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Abstract: We evaluated the effectiveness and safety of direct-acting anti-
virals in adolescents with hepatitis C (HCV)/HIV coinfection using pooled
individual patient-level data from 5 European cohorts. Of 122 partici-
pants in follow-up from November 2013 to August 2021, 19 were treated
<18 years of age; of 15 with HCV RNA available at/after 12 weeks post-
treatment, all had sustained virologic response with acceptable safety. This
evidence addresses an important gap in knowledge of treatment outcomes in
adolescents with HCV/HIV coinfection in real-life settings.

Key Words: hepatitis C, HIV, treatment, adolescents, pediatric, direct-
acting antivirals

(Pediatr Infect Dis J 2024;43:¢155—e159)

hildren and adolescents living with HIV and hepatitis C

(HCV) coinfection have higher risk of progressive liver dis-
ease than children with mono-HCV infection.!” Direct-acting anti-
virals (DAAs) for HCV treatment have cure rates of >90% among
adults.* The first DAA regimen approved for pediatric use by the
European Medicines Agency was sofosbuvir/ledipasvir (SOF/
LDV), approved for adolescents 12—17 years old in 2017. This was
followed by pan-genotypic glecaprevir/pibrentasvir, approved for
adolescents in 2019. In 2020-2021, approvals of some DAA treat-
ments were extended to young children 3 years of age and above.’
However, there remains limited data on safety and effectiveness in
children and adolescents, particularly those with HCV/HIV coin-
fection, despite being a priority group for DAA treatment.> Recent
case-series from Poland and Ukraine reported DAA use in 2 and
6 HCV/HIV coinfected adolescents respectively, all of whom
achieved sustained virologic response (SVR).®7 In this study, we
describe the safety and effectiveness of DA As in adolescents, using
real-world data from a large observational pediatric HIV cohort
collaboration in Europe.

METHODS

The European Pregnancy and Paediatric Infections Cohort
Collaboration includes 18 pediatric observational HIV cohorts
across 15 countries in Europe and Thailand (https://penta-id.org/
hiv/eppicc/). In brief, individual patient-level data are collected on
children and adolescents in routine pediatric HIV care from HIV
diagnosis or first entry to care through to the last visit and include
demographic, clinical, laboratory and treatment data. Data were
pooled using a modified HIV Cohorts Data Exchange Protocol. All
cohorts have approvals from local ethics committees.

Cohort and Participant Inclusion Criteria
Cohorts with data on =1 participant living with HCV/HIV
coinfection who ever received DAA treatment after November 22,
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2013 (date of first approval of DAAs in adults by the EMA?®) were
included in the study. This date was taken as a starting date to cap-
ture any early off-label use in the pediatric population. The latest
date for the data cutoff varied across cohorts, from December 2020
to August 2021.

Participants within the selected cohorts who had posi-
tive HCV antibody at =18 months of age or HCV RNA at =6
months of age and were in follow-up during the defined period
were included. Those <18 years of age and in follow-up after the
DAA approval date were included in the analysis of DAA uptake.
DAA treatment effectiveness was defined as the absence of quan-
tifiable HCV RNA in serum after 12 weeks post-DAA treatment
completion (SVR12). End of treatment (EOT) viral clearance was
defined as undetectable HCV RNA at/after EOT and before week
12. Division of AIDS classification was used to grade the sever-
ity of alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) elevations, assuming an upper limit of normal of
>30 U/L for ALT and =40 U/L for AST.*!! Pretreatment values
were the closest measurements available to DAA start date (from
6 months before, up to and including treatment start date). AST-
to-platelet ratio index (APRI) and Fibrosis-4 score (FIB-4) at pre-
and during treatment were calculated; an APRI score of 21.5 and
a FIB-4 score of =3.25 were considered an indicator of significant
and advanced fibrosis, respectively.'? Median [interquartile range
(IQR)] of all markers are described, along with changes in divi-
sion of AIDS grade or FIB-4 and APRI category during treatment.
Post-treatment laboratory measurements were not available due to
the short duration of follow-up post-treatment in data for analysis.
Data analysis was conducted using Stata (17.0, StataCorp LLC,
College Station, TX).

RESULTS

Data from 5 cohorts in Spain, Poland and the Russian Fed-
eration were included in this analysis. The Spanish cohort is a
multicenter cohort while the Polish cohort and the 3 cohorts in Rus-
sia are all single-center cohorts based in large pediatric infections
referral centers.

Of 2414 children and adolescents ever in pediatric HIV
care in the 5 cohorts, 146 (6%) had documented HCV diagnosis
with positive HCV antibody or HCV RNA results at a median age
of 6.3 [IQR 2.3, 9.0] years. Of these, 4 (3%) died and 20 (14%)
exited the cohorts prior to the start follow-up date (Fig. 1). Of the
4 deaths, 1 was due to liver failure related to HCV at age 16.5
years; 2 deaths were unrelated to HCV and 1 had an unknown
cause.

Of the 146 participants, 122 (84%) remained in follow-up
after the start follow-up date and 90/122 (74%) were viremic. Nine-
teen participants had initiated DAA treatment <18 years old and 21
at age =18 years. One participant died without starting DAAs (not
HCV related).

Among the 19 participants who started DAAs <18 years old,
12 (63%) were female, median [IQR] age of HCV diagnosis and
DAA start was 6.3 [2.3, 9.0] and 15.8 [13.2, 16.3] years, respec-
tively (Table 1). HIV RNA at DAA start (closest 6 months before
to 1 week after) was available for 12 adolescents, 6 (50%) had viral
load <50 copies/mL and 9 (75%) <1000 copies/mL. Sixteen partic-
ipants (84%) received glecaprevir/pibrentasvir (all in Russia) and
3 (16%) SOF/LDV (2 in Poland and 1 in Spain). One participant
started DAAs in 2016, 2 in 2019 and the remaining 16 in 2020.
Duration of DAA treatment ranged from 8 to 16 weeks. All 19 ado-
lescents completed their prescribed course of DAA treatment. One
participant (5%) was reported to have an adverse event of a head-
ache, considered related to SOF/LDV; the event resolved without
treatment change.
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SVRI12 data were available for 15 of 19 (79%) adolescents;
all achieved SVR12. Of the 4 participants with no SVRI12 results
available, 2 (11%) had EOT viral clearance and 2 (11%) had miss-
ing treatment outcome data.

Changes in Laboratory Biomarkers and Fibrosis
Assessments

Pre-DAA treatment ALT and AST measurements were
available for 17 participants, of whom 7 (41%) and 4 (24%) had
raised ALT or AST, respectively, all at grade <2 (Table 1). All nor-
malized during treatment, except for 1 participant with no measure-
ments available after treatment start. One participant with normal
AST pretreatment had grade 1 raised AST during treatment. APRI
and FIB-4 scores were available for 15 participants pretreatment
(Table 1); none had scores indicating significant or advanced fibro-
sis either pre- or during treatment.

One participant was reported to have liver cirrhosis pretreat-
ment, confirmed on liver biopsy, with transient elastography (TE,
FibroScan) 14 kilopascals (kPa) at DAA start (age 16.8 years) and
normal APRI and FIB-4 scores. This participant received SOF/
LDV and achieved SVR12. At approximately 18 months after
completion of DAA treatment, TE result increased to 25.9 kPa,
although no clinical or laboratory liver disease decompensation
was observed and HCV RNA remained undetectable.

DISCUSSION

Children and adolescents with HCV/HIV are a priority group
for treatment due to the higher risk of liver disease progression com-
pared to their HCV mono-infected counterparts.'= This is one of the
first studies reporting the effectiveness and safety of DAAs in ado-
lescents with HCV coinfection. Despite the importance of treatment
in this population living with coinfection, it is possible that a signif-
icant number of children and adolescents with HCV/HIV remained
untreated for 7 or more years after DAAs were first approved in adults
in Europe, reflecting the time-lag in regulatory approval and access to
new treatments in the pediatric population. Among those treated, all
were adolescents. All 15 participants with available HCV RNA results
at/after 12 weeks post-treatment completion achieved SVR12. Due to
4 missing SVR12 results, the conservative estimation of effectiveness
is at least 79% in this cohort. There were no reports of serious clin-
ical or laboratory adverse events or adverse events leading to treat-
ment change or discontinuation. Our conservative SVR12 results are
lower than previously reported due to missing data in 4 participants,
but among those with data, the DAA safety was consistent with case-
studies reporting excellent safety in adolescents®” and adults with
HCV/HIV coinfection.!*!* The favorable treatment outcomes support
WHO and European recommendations to treat all children and adoles-
cents with chronic HCV 3 years old and above, including those with
normal liver function tests and no evidence of liver fibrosis.>'> Further
data on DAA treatment outcomes in younger children (preadoles-
cence) are needed to confirm the safety and effectiveness.>!>1¢

Overall, laboratory markers of liver function improved after
start of treatment, with ALT and AST normalizing in all partici-
pants with raised pretreatment values. No participants were clas-
sified as having significant fibrosis using APRI and FIB-4 scores
either before or during treatment, however, it is important to note
that these measures have not been validated in children. Other limi-
tations of the study include lack of data on DAA dosage and we did
not assess change in HIV outcomes post-DAA treatment.

Importantly, 1 participant had cirrhosis at age 16 years,
confirmed on liver biopsy. For this patient, elevated transami-
nases, ART and other factors could have caused an increase in the

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc
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HCV treatment status

Total children and
adolescents living with HIV,
ever in carein 5 European
cohorts included in the study
n=2,414
Paositive HCV antibody or HCV
RNA
n= 146
Exited HIV care prior to DAA
approval* n=24
> * Transferred** n=17
* LTFUN=3
* Diedn=4
W
In follow up after DAA
approval*
n=122
W A4 N4
Treated n=57 Untreated n=47 Unknown n=18
W v
Received DAA treatment IFN treatment after IFN treatment befare
n=40 DAA approval*t DAA approval*t
19 atage <18 & 21 atage 218 n=1 n=16

*First IFN-free regimen approved by EMA for adult use 22 November 2013
**Transferred to another centre or to adult care
T Treated at age 218 years
DAA - direct acting antiviral, IFN — interferon, LTFU - lost to follow up
FIGURE 1. Participant selection from eligible cohorts in EPPICC. *First IFN-free regimen approved by EMA for adult use
November 22, 2013. **Transferred to another center or to adult care. TTreated at age >18 years. DAA indicates direct-acting
antiviral; IFN, interferon; LTFU, lost to follow-up.

elastography results, nonetheless this highlights the importance pediatric HCV/HIV population, providing one of the first descrip-
of early treatment, ideally at younger ages to minimize the risk of tions of real-world data on DAA use in this population. Further
HCYV disease progression.

Despite the relatively small sample size, these data are, so ulation is needed to ensure children and adolescents are not left
far, the largest number of adolescents to date of DAA treatment in a behind in the global HCV elimination campaign.?

monitoring of the uptake of DAAs in the pediatric HCV/HIV pop-
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TABLE 1. Characteristics of HCV/HIV Coinfected
Adolescents Treated With Direct-acting Antivirals (n = 19)

Demographic Characteristics/
Pretreatment Laboratory
Markers

N (%) or Median [IQR]

Country of cohort
Poland 2 (10.5%)
Russia 16 (84.2%)
Spain 1(5.3%)
Sex, female 12 (63.2%)

Ethnicity, white European 19 (100.0%)

Mode of HIV acquisition

Vertical 17 (89.5%)

Other 1(5.3%)

Unknown 1(5.3%)
Mode of HCV acquisition

Vertical 5 (26.3%)

Unknown 14 (73.7%)
HCV genotype

1b 8 (42.1%)

3 8 (42.1%)

4 3 (15.8%)
Age at HIV diagnosis 1.6 [1.2,2.7]
Age at HCV diagnosis 6.3 [2.3,9.0]
Age at DAA start 15.8 [13.2,16.3]
ART regimen at DAA start

2 NRTI + PI 7 (36.8%)

2 NRTI + NNRTI 7 (36.8%)

2 NRTI + INSTI 3(15.8%)

Treatment interruption 2 (5.3%)

Unknown 1 (5.3%)
HIV RNA <50 copies/mL at DAA start 6 (50%)

(n=12)

CD4 cell count at DAA start (n = 18) 669 [560, 868]
ALT (n=17)

Nonelevated 10 (58.8%)

DAIDS grade 1 (mild elevation) 4 (23.5%)

DAIDS grade 2 (moderate elevation) 3 (17.7%)

Median [IQR] U/L 32 (27, 48]
AST (n=17)

Nonelevated 13 (76.5%)

DAIDS grade 1 (mild elevation) 4 (23.5%)

Median [IQR] U/L 29 [25, 48]
APRI (n = 15)

<0.5 (no significant fibrosis) 12 (80.0%)

0.5-1.5 3 (20.0%)

>1.5 (significant fibrosis) 0

Median [IQR] score 0.32[0.24, 0.50]
FIB-4 (n = 15)

<1.45 (no advanced fibrosis) 15 (100%)

Median [IQR] score 0.31 [0.24, 0.50]

AIDS indicates acquired immune deficiency syndrome; ALT, alanine transaminase;
APRI, AST-to-platelet ratio index; ART, antiretroviral therapy; AST, aspartate ami-
notransferase; DAA, direct-acting antiviral; DAIDS, Division of AIDS; FIB-4, fibrosis-4;
HCV, hepatitis C virus; INSTI, integrase strand transfer inhibitors; NNRTI, non-
nucleoside reverse transcriptase inhibitors; NRTI, nucleoside/nucleotide reverse tran-
scriptase inhibitors; PI, protease inhibitor; U/L, units/liter.

CONCLUSIONS
This study contributes to addressing an important gap
in knowledge of treatment outcomes in adolescents with HCV/
HIV coinfection in real-life settings. The favorable treatment
outcomes observed support current WHO and European recom-
mendations to accelerate DAA treatment for children and ado-
lescents with HCV.
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Magdalena Marczyriska, MD, PhD. Members of the team: Jolanta
Popielska, MD, PhD; Maria Pokorska-Spiewak, MD, PhD;
Agnieszka Oldakowska, MD, PhD,; Konrad Zawadka, MD, PhD;
Magdalena Pluta MD, PhD. Administration assistant: Matgorzata
Doroba. Medical University of Warsaw, Poland, Department of
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Warsaw, Poland.Russia: The City HIV Centre, St Petersburg: Anna
Samarina; St Petersburg Republican Hospital: Inga Latysheva,
Liubov Okhonskaya, Viadimir Rozenberg, Evgeny Voronin, Irkutsk
AIDS Centre: Alexksey A. Plynsky, Yulia Plotnikova.Spain:
CoRISPE-S and Madrid cohort: Receive funding from: Estudio del
andalisis clinico-epidemioldgico de la infeccion por el vih en nifios
y adolescentes, mujeres embarazadas y sus hijos a nivel nacional.
Ministerio Sanidad. Proyect 202007PN0002.Paediatrics Units:
Maria José Mellado, Luis Escosa, Milagros Garcia Hortelano,
Talia Sainz, Carlos Grasa, Paula Rodriguez (Hospital Universi-
tario La Paz, Madrid); Pablo Rojo, Luis Prieto-Tato, Cristina
Epalza, Alfredo Tagarro, Sara Dominguez, Alvaro Ballesteros
(Hospital Universitario Doce de Octubre, Madrid); José Tomds
Ramos, Marta Illan, Arantxa Berzosa, (Hospital Clinico San Car-
los, Madrid); Sara Guillén, Beatriz Soto (Hospital Universitario de
Getafe, Madrid); Maria Luisa Navarro, Jesus Saavedra, Mar San-
tos, David Aguilera, Begoria Santiago, Santiago Jimenez de Ory
(Hospital Universitario Gregorio Maraiion, Madrid); Amanda Ber-
mejo (Hospital Universitario de Mostoles, Madrid); Maria Penin
(Hospital Universitario Principe de Asturias de Alcala de Henares,
Madrid); Jorge Martinez (Hospital Infantil Universitario Niiio
Jesuis, Madrid),; Katie Badillo (Hospital Universitario de Torrejon,
Madrid); Ana Belén Jiménez (Hospital Fundacion Jiménez
Diaz, Madrid); Adriana Navas (Hospital Universitario Infanta
Leonor, Madrid), Eider Onate (Hospital Universitario Donostia,
Guipuzcoa), Itziar Pocheville (Hospital Universitario Cruces, Viz-
caya); Elisa Garrote (Hospital Universitario Basurto, Vizcaya),
Elena Colino, Olga Afonso (Hospital Insular Materno Infantil,
Gran Canaria); Jorge Gomez Sirvent (Hospital Universitario Vir-
gen de la Candelaria, Tenerife); Monica Garzon, Vicente Romadn
(Hospital General, Lanzarote); Raquel Angulo (Hospital de
Poniente de El Ejido, Almeria); Olaf Neth, Lola Falcon (Hospital
Universitario Virgen del Rocio, Sevilla); Pedro Terol (Hospital Uni-
versitario Virgen de la Macarena, Sevilla); Juan Luis Santos,
Alvaro Vizquez (Hospital Universitario Virgen de las Nieves, Gra-
nada); Begoiia Carazo, Antonio Medina (Hospital Regional
Universitario, Malaga); Francisco Lendinez, Mercedes Ibariez
(Complejo Hospitalario Torrecdardenas, Almeria); Estrella Pero-
mingo, Maria Isabel Sanchez (Hospital Universitario Puerta del
Mar, Cddiz); Beatriz Ruiz (Hospital Universitario Reina Sofia de
Cordoba); Ana Grande (Complejo Hospitalario Universitario
Infanta Cristina, Badajoz); Francisco José Romero (Complejo
Hospitalario, Caceres); Carlos Pérez, Alejandra Méndez (Hospital
de Cabueries, Asturias); Laura Calle (Hospital Universitario Cen-
tral de Asturias); Marta Pareja (Complejo Hospitalario Universi-
tario, Albacete); Begoria Losada (Hospital Virgen de la Salud,
Toledo); Mercedes Herranz,(Hospital Virgen del Camino, Navarra),
Matilde Bustillo (Hospital Universitario Miguel Servet, Zaragoza),
Pilar Collado (Hospital Clinico Universitario Lozano Blesa,
Zaragoza); José Antonio Couceiro (Complejo Hospitalario Univer-
sitario, Pontevedra),; Leticia Vila (Complejo Hospitalario Universi-
tario, La Corunia); Consuelo Calviiio (Hospital Universitario
Lucus Augusti, Lugo); Ana Isabel Piqueras, Manuel Oltra (Hospi-
tal Universitario La Fe, Valencia); César Gavilan (Hospital Uni-
versitario de San Juan de Alicante, Alicante); Elena Montesinos
(Hospital General Universitario, Valencia); Marta Dapena
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(Hospital General, Castellon), Beatriz Jiménez (Hospital Universi-
tario Marqués de Valdecilla, Cantabria); Ana Gloria Andrés
(Complejo Hospitalario, Leon); Victor Marugan, Carlos Ochoa
(Complejo Hospitalario, Zamora); Ana Isabel Menasalvas, Eloisa
Cervantes, Beatriz Alvarez (Hospital Universitario Virgen de la
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Spanish AIDS Research Network and collaborating Centers.Adults
Units: Cristina Diez, (Hospital Universitario Gregorio Maraiion,
Madrid). Ignacio Bernardino, Maria Luisa Montes, Eulalia Valen-
cia, Ana Delgado (Hospital Universitario La Paz, Madrid),; Rafael
Rubio, Federico Pulido, Otilia Bisbal (Hospital Universitario Doce
de Octubre, Madrid),; Alfonso Monereo Alonso (Hospital Universi-
tario de Getafe, Madrid); Juan Berenguer, Cristina Diez, Teresa
Aldamiz, Francisco Tejerina, Juan Carlos Bernaldo de Quirds,
Belén Padilla, Raquel Carrillo, Pedro Montilla, Elena Bermiidez,
Maricela Valerio (Hospital Universitario Gregorio Maraiion,
Madrid); Jose Sanz (Hospital Universitario Principe de Asturias
de Alcala de Henares, Madrid); Alejandra Gimeno (Hospital Uni-
versitario de Torrejon, Madrid); Miguel Cervero, Rafael Torres
(Hospital Universitario Severo Ochoa de Leganés, Madrid),; Santi-
ago Moreno, Maria Jesus Perez, Santos del Campo (Hospital
Universitario Ramon y Cajal, Madrid); Pablo Ryan, Jesus Troya
(Hospital Universitario Infanta Leonor, Madrid); Jesus Sanz (Hos-
pital Universitario La Princesa, Madrid);, Juan Losa, Rafael
Gomez (Hospital Universitario Fundacion Alcorcon, Madrid),
Miguel Gorgolas (Hospital Fundacion Jimenez Diaz, Madrid);
Alberto Diaz, Sara de la Fuente (Hospital Universitario Puerta de
Hierro de Majadahonda, Madrid); Jose Antonio Iribarren, Maria
Jose Aramburu, Lourdes Martinez (Hospital Universitario Donos-
tia, Guipuzcoa); Ane Josune Goikoetxea (Hospital Universitario
Cruces, Vizcaya), Sofia Ibarra, Mireia de la Peiia (Hospital Uni-
versitario Basurto, Vizcaya); Victor Asensi (Hospital Universitario
Central de Asturias); Michele Hernandez (Hospital Universitario
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Maria del Mar Alonso, Ana Maria Lopez, Dacil Gareia, Jehovana
Rodriguez (Hospital Universitario de Canarias, Tenerife); Miguel
Angel Cardenes (Hospital Universitario Doctor Negrin, Gran
Canaria); Manuel A. Castario, Francisco Orihuela, Inés Pérez, M*
Isabel Mayorga (Hospital Regional Universitario, Mdalaga); Luis
Fernando Lopez-Cortes, Cristina Roca, Silvia Llaves (Hospital
Universitario Virgen del Rocio, Sevilla); Maria Jose Rios, Jesus
Rodriguez, Virginia Palomo (Hospital Universitario Virgen de la
Macarena, Sevilla); Juan Pasquau, Coral Garcia (Hospital Univer-
sitario Virgen de las Nieves, Granada); Jose Hernandez, Clara
Martinez (Hospital Universitario Clinico San Cecilio, Granada),
Antonio Rivero, Angela Camacho (Hospital Universitario Reina
Sofia, Cordoba); Dolores Merino, Miguel Raffo, Laura Corpa
(Hospital Universitario Juan Ramon Jimenez, Huelva); Elisa
Martinez, Fernando Mateos, Jose Javier Blanch (Complejo Hospi-
talario Universitario, Albacete); Miguel Torralba (Hospital Uni-
versitario, Guadalajara),; Piedad Arazo, Gloria Samperiz (Hospital
Universitario Miguel Servet, Zaragoza); Celia Miralles, Antonio
Ocampo, Guille Pousada (Hospital Alvaro Cunqueiro, Ponteve-
dra); Alvaro Mena (Complejo Hospitalario Universitario, La
Coruna); Marta Montero, Miguel Salavert, (Hospital Universitario
La Fe, Valencia); Maria Jose Galindo, Natalia Pretel (Hospital
Clinico Universitario, Valencia); Joaquin Portilla, Irene Portilla
(Hospital General Universitario, Alicante); Felix Gutierrez, Mar
Masia, Cati Robledano, Araceli Adsuar (Hospital General Univer-
sitario de Elche, Alicante); Carmen Hinojosa, Begoiia Monteagudo
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