicated that they were large, prominent,
ide, or that discoloration of the skin had occurred. Pain was
ot reported as a long-term symptom. Examples of scars are
hown in Fig. 4 D-F. 

.3. Quality of the information provided before and after the
iopsies 

Caregivers had been provided with information on the
linical trial beforehand. Furthermore, most caregivers had a
iscussion with a clinician about their concerns and had been
old about the risks of the biopsy and anaesthesia ( Fig. 5 A).

ost caregivers (80%) were satisfied with the information
iven in the informed consent ( Fig. 5 B). However, some felt
hat the documents did not have sufficient information, and
hat the risks of the procedure and scaring were minimized.
wenty-six percent of the caregivers indicated they had not
een informed beforehand what the approximate size of the
ncision would be, whereas 7% of those who were informed
elt that the information was not accurate. 

Around three quarter of the caregivers received advice on
ow to take care of the wound, although with considerable
ariations in the instructions. Many were advised to keep
he wound dry and clean. Some others were told to apply
ntibiotic cream or avoid direct sunlight. Several also received
dvice on what to do in case of an infection (i.e. seek medical
dvice). 

Nearly all caregivers indicated that being informed about
he results of the trial was very important to them. By
ontrast, only 26% had actually received such information
 Fig. 6 A). In general, caregivers considered it important to
now the overall results of the trial as well as the biopsy
esults of their own child ( Fig. 6 B). Not receiving this
nformation resulted in feelings of frustration and irritation,
ut sometimes also anxiety, because they felt that something
ad been deliberately hidden to them. 

.4. Recommendations for future trials 

When asked whether they would participate in another
linical trial that would require one or more biopsies, 45%
f the children responded positively, while 55% answered no
r was not sure ( Fig. 7 ). Of the caregivers, 78% of caregivers
esponded positively, while 22% said no. Opinions of patients
nd caregivers often matched. Of the 34 children who would
ake part in such a trial, 33 caregivers agreed as well. Of the
8 caregivers who would allow their child to have another
iopsy, less than 10% of their children would not want to
articipate. Furthermore, the majority of the children (66%)
ould not discourage a friend from participating in this type
f trial. Children did not report a clear preference for a biopsy
ite (data not shown). Finally, caregivers found trial biopsies
ar more acceptable as part of an open-label trial than for a
lacebo-controlled trial ( Fig. 8 ). 

. Discussion 

Over the last years a significant progress has been made
n the development of therapies for DMD. Whereas five years
go only a handful of trials was ongoing, currently over
0 compounds are or have been tested in clinical trials. In
any of these trials one or more muscle biopsies are used

o determine restoration of protein expression or to show
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Fig. 4. Scar. (A) Scar sizes per muscle: biceps ( n = 60), tibialis ( n = 32), gastrocnemius ( n = 22) and quadriceps ( n = 6). Some patients had more than one 
biopsy taken. (B) Perception of the scars by children ( n = 70) and their parents/caregivers ( n = 73). (C) Correlation between the biopsy site and scar healing 
( n = 74). (D-F) Examples of scars showing two open biopsies from the biceps (D and E) and one conchotome biopsy taken from the tibialis anterior muscle 
(F). 

Fig. 5. Information before biopsy. (A) Number of parents/caregivers who discussed their concerns ( n = 65) and/or the risks ( n = 76) with a clinician before 
the biopsy. (B) Opinion of the parents/caregivers about the clarity of the risks/benefits in the informed consent ( n = 75). 
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Fig. 6. Communication about results. (A) Number of parents/caregivers that did or did not receive the results of their child or the overall trial ( n = 76). (B) 
Importance of receiving trial results ( n = 75) and/or results of their child’s own biopsy ( n = 76). 

Fig. 7. New biopsy. Number of children ( n = 76) who would or would not 
agree with a new biopsy versus their parents/caregivers ( n = 73). 

Fig. 8. Acceptability biopsy. Acceptability of taking a biopsy for an open- 
label versus a placebo-controlled trial. 
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mprovement in muscle quality via histological studies. Since
uscle biopsies are invasive, we here intended to investigate

he patient and caregiver perspective on their short-term and
ong-term impacts. 

.1. The biopsy procedure 

First, the procedure itself poses risks, mainly due to the
se of anaesthesia, which requires special precautions in
MD boys compared to healthy individuals. This relates

o age and the respiratory pathology, with risks including
erioperative respiratory and cardiac complications, but also
habdomyolysis [23–25] . Our study included a relatively
oung population as most trials had been performed in
mbulant boys of 5 years and older. Nonetheless, 10% of
hildren suffered from complications, with one patient having
o be hospitalized due to severe rhabdomyolysis. Wound
nfection is considered a general, although small, risk in any
urgical procedure, but this complication was not reported. It
s important to communicate the risks well to the caregivers
hen explaining the clinical trial, and to ensure that the

naesthetic team is aware of the risks in DMD. 
Another important point is the stress the biopsy procedure

oses to the children and their family. Around halve of them
ad been anxious before the biopsy and had not felt well
fterwards, although some also said they had felt relieved
he procedure was over. This underscores the important
ole of professional educational and psychological support
or children in paediatric care, and its importance to be
onsidered in the decision to perform biopsies in clinical
rials. 

.2. Impact of the biopsy 

The muscle biopsy had short-term and long-term impacts
n patients and caregivers. On the short-term, most patients
xperienced pain, which was quite severe in some cases, while
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in fact good pain management should avoid (most of) the
pain. Here, good communication to the caregivers is again
important to raise awareness of this. 

Healing of the wound can have a negative impact on daily
life. Some boys were unable to go to school and had problems
with, for example, showering. From the questionnaire, we
were unable to define the extent of this period or to provide
a consistent explanation for the variability in the responses
here. No clear relationship with the location of the biopsy
was reported. The large variability in clinical advice on wound
management is striking and it would be interesting to further
study the effect of these protocols and if these may be
optimized. 

In our study, all patients had a visible scar, although a large
variation in the length and healing of the scar was observed,
and only a subset of patients and caregivers was bothered by
it. It became clear that the likelihood of a permanent scar was
not always pointed out in the informed consent. Some consent
forms understated or even neglected the risk of scarring.
As an example one of the participants responded: “Risks of
scarring was stated to be very low however, the biopsy site
scars are significant’ and ‘The consent document put the risk
of scarring, pain and suffering at approx. 20%. It should
have been 100%.”. We feel that combining estimated risks of
different symptoms does not provide the most adequate type
of information, and that information leaflets should explain
that scarring and some level of pain will occur after any
muscle biopsy. These risks should be pointed out clearly
in the informed consent and should be communicated by
the clinician who obtains informed consent to set realistic
expectations, but also encourage the family to seek for pain
management after the procedure. Despite the fact that all
patients had a scar, and this bothered a subset of parents
and patients, the majority of parents found the benefits of
participating in the clinical trial to outweigh the scarring,
as they indicated their willingness to be involved in future
clinical trials involving a muscle biopsy. Nonetheless, scarring
is an important factor too to take into account in the medical-
ethical evaluation of such trials. The questionnaire did not
include questions if, for example, the location of biopsies
from the biceps was chosen to minimize visibility or if
treatment with plastic surgery had been offered to patients
anywhere in the follow-up. Despite these limitations, we feel
that more attention could be paid on how to minimize the
cosmetic impact of the scar. 

4.3. Informed consent 

For many participants understanding of the informed
consent is problematic. The consent forms tend to be long,
and contain complex medical and legal language. This
potentially results in parents not reading or understanding
the whole informed consent documents or missing important
points. Possibilities to improve the informed consent are
to add a simple extract with the main points or use a
video format. In addition, sufficient time should be taken to
iscuss the procedure, consequences and expectations of the
articipants. 

.4. Role of biopsies in drug research 

Biopsies currently play an important role in therapy
evelopment for DMD. Early phase clinical trials often
re open-label and biopsies are required to show proof-of-
echanism of test compounds or to find the optimal dose.
s such the biopsy analysis is used as a pharmacodynamics
iomarker [26] . However, in later phase clinical trials, a
lacebo group is added and the focus is on showing that
onger term treatment with a compound is safe and leads to
linically meaningful effects, in DMD this would be a slower
isease progression. 

Drug approval is generally not based on biomarker analysis
ut on functional effects. The approval of eteplirsen by
he FDA exceptionally was based on dystrophin analysis
n biopsies. However, this approval is conditional. FDA
equested that Sarepta provides additional data to confirm
unctional effects of the drug by 2021. If Sarepta fails
o provide the requested confirmatory data, the eteplirsen
pproval will be revoked. By contrast, the European
edicines Agency (EMA) did not approve eteplirsen based

n the same data, since functional data was lacking [27] .
evertheless this position of FDA on dystrophin as a

urrogate biomarker, which has a likely possibility to predict
linical benefit, has set a precedent for several other
ompanies involved in developing other related compounds. 

We queried the parents about the acceptance of muscle
iopsies in clinical trials. Parents indicated they considered
t more justifiable to obtain a biopsy in an open-label trial,
here it is certain their child is treated with the active

ompound, than in a trial in which the child may be receiving
lacebo. In the latter case, it was more often seen as
ndesirable to perform such an invasive procedure, more so
ecause the main goal of a placebo-controlled trial is to show
unctional benefits of the treatments. In fact, confirmation of
rug action should already have been established in early
hase trials and therefore should not be needed in follow-up
ivotal trials in larger patients groups. 

.5. Communication of trial results 

Another important aspect for increasing the acceptability
f biopsies is the communication about the results of the
rial. In many cases parents did not receive such results.
rom our questionnaire it became clear that most caregivers
ound it very important to have the results of the trial both
n general and of their own son in particular. Although it is
ppreciated that, especially in small phase 1 and 2 trials, such
ndividual information can be difficult to interpret, careful
ommunication prior to inclusion in the trial is warranted to
et realistic expectations about what information they will,
nd what information they will not receive. In addition, we
ecommend companies to send out regular newsletters to the
rial centres/patients organisations participating in the trial, so
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hey can update their patients on the progress of the trial.
aregivers prefer to receive regular updates on the status of

he trial and the biopsy analysis so they know they have not
issed information. 

.6. Future 

Considering the invasiveness of the procedure and the
sefulness of the results in the approval process, there is a
eed for less invasive methods to determine efficacy of study
rugs. There are studies showing that dystrophin restoration
an be measured in smooth muscle layers of the skin [28,29] .
s such in the future it may be possible to take skin biopsies

ather than muscle biopsies. However, the disadvantage of
his approach is that it is possible that the distribution of
he therapeutic compound varies between skin and skeletal

uscle, which could result in both false positive and false
egative conclusions. 

Currently, open biopsies are used in most clinical trials.
ince the techniques to quantify dystrophin are improving
30] , it may be possible to use needle biopsies in the
uture that obtain smaller amounts of muscle tissue and
nduce smaller scars. In the immediate future however, it is
nticipated that open biopsies are unavoidable in early phase
linical trials for DMD. Although this questionnaire does not
llow a direct comparison, biopsies taken from the biceps may
e better tolerated than those obtained from other muscles,
ausing less pain, less impact on daily activities, and better
ealing of the scar. It should, however, be taken into account
hat more patients who underwent a biceps biopsy received
eneral instead of local anaesthesia. This may have influenced
he level of pain. Furthermore, the low number of patients in
he study that received a biopsy from another muscle than
he biceps, prevents definite conclusions. Standardising the
ocation, techniques and processing of the tissue, would also
e essential for comparison of results between trials. 

.7. Limitations to our study 

There are several limitations to our study. Firstly, the
tudy was performed retrospectively. For some participants
he biopsy was taken ten years ago, which may make it hard
o remember the circumstances at that time. Secondly, some
atients have had more than one biopsy. Even though the
uestionnaire was aimed at the first biopsy, it may have been
ifficult to separate the feelings and effects of the different
iopsies. In addition, the acceptance of further biopsies may
lso change by the usefulness and results obtained from
revious biopsies. 

The study was performed in several countries. Thereby
esponses may be influenced by cultural differences and
ampers the uniform interpretation of the answers. Only in
he Netherlands, the coverage was around 100%, whereas in
ther countries it was (much) lower, causing a possible bias. 

Finally, some of the subgroups were very small. Therefore
t was not possible to perform statistical analysis. Moreover
t is difficult to capture individual variation in statistics and
here were several open questions, leaving room for multiple
nterpretations. 

. Future recommendations 

Based on our study we propose several recommendations
or future studies. Firstly, sponsors should be very careful
hen considering to include one or more biopsies in their

linical trial. For early phase trials a biopsy to confirm
echanism of action of a drug may be unavoidable, while for

ater phase placebo-controlled trials biopsies are considered
nethical by part of the caregivers. 

Secondly, optimal communication is crucial to explain
o caregiver and patients what to expect. Expectation
anagement is crucial. Caregivers need to understand

bout the risks of the biopsy (anaesthesia-related) and
he consequences (scarring). Sponsors should also think
head of time on which information (aggregated and
ndividual) to communicate to the participants and how to
nform participants regularly on updates. Clinicians need to
ommunicate to caregivers that generally the pain can be
anaged well after the biopsy and to seek medical advice

n case patients are in moderate or severe pain. 
Thirdly, aesthetic aspects of the scars could benefit from

ore thorough selection of the location of the biopsy and the
onsultation of cosmetic surgeons in the longer follow-up. 

Finally, caregivers and patients are keen that the biopsy is
sed optimally. Ideally the informed consent should allow to
hare data with others to do research or additional analysis
hen the clinical trial-related analyses have been completed. 

cknowledgment 

FM is supported by the NIHR Great Ormond Street
ospital Biomedical Research Centre. The views expressed

re those of the author(s) and not necessarily those of the
HS, the NIHR or the Department of Health. 

upplementary materials 

Supplementary material associated with this article can be
ound, in the online version, at doi: 10.1016/j.nmd.2019.06.
04. 

eferences 

[1] Emery AE . The muscular dystrophies. Lancet 2002;359(9307):687–95 . 
[2] Hoffman EP , Brown RH Jr , Kunkel LM . Dystrophin: the protein product

of the Duchenne muscular dystrophy locus. Cell 1987;51(6):919–28 . 
[3] Blake DJ , Weir A , Newey SE , Davies KE . Function and genetics

of dystrophin and dystrophin-related proteins in muscle. Physiol Rev
2002;82(2):291–329 . 

[4] Mah JK . An overview of recent therapeutics advances for Duchenne
muscular dystrophy. Methods Mol Biol 2018;1687:3–17 . 

[5] Kinali M , Arechavala-Gomeza V , Feng L , Cirak S , Hunt D , Adkin C ,
et al. Local restoration of dystrophin expression with the morpholino
oligomer AVI-4658 in Duchenne muscular dystrophy: a single-blind,
placebo-controlled, dose-escalation, proof-of-concept study. Lancet 
Neurol 2009;8(10):918–28 . 

https://doi.org/10.1016/j.nmd.2019.06.004
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0001
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0001
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0002
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0002
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0002
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0002
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0003
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0003
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0003
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0003
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0003
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0004
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0004
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0005
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0005
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0005
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0005
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0005
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0005
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0005
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0005


584 I.E.C. Verhaart, A. Johnson and S. Thakrar et al. / Neuromuscular Disorders 29 (2019) 576–584 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

[  

 

[  

[  

 

[  

 

 

[  

 

[  

 

 

[  

 

[  

 

 

 

[  

 

[  

 

 

[  

 

 

[  

 

 

[6] Cirak S , Arechavala-Gomeza V , Guglieri M , Feng L , Torelli S ,
Anthony K , et al. Exon skipping and dystrophin restoration in patients
with Duchenne muscular dystrophy after systemic phosphorodiamidate
morpholino oligomer treatment: an open-label, phase 2, dose-escalation
study. Lancet 2011;378(9791):595–605 . 

[7] Mendell JR , Rodino-Klapac LR , Sahenk Z , Roush K , Bird L , Lowes LP ,
et al. Eteplirsen for the treatment of Duchenne muscular dystrophy. Ann
Neurol 2013;74(5):637–47 . 

[8] van Deutekom JC , Janson AA , Ginjaar IB , Frankhuizen WS ,
Aartsma-Rus A , Bremmer-Bout M , et al. Local dystrophin
restoration with antisense oligonucleotide PRO051. N Engl J Med
2007;357(26):2677–86 . 

[9] Goemans NM , Tulinius M , van den Akker JT , Burm BE , Ekhart PF ,
Heuvelmans N , et al. Systemic administration of PRO051 in Duchenne’s
muscular dystrophy. N Engl J Med 2011;364(16):1513–22 . 

[10] McDonald CM , Wong B , Flanigan KM , Wilson R , de Kimpe S ,
Lourbakos A , et al. Placebo-controlled phase 2 trial of drisapersen
for Duchenne muscular dystrophy. Ann Clin Transl Neurol
2018;5(8):913–26 . 

[11] Goemans N , Mercuri E , Belousova E , Komaki H , Dubrovsky A ,
McDonald CM , et al. A randomized placebo-controlled phase 3 trial
of an antisense oligonucleotide, drisapersen, in Duchenne muscular
dystrophy. Neuromuscul Disord 2018;28(1):4–15 . 

[12] Komaki H , Nagata T , Saito T , Masuda S , Takeshita E , Sasaki M ,
et al. Systemic administration of the antisense oligonucleotide
NS-065/NCNP-01 for skipping of exon 53 in patients with Duchenne
muscular dystrophy. Sci Transl Med 2018;10(437) . 

[13] Bushby K , Finkel R , Wong B , Barohn R , Campbell C , Comi GP ,
et al. Ataluren treatment of patients with nonsense mutation
dystrophinopathy. Muscle Nerve 2014;50(4):477–87 . 

[14] Finkel RS , Flanigan KM , Wong B , Bonnemann C , Sampson J ,
Sweeney HL , et al. Phase 2a study of ataluren-mediated dystrophin
production in patients with nonsense mutation Duchenne muscular
dystrophy. PLoS ONE 2013;8(12):e81302 . 

[15] Bowles DE , McPhee SW , Li C , Gray SJ , Samulski JJ , Camp AS ,
et al. Phase 1 gene therapy for Duchenne muscular dystrophy
using a translational optimized AAV vector. Mol Ther
2012;20(2):443–55 . 

[16] Bettica P , Petrini S , D’Oria V , D’Amico A , Catteruccia M , Pane M ,
et al. Histological effects of givinostat in boys with Duchenne muscular
dystrophy. Neuromuscul Disord 2016;26(10):643–9 . 

[17] Hafner P , Bonati U , Erne B , Schmid M , Rubino D , Pohlman U ,
et al. Improved muscle function in Duchenne muscular dystrophy
through L -arginine and metformin: an investigator-initiated, open-label,
single-center, proof-of-concept-study. PLoS ONE 2016;11(1):
e0147634 . 
18] Wagner KR , Fleckenstein JL , Amato AA , Barohn RJ , Bushby K ,
Escolar DM , et al. A phase I/IItrial of MYO-029 in adult subjects with
muscular dystrophy. Ann Neurol 2008;63(5):561–71 . 

19] U.S. Food&Drug Administration. FDA grants accelerated approval to
first drug for Duchenne muscular dystrophy 2016 [updated September
19, 2016. Available from: https:// www.fda.gov/ NewsEvents/ Newsroom/ 
PressAnnouncements/ucm521263.htm. 

20] Ekblom B . The muscle biopsy technique. Historical and methodological
considerations. Scand J Med Sci Sports 2017;27(5):458–61 . 

21] Dorph C , Nennesmo I , Lundberg IE . Percutaneous conchotome muscle
biopsy. A useful diagnostic and assessment tool. J. Rheumatol.
2001;28(7):1591–9 . 

22] Straub V , Mercuri E Group DMDoms. Report on the workshop:
meaningful outcome measures for Duchenne muscular dystrophy,
London, UK, 30-31 January 2017. Neuromuscul Disord.
2018;28(8):690–701 . 

23] Hayes J , Veyckemans F , Bissonnette B . Duchenne muscular dystrophy:
an old anesthesia problem revisited. Paediatr Anaesth 2008;18(2):100–6 .

24] Segura LG , Lorenz JD , Weingarten TN , Scavonetto F , Bojanic K ,
Selcen D , et al. Anesthesia and Duchenne or Becker muscular
dystrophy: review of 117 anesthetic exposures. Paediatr Anaesth
2013;23(9):855–64 . 

25] Münster T. Orphan Anesthesia: anaesthesia recommendations for
patients suffering from Duchenne muscular dystrophy [updated
June 2011. Available from: https:// www.orpha.net/ data/ patho/ Pro/ en/ 
Duchenne _ EN.pdf. 

26] Aartsma-Rus A , Ferlini A , McNally EM , Spitali P , Sweeney HL .
Workshop p. 226(th) ENMC International Workshop: towards validated
and qualified biomarkers for therapy development for Duchenne
muscular dystrophy 20-22 January 2017, Heemskerk, the Netherlands.
Neuromuscul Disord. 2018;28(1):77–86 . 

27] Aartsma-Rus A , Goemans N . A sequel to the eteplirsen Saga: eteplirsen
is approved in the United States but was not approved in Europe.
Nucleic Acid Ther 2019;29(1):13–15 . 

28] Ferlini A , Sabatelli P , Fabris M , Bassi E , Falzarano S , Vattemi G ,
et al. Dystrophin restoration in skeletal, heart and skin arrector pili
smooth muscle of mdx mice by ZM2 NP-AON complexes. Gene Ther
2010;17(3):432–8 . 

29] Heemskerk H , de Winter C , van Kuik P , Heuvelmans N ,
Sabatelli P , Rimessi P , et al. Preclinical PK and PD studies on
2 ′ -O-methyl-phosphorothioate RNA antisense oligonucleotides in the
mdx mouse model. Mol Ther 2010;18(6):1210–17 . 

30] Beekman C , Janson AA , Baghat A , van Deutekom JC , Datson NA . Use
of capillary Western immunoassay (Wes) for quantification of dystrophin
levels in skeletal muscle of healthy controls and individuals with Becker
and Duchenne muscular dystrophy. PLoS ONE 2018;13(4):e0195850 . 

http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0006
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0006
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0006
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0006
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0006
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0006
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0006
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0006
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0007
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0007
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0007
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0007
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0007
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0007
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0007
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0007
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0008
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0008
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0008
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0008
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0008
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0008
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0008
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0008
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0009
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0009
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0009
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0009
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0009
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0009
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0009
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0009
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0010
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0010
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0010
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0010
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0010
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0010
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0010
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0010
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0011
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0011
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0011
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0011
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0011
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0011
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0011
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0011
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0012
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0012
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0012
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0012
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0012
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0012
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0012
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0012
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0013
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0013
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0013
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0013
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0013
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0013
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0013
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0013
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0014
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0014
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0014
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0014
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0014
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0014
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0014
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0014
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0015
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0015
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0015
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0015
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0015
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0015
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0015
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0015
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0016
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0016
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0016
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0016
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0016
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0016
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0016
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0016
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0017
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0017
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0017
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0017
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0017
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0017
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0017
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0017
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0018
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0018
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0018
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0018
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0018
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0018
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0018
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0018
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm521263.htm
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0019
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0019
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0020
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0020
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0020
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0020
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0020a
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0020a
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0020a
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0021
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0021
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0021
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0021
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0022
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0022
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0022
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0022
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0022
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0022
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0022
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0022
https://www.orpha.net/data/patho/Pro/en/Duchenne_EN.pdf
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0023
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0023
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0023
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0023
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0023
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0023
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0024
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0024
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0024
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0025
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0025
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0025
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0025
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0025
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0025
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0025
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0025
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0026
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0026
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0026
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0026
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0026
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0026
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0026
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0026
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0027
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0027
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0027
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0027
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0027
http://refhub.elsevier.com/S0960-8966(19)30219-6/sbref0027

	Muscle biopsies in clinical trials for Duchenne muscular dystrophy - Patients’ and caregivers’ perspective
	1 Introduction
	2 Materials and methods
	2.1 Questionnaire
	2.2 Participants

	3 Results
	3.1 Short-term impact
	3.2 Long-term impact
	3.3 Quality of the information provided before and after the biopsies
	3.4 Recommendations for future trials

	4 Discussion
	4.1 The biopsy procedure
	4.2 Impact of the biopsy
	4.3 Informed consent
	4.4 Role of biopsies in drug research
	4.5 Communication of trial results
	4.6 Future
	4.7 Limitations to our study

	5 Future recommendations
	Acknowledgment
	Supplementary materials
	References


