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Abstract

Background: Integrase Strand Transfer Inhibitors (INSTIs) have become the preferred first-
line antiretroviral therapy (ART) in adults. However, they are yet to be recommended for
treatment naive children in Europe due in part to a paucity of published data on long term
safety and tolerability.

Method: A retrospective cohort analysis by database and electronic record review of
children under 18 years old with perinatally-acquired HIV who started INSTI-based ART
between May 2009 and March 2018, in a single tertiary centre.

Results: 56 INSTI-based regimens were prescribed in 54 children, 64.9% from 2015
onwards. Twenty-one of 56 (37.5%) commenced raltegravir, 29 (51.8%) dolutegravir and 6
(10.7%) elvitegravir. The median age at start was 15 years (IQR 13.5-16.4, range) with a
median duration of INSTI-ART of 1.65 years (range 0.01 to 8.8). 24 children had a detectable
viral load at INSTI start; 20 (83%) achieving virological suppression, in a median of 26 days
(IQR 19.5-34.5). There were 26 discontinuations of INSTI-based ART in 24 patients after a
median of 83.3 weeks; 9/26 due to adverse events. 4/9 AEs were attributed to INSTT use, all
in patients on dolutegravir and were neuropsychiatric and gastro-intestinal in nature.
Conclusion: INSTI-regimens were generally efficacious and well tolerated in this paediatric
cohort, with 7% of discontinuations due to INSTI-attributed adverse events. Further post

marketing surveillance of INSTI use in children is warranted.
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1 Background

The benefits of antiretroviral therapy (ART) in children living with perinatally acquired HIV-
1 (PaHIV) are well documented, with reduced morbidity and mortality resulting in increased
survival into adulthood. However, challenges remain in treating children living with HIV [1,
2] and adolescence is the only age group where HIV associated mortality continues to rise
[3]. Viral replication in the presence of inadequate drug levels, most frequently due to
suboptimal adherence, leads to selection of drug resistance as children progress through

adolescence and ART regimens must address this.

Integrase strand transfer inhibitors (INSTIs) were first licensed for use in adults in 2007 and
have quickly become preferred first line therapy in adults due to their safe toxicity profile,
low drug-drug interactions and rapid virological suppression. Raltegravir (RAL), dolutegravir
(DTG) and elvitegravir (EVG) have subsequently been licensed for use in children from 4
weeks weighing >3kg (RAL) and 6 years (DTG, and EVG in combination with cobicistat,
emtricitabine and tenofovir alafenamide fumarate). From 2017, RAL, previously dosed twice
daily, is available for adults and children weighing at least 40kg as a once daily preparation.
DTG is a once daily formulation if integrase-naive, and EVG is co-formulated as a boosted
once daily single tablet regimen. A further INSTI, bictegravir, in combination with
emtricitabine and tenofovir alafenamide (F-TAF) achieved FDA approval for use in adults in

February 2018.

The US Department of Health and Human Services now recommends either a boosted
protease inhibitor (PI), non-nucleoside reverse transcriptase inhibitor (NNRTI) or INSTI
(plus dual nucleoside reverse transcriptase inhibitor (NRTI) backbone) for treatment-naive

children [4]. Their recommendation for an INSTI-including initial regimen was based on
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extrapolation of efficacy data from adult trials showing superiority of INSTI- versus PI and
NNRTI-based regimens [4], and in small studies in ART-experienced adolescents [5]. First-
line ART for adolescents as recommended by the World Health Organisation (2016) should
consist of two NRTIs plus an NNRTI or an INSTI [6]. INSTIs are not currently
recommended as first line therapy for children in Europe, whilst awaiting updated guidelines.
However INSTI-containing regimens in treatment-experienced children with HIV-1

associated drug resistance mutations is increasing [7]

Recent adult cohort studies have demonstrated higher discontinuation rates of INSTI-based
ART due to adverse effects (AEs) than observed in clinical trials [8, 9]. Some studies have
found similar rates of discontinuation between RAL, DTG and EVG [10], whilst others have
shown higher discontinuation due to toxicity with DTG [8]. Most toxicity was
neuropsychiatric and musculoskeletal in nature [8, 9]. There are minimal published data on

the tolerability and long-term use of INSTIs in children.

2 Methods

2.1 Study design
A retrospective cohort analysis was conducted for children with PaHIV who started an
INSTI-based ART prior to their 18" birthday between May 2009 and March 2018, in a single
tertiary centre in London. The unit comprises the largest family HIV clinic in the UK and
reviews stable children routinely at least 3-4 monthly, more frequently at change of therapy.
Data was obtained from the hospital pharmacy database and electronic patient record.
Patients who subsequently transferred care out of the centre were excluded from analysis.
The study was registered with the hospital clinical governance department, fulfilling research

ethical requirements. Data collected included demographics, ART, immunology, virology,
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haematology, biochemistry, toxicity, treatment outcomes and therapeutic drug monitoring
(TDM) and resistance testing where available. The primary outcome was reason for INSTI
cessation as a measure of tolerability of INSTI therapy. Secondary outcomes were time to
viral suppression, duration of INSTI exposure and virological failure whilst on INSTI.
Virological failure was defined as a viral load >200 copies/ml on two occasions, virological
suppression was defined as viral load <50 copies/ml. Adverse events (AEs) were graded
according to the Common Terminology Criteria for Adverse Events v5.0 (CTCAE) [11].

Data analysis was performed using Microsoft Excel.

2.2 Results
INSTI-containing ART was commenced in 57 children < 18 years old between May 2009
and March 2018. Three patients subsequently transferred care and were excluded from
analysis. Two patients had exposure to 2 INSTI containing regimens, started more than 3
years apart, making the total number of INSTI-ART exposures included in analysis 56 in 54
patients. Complete data were available for 47 patients (83.9%); weight at commencement
was missing for 4 patients, pre-INSTI commencement viral load, CD4 and date of
suppression was missing for 3 patients, viral load and CD4 count prior to suppression was
missing for 1 patient, stop date was missing for 1 patient. Figure 1 shows the number of
patients on each INSTI per calendar year, reflecting overall increased prescription of INSTTIs.
Twenty-one of 56 (37.5%) started RAL, 29 (51.8%) DTG and 6 (10.7%) EVG. Demographic
data is shown in Table 1. Median age at INSTI start was 15 years (range 2—17.8, IQR 13.5-
16.4); 13/56 (23%) were aged 12 years or younger. Fifty-four of 56 (96.4%) were treatment-

experienced.
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Overall indications for INSTI-ART were: virological failure (VF) 22/56 (39%),
simplification 17 (30%), previous ART toxicity 11 (19.6%) and avoidance of drug-drug
interactions (3; atypical mycobacteria, disseminated BCG and lymphoma therapy).

Table 2 shows clinical data and outcomes according to INSTI type. Overall, median
duration of INSTI exposure was 1.65 years (range 0.01 to 8.8) and 35 patients in this cohort
remain on INSTI-containing therapy (62.5%). Twenty-four patients had detectable viral load
at INSTI commencement (either VF or treatment naive). 20/24 (83%) achieved viral
suppression (VS <50 copies/ml) in a median of 26 days (IQR 19.5-34.5); 2 ART-naive
siblings aged 9 and 10 years, baseline VL 1145 and 1307¢/ml respectively, commenced
DTG/abacavir/lamivudine in December 2017 and achieved viral suppression by 4 weeks.
Four patients failed to suppress; three due to documented non-adherence, one switched off
RAL prior to VS due to toxicity concern. Eight patients, all treatment-experienced, had
subsequent VF on INSTI-ART; all due to documented poor adherence. Genotypic resistance
testing revealed no integrase mutations in 7 patients, and in 1 an E157Q accessory mutation
with potential low-level resistance to EVG and RAL (no baseline integrase sequencing was
available). Two of the eight children acquired previously undocumented resistance mutations
in reverse transcriptase: M184I (failing DTG/abacavir/lamivudine) and M184V and T215Y
(failing darunavir plus EVG/cobicistat/F-TAF).

There were 26 discontinuations of INSTI-ART in 24 patients. Eight patients (33%)
experienced 9 AEs initially attributed to INSTI, all leading to INSTI discontinuation; 3/21
RAL (14%) and 6/29 DTG (20.7%).. One patient experienced AEs on DTG and then
subsequently on RAL. AEs were reported after median 183 days exposure (range 2-375), at
median age 16.2 years (range 2.4-18.1). AEs with grading are described in detail in Table 3.
Of the 9 AEs, improvement in symptoms following INSTI cessation was seen in 7;

neutropenia and hypertension persisted and were subsequently not attributed to INSTI. In a
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further 2 patients alternative diagnoses were identified; suspected allergy 10 days after
starting RAL was later confirmed on PCR to be primary oral herpes simplex virus-1 (HSV-
1), and a patient with raised creatine kinase (CK) on DTG and then RAL was subsequently
found to have hereditary carnitine deficiency. There were no other significant changes in
basic biochemistry or haematology on routine blood monitoring in the remainder of the
cohort.

Other reasons for cessation of INSTI are shown in Table 2; planned simplification off
INSTI post VS (7), simplification from twice daily RAL to once daily DTG (4), poor
adherence (5) and virological failure (2). 15/80 (18.8%) of the current paediatric cohort (<18
years) remain on an INSTI containing ART: 11 on STRs (10 DTG/abacavir/lamivudine, 1
EVG/cobicistat/emtricitabine/F-TAF); 1 with protease inhibitor (DTG + darunavir/cobicistat
+ F-TAF); 1 on once daily RAL plus abacavir/lamivudine; and 2 on once daily DTG plus

abacavir/lamivudine.

3 Discussion

We describe our experience of integrase inhibitor use in 54 children in a large single tertiary
centre in London over 8 years. To our knowledge, this is the first publication describing all
INSTI use in a paediatric cohort outside of a clinical trial. Our results show that INSTI-
regimens were generally efficacious and well tolerated in this primarily treatment-
experienced paediatric cohort. INSTI use has increased since 2009, with dolutegravir
replacing raltegravir in later years in children over 6 years. As reported in adults, children
with viraemia at INSTI commencement achieved rapid virological suppression, typically
within 4 weeks. The small number failing to suppress continue to struggle with adherence,
particularly common in adolescent cohorts [12]. In those experiencing subsequent VVF, one

patient was found to have an integrase accessory resistance mutation whilst two developed

Paediatric integrase inhibitor use in a real-life setting — Manuscript 7



O©CoO~NOOTA~AWNE

new mutations in reverse transcriptase, not seen on previous genotyping and impacting on
future NRTI back-bone options. A large meta-analysis reported low rates of INSTI and
reverse transcriptase resistance in patients failing on DTG, however a lower barrier of

resistance to INSTI and NRTI was seen with RAL/EVG [13].

Adult clinical trials have demonstrated 0 to 4% INSTI discontinuation due to AEs [14]
whereas subsequent cohort data have shown a two to three-fold increased rate of
discontinuation due to AEs [9, 10, 15-19]. Similarly, in this cohort INSTIs were stopped at a
higher rate due to AEs than reported in paediatric clinical trials. DTG use within the
IMPAACT P1093 study found it was well tolerated, with no grade 4/serious AEs or
discontinuations due to AEs; none of the clinical events seen were felt to be attributed to
DTG with no reports of neuropsychiatric events [6, 20]. Phase I/11 trials of RAL in the
IMPAACT P1061 study found 5/96 treatment-experienced 2-18 year olds had AEs but none
resulted in RAL discontinuation [21]. In the infant cohort (aged 4 weeks to 23 months) 1/26
discontinued due to AEs [22]. In this paediatric cohort AEs were documented in 14% leading
to INSTI discontinuation, two thirds (6/9) on DTG. Three out of nine discontinuations were
subsequently assessed to be unrelated to INSTI; neutropaenia and hypertension that persisted
despite INSTI discontinuation, and a reported allergic reaction to RAL was found to be
primary HSV. Further, a previously undiagnosed carnitine deficiency with 2 pathogenic
mutations in SLC22A5 was a predisposing contributing factor in the patient who developed
raised CK on DTG and then RAL. RAL and DTG have been associated with raised CK,
hypothesised by Monteiro et al to be due to individual underlying predisposition [23],
although a relationship between INSTI driven CK elevation and carnitine deficiency has not
been previously described. This patient remains asymptomatic with very mildly elevated CK

on non-INSTI ART. The remaining treatment related AEs were gastrointestinal and neuro-
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psychiatric all in patients taking DTG, resolving on INSTI cessation and comparable to adult
cohort studies [8, 9]. Combined, neuropsychiatric and Gl adverse effects occurred in 4/29
(13.8%) children on DTG. These findings however, differ to those of Briand et al who
conducted a retrospective multicentre study of 50 treatment-experienced young adults
(median age 18, range 15.5-20.2) starting DTG between January 2014 and December 2015 in
France [25]. They reported 2/50 with neuropsychiatric AEs, one requiring cessation of
therapy. Furthermore, no other grade 3 or 4 AEs were described and they did not comment on
gradel/2 AEs, although the primary endpoint of their study was treatment efficacy as
opposed to tolerability of DTG [24]. A recent report [9] suggested adults on DTG-based ART
that included abacavir were significantly more likely to switch to non-DTG containing ART
due to AEs. In our cohort only 2 of the 6 patients experiencing AEs on DTG were also on

abacavir.

The retrospective and non-comparative nature of this study is a methodological limitation, as
is the small sample size. The small numbers do not permit sub-analysis or adjustment for
potential confounding factors contributing to INSTI discontinuation. For example,
neuropsychiatric symptoms may be confounded by complexities inherent to adolescent
transition. Our findings, however, are an important step in appreciating the role of INSTI-
based therapy in real-life paediatric populations where there are paucity of published data.
INSTIs were generally well tolerated, and are available in convenient single tablet regimens
which have been found to result in higher compliance [25], an important factor in reducing
development of resistance and improving long term outcomes in children living with HIV.
Further clinical investigation of INSTI-based ART in children and adolescents in a large

multi-centre prospective cohort is warranted.
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Figure legend

Fig 1 Number of patients on each INSTI by year from May 2009 to March 2018. 37/57
(64.9%) of prescriptions were from 2015 onwards. DTG, dolutegravir; RAL, raltegravir;

EVG, elvitegravir
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Tables

Table 1. Baseline characteristics at INSTI initiation

Variables N=56
Female, n (%) 28 (50%)
Ethnicity

Black African, n (%) 43 (76.7%)

Mixed , n (%)
Caucasian, n (%)
Other, n (%)
Age (yr), median (IQR)
Weight (kg), median (IQR)
VL*, median (IQR)

CD4 count (cells/'mm?), median (IQR)

2
2

9

15 (13.5-16.4)

55 (45-63)

3932 (1185 - 48259)

667 (436, 899)

*for those with viraemia at start
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Table 2. Results by INSTI type

INSTI (n/total, %)

RAL (21/56, 37.5%)

DTG (29/56, 51.8%)

EVG (6/56, 10.7%)

Indication: (n)
Virological failure
Toxicity of previous ART
Simplification
Drug Interactions
Treatment Naive
Median time to suppression, days
(range)
Median exposure yrs, (range)
Discontinued reason: (n)
Simplified to DTG
Planned switch post suppression
Non adherence
Adverse reaction
Virological failure

Total

15
3

2
25.5 (15-55)

2.84 (0.03-8.8)

W wo b

16

5
6

15

1

2

26 (22-32)

1.19 (0-2.65)

PNDNDN

25

1.72 (0.52-3.22)

*two adverse events in one patient taking DTG



Table 3. Adverse Effects by INSTI type

INSTI AJE Time to Sex  Age AJE Grade*  Resolution/ Subsequent Treatment
onset of (yrs)* improvement  alternative related?
AJE (days) post stop diagnosis
RAL Raised CK* 122 M 17.19 Grade 4 Yes Carnitine Yes
deficiency
Neutropenia 83 M 2.42 Grade 2 No None found No
Suspected 10 F 14.26 Grade 2 No HSV stomatitis  No
allergic reaction
DTG Neuropsychiatric 320 F 18.12 Grade 2 Yes Background of  Yes
— deterioration in depression
mood
Neuropsychiatric 183 M 16.69 Grade 1 Yes None found Yes
—sleep
disturbance
Raised CK* 183 M 16.69 Grade 3 Yes Carnitine Yes
deficiency
Raised GGT 220 M 121 Grade 2 Yes None found Yes
Abdominal 2 F 13.98 Grade 2 Yes None found Yes
pain/nausea
Hypertension”® 375 F 15.65 Grade 2 No None found No
EVG None

*At symptom onset; * Confirmed on 24hr ambulatory BP monitoring, requiring amlodopine; *Same patient.
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