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1. Introduction

Stavudine is a nucleoside reverse transcriptase inhibitor (NRTI) used in combination with other

antiretroviral (ARV) medications in the treatment of Human Immunodeficiency Virus (HIV) infected

adult patients and paediatric patients (over the age of 3 months) only when other antiretrovirals

cannot be used. @

sectional study of HIV-negative children, aged 18 to <28 months, born to HIV-1-infected mothers.i
Europe: A European study sponsored by the Collaborative Committee for Mitochondrial ToxicityO
Children (MITOC)”1, and is being submitted in accordance with Article 46 of Regulation (

1901/2006.

*
This document summarizes the results of the final clinical study report for the study entitled, “A croi\%

The MITOC was established in 2004, with representatives from each of the marketingaut@rization
holders of NRTIs (Bristol-Myers Squibb [BMS], Gilead Sciences, and GlaxoSmithKgfngRlater ViiV
Healthcare), following a request from the Committee for Medicinal Products fgr Hu Use to
comment on the feasibility of a well-designed cohort study for long-term foll&-up of children exposed
to NRTIs during pregnancy. The final study protocol was approved by th (t an Medicines Agency
(EMA) on 09 May 2007.

The final clinical study report was submitted by the MITOC to t)—@l May 2015, and is also

included in Module 5.3 of this submission. O
The objectives of the study: \

e To determine the prevalence of neurological@al symptoms (NCS) of cognitive or motor
delay (with or without seizures) in HIV- hildren between the ages of 18 to <28
months born to HIV-1-infected mothers,$lloWwed since birth and exposed to antiretroviral

therapy (ART), without attribution%se.

e To categorize these cases of inty explained and unexplained NCS and to estimate
prevalences accordingly

e To estimate the proport unexplained cases whose symptoms are suggestive (i.e.
‘definite’, ‘probable’ ssible’ by a Data Review Committee (DRC) consensus review) of
mitochondrial disgd r clinically manifested mitochondrial disorder).

e To assess th ciation between type and duration of ART exposure in utero and/or early
neonat%an nexplained and mitochondrial disorder-related cognitive or motor delay

a The original ag rﬁ ®essment was 18 to 24 months, but the Cohorts requested that children could be assessed up to the last day

of 27 ngen o e. Thus, the range used throughout this report is 18 to <28 month.

,’A s XI al expert overview has also been provided.

&Qientific discussion
/1.

Information on the development program

Mitochondrial toxicity in children associated with in utero/perinatal exposure to N(t)RTIs was first
raised as a specific concern in 1999, following the identification of 8 cases of mitochondrial dysfunction
in HIV negative children exposed to zidovudine (ZDV) and other drugs in utero and postnatally, in the
French National Epidemiological Network and a clinical study designed to evaluate tolerance to ZDV
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and lamivudine (3TC) administered to prevent mother-to-child transmission of HIV-1. Subsequent

larger scale screening in the French Perinatal Cohort resulted in an estimated incidence of established
mitochondrial dysfunction from birth to 18 months of age of > 0.26% (95% Cl: 0.10 to 0.54) among

children with perinatal exposure to antiretroviral (ARV) drugs, compared with an incidence of 0.01%

for paediatric neuromitochondrial diseases in the general population. A variety of clinical symptoms

observed in HIV-1 infected patients receiving long-term N(t)RTI therapy have been attributed to @

further information regarding mitochondrial toxicity in children associated with in utero/postnatal
exposure to N(t)RTIs, the individual Marketing Authorisation Holders (MAHs) provided available
preclinical and clinical data. The CHMP concluded that the available in vitro studies demo

the individual N(t)RTIs were each capable of causing mitochondrial toxicity to differing e&‘
that the available clinical data suggested a causal association between exposure to N{t)Fgl utero

and mitochondrial toxicity in HIV negative children.

A class warning of the risk of mitochondrial dysfunction in children exposed t N(&in utero was
consequently inserted in Section 4.4 of the Summary of Product Characteris&(SmPC) of each
N(t)RTI.

mitochondrial toxicity.
*
Following a request from the Committee for Medicinal Products for Human Use (CHMP) in April 2001{\6

s

the MAHSs of N(t)RTIs (Bristol-Myers Squibb, Gilead Scie GlaxoSmithKline — later ViiV
Healthcare). The final clinical study report (CSR) (not unaniMpusly approved by the MITOC Scientific
Committee) was submitted by prior agreement to t by the MITOC Scientific Committee.

CHMP Comment:

The MITOC study was established followin e findings of two studies using data from the French

National Epidemiological network and thig Fr National Register (Blanche, 1999, Barret B, 2003).
The Barett et al study identified childr than 18 months of age with possible symptoms of
mitochondrial dysfunction from i ical records and if mitochondrial dysfunction was a suspected
differential diagnosis, specific_in tions, adapted on a case -by- case basis to the symptoms were

performed, these included tological markers, lactate concentrations, MRI of the brain, tissue
biopsies and enzymologi®gl st®ies of the mitochondrial respiratory chain. The Barett et al study also

took into account thg
12 children wer§ident
compatible sy, xs of
components ®f, espiratory chain, or characteristic histological findings, all patients had been
expoged udine either pre, post or peripartum. A further 14 children were considered to have

s identified in the earlier study by Blanche et al in their analysis. Overall
as having “established” mitochondrial dysfunction defined in the study as
ignificant severity, and a consistent, profound deficit in one or several of the

pos \ itochondriopathy (children with unexplained clinical and/or biological symptoms for which
* (o] drial dysfunction could be included in the differential diagnosis). The authors considered
& be an emerging syndrome with three main features — neurological symptoms (stated as

tal retardation, seizures and behavioral disturbances), significant abnormalities on cerebral MRI

principally lesions of the white matter and brainstem) and often hyperlactataemia consistent with
those described in constitutional mitochondrial diseases with neurological expression. Another study
(Tardieu, 2005) found that images observed in children considered to have antiretroviral-induced
mitochondrial dysfunction are similar to those observed in congenital mitochondrial diseases. These
images were also observed in symptomatic or asymptomatic children without evidence of systemic
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mitochondrial dysfunction.

The MITOC study was therefore intended to further investigate mitochondrial toxicity in children
associated with in utero/ perinatal exposure to NRTIs.

It is noted that there is discordance between the investigators with regards to the final clinical study

report, this is discussed further in Section Report of discordance. @

9
2.2. Clinical aspects K\
2.2.1. Clinical study O

Study Title Q

A Cross-Sectional Study of HIV Negative Children Aged 18-24 Months Born to HIV-1 lnfeRge others
in Europe: A European Study Sponsored by the Collaborative Committee for Mito g@f Toxicity in
Children (MITOC)

Objectives

- To determine the prevalence of neurological clinical symptom @itive or motor delay
(with or without seizures) in HIV negative children between the age to < 28 months born to
0

HIV-1 infected mothers, followed since birth and exposed to AR ttribution of cause.

- To categorize these cases of neurological clinica s into explained and unexplained
neurological clinical symptoms and to estimate prevalence Brdingly.

- To estimate the proportion of unexplained c#s hose symptoms are suggestive (ie,

“definite”, “probable”, or “possible” by a DRC coy review) of mitochondrial disorder (or clinically

manifested mitochondrial disorder).

- To assess the association betwe \Y nd duration of ART exposure in utero and/or early
neonatal life and unexplained and mit: ial disorder-related cognitive or motor delay.

Methods — analysis of data s

Study Design

This was a cross—section&,gconducted in HIV-negative children born to HIV-1-infected mothers,

exposed to ART in utg or neonatally and prospectively followed in established European cohorts

since birth. \
In order for iC®l condition to be confirmed as a primary endpoint, data needed to be collected
and revie i ur stages:
L
. onsent obtained

screening assessment

eurological evaluation
4. DRC review

In some cohorts, infants were not followed up since birth, and the population consisted of children who
were available for analysis at the 18 to <28 months’ timepoint.
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Participating European Cohorts and Registries were as follows: French Perinatal Cohort Study (ANRS
CO01 EPF), Spanish Perinatal Cohort Study (NENEXP Project), Swiss Mother and Children HIV Cohort
Study (MoCHiV), Italian Register for HIV Infection in Children, German Cohort of Children Born to HIV
Positive Mothers (KompNet HIV/AIDS), and Belgian Cohorts (Hbpital St Pierre, and Catholic University
of Louvain).

Inclusion Criteria @

It was assumed that children enrolled into the MITOC Study would have been exposed to ART. The ¢ 6
inclusion criteria for the Study were: \

e Born to an HIV-1-infected mother O\
e Confirmed HIV-negative status (as per cohort/study definition) ®

¢ Aged 18 to <28 months at time of initial MITOC assessment 0

e The mother has signed the informed consent form @

e Prospectively followed since birth

Exclusion criteria @

¢ Residence outside of Western Europe (except the French co

CHMP comment: \

A limitation of conducting the analysis only during the 1x nth timeframe is that this is a
relatively narrow timeframe which may not detect mitochon®ial dysfunction symptoms presenting
later in life or any potential longer term effects. The N sectional “snapshot” also limits detection of
mitochondrial dysfunction to one point; this wo omfore miss presentations occurring after the
screening visit, even if they occurred withip the - month timeframe.

It is acknowledged that it is difficult to i i n optimal age of presentation of mitochondrial disease
in this patient population. From the B al study (Barret B, 2003), ages of presentation of the 12
patients with “established” mito o%disease ranged from 2 months to 1 year and 6 months.
However, in both the Barett an chie studies, a question of potential reversibility of any potential
effects of ART induced mito dysfunction once the ART was discontinued was raised. The
methodology in the curr may not enable detection of any potential mitochondrial dysfunction
symptoms which occ t resolved before the screening visit.

the study to Western Europe also potentially limits generalizability, although

The rationale fogconfi
it is likely thatdgeNtudy Was confined to countries where there were existing registers or cohorts to
allow pragméhi ruitment. It is noted that divergence from this was allowed within the French

cohoig.

@@

J

arfabl
&ary endpoint
primary endpoint is the prevalence of children meeting the case definition of neurological clinical

symptoms (NCS) of cognitive or motor delay (with or without seizures) without attribution of cause.
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Secondary endpoint

Secondary endpoints were evaluated in the primary population of ART exposed children, and in the
secondary populations of all HIV negative children and those with complete data on the duration of
ART exposure.

e Prevalence rates after the DRC review @

- Suspected and strong evidence for mitochondrial disorders categorized by the DRC as explained .
mitochondrial disorders

- Neurological abnormalities categorized as unexplained by the DRC, but no evidence of mitoché
disorder

e Prevalence rates of unexplained NCS after DRC review by type of ART exposure\ ro,
intrapartum, neonatal), ARV drug class or ARV drug Q

e Prevalence rates of explainable and unexplained NCS at the MITOC scree% essment

e Duration of ART exposure by primary endpoint outcome

e Cumulative ART exposure by primary endpoint outcome @

Demographics and baseline characteristics

Descriptive summaries of information collected at the cross—sec@c ening assessment were

tabulated for all enrolled children:
e Age in months at time of screening assessment \

e Clinical development since birth (normal/ r@l)

e Previous neurological and non-neugologi diSorders

e Previous hospitalizations / duratj &spitalizations (by summing up the duration of all
hospitalizations documented)

e Physical examination fin ight, height, head circumference, any abnormalities in
physical examination

e  Outcome of the

Maternal medical nd characteristics

Information on&rna haracteristics (maternal age at delivery, most likely mode of maternal HIV
acquisition, igfegho®drug use and drug abuse during pregnancy, alcohol and tobacco use during
pregnanc e is C virus (HCV) and/or hepatitis B virus (HBV) co-infection, classification of HIV
disea§\ resummarized using descriptive statistics for all enrolled children.

Qab@ results (CD4 in number of cells/mm?, HIV Ribonucleic acid (RNA) viral load in copies/mL) of
% available blood sample collected during pregnancy are presented when available.

drugs

ARV drugs were classified according to drug class as well as by the specific ARV drugs to which the
mother/child was exposed. No or unknown ART exposure of the mother or child was documented in the
database. ARV drugs given to the mother were classified into the following types of exposure:
prepregnancy, in utero and intrapartum. ARV drugs given to the child were classified as neonatal. Pre-
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pregnancy was defined as having a start date prior to the start of pregnancy. Pre-pregnancy ARV drugs
as well as ARV drugs given to the mother after the child’s date of birth are not taken into account in
any statistical summaries. The duration of in utero ART exposure was calculated based on the number
of gestational weeks of exposure (using the date of ART initiation and either the date of cessation if
drug discontinued during pregnancy or the date of delivery if maternal therapy continued perinatally).

CHMP comments: @

Only neurological manifestations of potential mitochondrial dysfunction were considered to be *
endpoints. Therefore although the baseline demographic data may have been able to detect any
potential non- neurological manifestations, this was not taken into account in the analysis. NRT

associated mitochondrial toxicity is considered to have presentations similar to that of conge,
mitochondrial disorders (Brogly SB, 2007) and although the nervous system is the mos
affected in congenital disease with approximately 45% of children presenting with neur&
other signs are considered relatively common in this group such as hepatic, haemato@ and
endocrine (Koenig, 2008) or metabolic signs like hyperlactataemia.

Only the last available laboratory results for maternal HIV disease were takgf into account which may
not have been reflective of disease control throughout the pregnancy. @

No information on family history of mitochondrial disease appears t en requested as part of
the baseline information thereby limiting the ability to distinguis ny potential mitochondrial
dysfunction from inherited congenital disease. Information on otRgr sk Tactors for emergent
neurological symptoms in this age group have also not e ted for such as prematurity and the
presence of other congenital/ genetic syndromes. Althougfgo™genital syndromes should have been
detected as part of the more detailed neurological eysgtion, a breakdown for these has not been
provided and therefore it is uncertain if these wer into account. Other drugs/ medicinal

products taken in utero have also not been coll&gted€s part of maternal history.

For all of the variables (primary and secon&fndpoints, demographics and baseline characteristics,
maternal medical history and characteri@ T type of exposure, duration of ART exposure, ARV
drug and class), the data should al tified by country birth cohort so that differences across
cohorts can be better understoo
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Study visits

o)
O

Cohorts

v

All HIV-negative children
aged 18 to <28 months and
followed since birth in cohort

v

Consent form signed

Not enrolled

v

MITOC assessment and
SCTEEﬂiI’Ig questionna'lre

Not referred to
paediatric neurologist

Y

Screening questionnaire
returned to relevant cohort
collaborating centre and checked
for accuracy and completeness.
Anonymized data sent to data
management at regular intervals

O
>

eening assessment

Y

Lost to follow up or died

Absgac Explained cognitive Unexplained
cognifive or motor delay cognitive or motor
lay delay
eurological questionnaire returned to Neurological

relevant cohort collaborating centre. Data
reviewed for accuracy and completeness.
Anonymized data sent to MITOC data

management at regular intervals

questionnaire returned
to relevant cohort

collaborating centre

Y

Mitochondrial referral centre
(at discretion of the paediatric
neurologist)

v

Data Review Committee <

.

Mitochondrial
dysfunction:
definite/probable/
possible/no evidence

@ Children between the ages of 18 to <28 months attended a single screening visit performed by a

paediatrician, including a brief clinical assessment and a standard screening questionnaire as part of

their standard clinical follow-up, and included a final assessment to identify children with NCS of

cognitive or motor delay with or without seizures.

Assessment report for paediatric studies submitted according to Article 46 of the

Regulation (EC) No 1901/2006
EMA/CHMP/394445/2016

Page 9/70



Subjects were categorized as having: (i) absence of neurological clinical symptoms (including cognitive
or motor delay); (ii) presence of explainable neurological clinical symptoms (including cognitive or
motor delay); or (iii) presence of unexplained neurological clinical symptoms (including cognitive or
motor delay).

Children with explainable or unexplained NCS of cognitive or motor delay at the MITOC assessment
may have been referred to a paediatric neurologist for additional clinical evaluation according to local @

clinical practice and/or national recommendations. . 6

Paediatric neurologist assessment

A standard neurological questionnaire was completed, which includes a final assessment from te
paediatric neurologist with the classification of the child. At this assessment, children cou

categorised as having (i) absence of neurological abnormalities, (ii) Presence of neurolo

abnormalities due to entities other than mitochondrial disorders, (iii) Suspected mitogchoNgr™ disorder
(iv) Strong evidence of mitochondria disorder or (v) Unexplained neurological ab Wi#s but no
evidence of mitochondrial disorder. V%

In the French cohort, the hospital paediatrician following children born to Hl ositive mothers may
have undertaken the neurological evaluation and recorded these data in rological questionnaire
without referral to a neurologist.

All subjects with a classification of suspected mitochondrial disogie evidence for mitochondrial
disorder or presence of unexplained neurological abnormalit”®‘ o evidence of mitochondrial

disorder were reviewed by the DRC to confirm the prese ochondrial disorder.

Mitochondrial disorder evaluation

Children with suspected or strong evidence for Qrial disorder could have been referred by the
paediatric neurologist to a specialist in mitpchon®&gal abnormalities for additional evaluations following
the neurological assessment visit. The ap riate mitochondrial referral centre was then contacted by
the cohort paediatrician and/or the paedfatrig Meurologist pending consent/agreement of the child’s
parent or main caregiver.

CHMP comments:

The process of evaluation ,ssification of neurological symptoms in enrolled subjects was
S

potentially very subjecti creening questionnaire was an open form which largely relied on the

judgement of the evg

this was subjecqo a |
detail in the sgagi

paediatrician on whether further neurological examination was needed,
2 degree of variation depending on local practices (as is highlighted in further

This scre thod would have detected gross neurological abnormalities; however some
neurcﬂ | nifestations can mimic other disorders and may have resulted in non-specific clinical
gigrﬁwlg, 2008). These may have been particularly subtle in this age group , for example

\] Mg as poor weight gain, feeding or respiratory difficulties (Chinnery, 2000, (updated 2014))
ay have been difficult to evaluate within a single assessment visit.

ere was also not a standard approach following detection of neurological abnormalities at the
screening assessment as even subjects with unexplained neurological symptoms may not have been
referred on to have further neurological assessment.

There was also variation in the neurological assessment as in some cohorts this may have been
performed by the same paediatrician who performed the initial screening assessment, thereby
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removing the advantage of a second, independent assessor. This was also subject to variation

depending on local practice.

Also, unlike the Blanche or Barett studies (Barret B, 2003 , Blanche, 1999), no other confirmatory

investigations such as microscopic examination of biopsies, neurological imaging or enzymatic analyses

were necessary to confirm or dismiss a diagnosis of mitochondrial dysfunction. These investigations

were left to the discretion of the clinicians and there was no standardisation of the diagnosis of

mitochondrial dysfunction within the study. It is acknowledged that diagnosis of mitochondrial

L J

dysfunction in children can be challenging and no single investigation can always be applied (Koenig
2008,Chinnery, 2000 [updated 2014]). Nevertheless variability of local practice make interpretatj &

findings across cohorts challenging.

Differences between cohorts

The table below highlights some of the differences between the various cohorts, nal
enrolment and to patient evaluation:

Iyxng to

Belgian cohort French cohort German cohort | Italian cohort Spagn, Swiss
(2 sites) (25 sites) (7 sites) (18 sites) Klona 8 cohort (4
), Madrid sites)
Sites)
All children All children born | Most children Consents arcelona Consent
were enrolled from 01 were obtaj was
. The consent .
soon after birth | September 2008 | consented after | s form was obtained at
Wi
if written to 30 September | exclusion of whe v ] the MITOC
. . . signed after .
consent was 2009 were HIV-1-infectio rtical . screening
] . . . birth or at the o
obtained included in the at the ag fection was visit
MITOC
EPF cohort at -7 nths, excluded. In . .
. . screening visit,
birth, except alth some other sites, )
depending on
when the wege consent was
i the centre
mother refuseg C ted at obtained at the
to sign the 0 <28 MITOC Madrid:
consent fo onths before | screening visit
The consent
the MITOC
. . form was
K screening visit. .
signed when
the child was
15-months old
Majority o ‘ most cases, All children All children Barcelona: All children
children ger neurological with with . with
. . . . All children .
follo Y questionnaires unexplained unexplained ith unexplained
wi
iqe) were completed | and explained NCS were sent . NCS were
-r unexplained
atrician by NCS, except to a sent to a
L . . NCS were ]
v . paediatricians those with neurologist for neurologist
infants with . . ) referred to a
. . . single febrile evaluation . for
unexplained Children with . neurologist for .
. . . convulsions . evaluation
and explained seizures, autism Nearly all evaluation
and absence of . . .
NCS were and language children with Children
NCS at the . Nearly all .
referred to the delay were explained NCS ] ) with
MITOC children with
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neurologist; classified as screening visit, | were sentto a | explained NCS | explained
most had an having were referred neurologist for | were referred NCS were
MRI. unexplained to the evaluation toa not referred
. . NCS neurologist for . neurologist for to a
Children with ) One site ) .
. evaluation. evaluation. neurologist
seizures, referred all
autism, Thisis a HIV-exposed Madrid: Simple
different children to a . febrile .
language delay, L All children .
procedure to neurologist in . seizures
etc., were ] with
o the other the first few . were Qo
classified as . . unexplained
. countries. months of life . refe @ D
having and explained
unexplained NCS were .
n¥yrologist
NCS referred to a
neurologistNgr
evaluatj

CHMP comment:

Significant heterogeneity exists in the methodology used between t
evident in the time for enrolment. In some cohorts, infants wer@noR§o
population consisted of children who were available for anal

Differences between the birth cohorts in when the pare g

A

grts. The discrepancy is
Ped up from birth, and the

e 18 to <28 months’ timepoint.
ed to be included in the MITOC study

n
could have introduced selection bias into the study parti% in the enrolment of older children where
neurological problems may be starting to present. O

In addition, there is huge variability between tH@ev
including differences in symptoms/ signs t wer

ation of neurological symptoms between cohorts
considered to be unexplained neurological

symptoms, thresholds for conducting fugfT&r stigations and referring to a paediatric neurologist.

As an example, although febrile ei% considered to be a symptom of a neurological abnormality
according to the screening quesiag Mg, children with single febrile seizures were not referred for the
% an and Swiss cohort. In the French and Belgian cohorts, autism
station of mitochondrial dysfunction but not in the other cohorts. In

neurological examination in the

was considered a possible
some cohorts, such as tH\ cohort, no children considered to have explained NCS were referred
to a neurologist whil e¥Spanish, German and Italian cohorts nearly all children were referred to a

neurologist reg&dless f they had explained or unexplained NCS.

Apart from t ePences mentioned in the table above, in the German cohort all in utero ARV drugs

without start date were assumed to have been taken since the first day of the pregnancy.
i.e. st’ teS were imputed with the estimated start date of pregnancy for the calculation of the in

gte ion.

ac of the respective birth cohorts, numbers need to be provided showing the differences in the
blment process to enable more detailed assessment taking into account these differences.
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DRC assessment

The Data Review Committee (DRC) of the Mitochondrial Toxicity in Children and NRTI Exposure during
Pregnancy and /or Post-natally Study, (MITOC Study) was formed in 2008 following widespread
consultation with experts in the fields of paediatric infectious diseases, paediatric mitochondrial disease
and paediatric neuroimaging.

assessed by their paediatrician and/or neurologist as having ‘suspected or strong evidence for *
mitochondrial disorder’ or with ‘presence of unexplained neurological abnormalities, but no evidegfte
of mitochondrial disorder’ , were subject to a DRC review to assess any relationship to mitocho *
disorders. 0

Copies of the individual subject data, including available images (sonography, CT, MRI), for children E@

The DRC operated independently of the individual cohorts and the MITOC Study sponsor@JIMyremit of
the DRC was to provide opinion on the quality and accuracy of recorded outcomes frgm ¥ge
neurological questionnaires; the DRC was not involved in the concept or design of; C Study or
the screening and neurological questionnaires. The initial intention was that the [@ould analyse all
the subjects’ data, including neuroimaging and neurological questionnairesgfhere Outcomes had been
recorded as ‘suspected’ or ‘strong evidence for’ a mitochondrial diso well as a proportion
(10%) of all neuroimaging and neurological questionnaires for the ot %roups (absence of
neurological abnormalities and neurological abnormalities other tha hondrial disorders) for data
quality assessment purposes. However, as there were so few chjfdr had neurological
questionnaires, the data from all these children were review

The data recorded on each of the anonymised neurological Donnaires was reviewed for accuracy
and completeness. The neuroimaging was then revie with the assistance of one (or more) of the
expert neuroradiologists on the DRC. Based on thj @v the DRC reached a consensus decision
regarding the relationship to mitochondrial disogger(®. Mitochondrial dysfunction was defined as a
compatible clinical syndrome, compatible gneti®resonance imaging findings and/or abnormal
biochemistry or muscle biopsy. The DRC 1 d the case to one of the following categories (Table 4),

which is similar to that used in the Ba: . 2003 report.
Table 4. Classificatigm¥ a;able for neurological abnormalities in the DRC review

DRC 1'ev@ensus classifications

1. Defiiég mitOWondrial dysfunction

. Qale mitochondrial dysfunction
¢ \0 Possible mitochondrial dysfunction

4. No evidence of mitochondrial dysfunction

A DRC data capture form, which included the classifications for the neurological abnormalities (Table
4), was completed and sent to Data Management. A narrative on each case reviewed was also written.
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It was not the purpose or responsibility of the DRC to make a diagnosis on the data presented; that
was the clinical duty of the paediatric neurologist reviewing the child. To maintain the independence of
the DRC, there were no face-to-face meetings with the Cohort representatives. The DRC and MITOC
Committee had the same chairman.

If the DRC did not agree with the conclusion of the neurologist, they requested further information

o~

from the neurologist to try to understand the difference of opinion. @

CHMP Comment: ‘@
If the DRC did not agree with the conclusion of the neurologist, they requested further informatiq \

from the neurologist to try to understand the difference of opinion. The authors should clarify h@
many discrepancies there were with the conclusion of the neurologist and if there were a
classifications made by the neurologist, which were then subsequently changed by the D&

The presence of the same chairman for both committees also compromises the inde@ce of each

committee. @

Medical reviews of the screening questionnaire

Two of the Cohort investigators were appointed as medical reviewers to @s a listing of all unique
terms in the following sections of the Screening Questionnaire and f eurological conditions
which were used in several statistical summaries: hospitalisation Xxamination, Non-

neurological disorders, Neurological disorders.

The medical reviewers also reviewed the listings to idenn\j@er there were any children with
neurological clinical symptoms that should have undergone eurological assessment, but were not

referred.

CHMP comment:

The authors should provide data on the n r of children with neurological symptoms that should
have undergone a neurological assessm@nt 4t were not referred or did not undergo this assessment.

%,

Statistical methods

Analysis of primary endpoint

The percentage of childrgff i primary population with the primary endpoint was estimated, with
associated 95% confi grtervals.

The outcomes &the C and neurological assessment as recorded on the prospective screening
questionnaire compared with each other, to show the consistency of the definitions of
neurologic i symptoms between the two questionnaires. Another comparison was performed on
the owtcefne he neurological assessment and the DRC consensus, for the same reason.

Ihﬁ nce rates of children with the primary endpoint were presented by cohort, type of ART

<

(in utero, intrapartum, neonatal), ARV drug class, specific ARV drug and duration of each
rug

Univariate and multivariate analyses were performed to identify factors associated with the primary
endpoint, for the primary population of ART exposed children (n=2405). These analyses were then
repeated for the secondary population of all enrolled HIV negative children (n=2855).
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CHMP Comment:

The comparison between the questionnaires to demonstrate the consistency of the definitions of
neurological clinical symptoms has not been presented in the study report, this should be provided.

The MAH have not discussed the statistical methods used with respect to the multivariate analyses, the @
rationale for inclusion of variables in the multivariate analysis, nor the model building approach used"
further detail is therefore required.

who were potentially eligible for MITOC were not included in the MITOC Study for variou ns:

Selection bias Q
A selection bias may have been introduced as some eligible children in each participatin% rt
consent was not obtained as the child died or was lost to follow-up before or after cogse been

signed. The probability of non-participation in the study was lower when the cons% was signed

at the screening assessment than those forms signed at birth.

To assess bias, a sensitivity analysis was performed as a secondary analy?' K

CHMP comment:

The authors acknowledge that a selection bias may have been in s some eligible children in
O® were not included in the MITOC

jlity of non-participation in the study

each participating birth cohort who were potentially eligible fg
study for various reasons. The authors also state that thp @
was lower when the consent form was signed at the screerMgg assessment that those forms signed at
birth. The authors should provide data which suppor, is statement. A discussion should also be
provided of the potential impact that the selectio Q)uld have on the results of the study.

%,

Results

All safety analyses in the MITOC Study &d in this submission were performed using the Primary
Analysis Population, comprising subje ting all criteria for primary analysis (confirmed ART-
exposed, HIV negative subjects e® 18 to < 28 months old at the time of the screening

assessment).

Participants O

Children not enrolled j TOC

were not s

consegt qgop8gal, or because of refusal of consent. In France, consent was obtained from all the

en were from Belgium, 5 from France, 548 from Germany, 371 from Italy, 33 from Spain, and 24

mot \
*
ETX re 3878 children potentially eligible for the study. Of these, 1013 were not included: 32

m Switzerland. Reasons for not being included in the main study were either absence of informed
consent or early death. The details of those children who died are as follows:

e The Belgian cohort had one child who was consented and enrolled, but was not assessed
because he died at 6 months of age from a mitochondrial disease, which was confirmed by
autopsy and biochemical investigations. The Belgian cohort also had a child who was eligible

Assessment report for paediatric studies submitted according to Article 46 of the
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for the study, but not enrolled as no consent was received, who had an unexplained sudden
death at the age of 2 months.

e The Spanish cohort (Barcelona) had four deaths, three of which were children who were not
enrolled in the MITOC study as they were too young to have their consent form signed. The
reasons for the deaths were not recorded in three out of the four cases. The child with consent
died at 6 weeks of age from diaphragmatic hernia complications and was lost to follow-up.

e The French cohort had five consented children who died: (1) no autopsy and no cause . 6
recorded; (2) a premature baby who died at 2 hours of age with no autopsy; (3) a premat(\
infant who died of pulmonary hypoplasia; (4) a premature infant who died of lung infec,
and pulmonary hypoplasia; (5) an infant who died of cerebral anoxia and multiple o 0
failure.

e There were no deaths in the Swiss or Italian cohorts. 0\

CHMP Comment: x
A sizeable proportion of children that were eligible for enrolment were n@u ed in the main study

for a variety of reasons (1013/ 3878 children did not enrol). The MA

provide a table of the

numbers of children who were not consented, were lost-to-follo stratified by birth cohort.
It is noted there was one death in the Belgian cohort from c mitochondrial disease and several
unexplained deaths in the Spanish cohort. \

Patient disposition

From the 2865 children for whom informed con signed and with either retrospective data
(medical history) or prospective data (scrgening §gsessments) a primary analysis group was defined
based on four main criteria: ‘1&

1. The child was confirmed HIVQ@

2. Children needed to have available for analysis

3. Children were betwe, d <28 months of age at the screening assessment
4. ART exposure of k either during or after gestation was confirmed

The method of enrol aried between Cohorts and between sites within Cohorts. Consent was
obtained either he ti of birth after confirmation of HIV-negative status or at the screening
assessment. £s sequence, some children that had been consented at the time of birth could not
be inc’lud \ Study as they had died or did not turn up for their screening assessment.

Figu s the stages of enrolment, consent and inclusion of the children in the primary population
Q& cPildren known to have been exposed to ARV drugs).

%,
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Figure 2. Definition of the three analysis populations: “All ART exposed” (n=2405,

primary), HIV-negative children (n=2855) and “complete ART data” (n=2070)

All children in cohort studies, n=3878

h 4

Not enrolled: n=1013 ‘\6
HIV Status not O

confirmed negative®

Lost to follow u =

{0

Age nths: n=289
Y Age onths: n=51
Eligible children, n=2419

1 T exposed: n=14

v

Primary: Confirmed ART exposed, n=24

Children with screening data, n=2865

HIV negative children, n=2855

h 4

Children in the study, n=2759

;S L LS

ART duration not

v known: n=335
Children with known duration of A QO

ol

%,

CHMP comment:

The method of enrolment varieq Neen cohorts and between sites within cohorts. Consent was

assessment. This raises

er confirmation of HIV-negative status or at the screening
¥ regarding the potential for selection bias both between cohorts and

between sites within { Children exhibiting neurological symptoms may be more likely to be

consented into the s consent was obtained at the screening assessment that at birth. The MAH
should provide aNgble oNglata showing the levels of participation stratified by birth cohort, including
the number i children, age of child at consent, number of deaths after consent, number of
children | low-up after consent, number of children evaluated, number of children with missing
HIV s? Q

 J

graphic and Baseline Characteristics of Study Population

The Primary Analysis Population contained 2405 subjects (Belgium 289, France 458, Germany 244,
Italy 1016, Spain 351, and Switzerland 47).

Baseline characteristics of subjects in the Primary Analysis Population obtained from the screening
questionnaire are shown in Table 5. The median age of study subjects was 22.4 months (range:
18.0 to 27.9 months), and the proportions of males and females were approximately equal.
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Baseline characteristics of study subjects by cohort are shown in Table 6. Subjects were generally

well balanced with regard to age and sex in the different cohorts.

Table 5.

Baseline characteristic

MITOC Study: Baseline Characteristics of Study Subjects (Primary
Analysis Population)

Number of subjects, n (%) @

*
Age at completion of screening questionnaire, months
Mean (SD) 22.0 (2.74) O
Range 18.0—

Age classification, n (%)
=18 months
>18 to <21 months
>21 to <24 months

=24 months

Sex, n (%)
Male

Female

éS(}S (36.0%)

515(21.4%)

1222 (50.8%)
1183 (49.2%)

Clinical development of child since birth
Normal \

Abnormal

2260 (94.0%)
145 (6.0%)
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Table 6.

MITOC Study: Baseline Characteristics of Study Subjects by Cohort
(Primary Analysis Population)

Baseline characteristic France Germany Italy Spain Switzerland | Belgium
n=458 n=244 n=1016 n=351 n=47 n=289
Age at screening. months @
Mean (SD) 23.4(2.17) | 22.0(2.96) | 21.6(2.80) | 21.3(2.64) | 23.9(1.87) | 213 (? 3
Range 18.0-27.9 18.0-27.7 | 18.0-27.7 18.0-27.5 18.1-26.5 l &6
Age classification, é
n (%)
=18 months 12 (2.6%) 22 (9.0%) |121(11.9%)| 51 (14.5%) 2@ 18 (6.2%)
=18 to =21 months 66 (14.4%) | 96 (39.3%) | 364 (35.8%) | 129 (36.8%) ) | 141 (48.8%)
=21 to =24 months 242 (52.8%) | 55(22.5%) | 343(33.8%) | 115 (32.8%) %8.3%) 92 (31.5%)
=24 months 138 (30.1%) | 71(29.1%) | 188 (18.5%) | 56 (L6 &) | 24 (51.1%) | 38 (13.1%)
Sex. n (%)
Male 225 (49.1%) | 124 (50.8%) 3%)| 16 (34.0%) | 152 (52.6%)
Female 233 (50.9%) | 120 (49.2%) T7%)| 31(66.0%) | 137 (47.4%)

Descriptive Data for Subjects

shown in Table 7. Data were not available aMehildren in all categories. The median gestational
0 to weeks). Most subjects for whom data were
ction (1641 of 2173 subjects, 75.5%).

Data on birth characteristics of study subje@@ed from the database of each cohort are
.0

age at birth was 38.0 weeks (range:
available had been delivered by ce a

The median birth weight of tu@ Cts was 2.94 kg (range: 0.6 to 5.0 kg), the median height
at birth was 48.0 cm (rang ) 57.0 cm), and the median head circumference at birth was

33.7 cm (range: 20.0 to

\

N\
4

O
\
O
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Table 7.

Baseline characteristic

MITOC Study: Birth Characteristics of Study Subjects (Primary
Analysis Population)

Number of subjects, n (%)

Gestational age at birth, weeks

Mean (SD)

Range

n=2369 (36 not available®)
37.6 (2.07)
26.0-43.0

<@

Type of delivery. n (%)

Planned caesarean

n=2173 (232 not available®)

1489 (68.5%)

O

Unplanned caesarean 152 (7.0%)
Vaginal delivery 532 (24.5%

Weight, kg n=2349 (56 le“)
Mean (SD) 2.
Range 0.6-5.0

Height. cm n 204 not available®)
Mean (SD) 48.0 (3.16)
Range 26.0-57.0

Head circumference. cm n= 1374 (1031 not available®)
Mean (SD) \O 33.7(2.10)
Range 20.0-49.0

“Not available” includes
with a cohort.

a

tl databases. and data that were not collected by prior agreement

data confirmed missing i

number of subjects.

In addition to data presente
participation stratified by Li
number of deaths after c8gse

evaluated, number

stratified by (ir,

Althow

CHMP comment: In total 6% of children (
development since birth. The mean age
female subjects were approximatel;@ thropometric data was not available for a substantial

i éection, the MAHSs involved should also provide data on levels of

Qr n
The data displaN ta 7 has only been presented for the total study population, but should be

ort in addition.

re considered to have abnormal clinical
ing was 22 months. The proportions of male and

45)

hort, including the number of eligible children, age of child at consent,
, number of children lost to follow-up after consent, number of children
with missing HIV status.

@ethodology section states that data on the number of previous hospitalisations and
e collected, these have not been presented in the table of results. In addition, as
io previously, other risk factors for developing neurological symptoms, such as prematurity,
Iications at birth, neonatal infections, APGAR score do not appear to have been documented.
ough a mean gestational age at birth has been provided, insufficient detail has been provided eg:
by the WHO definitions of preterm birth to assess the proportion of preterm deliveries.

durgg

The data presented in the table have been presented using the mean, standard deviation and range
which does not provide sufficient granularity for a full assessment of the characteristics to be made.
Therefore, the data should also be presented using standard meaningful categories, particularly for
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gestational age at birth, weight, height and head circumference. For example, the WHO categories for
birth weight (<1500, 1500-1999, 2000-2499, 2500-3999, 4000kg+), small weight for gestational age,
small head circumference for gestational age.

Descriptive Data for Mothers @
Maternal history data for the mothers of study subjects were obtained from the database of each . 6
cohort (Table 8). Data were not available from all cohorts for all categories. The mean (SD) age at \
delivery of the mothers for whom data were available was 31.8 (5.77) years (range: 16.0 to 51.Q \

years). Most mothers for whom data on the likely mode of maternal HIV acquisition were availa @

(1687 of 1853 subjects, 91.0%) had contracted HIV through sexual intercourse. Shared s
subjects, 5.3%) and blood transfusions (24 subjects, 1.3%) were the other listed cause INgection.
Coinfection with hepatitis virus B and/or C was reported for 183 of 1581 mothers (1% whom
data were available. A minority of mothers reported using tobacco, alcohol, injectj , or
recreational drugs during their pregnancy, although no data were available for th
majority of mothers.

haviors for the

Table 8. MITOC Study: Maternal History Ch @istics (Primary Analysis

Population)

Baseline characteristic Number of mothers. n (%)

n=1225 (1180 not available)
31.8(5.77)
(16.0-51.0)

Age of mother at delivery, years

Mean (SD) O
Range Q
Likely mode of maternal HIV acquisitim\w

Sexual intercourse

Shared injection needlegs Q

HBYV and/or HCV co

n= 1853 (552 not available?)
1687 (91.0%)

Blood transfusion 24 (1.3%)
98 (5.3%)
Other 44 (2.4%)

status. n (%) n= 1581 (824 not available®)

HBV onl 41 (2.6%)

HCN—’ 131 (8.3%)

(—@ cv 11 (0.7%)
atitis virus infection 1398 (88.4%)

>Co use during pregnancy. 1 (%) 115/ 760 (15.1%) (1645 not available)

®icohol use during pregnancy. n (%)

24 /736 (3.3%) (1669 not available)

jecti gu ing pregnancy. n (%
Injection drug use during pregnancy. n (%)

21 /894 (2.3%) (1511 not available)

Drug abuse during pregnancy unspecified, n (%)

87/941 (9.2%) (1464 not available)
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CHMP Comment:

Mean maternal age has been provided, however the age of the mother at delivery should be displayed
using appropriate age categories to allow more granularity, especially as the age range was quite wide
(16 — 51 years). It is noted that for a significant proportion of subjects, maternal age at delivery was

not available (1180/ 2405).

>
Where data was available, the majority of maternal HIV infection was acquired via sexual intercouri

and the majority were not coinfected with either Hepatitis B or C. Concomitant maternal medicati
pregnancy (other than antiretrovirals) was not provided. 6

Information on substances of abuse and tobacco during pregnancy was not available fo @
proportion of subjects (for example, tobacco use unavailable for 68% of mothers, alc

o]
unavailable for 69%). &

Once again, the data displayed in table 8 should also be stratified by birth cohort@w comparison
across cohorts given the potential for variability. &

Although the MAHs/study authors state that data on laboratory results (@ounts, HIV RNA viral
load) for the mother would also be collected where available, this d ot been presented in the
tables of results. This should be presented, although it is noted t e results from the last
available sample in pregnancy were collected, which may not b@c ate reflection of maternal HIV
control during gestation.

Exposure

Table 9 summarises ART histories for the primar ion of ART-exposed children. Most children
were exposed to ART in utero (97%), intrapart (M%) and during the neonatal period (99.9%).

For children with data available, 99.9% w Xposed to at least one NRTI drug. Almost all were
exposed to zidovudine (99.8%), at leastgneogatally, and 55.3% were exposed in utero. Among the
2405 children, 1709 (71.1%) were gx 0 at least one PI, and 656 (27.3%) were exposed to at
least one NNRTI.
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Table 9. Type of ART exposure in the primary population (n=2405)

Type of ART exposure

Number of children. n (%)

85 unknown / missing

&

In utero .
2259 /2320 (97.4%) @
201 unknown / missing
Intrapartum .
2107 /2204 (95.6%) ‘
11 unknown / missing
Neonatal

2392 /2394 (99.9%)

ARV drug class
NRTI
NNRTI
Protease inhibitor
Entry inhibitor
Integrase inhibitor

Unspecified

Children may appear in more than one row

In the primary analysis population, the duration of ART ex

2403 /2405 (99Q%

656/ 2405@;@
1709 /@405 (W12%)
6 5 (1.0%)

105 (1.7%)
/2405 (0.7%)
Reference Table MITOC 4.3.1

was not available for all children.

From the available data, the median duration of in u@exp sure was 29 weeks (range 0.1-42.4

weeks). Fifty-three percent of mothers already h

efore pregnancy or started ART in the first

trimester. (Table 10). The median duration of ifguteNg exposure was 169 days for zidovudine
(n=1288), 180 days for lamivudine (n:15%5 ays for abacavir (n=294) and 197 for tenofovir

(n=671). Q

The median duration of neonatal ART re was 6 weeks (range 0.1-16 weeks), with most children
(88.8%) being exposed to ART f eks. The median cumulative time that children were exposed
to ART was 34 weeks (range 4. weeks). The majority of children were exposed for 28-48 weeks
(67%).

\

N\
4

O
\
O
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Table 10. Duration of ART exposure in children in the primary population (n=2405)

Duration of ART exposure

In utero ART exposure

Number of children, n (%)

Children with data on duration of in ufero exposure, n (%)

In utero exposure, gestational weeks
Mean (SD)

Range

2139 /2405 (88.9%) Q

Duration of ART exposure, classification. n (%)
<2 weeks
=2 weeks fo =12 weeks
=12 to <20 weeks
=20 to <24 weeks
=24 to <28 weeks
=28 to <32 weeks
>32 to =40 weeks
=40 weeks

Trimester when ART started. n (%) \
First
Second O
Third Q

Neonatal ART exposure

7.6 (10.9)
1439&

> NO%)
&fo.m)
0-_ 4 (13.7%)
210 (9.8%)
267 (12.5%)

134 (6.3%)

896 (41.9%)
96 (4.5%)

1126 (52.6%)
771 (36.0%)
242 (11.3%)

Children with data on duration of pcgnaty ART exposure, n (%)

2221/ 2405 (92.3%)

Neonatal exposure. weeks

Mean (SD) 5.4 (1.3)
Median (range 6.0 (0.1-16.3)
Duration of AR eMyposure. n (%) n=2221

=4 weeks 190 (8.6%)
;;,.\Wee 700 (31.5%)
6 weeks 361 (16.3%)
L 2 Oto 7 weeks 911 (41.0%)
. O\ to <8 weeks 36 (1.6%)
N\
" >8 weeks 23 (1.0%)

Reference Table MITOC 4.3.2
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%,

Table 11 shows the results from 2070 children in the primary analysis population who had data
available on the duration of in utero, intrapartum and neonatal ART exposure. The median
cumulative time that children were exposed to ART was 34 weeks (range 4.0-51.6 weeks). The

majority of children were exposed for 28-48 weeks (67%o).

Table 11. Cumulative ART exposure in the primary population (n=2405) 6
2 4

Duration of ART exposure

In utero ART exposure

Number of children. 18Zo)

Children with data on duration of in wtero, intrapartum and neonatal

ART exposure, n (%)

Cumulative ART exposure. weeks
Mean (SD)

Range

Duration of cumulative ART exposure. n (%)

>2 weeks to =12 weeks Q
>12 to =20 weeks O

=20 to =24 weeks \

>24 to <28 weeks O

=28 to =32 weeks Q

>32 to =40 weeks \

>40 to <48 weeks 0

=48 to <56 weeks

324(11.7)

& 4.0-51.6

153 (7.4%)
219 (10.6%)
130 (6.3%)
168 (8.1%)
266 (12.9%)
319 (15.4%)
808 (39.0%)
7 (0.3%)

Reference Table MITOC 4.3.3

The majority of children ﬁ osed to at least one NRTI drug, and almost all were exposed to

zidovudine (99.8%),

used Pl was K

neonatally. Lamivudine, tenofovir and emtricitabine were also commonly

A (I0®inavir/ritonavir), to which 1116 of 2405 (46.4%) mothers were exposed.

used NRTI dru&'l'?e re 1709 children (71.1%) exposed to at least one Pl. The most commonly

There wer, of 2405 children (27.3%) exposed to at least one NNRTI; the most commonly used

NNRT®

o unspecified ARV drugs.

N

n&¥irapine (23.5%). Other drugs, such as integrase inhibitors (raltegravir) and entry
inhi@ fuvirtide and maraviroc), were used in a minority of cases. There were 18 children (0.7%)
e
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CHMP comment:
The information in this section should be stratified by birth cohort.

Exposure to ART occurred in almost equally high proportions in utero, intrapartum and during the
neonatal period. Table 10 appears to dichotomise data from exposure in utero and data from neonatal @
exposure. With regards to in utero exposure, 52.6% started ART in the first trimester and the Iarges‘
proportion of subjects were exposed to ART in utero for 232 to <40 weeks. For neonatal exposure,
mean exposure was 5.4 weeks with the highest proportions of patients receiving ART for 6- 7 wé&

Table 11 provides cumulative exposure to ART following exposure from any route (in uterg,
intrapartum and neonatal). 39% of patients experienced exposure to ARTs from >40 to edks.

As a reminder, there were discrepancies in data collection with regards to exposure, @s German
cohort all in utero ARV drugs without a recorded start date were assumed to hav e en since the
first day of the pregnancy.

99.9% of exposure occurred to an N(t)RTI, largely to zidovudine (99.8% &primary population
were exposed). 30% and 24.7% of the primary population were expose nofovir and emtricitabine
respectively (including all known in utero, intrapartum or neonatal e

Heterogenity in practice/ prescription across the cohorts has noioe®g pggfented in this section. There
prescriptions, for example

was evidence of different practice across the cohorts with re
abacavir use was higher in BE and FR than in the other ¢

Screening Assessment Q
During the MITOC screening assessment, neuro orders were recorded in predefined
categories. These disorders were not primary en8goirits at this stage - this was a screening phase to

collect all disorders which might be prima dpoints after additional evaluation in the neurological

questionnaire. Any relevant additional dgta
conditions in the physical examinatipn,
subsequently classified into the ged categories in the medical review. Results are shown in
Table 13.

m the screening questionnaire, such as neurological
italisation or non-neurological conditions sections, were

There were 165/2405 chj rQ.Q%) in the primary population who had at least one neurological

disorder reported in t 11§ sections of the screening questionnaire (previous neurological disorders,
previous non-neurol disorders, physical examination and hospitalisation); some patients had
more than one rder f the pre-defined categories on the previous neurological disorders section of

the screenin% nnaire, the most common disorders in the primary population were
a

develop y (n=64, 2.7%), febrile convulsions (n=35, 1.5%) and motor abnormalities (n=35,
1.5%’\
r

« e tage of children with any neurological disorder recorded ranged from 4.7% (48/1016
Ien) in the Italian cohort to 15.2% (44/289) in the Belgian cohort.

Assessment report for paediatric studies submitted according to Article 46 of the
Regulation (EC) No 1901/2006
EMA/CHMP/394445/2016 Page 26/70



Table 13. Neurological disorders in the primary population in each cohort recorded in

the screening questionnaire® (n=2405
gq

Neurological France Germany Ttaly Spain Switzerland | Belgium Total

disorder n=458 n=244 n=1016 n=351 n=47 n=289 n=24035 @

Any disorder 25(5.5%) | 12 (4.9%) | 48 (4.7%) | 33 (9.4%) | 3 (6.4%) |44 (15.2%) | 165 (6.9%) ’\6
Febrile convulsions 8(1.7%) 2(0.8%) | 14(1.4%) | 5(1.4%) 1(2.1%) 5(1.7%) | 35 (1.

Q.ﬂ;o)

64 (2.7%)

Non-febrile convulsions| 1 (0.2%) 1 (0.4%) 3(0.3%) 3(0.9%) 0 1(0.3%)

Developmental delay 9(2.0%) 5(2.0%) | 19(1.9%) | 11(3.1%) | 1(2.1%) | 1

Motor abnormalities 6(13%) | 4(1.6%) | 92(09%) | 6(1.7%) 0 &10 (3.5%) | 35(1.5%)

Behavioural disorders 3(0.7%) 2 (0.8%) 3(0.3%) 3(0.9%) 6(2.1%) | 18(0.7%)

Other significant 14 (3.1%) 4 (1.6%) 15(1.5%) | 21 (oNgo)
cognitive delay or O
abnormalities

Of the 165 children with at least one neurod@gl iIsorder at any time reported in the first
sections of the screening questionnai 4:’chassified as having ‘presence of explainable
NCS’ and 39 with ‘presence of un 'Ned NCS’ at the MITOC screening assessment at 18 to
<28 months of age (table below) crggwas one additional patient who did not have a

d

18 (6.2%) | 72 (3.0%)

neurological disorder record utYgho was still classified as having an explained NCS in the
summary page. This meang total number of children with an explainable NCS was 44, and
the total number of chilgiq ph any NCS (explainable plus unexplained on the summary page)
en who had at least one neurological disorder in the screening
classified on the summary page as ‘absence of neurological conditions’

was 83. There were
questionnaire, bu

at the time of t ening assessment.

The prev lained plus unexplained neurological clinical symptoms was highest in the
Belgian 23/289, 7.96%) and lowest in Italy (14/1016, 1.38%).

Qence of explainable NCS was highest in Spain (15/351, 4.27%) and lowest in Italy
; 0.79%). The prevalence of unexplained NCS was highest in Belgium (15/289, 5.19%)

’\Gjlowest in Italy (6/1016, 0.59%).
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Table 10. MITOC Study: Outcomes from the Screening Questionnaire by
Cohort (Primary Analysis Population)

Outcome Cohort n/N Prevalence. %

France 22 /458 4.8% (3.0-7.2%)

Germany 4/244 1.6% (0.4-4.1%) @
' . o/ *
. . Italy 14 /1016 1.4% (0.7-2.3%)
Presence of any neurological clinical \

symptoms (explainable plus Spain 18 /351 5.1% (3.1-8.0%)
unexplained on summary page) :

Switzerland 2/ 47 4.3% (0.5—

Belgium 23/289
Overall 83 /2405 SN 4.3%)
France 10/458 2.2% (1.1-4.0%)
Germany 0.8% (0.1-2.9%)
Ttaly 0.8% (0.3-1.6%)
Presence of explainable neurological -
o Spam 4.3% (2.4-7.0%)
clinical symptoms (summary page)
Switzerland /47 2.1% (0.1-11.3%)

Belgium 0 8/289 2.8% (1.2-5.4%)

Overall 44 /2405 1.8% (1.3-2.5%)
Fh \' 12/458 2.6% (1.4-4.5%)

nany 2/244 0.8% (0.1-2.9%)
Italy 6/1016 0.6% (0.2-1.3%)
Presence of unexplained (@ peical
i Spain 3/351 0.9% (0.2-2.5%)
clinical symptoms (signa™Page)
Switzerland 1/47 2.1% (0.1-11.3%)

\ Belgium 15/289 5.2% (2.9-8.4%)
@ Overall 39 /2405 1.6% (1.2-2.2%)
< _Q
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CHMP comment:

There was a wide range in the percentage of neurological abnormalities of any kind diagnosed between
cohorts (4.7% in the Italian cohort to 15.2% in the Belgian cohort) although it is acknowledged that
the number of subjects in each cohort also varied widely. @

Although developmental delay was the most commonly cited disorder overall, in each cohort a .
significant proportion also had unspecified “other significant cognitive delay or abnormalities”.

The table above shows that the prevalence of explained and unexplained NCS is quite variable
the various birth cohorts, which suggests there may be some variation of classification of gh
outcome among the birth cohorts. This is not unexpected given the differences in evalu %
actions taken during the screening visits highlighted in Section Study Visits. The autho &
discussed classification bias in the discussion on strengths and limitations below. 0

Although there were 165 children who were initially considered to have some forr@eurological
abnormality, only 83 children were subsequently classified as having either ﬁined or unexplained
neurological symptoms. The MAHs/ authors have not stated why the re )

neurological abnormality were not classified in either of these categorj %
considered to require a neurological assessment.

2 children with a
hy these were not

Also, although these 83 children were considered by the authar: h either explained or
unexplained neurological symptoms, it appears that the c ere initially classified as having an
absence of neurological disorders by the assessing clinicia s discrepancy was presumably
identified by the committee appointed medical reviey who reviewed the assessment questionnaires
and it is then unclear if the referral for neurologic ment was then prompted by the committee’s

medical reviewers.

Nevertheless the findings here indicate un ainty in the classification of the neurological
abnormalities and inconsistencies in evauatign of the subjects at the screening assessment.

Neurological Assessment

Figure 3 shows the number of c @ with explained or unexplained NCS who were subsequently
evaluated by a neurologis ediatrician. Neurological questionnaires were completed for 33/44
children with explainable CS™57/39 with unexplainable NCS and 4/2322 children who were reported
not to have NCS. Thig

IIed in 74 neurological questionnaires being completed.

Any children wiNspe ed mitochondrial disorder, strong evidence of mitochondrial disorder
(neurological ti®nnaire) or unexplained NCS (screening questionnaire) were referred to the DRC to

determir@ r mitochondrial disorder was present.
L
Oof t ildren evaluated using the neurological questionnaires, 2 children were classified as having

Qusfhectdd mitochondrial disorder and 25 were classified as having unexplainable neurological
malities but no evidence of mitochondrial dysfunction. The clinical data from these 27 children
therefore reviewed by the DRC.

@ The remaining 47 children had an explainable neurological disorder diagnosed. These children were
reviewed by the DRC for quality control purposes only.
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Figure 3. Flowchart of the number of children who were evaluated by a paediatric

neurologist and the outcome (the reference table for the data is shown in the blue box)

(T26.1)

| MITOC Assessment (Screening Questionnairepg 6 )+ n= 2405 | @
/ \ ¢ %
| Absence NCS: 2322 | | Explainable NCs: 44 | | Unexplainable NCS:39 | \
h > 0
| Neurological Questionnaire | \
4 33
¥ (T9.21.1) \ 7
Absence neurological abnormalities: 1 Absence neurological abnormalities: 3 Absence neurological ab w v 4
Presence of neurological abnormalities Presence of neurological abnormalities Presence of neur: b Wlities
due to entities other than MT 1] due to entities other than MT: 26 due to entities oiier : 13
Suspected MT: 1] Suspected MT: 2 Suspected MT: 0
Strong Evidence MT: 1] Strong Evidence MT: 0 Strong Eygence MT 0
Unexplained neurclogical abnormalities Unexplained neurological abnormalities Unexpl d neurological abnormalities
but no evidence of MT: 3 but no evidence of MT: butggevioce of MT: 20
Not Done: 2318 Not done: 1 ﬂ" : 2
‘ Neurological Questionnaire Complete: 74 (1.3, 138.6)
‘ DRC Evaluation Completed n=
Possible mitochondrial dysfunction =1 ‘ ®ence of mitochondrial dysfunction = 26
Figure 1.
Table 15 presents the number of scr n d neurological questionnaires completed by each
cohort in the MITOC study compar ithfthe number of children who had a neurological disorder.

Overall, there were 165 child
screening questionnaire. The

completed neurological g

hoyad at least one neurological disorder recorded in the
re 83 children who were referred to a neurologist, and 74 had a

Assessment report for paediatric studies submitted according to Article 46 of the
Regulation (EC) No 1901/2006
EMA/CHMP/394445/2016

Page 30/70



Table 15. Number of children in the primary analysis population with screening and

neurological questionnaires (n=2405)

Number of Number of | Rate of NCS Number of Number of
; . . . ; . ) Number of
children with | children with before 18 children children with )
Cohort . . neurologic
screening neurological months referredtoa | NCS at 18 to )
) . ) ) questiol
questionnaires disorders neurologist <28 months 1\‘
[
France 458 25 5.5% 22 25 2
‘ .
Germany 244 12 4.9% 4 2 2
Ttaly 1016 48 47% 14 @ 11
‘ .
Spain 351 33 9.4% 18 17 17
‘ . .
Switzerland 47 3 6.4% 1 1
Belgium 289 44 15.2% 3 18 18
Total 2405 165 6.9% 83 74 74
CHMP comment:
The majority of the 83 subjects that w onsidered to have either explained or unexplained NCS
underwent a neurological assessmen§(7 ), as well 4 subjects that were not considered to have
any symptoms of NCS at all. The re&gorrtor these 4 subjects also undergoing neurological
assessment is unclear (whic quired according to the protocol).
A number of neurological s were reported as occurring prior to the 18 month point, the
highest rate of this o the Belgian cohort.
Neurological stionNaires
Table 16 pre e NCS or abnormalities reported in the 74 children in the primary analysis
populgti neurological questionnaires. Of these, 60 children (81.9%) had any neurological
abn it®at this moment or in the past reported in the neurological questionnaire. The remaining 14
®LilQenPvere reported as no longer having a neurological disorder at the time of the neurological
&sment.

e most commonly reported neurological disorders were mental retardation (35.1%) and behavioural
disturbances (25.7%). Thirty children (41.7%) had investigations performed for abnormalities.
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Table 16. Neurological symptoms or abnormalities reported in all ART-exposed

children with neurological questionnaires (n=74)

Neurological symptom / abnormality

Number of children or measure

Any abnormality at this moment or in the past, n (%)

Any investigations for other abnormalities performed. n (%)

60/ 74 (31.1%) ’E (c

Mental retardation. n (%)

30/ 74 (40.5%) Q

Behavioural disturbances. n (%)

Abnormal stiffness (pyramidal signs). n (%)

Microcephaly. n (%)

14 /73 (19.2%)

Microcephaly measure. cm n=14

Mean (SD) 42.4 (6.36)

Range 28.7-48.5
Abnormal movements. n (%) 6/74(8.1%)
Peripheral neuropathy, n (%) 2/74(2.7%)
Presence of a nystagmus. n (%) 2/74(2.7%)
History of febrile seizures. n (%) \ 15/74(20.3%)
History of afebrile seizures. n (%) e 6/74(8.1%)

Table 17 presents the neurojsmy inical symptoms or abnormalities reported in the neurological
@ with unexplained NCS or suspected mitochondrial dysfunction. All

questionnaires of the 27 ghi
these children were r to have any neurological abnormality at this moment or in the past
reported. The most nly reported neurological disorders were mental retardation (30%) and

behavioural disttbance{y22%).
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%,

Table 17. Neurological symptoms or abnormalities reported in all ART-exposed
children who were reported to have unexplained NCS or suspected mitochondrial

dysfunction in their neurological questionnaires (n=27)

Neurological symptom / abnormality

Number of children or measure @

Any abnormality at this moment or in the past. n (%)

&

27 /27 (100%)

Any investigations for other abnormalities performed, n (%)

10/27 (37.0%)

Mental retardation. n (%)

Behavioural disturbances. n (%)

Abnormal stiffness (pyramidal signs), n (%)

Microcephaly. n (%)

Microcephaly measure., cm

Measurement

Abnormal movements. n (%)

/27 (3.7%)

n=1

45.5¢m

LS

/27 (11.1%)

Peripheral neuropathy, n (%)

1/27(3.7%)

[§)

/27 (7.4%)

Presence of a nystagmus, n (%) Q

History of febrile seizures, n (%)

4/27(14.8%)

History of afebrile seizures, n (%)

2/27(7.4%)

Of the 74 children with neurolog @

Puestionnaires, there were 35 who underwent magnetic resonance

imaging (MRI) procedures of their neurological assessment (Table 18). White matter lesions

were identified in 8 chil
showed abnormal re

2™ cortical focal lesions in 3. Eight children had a CT scan, of which 6
e MRI spectroscopy was performed and showed no lactate peaks.

Few children uNent her procedures as part of the neurological assessment, such as fundoscopy
(n=14; 1 abngr, muscle electrophysiological studies (n=2; both normal), peripheral nerve
conductio (n=1; normal), and electroretinogram (n=1; normal). Muscle biopsies were

o

children, but only 2 were performed. The muscle biopsy provided data on
ry and/or electronic microscopy, respiratory chain enzymatic studies. Mitochondrial DNA
q\ tion and other mitochondrial specific tests were performed on 1 child. The information
6 ble from this skeletal muscle biopsy was conflicting, in that no histological or significant
t

ochemical abnormalities were identified, but a biochemical abnormality of both complexes | and IV
of the mitochondrial respiratory chain was identified on spectrophotometry. Moreover, the
spectrophotometry and BN-PAGE results are conflicting, the spectrophotometric results are not
compatible with the histochemistry, and the BN-PAGE results are at odds with the clinical presentation.
The second muscle biopsy showed normal biochemical activity of the mitochondrial respiratory
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complexes, but ‘swollen’ mitochondria were noted on electron microscopy. No mtDNA mutations
were identified.

Table 18. All children in the primary analysis population undergoing neurological

assessment (n=74) — imaging procedures and muscle biopsies

Outcome Number of children. n (%) . %Q

5 /74 (47.3%)

)

Brain MRI

Present .

White matter lesions 8 )
Basal ganglia lesions 1 3
Brainstem lesions 2 % 33

Cortical focal lesions 3 & 32
Cortical atrophy 2 @ 33
Ventriculomegaly 1 25
MRI spectroscopy \ 1/74 (1.4%)
resent Absent

Lactate peak Q 0 1

Other procedures Q
:\ Normal Abnormal

CT Scan 2 6
Fundoscopy 0 14 1

Muscle electrophysiologica S 2 0
K Performed Not Performed
Periphera}Nerv uction Studies 1 (normal) 48

ElectrorQ yON 1 (normal) 48

At th@ of ®e neurological questionnaire, the neurologist was asked to assess the likelihood that
&a exhibiting signs of mitochondrial disorder and allocate them to one of five categories

Xe ). There were no cases of ‘strong evidence for mitochondrial disorder’ and 2/74 (2.7%)
é n were considered to have ‘suspected mitochondrial disorder’.
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Table 19. Outcome of neurological assessment for the primary population (n=74)

Primary endpoints shown in bold.

Outcome

Number of children. n (%)

Neurological assessment

T

Suspected mitochondrial disorder

2 (2.7%)

Strong evidence for mitochondrial disorder

Unexplained neurological abnormalities but no evidence of

mitochondrial disorder

v

Absence of neurological abnormalities

25
é (10.8%)

Presence of neurological abnormalities due to entities other than

mitochondrial disorder

The percentage of children with the primary endpoi
27 primary endpoints, 22 were diagnosed in either

Q 39 (52.7%)

rent between cohorts (Table 20). Of the

B:nch or Belgian cohorts.
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Table 20. Outcome of neurological assessment for the primary population (n=74) by

cohort
Number of children. n (%)
Outcome France | Germany Italy Spain | Switzerland Belgmm%
) 25/ 458 2/244 11/1016 | 17/351 1/47
Neurological assessment _ _ _
(5.5%) (0.8%) (1.0%) 70)

Suspects T ol dicarder 0 0 1
Suspected mitochondrial disorder
Strong evidence for mitochondrial 0 0 0
disorder

L}
Unexplained neurological 15 0 3 1 6
abnormalities but no evidence of
mitochondrial disorder

L}
Absence of neurological 0 0 \ 4 0 3
abnormalities

(5]

Presence of neurological 10 0
abnormalities due to entities other

than mitochondrial disorder

0/244 4/1016 0/351 1/47 7/289

Primary endpoint
(0.0%) (0.4%) (0.0%) (2.1%) (2.4%)

CHMP Comment:

thel4 childre were Yeported as no longer having a neurological disorder. As mentioned

No explanation? rovided to account for the previous neurological symptoms experienced by
previously, t

a potential for reversibility of possible mitochondrial effects of ART following
lanche, 1999, Barret B, 2003, Morén, 2014).

The x ions for the analyses of the cases referred for neurological assessment and how they were
* @ntly dismissed as not being related to mitochondrial dysfunction are not clear. For reports of

Xained NCS” (n=39), summaries of case narratives have been provided in the appendices, some
orts have been explained as single occurrences of febrile seizures, others were confounded by

prematurity, diagnosed chromosomal abnormalities, hypoxic insults at birth, cerebral palsy, CNS
infection, maternal drug abuse during pregnancy. It is worth mentioning that the presence of the
alternative explanations do not in themselves exclude the presence of a concurrent mitochondrial
dysfunction. However there were also cases within this category where a decision of no evidence of

mitochondrial dysfunction had been made without a rationale or alternative explanation for the
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symptoms.

26 out of 35 children that underwent a brain MRI had at least one brain abnormality identified, along
with 6 out of 8 children that had CT imaging. These abnormalities have not been attributed to
mitochondrial dysfunction however no explanations have been provided for them.

25 children were referred to the DRC as they were considered to have unexplained NCS but no
evidence of a mitochondrial disorder. The study report does not explicitly explain what evidence for
mitochondrial disorders was considered by the clinicians was for these cases or the rationale used to®
exclude mitochondrial disorders. Only 2 children were considered to have “suspected mitochondrial&
disorder”.

The percentage of children with the primary endpoint was different between the cohorts.
primary endpoints, 22 were diagnosed in either the French or Belgian cohorts. This impli#g tiye may
be classification bias between the cohorts.

Analysis of the Primary Endpoint ®

Univariate analysis

Univariate analysis of the primary endpoint (the number of subjects in t?@nary Analysis Population
meeting the case definition of neurological clinical symptoms of cog otor delay, with or
without seizures, without attribution of cause), at the neurologi@e ent showed that

ia i

unexplained neurological clinical symptoms were significantly 25 Ci th the following:

e Sex: boys were 3.4 times more likely to be diagn h the primary endpoint than girls.

e Type of N(t)RTI: subjects exposed to abacae 2.3 times more likely to be diagnosed with
Re

the primary endpoint than subjects not e 0 abacavir.

e Cohort: children in the French plus Belgiay.cohorts were 9.8 times more likely to be diagnosed
with the primary endpoint than s ts in the Italian, German, Spanish, and Swiss cohorts
(combined).

e Head Circumference: chir& wi® a head circumference less than the median, or with a
gestational age less tha edian, were less likely to have the primary endpoint.

Univariate analysis demo @ that there was no difference in relative risk of the primary endpoint
&
).

by gestational age at bir weight at birth, or in utero exposure to ZDV, tenofovir, stavudine or
didanosine, and Pls @

Overall exposu%aba pvir was higher in France and Belgium (125 of 747 subjects, 16.7%) than in
Spain, Italy, nd, and Germany combined (169 of 1658 subjects, 10.2%), which may partly
explain t late correlation between exposure to abacavir and the higher risk of the primary
endpg' t Wy th& Belgian and French cohorts.

O
\
O
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Table 17. MITOC Study: Relative Risk of Neurological Clinical Symptoms of
Cognitive or Motor Delay; Univariate Analysis (Primary Analysis

Population)
. Group 1 Group 2 Relative risk (95% CI)
Risk factor n / total n / total
i . 21/1222 6/1183
Sex (male vs female)
. o . 57955 22/ 1450
Gestational age at birth (<median vs > median)
. . . . _ . 10/1614 17/791
Head circumference (<median vs > median)
14 /1226 13/1179 0.49-2.19 I
Weight at birth (<median vs > median) ’ ( )
1
. S 14 /1329 0.87 (0.41-1.85)
In utero exposure to zidovudine (yes / no)
. 7/314 2.33(0.99-547)
In utero exposure to abacavir (yes / no)
L 9/1684 098 (0.43-2.24)
In utero exposure to tenofovir (yes / no)
o 6/700 144 (0.58-3.55)
In utero exposure to protease inhibitors (yes / no)
1
In utero exposure to stavudine or didanosine 1/115 26/2290 0.77 (0.10-5.59)
(yes /no)
. . , , 22/747 5/1658 9.78 (3.71-25.69)
Country of study (France / Belgium
A sensitivity analysis of the pri dpoint was performed using the secondary analysis population
of all potentially eligible subg whom informed consent had been obtained, and who were

confirmed to be HIV neg ether or not they had been exposed to ART (the All Enrolled, HIV
Negative Subject An Kpulation; N = 2855). Among this secondary population, 35 subjects had
the primary endgpoint? factors for the primary endpoint in this sensitivity analysis were the same
as in the PrimarySN§nalys® Population (Table 18).
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Table 18. MITOC Study: Relative Risk of Neurological Clinical Symptoms of
Cognitive or Motor Delay; Univariate Analysis (All Enrolled, HIV
Negative Subject Analysis Population)

Group 1 Group 2 Relative risk (95% CI)

n / total n / total

Sex (lnale Vs felnale) 29/ 1467 6/1387 4.57 (190—1098) . 6

Risk factor

Gestational age at birth (<median vs > median) 9/1074 26/ 1736 0.56 (0.26-1.19) {
Head circumference (<median vs > median) 107723 1971003
19 /1388 16/ 1389

Weight at birth (<median vs > median)

In utero exposure to zidovudine (yes / no) 17/1562 18/1293 a (0.40-1.51)

2.61(1.26-5.38)

In utero exposure to abacavir (yes / no)

. . N (1331 5
In utero exposure to tenofovir (yes / no) 0.72 (0.33-1.58)

1.32 (0.60-2.89)

S 33/2720 1.22 (0.30-5.04)
(ves /no) Q
Country of study (France / Belgium vs othegf \ 30/1044 S/1811 10.41 (4.05-26.74)

In utero exposure to protease inhibitors (yes / no)

In utero exposure to stavudine or didanosine

CHMP comment:

The MAHs/study authors ha@t explicitly discussed the statistical methods used to conduct the
univariate analysis and S Id be clarified.

The rationale for agdW ng the Belgian and French cohorts and comparing them to all others does

not seem to ha een M§e-specified or adequately justified. Each cohort should be considered

individually a@ ared with a single cohort comparator.
Headgirgim ce and gestational age at birth variables were dichotomised and as indicated
previj ese should be categorised so as to provide sufficient granularity to allow for a proper

NsSESS t.

@ Multivariate analysis

The only statistically significant predictors of the primary endpoint by multivariate analysis were the

sex and gestational age of subjects, and the cohort in which a subject was enrolled (Table 19). Boys
and subjects with a gestational age less than the median were more likely to be diagnosed with the
primary endpoint than girls and subjects with a gestational age greater than the median (p = 0.02

Assessment report for paediatric studies submitted according to Article 46 of the
Regulation (EC) No 1901/2006
EMA/CHMP/394445/2016 Page 39/70



and p = 0.05, respectively). Subjects in the French and Belgian cohorts were more likely to be
diagnosed with the primary endpoint than subjects in the other cohorts (p = 0.0001). There was no
statistically significant independent effect of exposure to any ART drug on the risk of being diagnosed
with the primary endpoint.
Table 19. MITOC Study: Relative Risk of Neurological Clinical Symptoms of
Cognitive or Motor Delay; Multivariate Analysis (Primary Analysis @

Population) 6
*
Chi-square p-value \
0

Cohort (France / Belgium versus other) 15.08

Predictive factor

Gender (male versus female) 5.09

Gestational age at birth (<median versus >median) 3.89

By multivariate analysis of the secondary analysis population (all poteqti igible subjects for whom
informed consent had been obtained, and who were confirmed to b egative, whether or not they
had been exposed to ART; the All Enrolled, HIV Negative Subjec opulation; N = 2855), the
only statistically significant predictors of the primary endpoinjgg
cohort in which a subject was enrolled (Table 20). Boys §d @| pcts in the French and Belgian cohorts
were more likely to be diagnosed with the primary endpoin an girls and subjects in the other cohorts
(p = 0.003 and p < 0.0001, respectively). There wa tatistically significant independent effect of
exposure to any ART drug on the risk of being di gwith the primary endpoint.

the sex of a subject, and the

Table 20. MITOC Study
Cognitive or Jq
Negative Suljjec

elaMye Risk of Neurological Clinical Symptoms of
I Delay; Multivariate Analysis (All Enrolled, HIV
Analysis Population)

it b Chi-square p-value
Cohort (France / Belgiungy 154 <0.0001
Gender (male vers 8.96 0.003

CHMP comm

Seve anteters with known biological associations to the primary endpoint were not included in

the x ate analysis such as prematurity, birth complications, APGAR scores, maternal substance

3 Garkers of maternal viral control, concurrent hepatitis B/C co-infection and concurrent
Xations which may also influence foetal neurological outcomes (such as antiepileptic medication)

0 appear not to have been taken into account here.

Of note although data on length of exposure to ART and trimester of exposure was collected, possible
associations with these variables and the primary outcome have not been investigated.

As a reminder two of the objectives included a determination of the prevalence of neurological clinical

symptoms of cognitive or motor delay without attribution of cause and to assess the association

Assessment report for paediatric studies submitted according to Article 46 of the
Regulation (EC) No 1901/2006
EMA/CHMP/394445/2016 Page 40/70



between type and duration of ART exposure in utero and/or early neonatal life and unexplained and
mitochondrial disorder-related cognitive or motor delay. Even though the MAHs/ authors only
considered there to be one event of “possible” mitochondrial dysfunction, the prevalence of
unexplained neurological disorders should be presented.

In the multivariate analysis no justification has been provided for inclusion of the variables in the
model. The multivariate analyses (table 23, 24) do not include adjusted odds ratios which should be @
presented so as to allow an assessment of the magnitude of risk to be made. .

DRC Review \

27 subjects were referred to the DRC for review, comprising 2 subjects with suspected mitocho
disorder and 25 subjects with unexplained neurological clinical symptoms. Of these 27 su t
subject was identified by the DRC as having possible mitochondrial dysfunction. \

Table 21. MITOC Study: Outcome of DRC Review of Subjectsqgei¥yred
Following Neurological Assessment (Primary An% pulation)

Outcome (neurological questionnaire) Definite MT | Probabl ossible MT | No evidence of

dysfunction dysfy dysfunction |MT dysfunction

Suspected MT disorder (n =2)

Unexplained neurological abnormalities but no O

evidence of MT disorder (n = 25) Q
Total number of children undergoing a DR(Q\ 0 0 1 26

review (n=27)

The number of subjects meetind % riteria for neurological assessment was markedly less than
anticipated. The DRC therewewed all other completed neurological assessment questionnaires
(n = 47) and available n& Bging scans for quality control purposes, to provide a superior data
assessment. The DR le to request further information from cohorts to aid subject review,
which was mo in on to the “presence of neurological abnormalities due to entities other than
mitochondrial r”, hen little or no information regarding diagnosis of neurological abnormalities
had been pro
seconglagf A olled, HIV Negative Subjects Analysis Population, among whom 35 subjects had the
prim point, identified 1 subject with a suspected mitochondrial disorder, as with the Primary

ﬂ\si pulation

' A sensitivity analysis of the outcome of the DRC review performed on the
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Table 22. MITOC Study: Outcome of DRC Review of Subjects Referred
Following Neurological Assessment (All Enrolled, HIV Negative
Subjects Analysis Population)

DRC consensus |

Outcome Definite MT | Probable MT | Possible MT | No evidence of @
dysfunction dysfunction dysfunction |MT dysfun®j

Suspected MT disorder (n=3)
0 0 1 O

Unexplained neurological abnormalities but no

=]
=]
=
9]
S

evidence of MT disorder (n =32)

—
LS
.

Total number of children undergoing a DRC & a

review (n=35)

CHMP comment:

neurological symptoms, thereby suggesting that no dia S Id be made by the clinicians given the

At the end of the neurological assessment, 25 subjects were ered to have unexplained

available evidence (or lack of it). These subjects were also sidered by the DRC to have no evidence
of a mitochondrial disorder, however in most cases Q idence used to reach this conclusion was not
clear from the case summaries. The documentatygmy OGE#E rationale for excluding mitochondrial
disorders is particularly important in the knowle®ge tat mitochondrial dysfunction can present in a

wide spectrum of clinical presentations witi@gonsiderable clinical variability and do not always fit into a

particular cluster of clinical features (ClffnnegY¥2000, (updated 2014), Koenig, 2008, Mattman, 2011)
and therefore prone to subjective opi
{

More specific mitochondrial invi s appear to only have been performed in two subjects, and
questions have been raised Q of the study investigators on whether the exclusion of
mitochondrial dysfunctiong hbsence of these tests is premature, given that the known clinical
spectrum of presentatig Kml ochondrial disease is wide and indistinct making diagnosis challenging
(Rodenburg, 2011)
authors themseNgs ack

js continues to change (please refer to Section Report of discordance). The
pwledge this in Section Strengths and Limitations.

As an iIIustra% he assessment of cases from the secondary population (all HIV negative children
in the st ajority of these were cases of cognitive and psychomotor delay or behavioural
abnor @25/35 identified) sometimes with neuroradiological abnormalities that were not
&xpineg®These reports are considered important as the majority of subjects in the original studies by

and Barett reported these symptoms and similar manifestations have also been found with in
exposure to other medication known to cause mitochondrial dysfunction (Morén, 2014, Lloyd,
13, Velez-Ruiz, 2015).

It is noted that the DRC disagreed with some of the opinions of the clinicians presented to them. In
one of the DRC narratives, a conclusion was that “abnormalities may be due to genetic disease”
without any evidence of a clear genetic syndrome or any karyotype testing performed. In addition, of
the two subjects that did have muscle biopsies, although abnormalities were detected, these were not
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considered significant by the DRC. In some cases the DRC also contested abnormal neuroradiological
findings and were in disagreement with the opinion of the clinicians. The committee also dismissed
reports of hyperlactataemia on the basis that units were not provided for lactate or concurrent
metabolic acidosis was not reported (although the two are not synonymous events). This again
highlights the highly subjective nature of the data evaluated and the potential for differences in
interpretation. In these situations the validity and reproducibility of the conclusions are brought into

question.
>
For the three cases of suspected mitochondrial dysfunction more detail was provided. In one case, &

diagnosis was complicated by Hepatitis C infection in the child and a maternal history of epilepsy g
drug abuse. A genetic disorder was suspected and on the basis of improving psychomotor dela
of parenchymal disease on the MRI and a report by a mitochondrial expert apparently in 1M
undisclosed genetic disorder, the case was attributed to “unexplained neurological abnor& 7 In the
remaining two cases, both had mitochondrial abnormalities on biopsy. One was conside ossible
mitochondrial dysfunction” as biopsy results were thought by the DRC to be confligs the other
the DRC disagreed with the reporting clinician’s views on the neuroradiology and ed
mitochondrial disease on the basis mitochondrial respiratory chain analysis Wfs normal.

Strengths and limitations

The strengths of the MITOC Study were that it involved multiple Eur
and had a standard protocol across all the sites. In addition, thefst
mother-to-child transmission of HIV-1 in Europe, with most (99.8%) exposed to zidovudine,
70% exposed to 3TC, 25% to FTC, 20% to tenofovir and& abacavir. It had very low use of

to I and 27% to an NNRTI.

countries with multiple sites,
g a reflection of ART to avoid

dd1/d4T. Seventy percent of children were also exposed

The MITOC Study was a cross-sectional study th sted in prospective birth cohorts, and which
followed up children that were alive at 18 to <2 mMMWths of age. As such, it was not a true prospective
study, but rather a ‘snap-shot’ at a specifi%( to <28 months old). This means that it is possible
that delayed clinical presentation of neu disorders at 2 to 3 years’ old would be missed,
especially those that are difficult to a @before the age of 3 or 4 years. The pragmatic design of
the Study is based on the fact t @rm follow-up of HIV-negative children beyond 2 years’ old is
rare in most existing European S. Therefore, the Study design is based on the time that
mitochondrial dysfunction is@ ely to present as unexplained neurological abnormalities. It was

assumed that children wj abnormalities would have a more thorough evaluation by a paediatric

neurologist.

The primary e oint defined according to the neurological questionnaire, which relied upon
referral practi cach cohort. The paediatricians, neurologists and DRC were not blinded to the type
of ART drugs ich the children and their mothers had been exposed. The study design assumed
that ¢n la neurological abnormalities would be referred to a local paediatric neurologist,

consj x ith the local standard of care, and that most of these children would therefore have a more

oRQug® evaluation. Paediatric neurologists were asked to classify cases into absence of neurological
malities, presence of neurological abnormalities due to entities other than mitochondrial

grders, suspected mitochondrial disorder, strong evidence for mitochondrial disorder or unexplained
neurological abnormalities but no evidence of mitochondrial disorder, and this was the final
classification used in the Study. However, the Study cannot exclude the possibility that paediatric
neurologists interpreted the Study differently and defined unexplained neurological events differently.
In the French cohort, not all patients were referred to the neurology department and the neurological
classification was defined by the local paediatrician.
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There were significant differences in the prevalence of unexplained NCS between the cohorts. The
percentage of children with the primary endpoint differed between countries: 0/244 (0.0%) in

Germany, 0/351 (0.0%) in Spain, 4/1016 (0.4%) in Italy, 1/47 (2.1%) in Switzerland, 7/289 (2.4%)

in Belgium and 15/458 (5.5%) in France. There was a possibility of classification bias resulting from
undiagnosed or unrecorded neurological dysfunction in children misclassified as negative for the

primary endpoint, which may underestimate the overall prevalence of neurological dysfunction.

Furthermore, medical evaluation that was not thorough enough to determinate the aetiology of the @
neurological disorder may bias the results. This bias may under or overestimate the prevalence of ¢ 6
unexplained NCS and underestimate mitochondrial dysfunction, which is very difficult to confirm \\
without complex investigations, including muscle biopsy. Another cause of bias results from eligj

children who were not enrolled into the trial for various reasons, and those children who die e@

their screening or neurological evaluation could be performed. &
eragc™of cohort

The most likely explanation for this range of prevalence of unexplained NCS is the di

characteristics, such as in consent process, data collection and clinical practices. F le, children
with consent forms signed at birth are less likely to attend their screening assess@t 18 to <28
months of age and be enrolled in the MITOC study than those who have co nt given at their
assessment. The cohort with the highest prevalence (Belgium) was pred "&

where children were seen prospectively by a single paediatrician, whilg 0@
several sites. The vast majority of cases (22/27) of unexplained NC9

ly a single centre,
ohorts had, at least,
& from two cohorts — France

and Belgium.

The DRC was established to review all cases of possible ghd@roMRble mitochondrial toxicity. As the
number of these cases was small, the DRC also examined §cW®ailable data for all unexplained events
to preclude the possibility of misclassification. Altho he DRC had access to MR images in the
majority of cases, it did not have access to the fu ri@Ugical evaluation, although further details
could be requested. The DRC was not establish&fl asg formal endpoint evaluation committee and, per

the protocol, unless there was compelling §gidenc®to the contrary, it accepted the classification made

by the primary neurologist, which was u ! explained neurological events with no evidence of
mitochondrial dysfunction. In retrospegt) re formal process of full evaluation of these cases might
have been wiser; however, this otWhosen as an option give the fact that the Study was designed
using existing cohorts and follo a5 much as possible, standard clinical practice in the individual
countries.

CHMP comments:

The authors state th rength of the MITOC study was that a standard protocol was used across all
sites. However, s the §ew of the assessor that it is not possible to make such an assertion given the
heterogeneityfi consent process across sites, which may have introduced a selection bias, and
differenc clinical diagnosis and assessment of children with possible neurological

abno les ®The authors also highlight that in retrospect, a more formal process of full evaluation of
gas t have been wiser and this is supported. The MAHs/study authors should discuss the impact
@)

@tential selection bias.

pragmatic nature of the study design is noted, however this limits the study evaluation to a
relatively narrow timeframe and will have potentially missed events occurring after the screening visit
or presenting later in childhood.

The MAHs/study authors explain that the study cannot exclude the possibility that paediatric
neurologists interpreted the study differently and defined unexplained neurological events differently.
In the French cohort, not all patients were referred to the neurology department and the neurological

Assessment report for paediatric studies submitted according to Article 46 of the
Regulation (EC) No 1901/2006
EMA/CHMP/394445/2016 Page 44/70



classification was defined by the local paediatrician. This therefore does not support the claim that a
standard protocol was used across all sites and raises concerns that the prevalence of neurological
disorders may have been underestimated in this study.

Given the clear differences in the prevalence of unexplained and explained NCS between cohorts, the
MAHSs/study authors have acknowledged the possibility of classification bias which may underestimate
the overall prevalence of mitochondrial dysfunction. The significant differences between cohorts were
not fully taken into account in either the univariate or multivariate analysis.

.
The MAHs/study authors also mention that medical evaluation was not thorough enough to determi
the aetiology of the neurological disorder which may bias the results, as discussed in the sectimo
above.

The MAHs/study authors have appropriately recognised that the heterogeneity observed&
prevalence of unexplained NCS is due to differences in cohort characteristics, the corge cess, data
collection and clinical practices. However, the selection and misclassification bias ve also
contributed to this. %

The limitations of the DRC in evaluating cases, given the lack of access to &atients themselves and
a full neurological investigation and in the absence of some key investig , IS acknowledged.

Generalisability

The MITOC Study was a large study with data on prevalence g exained NCS from several
European cohorts, who managed patients according to tiegir @
there was marked heterogeneity in the details of local pracge™@nd standards of care across the

cohorts, which is a limitation, the fact that there wamoad spectrum of cohorts, which involved

patients exposed to the drugs generally and com

processes and standards. Although

ilised across Europe and other regions for
prevention of mother-to-child transmission, mefgs t the findings should be broadly generalizable to

the wider population. \

Conclusions

In the Primary Analysis Populati®g 824We ART-exposed subjects, there were a total of 27 subjects
alence of 1.04% (95% CI: 0.67 to 1.53). The percentage of
iffered between cohorts: 0 of 244 subjects in Germany; 0 of 351
subjects in Spain; 4 of 1 gects (0.4%0) in Italy; 1 of 47 subjects (2.1%) in Switzerland; 7 of 289

subjects (2.4%) in Bejon and 15 of 458 subjects (5.5%) in France.

i

The classificatiﬁt 7 subjects with the primary endpoint by the cohorts in the neurological

questionnaire that™25 subjects had unexplained neurological disorders but no evidence of

mitochondrial er, and 2 subjects had suspected mitochondrial disorders. The review of the 27
subjegtsefi primary endpoint by the DRC found 1 case of possible mitochondrial toxicity (Subject
had been exposed to atazanavir, ritonavir-boosted lopinavir, lamivudine, and ZDV — this
the 2 subjects with suspected mitochondrial disorder originally classified in the neurological
io0nnaire). In a sensitivity analysis, consistent results were shown for the secondary analysis
lation (All Enrolled HIV Negative Subjects), which included all 2855 HIV negative subjects. In this

@ analysis, there were 35 subjects with primary endpoints (1.23%, 95% CIl: 0.87% to 1.73%).
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Report of discordance

The statements below are lifted from a report of discordance signed by the representatives for the
French and Belgian cohorts:

1 — Sources of bias related to the study design

1.1 Selection bias: @

a) The enrolment of eligible children into MITOC depends on the consent process, and so the age of e%
enrolled children differs from one cohort to another: in the Belgian and French cohorts, children w

included at birth or soon afterwards, whereas children in the Spanish, German, Swiss and ltalial
cohorts were included either at birth or at the age of 18 months. Therefore, the number of cig

eligible but not assessed differs greatly from one cohort to another, and was not clearly nt&el.
We asked for an additional table presenting the various levels of participation by cohgrt\glid¥le
children (birth cohort)/ Number of consents / Number of deaths after consent / N children
lost-to-follow up after consent / Number of children with missing data on HIV sta umber of

children evaluated. g
b) The mortality rate: death was reported for eligible children after cons@ been obtained but not
t

for deaths that occurred before enrolment. The inter-cohort differen ality rate highlights the

recruitment bias.

The mortality rate is 4 out of 351 in Spain (1.1%) and O outGQin Italy (0%) - a highly significant

difference.

CHMP comment:

The assessor agrees that the study may be subj ection bias due to differences in the consent
process between the birth cohorts. The MAHs/ algors should provide the additional tables presenting
the various levels of participation by cohor that the number of children eligible but not assessed

stratified by birth cohort is clearly presete

The difference in mortality rate 4gt®genhe cohorts raises concern, although they are based on
relatively small numbers. Furth S required on the characteristics of these children and parents,
stratified by birth cohort, as, likely to be some differences in these characteristics between the
countries studied.

1.2 Classification bi

The primary ouNa isNased on subjective categorization of NCS symptoms as “explained” or

“unexplainedffi screening questionnaire.

The p‘o@ these “unexplained NCS” (i.e. the primary endpoint) varies markedly from one
cohg ther, whereas the prevalence of each reported neurological disorder does not vary so
ug (spe Table 13). In particular, some clinical conditions (such as convulsions) have a similar
”x ence in the cohorts but were considered to be “explained” in some cohorts and “unexplained” in
rers.

@ These discrepancies lead to classification bias in the estimation of the proportion of “unexplained NCS”.
This is not sufficiently emphasized in the “limitations” section of the Discussion.
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CHMP comment:

The potential for classification bias is acknowledged given the heterogeneity between the birth cohorts
in the prevalence estimates for unexplained and explained NCS. The MAHs/study authors have
recognised the prevalence may be an underestimate, but are requested to provide further detailed
discussion on this with respect to the individual birth cohorts and the difference in the unexplained and
explained NCS results observed in the study. ¢

The assessor is in agreement that the variation in classification is a potential significant limitatio &
the study.

2 —Results for primary outcome
a) Table 6 presents the baseline characteristics by cohort. We requested a table de@ or each
in utero

cohort) a number of other key variables of ART exposure (the proportion of i h
exposure, and the median duration of exposure to each type of NRTI) and clifi ata
(birthweight, head circumference, premature delivery, deaths), stating Qum er of missing
data. This can be referred to in the discussion of selection biases (in merely hypothesizing
about heterogeneity clinical practice). @

b) Gestational age, head circumference and weight at birth wer: ed as above or below the
median, in order to establish whether these variables were oc®ited with the primary endpoint.
Given that low birth weight (< 25009), very low birt; W 1500gr), and prematurity are
classical risk factors for neurological delay, we reque& Megorization for low birth weight and

prematurity. Our request was refused. Moreovelglll for gestational age” (which is also

associated with poor development) was not at all.

¢) In the multivariable analysis, the ratiopale fONgetaining an appropriate, final, multivariate model is
not explained, and adjusted odds rati ere not presented.

d) In the analysis, the cohorts with t
pooled, so that these endpo
cases is related to the size

r number of primary endpoints (France & Belgium) were
ulgpbe described as risk factors. Given that (i) the number of
cohort and (ii) the French cohort is one of the largest, the latter
ortion of the primary endpoints, whereas Belgium had much the

logically contributes a |
same rates as Switz d Italy for the primary endpoint. This post-hoc categorization was not
initially planned Kur opinion, is unjustified. We asked for the cohort effect to be evaluated
in six different ¢ ies (with the largest cohort taken as the reference, rather than pooling
cohorts with Wgher §tcome rates and comparing them with cohorts with lower outcome rates).

CHMP co

m
&@stratify results by birth cohort is acknowledged and it is agreed that these should be
N

@ ed. The MAHs/study authors should submit tables stratified by birth cohort, showing the
portion of infants with in utero exposure, the median and range of duration of exposure to
each NRTI, clinical data on the child (birthweight, head circumference, premature delivery,

a)
.

deaths) and number of missing observations.

b) The request for further clinical data on the children is supported and the MAHs/study authors
should provide this stratified by birth cohort as requested in the study assessment report. Data
on clinical characteristics were dichotomised and presented as above or below the median value.
As stated in the study assessment report, the clinical characteristics for gestational age, weight,
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height, head circumference should be stratified according to clinically meaningful categories (e.g.
(<1500, 1500-1999, 2000-2499, 2500-3999, 4000g+for birthweight), “small for gestational
age”, small head circumference for gestational age), so that a more thorough assessment of the
children can be made.

c) Itis agreed that the rationale for the final multivariate analysis is lacking in detail. The
MAHSs/study authors have not clearly explained why specific variables were retained in the
multivariate model. The authors have only presented the chi squared statistic and not the .
associated odds ratios, which are required to make an assessment of the magnitude of any ris
The authors should submit tables of results for the multivariate analysis with odds ratios an {
explain the rationale for the final model. 6

d) Itis agreed that the categorisation of the birth cohorts (where the primary endpoi nce
and Belgium were aggregated) has not been adequately justified. The MAHs/stud s should

consider the birth cohorts individually and be compared with a single cohort coiRgargeor.

3 - DRC evaluation of mitochondriopathy

We cannot accept the claim that there is only one “possible case of Q@rlopathy" among the 27

children presenting unexplained neurological problems.

on some children. Indeed the Committee (i) declassified he cases of hyperlactataemia, (ii)

The Evaluation Committee was extremely vigilant in terms of damiohal examinations carried out
0
considered most of the anomalous MRI findings to be arteT&S™ii) was highly critical in its
interpretation of the two 2 available muscle biopsiesGh that only one was considered to be

significant).

The great care taken with this analysis wa
mitochondriopathies. In contrast, the co

justi , given the known difficulty of diagnosing
ee displayed an extraordinarily hasty and superficial

attitude in stating that “there is no eviddgnhce$t mitochondrial dysfunction” for all the other children -

without presenting the slightest gviden ack up this conclusion. The case files of these children
are very concise, and do not inc rious diagnostic evaluation (of mitochondrial aspects or
otherwise). The committee exp nevertheless, aware that in the absence of ad hoc

6

investigations, it is just as_d t to reject the diagnosis as it is to affirm it.

The symptoms associg ith mitochondrial dysfunction are not specific, and the list has broadened
with time. Recept, wé @ bunded studies (albeit still subject to debate) have suggested (for example)
that some cases{{ autisNg have a mitochondrial origin. So, why should this hypothesis be rejected out
of hand for c% resenting signs resembling autism? Even if one chooses to reject this putative

link to au , refusal to consider certain observations as “possibly linked to a mitochondrial
diseag 4 ti® absence of specific investigations) is questionable.

QSI@e give a few examples of cases that could legitimately have been considered as “possible”

of mitochondriopathy.
ase 40-10-09, presenting with cognitive delay, muscle weakness and strabismus.
- Case 10-40-29, presenting with cognitive delay and motor impairment.
- Case 10-60-15, presenting with cognitive delay and convulsions.

- Case 10-60-23, presenting with cognitive delay, nystagmus and amblyopia.
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At the very least, the committee should have concluded that “no conclusions can be drawn”, which is
not at all the same as “no evidence of mitochondrial dysfunction”.

No criteria have ever been validated for the diagnosis of persistent mitochondrial toxicity (and we

remain open-minded as to whether or not this phenomenon truly exists). In the absence of better

options, the criteria used for constitutional diseases are applied; however, it is possible that this

approach needs to be adapted (perhaps even only slightly, and notably with regard to the @
progressiveness of clinical disease). Thus, it is unsound to immediately rule out a hypothesis of toxic’ 6
mitochondrial dysfunction in a child with neurological symptoms that improve over time (case 30-90, \

32).

The gold standard for the diagnosis of constitutional mitochondriopathies remains the enz O
histochemical, ultrastructural and molecular analysis of muscle. Normal results for anal arrfed out
on PBLs and for the routine determination of biochemical markers do not in any way ru possible

mitochondriopathy. This was clearly demonstrated in the only detailed study to date § c ren with
unexplained neurological problems following exposure to AZT in utero (Lancet; 34, —89).

Similarly, the absence of mitochondrial DNA depletion some time after drug gxposure does not refute a
hypothesis of mitochondrial toxicity.

In summary, we think that the only possible conclusions are as folloQ@

1) One child presented with a “proven” mitochondriopathy. Q

2) One child presented with a “possible” mitochondriopa&

3) Several children (at least 5) present clinical signs that ar&ompatible with “possible
mitochondriopathy” but have not undergone the rigq @ additional investigations that would make it

possible to affirm or reject this hypothesis. Q
4) It is absolutely impossible to draw any n®lusions on this matter for the other 20 children.

KC%OW
Nevertheless, this major study confirmsghat e children born to seropositive mothers may present

”

“unexplained neurological symptom can be severe in some cases.
It would certainly be important

1) compare the incidence o symptoms in the cohort with that in the general population (an
extremely difficult task).

2) rigorously explore arious physiopathological hypotheses, with no prior assumptions.

As cohort repu tives; we asked to meet the DRC in order to maintain its “independence” but our

request was . Surprisingly, the independence of the DRC was not challenged, despite the fact
rson chairs the DRC and the MITOC scientific advisory board. This chairman is neither

%N, a neurologist, nor an epidemiologist.

assessor agrees that it would not have been possible to dismiss cases of mitochondrial dysfunction
on the basis of the evaluations performed and the lack of specific key investigations that would
normally be employed for diagnosis. There were several cases of unexplained NCS exhibiting
symptoms that appear to fit the criteria for potential mitochondrial dysfunction, however lacked
sufficient information to either diagnose or exclude it. Also acknowledged is the comment that as there

is the potential for symptoms of drug induced mitochondrial dysfunction to be transient/ reversible, the
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lack of definitive cases at the time of the one screening visit/ neurological assessment performed
cannot conclusively exclude the possibility of events relating to mitochondrial dysfunction occurring
prior to the visit. Although information regarding historical events occurring before the screening visit
was intended to be gathered, this may not have identified mitochondrial dysfunction as these can
present with subtle and non-specific signs that may not have been attributed to mitochondrial
dysfunction.

Also of concern are the discrepancies in evaluation between the clinical assessments and investigatiq]s
and the DRC’s opinions. By its own admission, the DRC was not set up to perform the function of a
formal endpoint evaluation committee and in many circumstances lacked the information to perfggo

full clinical evaluations, however as per the report of discordance and from some of the case na
appeared to disagree with some clinicians conclusions and reserved the right to the final SI
case evaluations. As mentioned previously, this highlights the highly subjective nature o eERata
evaluated and the potential for differences in interpretation. In these situations the v@ d

reproducibility of the conclusions are brought into question. %
:

Finally, it is acknowledged that the presence of the same chairman presiding gve DRC and

MITOC scientific committees diminishes the independence of either commi

The discussion suggests that the observed heterogeneity m rom inter-cohort differences in

4 — Discussion q
Q

clinical practice. However, no data on putative difference al practice are presented.

In view of our comments on the study limitations an inability to draw any definite conclusions, we
requested the inclusion of the following text in th sion section:

"In view of the inter-cohort heterogeneity jn ter of participation, data collection and neurological
evaluation, and to the limited age period

is pragmatic screening programme, the study data are

not able to provide an accurate estimatdgof e prevalence of unexplained neurological dysfunction in

events were not due to sg of mitochondrial damage. Hence, it is not possible to draw firm
conclusions with rega) e two main questions addressed by the present study (i.e. the incidence
of unexplained peuro I symptoms and the incidence of mitochondriopathy).”

CHMP comm

%

It is agre e study has numerous limitations and this throws into question the study’s ability to
provia cCUrate estimate of the prevalence of unexplained neurological dysfunction in uninfected
ghil eng¥rn to HIV-infected mothers and this has been highlighted in the assessment report.

Hs/study authors are requested to provide an interpretation of the prevalence estimated by this
y given the limitations and biases highlighted.

2.2.2. Discussion on clinical aspects

Overall there are concerns with the validity of the study conclusions due to several limitations of the
study as raised also by representatives of two cohort representatives (FR and BE).
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The main issues are summarised as follows:

Methodology

e The relatively narrow “snapshot” timeframe presented by this study would not have enabled
detection of symptoms which occurred but resolved before the 18 month timeframe/ screening
visit. Potential reversibility of mitochondrial dysfunction was raised in the original Blanche/
Barett studies and in other studies evaluating drug induced mitochondrial effects. It would also @
not have detected longer term effects occurring after 28 months/ the screening visit. . 6

e Significant heterogeneity exists in the methodology used between the cohorts, particularl

the time of enrolment and evaluation of neurological abnormalities during the screening
and neurological assessment. This may have introduced selection and classificati

e Unlike the Barett et al study, no confirmatory or specific mitochondrial investig ere
necessary to confirm or dismiss a diagnosis of mitochondrial dysfunction. Th i stigations
were left to the discretion of the clinicians and there was no standardisatj e diagnosis of
mitochondrial dysfunction within the study.

Results &

e A sizeable proportion of children that were eligible for enrol e not included in the main
study for a variety of reasons (consent not obtained, los p, died).

e The degree of heterogeneity of results between coh not made clear, despite the fact

that results indicate that significant heterogeneit This was seen the potential
differences in baseline characteristics, evident differ&ces in prescribing practice between
cohorts, the variable prevalence of explaineq @ unexplained NCS between cohorts.

e The rationale for the final multivariate @ is lacking in detail. The MAHs/study authors
have not clearly explained why sp&ggfic vaMables were retained in the multivariate model. The
categorisation of the birth cohor the primary endpoints for France and Belgium were

aggregated) has also not bee tely justified.
e The rationale for dismiss éts as not having mitochondrial dysfunction at any stage of the

evaluation process was de clear for the majority of cases. In the vast majority of cases
more specific invest @ ns for mitochondrial dysfunction were not available.

cies in evaluation between the clinical assessments and investigations

ions. This highlights the subjective nature of the data evaluated and the
potentiaNgor difffgences in interpretation. There was a lack of independence between the DRC

and mmittees as they both had the same chairman.
Thergforgd a ntioned in the report of discordance, at present it is not possible to draw firm
conc ith regard to the two main questions addressed by the present study (i.e. the incidence

©f ex§ained neurological symptoms and the incidence of mitochondrial disorders).

%,
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3. Overall conclusion and recommendation

There are concerns with the validity of the study conclusions due to several limitations of the study as

raised also by representatives of two study cohort representatives (FR and BE) in the report of

discordance. Therefore, at present it is not possible to draw firm conclusions with regard to the two @
main questions addressed by the present study (i.e. the incidence of unexplained neurological . 6
symptoms and the incidence of mitochondrial disorders). \

] Not fulfilled: é

Based on the data submitted, the MAH should provide additional clarifications as part of rogedure.
(see section “Additional clarification requested”)

4. Additional clarification requested 0

Based on the data submitted, the MAH should address the following questio&as pSt of this

procedure:
1. For all of the variables (primary and secondary endpoints, demo @nd baseline

characteristics, maternal medical history and characteristics, AR of exposure, duration of
ART exposure, ARV drug and class), the data should also betroNfi y country birth cohort so
that differences across cohorts can be better understoop

2. With regards to the differences in the enrolment proce each of the respective birth cohorts,
numbers of subjects affected by these differenc ach cohort should be provided to enable
more detailed assessment taking into accou ifferences.

3. Clarification should be provided on thegnumb®g of discrepancies there were between the
conclusions of the DRC and clinicians hich of those subsequently resulted in a change of
classification by the DRC.

4. Data should be provided on r of children identified by the medical reviewers with
neurological symptoms tha ave undergone a neurological assessment but were not
referred or did not und assessment.

5. The comparison bet\/& e conclusions of the screening visit questionnaires with the neurological
@ nives to demonstrate the consistency of the definitions of neurological clinical
#en presented in the study report, this should be provided.

symptoms \ilot
6. Tables of% for the multivariate analysis with odds ratios and the rationale for the final model

ented. The categorisation of the birth cohorts (where the primary endpoints for

assessment ques

shoul
F? cQand Belgium were aggregated) should be justified. The birth cohorts should be considered
xally and be compared with a single cohort comparator.

ith regards to selection bias, the study report states that the probability of non-participation in
the study was lower when the consent form was signed at the screening assessment that those
forms signed at birth, data should be provided in support of this statement. A discussion should be
provided on the potential impact that any selection bias would have on the results of the study.

8. To further establish the differences in reasons for potential subjects not enrolled in the study by
cohort, and missing information, a table of data showing the levels of participation stratified by
birth cohort, including the number of eligible children who were not consented, age of child at
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consent, number of deaths after consent, number of children lost to follow-up after consent,
number of children evaluated, number of children with missing HIV status.

9. Tables of descriptive data eg: tables 7 -12 in the study report should be presented according to
birth cohort. The numbers of subjects with missing observations in these tables should also be
presented.

10. Data in table 7 should also be presented using standard meaningful categories, particularly for E@

gestational age at birth, weight, height and head circumference. For example, the WHO categori®
for birth weight (<1500, 1500-1999, 2000-2499, 2500-3999, 4000kg+), small weight for
gestational age, small head circumference for gestational age.

11. Data on maternal laboratory results (CD4 counts, HIV RNA viral load) should also b(@g

the tables of results.

12. Although there were 165 children who were initially considered to have some forfof Weurological
abnormality, only 83 children were subsequently classified as having either e ed or
unexplained neurological symptoms. The MAHs/authors have not stated yhy t emaining 82
children were not classified in either of these categories and why these s{Nects were not

considered to require a neurological assessment.

13. In the univariate analysis the rationale for aggregating the Belgi
comparing them to all others does not seem to have been -
Each cohort should be considered individually and come gh a single cohort comparator.

r

14. The MAHs/authors should provide a discussion on the
with respect to the conclusions that the study d not able to provide an accurate estimate of

aised in the report of discordance,

the prevalence of unexplained neurological dysfisg n in uninfected children born to HIV-infected
mothers, and that it is not possible to drawqgrm§pnclusions with regard to the incidence of
unexplained neurological symptoms arﬁi idence of mitochondrial disorders.

5. Assessment of the regoz
supplementary infogma

ses to the request for

1. For all of the variable m )

baseline characteristics, al medical history and characteristics, ART type of exposure,
duration of ART exp05§‘,3 g\ drug and class), the data should also be stratified by country

ary and secondary endpoints, demographics and

nces across cohorts can be better understood.

birth cohort so th
Summary of V\k onse (for brevity only a selection of the data highlighting

differences n the cohorts provided is shown here):

We hgve@ the main tables from the Study Report by cohort (tables provided in Annex | of the
AR). \

j characteristics

wiss cohort had the largest difference in gender distribution with 34% male and 66% female
dy participants. Abnormal clinical development since birth ranged from 1.6% of children assessed in

& the German cohort to 9.0% in the Belgian cohort.
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Birth characteristics

Planned caesarean delivery ranged from 93.7% in Italy to 0.0% in France. The highest levels of

unplanned caesarean and of vaginal delivery were observed in the French cohort, 32.8% and 67.2%
respectively. The lowest level of vaginal delivery was observed in the Italian cohort, at 0.5%. Mean

birth weight of children was 2.9 kg, ranging from 0.6 kg in Belgium to 5.0 kg, also in Belgium. Mean

height was 48 cm, ranging from 26.0 cm in France to 57.0 cm in both Germany and Spain. Mean head @
circumference was 34 cm, ranging from 20.0 cm in Germany to 49.0 cm, also in Germany. . 6

Descriptive data

The maternal age at delivery was only available for 1225/ 2405 mothers. Of the 1180 records no
available for mother’s age, 917 (78%) of these unavailable records were from Italy.

Of the mothers with results of tests for HBV/HCV coinfection available (n=2069), 9% xm fected
with hepatitis virus B or C. HCV was particularly prevalent in the Spanish cohort (22 cawpared to all
other cohorts (all under 6%). 95% of the Italian cohort were clear of HBV or HC\|ffc ections.

A minority of mothers (amongst those for whom the information was availale) reported using tobacco
(115/760, 15.1%), alcohol (24/736, 3.3%), injection drugs (21/894, 2.3 l&ecrea’cional drugs
(87/854, 10.2%) during pregnancy. However, the majority of mother % data available in these
categories (1464/2405, 61%). Of the available data, Spanish mothe ed the highest rates of
tobacco use (38% of the Spanish cohort), injection drug use (1 rug abuse (15.2%) during
pregnancy.

ART histories \O

Intrapartum exposure was particularly low in Switze(19.1%) and also low in Germany (42.6%),
compared to the other country cohorts (all othe 93%). In utero exposure was also lowest in

Germany (86.5%), compared to the other countMgcohorts (all others above 90%).

countries except Spain this was 100% ountry cohort. Among the 2405 children, 1709 (71.1%)
were exposed to at least one Pl ggafNginO¥rom 55.3% in Germany, up to 81.7% in Belgium and 88.6%

For children with data available (n—240m&5/o were exposed to at least one NRTI drug. In all

in France). 656 (27.3%) were 0 at least one NNRTI (ranging from 14.5% in Belgium to

39.0% in Spain).
The majority of children @oosed to at least one NRTI drug (99.9%), and almost all were exposed
to zidovudine (99.8% I®dst neonatally (100% of all exposed children in France, Germany, Spain,
Switzerland an®Belgithg#® 1 exposed child in Italy was not exposed to zidovudine). Lamivudine
(71.2%), ten KS0.0 ¥0) and emtricitabine (24.7%) were also commonly used NRTI drugs. In
Germany, lami e, tenofovir and emtricitabine were used at similar rates (5.3%, 4.8% and 4.2%),
in comp@ the other countries that favoured lamivudine more strongly over tenofovir and

emtrj

gical disorders

e were 165/2405 children (6.9%) in the primary population who had at least one neurological
iIsorder reported in the first sections of the screening questionnaire (previous neurological disorders,
previous non-neurological disorders, physical examination and hospitalisation); some patients had
more than one disorder. 26.7% of these children were from the Belgian cohort (44/289, 15.2% of the
cohort). 48 and 25 of these children were from the Italian and French cohorts (respectively), yet these
represented a smaller proportion of their cohorts (4.7% and 5.5% respectively). The percentage of
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children with any neurological disorder recorded ranged from 4.7% (48/1016 children) in the Italian
cohort to 15.2% (44/289) in the Belgian cohort.

Around 6% of both the Spanish and Belgian cohorts (6.0% and 6.2% respectively) showed other
significant cognitive delay or abnormalities, not categorised by the study.

The prevalence of explainable NCS was highest in Spain (15/351, 4.3%) and lowest in Italy
(8/1016;0.8%). The prevalence of unexplained NCS was highest in Belgium (15/289, 5.2%) and
lowest in Italy (6/1016, 0.6%). 0\6

The prevalence of explained plus unexplained NCS was highest in the Belgian cohort (23/289, 8.0%
and lowest in Italy (14/1016, 1.4%).

Belgium showed the highest rate of NCS before 18 months, at 15.2%. The next highest a¥NSpain
at 9.4%, whilst the lowest rate was observed in Italy at 4.7%. The number of children gt at 18
to 28 months was lower than the number of children referred to a neurologist in all @s, except

for France (25 children with NCS, 22 referred).

CHMP comment:

From the data presented there are evident differences between the @ ohorts. The Swiss cohort
nggMerefore it is not known if

had a very small number of subjects compared to the others (n.

any findings from this cohort were due to chance. There wa ficant range in subjects reported as
having abnormal clinical development since birth (from ITQ e German cohort to 9.0% in the
Belgian cohort), however as the background incidence of ne®patal/childhood neurological abnormalities

nces is unknown. There was a large amount

is unknown in these countries, the reason for these
of missing data for example on birth characteris icularly anthropometric data), maternal
sure in particular from Belgium. As noted

rmalities detected at the screening questionnaire was

substance abuse and data on cumulative ART ex
previously, the proportion of neurological

higher in Belgium, however it is noted t
development since birth. From the del e data presented it is not possible to infer the reasons for
some of the apparent difference n the groups, such as the different rates of planned caesarean

ARTs which may be due to local variations in clinical practice or

group also had higher rates of abnormal clinical

section and in utero administra

have also not been anal

to different disease demo r amongst the patients in the cohorts. The impact of these differences
\% e study.

This point is consi resolved.

%,

2 &ds to the differences in the enrolment process for each of the respective

birth’ rts’ numbers of subjects affected by these differences in each cohort should be
&) 0 enable more detailed assessment taking into account these differences.

roffi
&s response:
re were 3878 children in the Cohorts, but of these, 1013 were not enrolled (32 from Belgium, 5

from France, 548 from Germany, 371 from Italy, 33 from Spain and 24 from Switzerland). The MITOC
Protocol states that the screening assessment is performed once informed consent has been obtained.
Data on children who were not consented are therefore not available. Furthermore, the reason that
consent was not given was not available for all Cohorts. The French Cohort had to re-consent their
patients, so every child in their Cohort was also in the MITOC Study, except those that were not
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eligible. Nevertheless, although we do not have detailed information on those children not enrolled, the
number of children with primary endpoints was consistently low across the Cohorts, regardless of the
method of enrolment.

For those children with consent, 10 had an unknown HIV status and 96 were lost to follow-up from the

cohort. There were 289 consented children aged <18 months at the screening visit and 51 aged over

28- months old at the screening visit. These children were not eligible for the MITOC Study as they @
were not 18 to <28 months old at the time of the screening assessment and were therefore exclud%‘l. 6
Fourteen children were not exposed to any ARV drug at any stage. Using data available, the reason \

that children were lost to follow-up have been summarised in Table 18.

Table 18. Summary of reasons for lost to follow-up by cohort using data available O

Reason France | Germany Italy Spain | Swit, Belgium
Pulmonary hypoplasia

Preterm birth

Lost at birth

Lost to follow-up

Sudden infant death syndrome
Brain anoxia + multi-organ failure
Patient did not attend visit
Unknown

s =2

—_—
(=]

—_ | —

12

(K]
n

— |1

Too old at screening visit
HIV positive

Died

Withdrawn by parent

CHMP comment:

The MAH has clarified that data on childr o were not consented was not collected and is therefore
not available, data presented in this secRon Yere instead of subjects who were lost to follow up during
the course of the study. As no figthgr a can be provided on this, this point is considered
resolved.

3. Clarification

%}I e provided on the number of discrepancies there were between
C and clinicians and which of those subsequently resulted in a
by the DRC.

the conclusions of

change of cla%at N

MAH’s resp
There®w children referred to the DRC for review. The results from the neurological questionnaire
sho hildren with suspected mitochondrial disorder (subject numbers 601057 and 309032) and

ith Jinexplained abnormalities (a total of 36% of children with completed neurological
s@ysments). The assessments from the neurological questionnaire and DRC review are shown in

e 19, below. The DRC could request additional data from investigators in order to make their
@ classifications.

Of the 25 children who had unexplained abnormalities but no evidence of mitochondrial dysfunction
according to the neurological questionnaire, all 25 were classified as having no evidence of
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mitochondrial dysfunction by DRC consensus. Thus, there was 100% agreement between the two
review processes for these 25 children.

Of the 2 children who had suspected mitochondrial disorders by the neurological questionnaire, the
DRC classification was one case of possible mitochondrial disorder (subject number 601057) and one
case with no evidence of mitochondrial dysfunction. Therefore, there was one apparent discrepancy
between the classification from the neurological questionnaire and the DRC consensus. It should be
noted that, although this case was initially classified by the Italian cohort as suspected mitochondria‘

disorder, subsequent clinical review at a national referral centre for mitochondrial disease also \
concluded that there was no evidence of mitochondrial dysfunction. \
The DRC therefore reviewed all other completed neurological questionnaires (n=47) an xable

neuroimaging for quality control purposes, thereby providing an additional level OQ

%,

The number of cases meeting the criteria for a neurological assessment was markedly lesg t
anticipated.

his review
found no additional cases of mitochondrial dysfunction. A sensitivity analysis on come of the
DRC consensus was performed on the secondary population of all 2855 HIVegative children in the
study. There were a total of 35 children reviewed in this larger populatio@:ﬁan additional 8 children

compared with the primary analysis. Raw data for this analysis was n egf/by country cohort.

Very similar levels of consensus were seen when comparing the f the neurological

questionnaire and the DRC review for the secondary population & al -negative children:

Table 20. Sensitivity analysis — outcome of DRC co\ the secondary population of all HIV-

negative children (n=2855)

Definite obable Possible | No evidence
Outcome (neurological I\x MT MT of MT
questionnaire) negl dysfunction | dysfunction | dysfunction
Suspected MT disorder (n = 3 0 1 2
Unexplained neurological
abnormalities but no evideng
MT disorder n=32) é 0 0 0 32
Total number of childrv&
undergoing a DRC j V1=35) 0 0 1 34

CHMP comme \

med that there was only one case in which the DRC disagreed with the views of the

The MAH
clinic®y nWthat case was subsequently reviewed at a national referral centre for mitochondrial
dis \ concluded that there was no evidence of mitochondrial dysfunction. There was general

%@s between the outcomes of the neurological questionnaires reviewed and the DRC
sions.

is point is considered resolved.
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%,

4. Data should be provided on the number of children identified by the medical

reviewers with neurological symptoms that should have undergone a neurological

assessment but were not referred or did not undergo this assessment.

MAH’s response:

The MITOC Protocol

‘All examinations including imaging procedures and laboratory tests are at the discretion of the
paediatric neurologist and will not be required specifically for the MITOC assessment.’

states that:

The investigator’s decision to refer a child with neurological symptoms to a paediatric neurologi

thus based on their routine clinical practice and was not a requirement of MITOC. This meagn
all children with neurological symptoms had a neurological assessment. The French Coh
follow the MITOC Protocol as they did not refer children to a paediatric neurologist, but

children were evaluated by a hospital paediatrician who completed the neurological @nnaire.

Table 21 shows the number of ART-exposed children who had a conclusion of ab
clinical symptoms on their MITOC screening questionnaire, although a neurqQgi
identified by the medical reviewers in the following sections of the MITO

hospitalization, previous neurological disorders, physical examination g

f neurological

ical Symptom was
ing questionnaire —

@—neurological disorders.

The symptoms included language delay, delay in mobility, non-febri @ ulsions, febrile convulsions

and trisomy 21.

Table 21. The number of ART-exposed children ip e

neurological symptoms in the hospitaliza

only listed in one section)

ort that were identified as having

sections

=

revious neurological disorders, physical
examination and non-neur nloolcQSDr(lels of the MITOC
questionnaire, but with a COHCQ absence of neurological symptoms (each child is

screening

O

Physical
examination Previous non-
Previous Previous neurological at 18 to <28 neurological
Cohort hospitali disorders months old disorders
France 2 1
Germany 1 6 3
2 (6 also had a
Italy eurological disorder) 19 1 1
*
\ 3(lalsohada
PN O 7 (2 also had a disorder found at the
neurological disorder) 8 2 physical examination)
witzerland 1
Belgium 3 5 14
Total 24 41 18 7
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CHMP comment:

The study report states that “medical reviewers also reviewed the listings to identify whether there
were any children with neurological clinical symptoms that should have undergone a neurological
assessment, but were not referred.”

As a reminder, given the open nature of the protocol, the referral for a neurological assessment was
left to the discretion of the physician at the screening assessment. The MAH have provided detail on
subjects identified by the MITOC medical reviewers who had neurological symptoms identified in the®
screening questionnaire from episodes prior to the date of the screening assessment, but who had &

been given a conclusion of “absence of neurological symptoms”, it is inferred that this is the clo
approximation of the subjects who would have been eligible for a neurological assessmeng b

This point is considered resolved.

%,

receive one, totalling 90 children. \

5. The comparison between the conclusions of the screening vi qguestionnaires with
the neurological assessment questionnaires to demonstrate the i ncy of the
definitions of neurological clinical symptoms has not been pre n the study report,

this should be provided.

MAH’s Response: Q

During the MITOC screening assessment, neurological di ere recorded in pre-defined
categories.

Any relevant additional data from the screening aire, such as neurological conditions in the
physical examination, hospitalisation or non-ne®@golo®ycal conditions sections, were subsequently
classified into the pre-defined categories i e meMical review.

There were 165/2405 children in the pri@population (6.9%) who had at least one neurological

disorder reported in the first sections O screening questionnaire (previous neurological disorders,

previous non-neurological disord ical examination and hospitalisation). Some patients had
more than one disorder. AmoQng

199 (7.0%) with at least q

Pocondary population of 2855 HIV negative children there were
rological disorder.

In the primary popul the pre-defined categories on the previous neurological disorders section

of the screening que aire, the most common disorders were developmental delay (n=50, 2.1%),
febrile convulsioNg (n= 1.5%) and motor abnormalities (n=33, 1.4%). The percentage of children
with any neuffOIghc® disorder ranged from 3.3% (8/244 children) in the German cohort to 9.7%

(28/289) 4 Igian cohort.
Int Qfor the MITOC study, which was agreed with the EMEA on 9 May 2007, the investigators
* o (gcide how to classify each child according to the neurological conditions observed: either
ce of neurological conditions, presence of an explainable condition and presence of an

plained neurological condition. Table 22 shows this information by cohort. The percentage of
children with neurological disorders in the screening questionnaire ranges from 4.7% in Italy to 15.2%
in Belgium. The rate of referral to a neurologist differed between countries. For example in Italy, 14/48
children with a neurological disorder were referred to a neurologist, versus 23/44 in Belgium.

Assessment report for paediatric studies submitted according to Article 46 of the
Regulation (EC) No 1901/2006
EMA/CHMP/394445/2016 Page 59/70



Table 22. Number of children in the primary analysis population with screening and neurological

questionnaires (n=2405)

Number of children Number of children with Rate of NCS | Number of children

with screening neurological disorders in the before 18 referred to a
Cohort questionnaires screening questionnaire months neurologist
France 458 25 5.50% 22 :
Germany 244 12 4.90% 4 e
Italy 1016 48 4.70% 1

L¥8)
[V}

Spain 351

9.40% l 5 8

2

Switzerland 47 3 6.40% %

[
%]

Belgium 289 44 15 .4%
£iY O

Total 2405 165

CHMP comment:

The response presented has not fully addressed the questio riginal aim of this question was to
obtain the results of the analysis performed by the study massessing the consistency of the

outcomes between the screening and the neurological guest®nnaires as stated in Section 10.9.2 of the
report body : “The outcomes of the MITOC and neu
prospective screening questionnaires were compfir each other, to show the consistency of the
definitions of neurological clinical sympto bew}the two questionnaires.” However, no data has

auditable consistency between symptoms identified in

al assessment as recorded on the

been provided in this response to demon
the screening questionnaire, whether th@§se Wfere picked up in the subsequent neurological assessment
or absence. The data provided does confirm that a much
Igian cohort as occurring before the 18 month screening

% Bnal data is available on this question is available. Given that the
unlikely to be available and will not change the general assessment
Orther information on this will be requested.

and the reasoning ascribed to thgir gre®gn

higher rate of NCS was reported
assessment. It is likely that

lack of information on this,i
of the study at this point%

%,

This point is c % resolved.
T @

6. results for the multivariate analysis with odds ratios and the rationale for

the fi’ odel should be presented. The categorisation of the birth cohorts (where the
ri@ndpoints for France and Belgium were aggregated) should be justified. The birth
x should be considered individually and be compared with a single cohort comparator.

mary of MAH'’s response (for brevity only a selection of the data is provided here):
The responses to questions 6 and 13 have been combined.

Of the 27 primary endpoints, 22 (81%) were diagnosed in either the French or Belgian cohorts. The
results from the French and Belgian cohorts were combined in the multivariate analyse because of the
high number and percentage of children diagnosed with these medical conditions in these cohorts. This
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was not a pre-planned analysis, but was designed because of the differences in rates of diagnosis
between the country cohorts.

There are too few endpoints in the individual country cohorts to conduct analyses of each one in

isolation. The prevalence of the endpoint is too variable between the cohorts to look at a single cohort
comparator — it is not clear what this would be, given the differences between the cohorts. The same

analyses were performed for the secondary population of all HIV-negative children. Very similar results @

were seen in these analyses. . 6

In the multivariate analysis of the primary population of all ART-exposed children, the only statisticggly
significant predictors of the primary endpoint were the gender of the child and the cohort in whi
child was enrolled (Table 26). Boys were significantly more likely to be diagnosed with the pg

endpoint than girls (p=0.02. Children in the French and Belgian cohorts were significant
to be diagnosed with the primary endpoint (p=0.0001). Children with a lower gestatio
more likely to be diagnosed with the primary endpoint (p=0.05), but this was at bor

significance. In the multivariate analysis, there was no independent effect of any@
of being diagnosed with the primary endpoint (the p-value was not significaK(ns)

gs on the risk
each
comparison).

Table 26. Multivariate analysis — factors associated with the prima @int in the primary ART

exposed population

MYV Odds Ratio
Predictive factor Chi-square p- (95% C.I.)
Cohort (France / Belgium versus other) 15.08 0001 1042 (2.42 — 43 47)
Gender (male versus female) 5.09 02 2.82(1.10-7.24)

In the multivariate analysis of the second
statistically significant predictors of the

opulation of all HIV-negative children, the only

rimgry endpoint were the gender of the child and the cohort in
which the child was enrolled. Boys wer e likely to be diagnosed with the primary endpoint than
girls (p=0.003), and children in h and Belgian cohorts were significantly more likely to be
diagnosed with the primary end p<<0.0001). In this multivariate analysis, there was no
independent effect of any @.Ag received on the risk of being diagnosed with the primary endpoint
(p= ns for each compari%.

Table 27. Mytivar nalysis — factors associated with the primary endpoint in the HIV negative
1latio
; MV Odds Ratio
PredMi 5 Chi-square p-value (95% C.I.)
ance / Belgium versus other) 15.4 <0.0001 10.31 (2.44-43.47)
(male versus female) 8.96 0.003 3.66 (1.48-9.09)

MP comment:

The difficulty in obtaining a suitable cohort for comparison at this stage is acknowledged. Existing
European cohort collaborations/ databases for HIV tend to collect data from HIV positive individuals,
therefore it may have been difficult to identify a readily available or suitable comparator group. In

addition, neurological symptoms are multifactorial, therefore simply comparing the prevalence of
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neurological symptoms to the general population of children of a similar age will not be clinically
meaningful.

The odds ratios and confidence intervals for the multivariate analyses have been presented here as
requested. It is noted that for both the analyses in the primary and secondary populations, the Cls are
wide for both predictive factors, particularly for the French/Belgian combined cohort factor.

The combination of the French and Belgian cohorts was due to the differences in diagnostic rates in @
these cohorts as stated by the MAH. ¢

This point is considered resolved.

7. With regards to selection bias, the study report states that the probabil@]—

participation in the study was lower when the consent form was signed at tie ning
assessment that those forms signed at birth, data should be provided in @ of this

statement. A discussion should be provided on the potential impact that lection bias

would have on the results of the study. &
MAH’s response: @

The statement in the study report should have stated that there wa r probability of non-
participation when the consent form was signed at birth compaidd W sent being given at the

screening assessment. Q
Data on children who were not consented are not availableY therefore, the selection bias could not
be determined. Please refer to the response to ques@ for the information available on children lost

to follow-up.
CHMP comment: E
The MAH have clarified the statement inc}jy report. As discussed in Question 2, further

information on children who were n@ ed is not available.
This point is considered reso .

8. To further esta&;Qe differences in reasons for potential subjects not enrolled in
the study by cohoi "’

issing information, a table of data showing the levels of
participation atifi py birth cohort, including the number of eligible children who were
not consent X of child at consent, number of deaths after consent, number of children
lost to fol @aﬂer consent, number of children evaluated, number of children with

miss# | atus.

MAf's ponse:

X are no data available for those patients who did not have a signed consent form. Please refer to
response to question 2 for the information available on children lost to follow-up.

CHMP comment:
As with the response to the previous question, no information was available on children not consented.

This point is considered resolved.
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9. Tables of descriptive data eg: tables 7 -12 in the study report should be presented
according to birth cohort. The numbers of subjects with missing observations in these tables
should also be presented.

MAH’s response: @
Please refer to the response to question 1.

CHMP comment: &
Please refer to the assessment of question 1. 0

This point is considered resolved.

10. Data in table 7 should also be presented using standard meaning%egories,
e

particularly for gestational age at birth, weight, height and head circynf ce. For
example, the WHO categories for birth weight (<1500, 1500-1999 0-2499, 2500-3999,
4000kg+),small weight for gestational age, small head circumfe for gestational age.

MAH’s response:

The results from the multivariate analyses of the primary endgoMy di® n0t show an association with
birth weight, height or head circumference. In the multigri @
was a borderline significant association between the primaRge™Mpoint and lower gestational age at
birth (below the median). However this association mot seen in the analysis of the secondary

f the MITOC study was to investigate

alysis of the primary endpoint, there

population of all HIV negative children. The prim

associations between neurological abnormalitie§gnd€Nntiretroviral treatment. Therefore we consider

that it is out of scope for this analysis to fL&rin stigate predictive factors for the primary endpoint,
e tors have not shown significant associations in the

using alternative categorisations, when
current analysis, and are unrelated t ary objectives of the MITOC study.

CHMP comment:

The use of non-standardise ies here is suboptimal as only the mean values had been
presented and most pro d in the multivariate analyses. Although this was not the primary aim
of the study, use of s categories in the multivariate analysis affords a better understanding of
concurrent risk factof potential confounding variables of the primary endpoint of NCS without
attribution of c%ssp ially since there were at least 27 children with unexplained neurological
symptoms refffi y the DRC. However, in light of other methodological limitations which preclude

conclusio ing the association between the more commonly used antiretrovirals and the

prima’r pdint, the lack of categories here is unlikely to influence the outcome of this assessment.
ata is therefore requested.

\point is considered resolved.
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11. Data on maternal laboratory results (CD4 counts, HIV RNA viral load) should also be
presented in the tables of results.

MAH’s response:

These data were not collected as part of the MITOC study, and so cannot be reported. @
y_ 4

CHMP comment:

Additional data was requested but is not available. This point is considered resolved.

12. Although there were 165 children who were initially considered to have@rm of

neurological abnormality, only 83 children were subsequently classified as @ ther

ted why
the remaining 82 children were not classified in either of these categorie why these
subjects were not considered to require a neurological assessment. &

explained or unexplained neurological symptoms. The MAH/ authors hav

MAH’s Response:

According to the MITOC Protocol, it was the investigator’s decision td a child with neurological
symptoms to a paediatric neurologist and was not a requiremengfo . The only cohort that did
not follow the Protocol regards referral was the French Coho, ir children were evaluated by a
hospital paediatrician rather than a paediatric neurologis\@ot all the 165 children who were
initially considered to have some form of neurological abnorMality went on to have a neurological

assessment.

There were 165/2405 children in the primary p@n (6.9%) who had at least one neurological
disorder reported in the first sections of th@ g questionnaire (previous neurological disorders,
previous non neurological disorders, phy | mination and hospitalisation). Some patients had
more than one disorder. @

%,

Please refer to the responses toé' s 4 and 5 for further information.

CHMP comment:
The response provided t& estion does not address the reason for 82 out of 165 children who
Y,

a ave a form of neurological abnormality not being classified as having
either explaine®&r unygglained neurological symptoms. The outcome for these children is therefore
unclear. It is@ from this that the information is not available, as this information was also not

were initially considgy

provided int onses to questions 4 and 5, no further data is therefore requested.
This’ iIMyis tonsidered resolved.
L 4

\ In the univariate analysis the rationale for aggregating the Belgian and French

orts and comparing them to all others does not seem to have been pre-specified or
adequately justified. Each cohort should be considered individually and compared with a
single cohort comparator.
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MAH’s Response:

Please refer to the response to question 6 as the responses to questions 6 and 13 have been
combined.

CHMP comment:

As stated in the response to question 6, results from the French and Belgian cohorts were combined in
the multivariate analysis because of the high number and percentage of children diagnosed with thege
medical conditions and was not pre-planned.

This point is considered resolved. g&

14. The MAH/authors should provide a discussion on the points raised in t t of
discordance, with respect to the conclusions that the study data is not able ide an
accurate estimate of the prevalence of unexplained neurological dysfunc@ uninfected
children born to HIV-infected mothers, and that it is not possible to w

with regard to the incidence of unexplained neurological sympton@ the incidence of

conclusions

mitochondrial disorders.

MAH’s response:

nd&urological events in HIV-negative
gical dysfunction between 18 and

The MITOC study does, in fact, provide an estimate of unexpla

infants born to HIV-infected mothers who were assesse
eu

27 months of life. There are a total of 27 unexplained n grcal events in this study giving a

prevalence of 1.04 % (95% CI 0.67-1.53). Q
It is important to understand the nature of this #ildren were initially assessed by general
paediatricians who determined the presenge or aRgence of neurologic symptoms at that single

assessment time point. This was NOT the endpoint. Children were then supposed to be referred

to a paediatric neurologist who would m@re qarefully assess the neurological symptom for cause and
would classify the child. The assessgqe e paediatric neurologist was the final assessment. A child
classified by the paediatric neur i having ‘unexplained neurological events’ met the study
endpoint.

sites in events. At thegm ment by the general paediatrician, the rate of any neurologic symptoms

The reason for some dis@ among the investigators reflects the significant differences between

varied from 1.49%0 to
0.6% to 5.2%.

by cohort, and the rate of any unexplained neurologic symptom varied from

The most lik lanation for this difference is site characteristics. The vast majority of cases of
unexglaigged rologic syndrome came from two cohorts — France and Belgium. The cohort with the
higk@ lence (Belgium) was predominantly a single centre, where children were seen

ﬁO\jc vely by a single paediatrician.

n®ted, the study design assumed that unexplained neurologic abnormalities would be referred to

the study differently and defined unexplained neurologic events differently. More importantly, in the
French cohort, not all patients were referred to neurology and the neurological classification was

@ al paediatric neurologists. We cannot preclude the possibility that paediatric neurologists interpreted

defined by the local paediatrician — thus, the additional verification by a specialist in paediatric
neurology was not provided in these cases.
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The fact that two cohorts (France and Belgium) contributed 22/27 events (82%) does confound the
results and suggests significant ascertainment bias. Whether this reflects under-diagnosis in four
countries or overdiagnosis in two is impossible to determine, but there is no evidence that the cohorts
in any country did not adhere to the study as designed. The only exception to this is the French Cohort
in which children were evaluated neurologically by a paediatrician, rather than a paediatric neurologist.

It is not possible from a study such as this to definitively conclude that none of these unexplained @
events were not due to some form of mitochondrial damage; however, none were identified as poss@le
mitochondrial toxicity by experienced paediatric neurologists, who were specifically asked to determj \

if mitochondrial toxicity might be present. Thus, we feel it is reasonable to assume that mitochon &

toxicity is an unlikely cause for these unexplained events.

CHMP comment:

As discussed in the CHMP comments to the previous questions, the prevalence of neg clinical
symptoms, and by extension mitochondrial toxicity in this study is uncertain due dological
limitations discussed above and in the main assessment report circulated prewon@ 82/165
children with neurological symptoms were unaccounted for, a lack of consmﬁ/ to diagnostic criteria.
As discussed by the MAH, the study results are confounded by the large

the Belgian/ French cohorts combined. Although the MAH concludes t @\

tion of events from
be assumed that
mitochondrial toxicity is unlikely, this is mainly an assumption, as t gth of the evidence
presented in this study casts significant doubts on the conclusi the study. The discussion
provided here does not alter the overall assessment of the 50

This point is considered resolved.

%,

6. Updated discussion O

Following the assessment of the responses to tigreqest for supplementary information, there are no
further outstanding points. Data requestewﬁn t be provided on several points and overall the
f

responses provided do not greatly alter m
conclusions can be made with regard

gs of the previous assessment, which is that no firm
ain questions addressed by the MITOC study (i.e. the
prevalence of unexplained neuro | ptoms and the association between NRTI exposure in utero
or the post natal period and mi drial disorders).

It is acknowledged that t @ osis of mitochondrial dysfunction can be subjective as reflected in the
variability in diagnosti s across cohorts, making detection or exclusion of these events very
difficult, especially i b ence of any clear diagnostic criteria. This, in addition to the short time
frame, snapsho iew o \lhe data and potential for reversibility of mitochondrial toxicity related
neurologlcal s preclude any confident assertions from the study findings. It is acknowledged
urologlcal related mitochondrial dysfunction in children much more challenging
eviously reviewed topics related to mitochondrial dysfunction ie: lipodystrophy and

ngs of the previous EMA reviews in general found some NRTIs eg: tenofovir disoproxil
ate and emtricitabine to have a lower propensity for mitochondrial toxicity, however, it should be
ted that these were performed mainly using study data in adults. In addition to stavudine and
didanosine, zidovudine was one of the substances considered in the previous reviews for lipodystrophy/
lactic acidosis to be at a higher risk for mitochondrial dysfunction, and all cases referred for
neurological assessment had been exposed to zidovudine. In cases reported with NRTIs perceived to
be less toxic to mitochondria, eg: tenofovir, all had also been administered with zidovudine. It is
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acknowledged that mitochondrial dysfunction in children was originally detected with use of zidovudine
and that this warning was subsequently applied on to other NRTIs as a potential class effect, however
it is impossible to distinguish the effects of individual components of ART that were administered
together from this study.

The number of children exposed to stavudine and didanosine is far lower than that of other NRTIs. The
numbers exposed were: stavudine 36 subjects - 1.5%, didanosine 79 subjects - 3.3% vs zidovudine
2399 subjects — 99.8%. Therefore the sample size involving these substances may not have been Ia‘ge
enough to detect neurological abnormalities and the lack of reported cases does not necessarily \
provide re-assurance that there is no causal association. \

It is likely that no matter how well designed the study, owing to the subjective nature of
the absence or presence of mitochondrial toxicity induced neurological symptoms is unli
conclusively proven. Without agreeing a predefined criteria for diagnosis of mitochondri

which often includes subjecting children to potentially invasive procedures, it may b
conduct a study which will provide sufficient meaningful evidence on the associa% een NRTI
exposure and mitochondrial dysfunction in children. It is acknowledged that tgere 0 “gold standard”
for diagnosis of mitochondrial dysfunction which will also make consensus orfgtudy criteria difficult. In
order to attempt to determine an association, any such study design sh sO incorporate

methodology to allow this, such as a comparator cohort. It may, ho

) challenging to identify
sufficient numbers for comparators as zidovudine appears to be inant substance used in
these circumstances, and this will also affect the potential for di g between the effects of the
individual NRTIs. Therefore, despite the lack of confirm r ce from the MITOC study, it is
acknowledged that the realistic possibility of conducting a study which will gather sufficient

meaningful information to guide further regulatory aQis small.

Sources other than the MITOC study (eg: report
the findings from the previous reviews on lipody®gophy and lactic acidosis as other manifestations of
mitochondrial dysfunction) should be used onsidering whether the proposed amendments to
warnings in the product information are usti§ied, as the findings from the MITOC study are unlikely to
be robust enough on their own to sup y changes. In addition, as the study focused on
neurological manifestations of rial dysfunction, the data from this study cannot provide
comment on the non-neurologi ifestations such as haematological abnormalities.

fety databases, the published literature and

7. Overall con n and impact on the benefit/risk balance

The SmPCs for all N Ogides/Nucleotides reverse transcriptase inhibitor (Ns/tRTI) currently include a

class labelling mito®gondrial dysfunction in section 4.4 (Special warnings and precautions for use)
and in sectio% regnancy and Lactation).
It is exp at developing embryo/foetus would have particular vulnerability to mitochondrial

dysfunx even if the duration of exposure is limited, given the periods of maturation and growth of
@II @ Moreover, neurological manifestations of mitochondrial dysfunction could have deleterious

&

egards the clinical findings of relevance as part of the “Cross-sectional study of HIV-negative

nces for the growing child.

children, aged 18 to <28 months, born to HIV-1-infected mothers in Europe: a European study
sponsored by the Collaborative Committee for Mitochondrial dysfunction in Children (MITOC)” were
particularly expected. The objectives of this study were to determine the prevalence of neurological
disorders (clinical symptoms, cognitive or motor delay) HIV-negative children aged 18 to <28 months
born to HIV-1 infected mothers and enrolled in one of the 6 European participating cohorts (Belgian,
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French, German, Italian, Spanish and from Switzerland) and to estimate the incidence of unexplained
neurological disorders suggestive of mitochondrial dysfunction. This study was considered as the
cornerstone to determine the incidence of long-term neurological disorders in this population.

Major issues have been raised regarding the validity of the study conclusions by representatives of 2
participating cohorts (French and Belgian investigators) and a list of questions has been raised in
consistency by the PRAC on the MITOC study results.

While clarifications on the MITOC study results were provided during the review process, data . 6
ghs

requested could not be provided on several points and overall the PRAC stated that no firm conclus
can be made with regard to the main questions addressed by the MITOC study (i.e. the prevale
unexplained neurological symptoms and the association between NRTI exposure in utero Qr @
natal period and mitochondrial disorders). %

However, the situation cannot be regarded as strictly superimposable. 0\

Indeed, the large clinical experience accumulated in HIV infected patientg(vast majority of adults)
under combination antiretroviral therapies has enabled to substa ‘&he clinical impact of
mitochondrial dysfunction in terms of risk of lipoatrophy and @idosis and thus further
substantiating the ranking of NRTIs on mitochondrial dysfunction glly based on in vitro and in
vivo data, with ZDV, d4T and ddl being regarded as particularlyfin Of mitochondrial dysfunction.
However, the relevance of such a clinical experience is imited when now considering the
potential impact on mitochondria of in utero Ns/tRTI expx‘g

impact on mitochondria with other Ns/tRTIls might have CWnical translation in neonates. Developing
embryo/foetus could indeed have particular vulne y to mitochondrial dysfunction given the in
process maturation and growth of organs, with o concern on CNS.

ce

cannot be ruled out that even limited

Finally, as a critical issue, while the rec@C study was expected to be the main body of evidence
to substantiate the clinical relevance | ero Ns/tRTIl exposure, significant limitations preclude any
firm conclusion to be drawn.

Therefore, the removal of t belling for the risk of mitochondrial dysfunction with Ns/tRTI in
utero exposure cannot b n. It is important to underline that this class labelling already
encompasses the noti xvariable degree of mitochondrial damage. PRAC on March 2016
recommended the m ance of the class labelling with adjustment in order to better reflect the
current knowleNSh ting that zidovudine, stavudine and didanosine are the most inducers of

mitochondri tion:

L
for all Ns/tRTI

“&@
.
N ndrial dysfunction following exposure in utero

cleos(t)ide analogues may impact mitochondrial function to a variable degree, which is most

pronounced with stavudine, didanosine and zidovudine. There have been reports of mitochondrial
dysfunction in HIV negative infants exposed in utero and/or postnatally to nucleoside analogues; these
have predominantly concerned treatment with regimens containing zidovudine. The main adverse
reactions reported are haematological disorders (anaemia, neutropenia) and metabolic disorders
(hyperlactatemia, hyperlipasemia). These events have often been transitory. Late onset neurological
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disorders have been reported rarely (hypertonia, convulsion, abnormal behaviour). Whether such
neurological disorders are transient or permanent is currently unknown. These findings should be
considered for any child exposed in utero to nucleos(t)ide analogues, that present with severe clinical
findings of unknown etiology, particularly neurologic findings. These findings do not affect current
national recommendations to use antiretroviral therapy in pregnant women to prevent vertical

L J

transmission of HIV. @
The following harmonized statement has to be considered in all PILs of Ns/tRTI (except those of
medicinal products for pediatric use only): &\

7 If you have taken XXX during your pregnancy, your doctor may request regular blood tests al
diagnostic tests to monitor the development of your child. In children whose mothers took Nl
during pregnancy, the benefit from the protection against HIV outweighed the risk of si ct®”’

The benefit-risk balance of Zerit, remains positive. 0

Nucleos(t)ide analogues may impact mitochondrial function to a variabl , which is most
pronounced with stavudine, didanosine and zidovudine. There have orts of mitochondrial

Scientific Summary for the EPAR g

dysfunction in HIV negative infants exposed in utero and/or post ucleoside analogues; these
zMoVtdine. The main adverse

penia) and metabolic disorders

have predominantly concerned treatment with regimens contai
reactions reported are haematological disorders (anaemig, @
(hyperlactatemia, hyperlipasemia). These events have oft transitory. Late onset neurological
disorders have been reported rarely (hypertonia, co ion, abnormal behaviour). Whether such
neurological disorders are transient or permanen 's@ntly unknown. These findings should be
considered for any child exposed in utero to nu&go ide analogues, that present with severe clinical
findings of unknown etiology, particularly rolod¥ findings. These findings do not affect current
national recommendations to use antire@&

transmission of HIV.

herapy in pregnant women to prevent vertical

8. Final overall co n and recommendation

Based on the final study re e HIV study ‘A cross-sectional study of HIV-negative children,

aged 18 to <28months,
Collaborative Commi

update the SmRC as
other nucleosileeo

X Not f

IV-1 infected mothers in Europe: A European study sponsored by the
Mitochondrial Toxicity in Children (MITOC)’. The MAH is requested to
bed in section 8. These revisions are in line with the ones concluded for

€ reverse transcriptase analogues.

ulfill
The I\Xﬁ\1 requested to submit a variation application to implement the requested SmPC changes to
on@ e revision of the class labelling related to mitochondrial dysfunction.

%,
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