Supplemental materials 2. Approved Fixed-Dose antiretroviral Combinations in children and adolescents

1. Emtricitabine/tenofovir disoproxil fumarate/efavirenz (FTC/TDF/EFV)
Between 2017 and 2018, 1053 HIV-1 infected patients aged ≥ 12 years weighing ≥ 40 kg were recruited and enrolled in a 96-week randomized, open-label, non-inferiority phase 3 trial named ADVANCE. The study compared efficacy and safety of two ARV first-line combinations (DTG/FTC and TDF or TAF) with the FTC/TDF/EFV regimen. Patients were randomly assigned in a 1:1:1 ratio to receive FTC/TDF/EFV as a single tablet daily regimen (standard-care group), FTC/TAF/DTG as two tablets daily regimen (TAF-based group), or FTC/TDF/DTG as two tablets daily regimen (TDF-based group). Each group included 351 patients, but the number of children was not specified. In the standard-care group, 96% of patients reached an undetectable viral load, defined as HIV-1 RNA < 50 copies/mL, at week 48, but there was a higher number of discontinuations (n=61) compared with the other two groups. Furthermore, the standard-care group showed a higher proportion of AEs than the other groups (low-grade AEs occurred in 7.4% of patients). Laboratory abnormalities were observed in 23.6% of patients: an increase in liver enzymes was the most common cause (1.4%) of discontinuation for toxicity of the study regimen. There were two deaths, but both were considered unrelated to the trial regimen(42).  
Between December 2008 and December 2009, an open-label, non-randomized study on FTC/TDF/EFV was performed in Italy. In the study, 12 adolescents with undetectable viral load (HIV-RNA <50 copies/mL) treated with 3TC or FTC, TDF, and EFV were switched to a one-pill fixed-dose FTC/TDF/EFV regimen. At the end of the follow-up, the new regimen was associated with increased treatment satisfaction and with improved symptoms, whereas adherence remained high. No immunological or virological significative changes were observed. No AEs were registered. Moreover, the low-level residual HIV-RNA was < 50 copies/mL in all patients(36). 

2. Emtricitabine/tenofovir alafenamide/bictegravir (FTC/TAF/BIC)
One open-label, multicenter, single-arm study on FTC/TAF/BIC was conducted in South Africa, Thailand, Uganda and the U.S. to evaluate pharmacokinetics, safety, and efficacy of the FDC. In a phase 2-3 study fifty children aged 6 to < 12 years weighing ≥ 25 kg with undetectable viral load were treated with FTC/TAF/BIC. Results at week 24 showed virological suppression, defined as HIV-1 RNA < 50 copies/mL, in all patients. The most common AEs were upper respiratory tract infections (14%). All children found the drug palatable and acceptable in shape and size, reaching a median adherence of 98.8% (53). The 48 weeks extension phase of the study enrolled the same 50 children and 50 adolescents aged 12 to < 18 years, weighing≥ 35 kg. The virological suppression was reached by 99% of patients, with a median adherence of 98.8%. The most commonly reported AE was diarrhoea (11%), followed by abdominal discomfort (2%). One child discontinued the study because of anxiety and insomnia(37).

3. Rilpivirine/emtricitabine/ tenofovir disoproxil fumarate (RPV/FTC/TDF) 
RIS-EPICLIN-13/2015 is a multicenter observational study conducted from 2013 to 2015 on RPV/FTC/TDF(49). The study included seventeen vertically HIV-1 infected children and adolescents < 18 years to assess the safety and efficacy of RPV/FTC/TDF once-daily single-tablet regimen. Children were divided into two groups: the undetectable viral load group (n=8, HIV-1 RNA < 20 copies/mL) and the detectable viral load group (n=9, HIV-1 RNA ≥ 20 copies/mL).  Eighty-seven percent of patients in the undetectable viral load group maintained undetectable viral load at week 90, while 88.8% of the detectable viral load group achieved and maintained HIV-1 RNA ≤ 20 copies/mL after 40 weeks. One child developed viral failure due to poor adherence caused by antisocial personality disorder. The CD4+T-lymphocyte count and the CD4+/CD8+ T-lymphocyte ratio improved in both groups. Low-grade AEs were reported in 3 children (18%)(49).

4. Lamivudine/tenofovir disoproxil fumarate/doravirine (3TC/TDF/DOR)
An open-label, non-randomized study named IMPAACT 2014 started in 2018 to evaluate pharmacokinetics, safety, and tolerability of DOR and DOR/TDF/3TC in HIV-1 infected children and adolescents(33). Fifty-five children aged 12-17 years weighing≥ 35 kg were enrolled in the study. In Phase 1, children received a single dose of DOR added to their current therapy regimens (Cohort 1). In Phase 2, 45 children received DOR/TDF/3TC once daily from day 0 through week 96 (Cohort 2). At week 24, 97.7% of children reached HIV-1 RNA < 40 copies/mL, with an improved count of CD4+T-lymphocyte in almost all children (21.1 cells/mm3 to 148.4 cells/mm³). Low-grade AEs were frequently reported: increase in alanine and aspartate aminotransferase (40% and 26.6% respectively), decrease in glomerular filtration rate (42.2%), headache (15.5%) and cough (15.5%) were the most common. No severe AEs were reported (33). The study is still ongoing and long-term efficacy and safety will be assessed at weeks 48 and 96.

5. Lamivudine/dolutegravir (3TC/DTG)
Two studies on 3TC/DTG were included in the systematic review. The first was an open-label, single-arm study started in 2019 to evaluate the efficacy and safety of a two-drug regimen of 50 mg DTG/300 mg 3TC in 32 ART-naïve infected adolescents aged 12 to < 18 years weighing ≥ 25 kg. The study will be completed in 2026 and results are not available (43). The second study was a randomized non-inferiority trial called D3 (Penta21) to assess safety and efficacy of DTG/3TC in infected virologically suppressed children aged 2-15 years. The study started in 2021 and the estimated study completion date is April 2025 (44).

6. Emtricitabine/ tenofovir alafenamide/elvitegravir/cobicistat (FTC/TAF/EVG/COBI)
From 2013 to 2014, a 48-week, single-arm open-label trial was conducted to assess pharmacokinetics, safety, and efficacy of the FTC/TAF/EVG/COBI single-tablet regimen(38). The study involved 50 children aged 12 to 18 years weighing ≥ 35 kg. Children received 200 mg FTC/10 mg TAF/150 mg EVG/150 mg COBI FDC once daily for 48 weeks, with the completion of the study by all but two children who discontinued the regimen at weeks 8 and 12. Virological suppression, defined as HIV-1 RNA < 50 copies/mL, was reached by 92% of children, the median adherence was 98%, and the mean baseline CD4+T-lymphocyte count increased from 471 cells/mm3 at baseline to 685 cells/mm3 at week 48. The most common AEs were nausea (20%), abdominal pain (12%), and vomiting (10%). Four children had a serious AE but no one of those discontinued the study regimen. Long-term efficacy and safety will be assessed in the extension phase after 48 weeks(38). The same study was extended to 23 children aged 6-11 years with undetectable viral load. The children were enrolled and treated with the FDC oral formulation of FTC/TAF/EVG/COBI regimen once daily. All children maintained viral suppression and adherence > 95% was reported in 70% of patients at week 24. No children discontinued the study or developed any serious AEs(40). 
An observational retrospective study investigating the rate and outcomes of off-label prescription of ART was conducted on 225 perinatally HIV-1 infected children enrolled in the Italian Register for HIV Infection in Children followed between 2001 and 2018. (15). FTC/TAF/EVG/COBI regimen was prescribed in 11 patients, of which 5 (45.5%) were off-label. At the last follow-up evaluation, the viral load was undetectable in all children receiving FTC/TAF/EVG/COBI, both off-label and on-level regimens (15).
7. Emtricitabine/tenofovir disoproxil fumarate/elvitegravir/cobicistat (FTC/TDF/EVG/COBI)
An open-label clinical trial on FTC/TDF/EVG/COBI was conducted from 2012 to 2018 (39). The study recruited fifty HIV-1 infected ARV-treatment naïve children aged 12-17 years weighing ≥ 35 kg and evaluated pharmacokinetics, safety, and tolerability of the regimen through 48 weeks.  Forty-three children completed the study, while seven discontinued because of: lack of efficacy, non-compliance with the study drug, withdrawal consent, and loss at follow-up. At week 48, virological suppression, defined as HIV-1 RNA < 50 copies/mL, was reached by 88% of patients, with an improvement of 8.1% in CD4+T-lymphocyte proportion from baseline. Ninety-two percent of children developed AEs, most commonly: vomiting (20%), nausea (16%), diarrhoea (16%), upper respiratory tract infections (36%), headache (24%), and acne (16%). Serious AEs were reported in 10% of children, such as anaemia (2%), pneumonia (2%), disseminated tuberculosis (2%), acute kidney injury (2%), and suicidal behaviour (2%)(39).

8. Lamivudine/ tenofovir disoproxil fumarate/efavirenz (3TC/TDF/EFV)
Eighty HIV-1 infected children aged 3 to 18 years weighing ≥ 15 kg were enrolled in a 96 weeks prospective, non-randomized, open-label, multicenter study to evaluate efficacy, safety, and pharmacokinetics of 3TC/TDF/EFV regimen (34). Children were switched from a two-NNRTIs plus NNRTI first-line regimen to 3TC/TDF/EFV regimen. The mean duration of ART was seven years before recruitment. Children were divided into two arms: the TDF group (n=40) and the control group (n=40). Ninety-eight percent of children in the TDF group and 85% in the control group reached undetectable viral load, defined as HIV-1 RNA < 50 copies/mL, at week 96. There was no significant change in the CD4+T-lymphocyte count over 96 weeks. The study regimen was well tolerated and treatment adherence was > 95% in all children. The most common AEs were upper respiratory tract infections, with 31 episodes in the TDF group and 41 episodes in the control group. No serious AEs occurred in the TDF group(34).

9. Emtricitabine/tenofovir alafenamide/darunavir/cobicistat (FTC/TAF/DRV/COBI) 
A randomized, open-label study started in 2017 to evaluate the acceptability of swallowing the DRV/COBI and FTC/TAF/DRV/COBI FDC tablets(45). Placebo tablets were used to not interfere with children’s active ART. Twenty-seven children aged 12 to < 18 weighing ≥ 40 kg were enrolled. Children were asked to fill out a questionnaire reporting the acceptability of daily intake of the FDC tablets and how they felt about swallowing the pills. All children completed the study and questionnaires showed a successful intake in all cases, with all children ingesting placebo tablets at the first attempt. Most children (63%) defined FDC tablets as “very easy” to swallow. Ninety-three percent of children considered each tablet to be at least acceptable for use over an extended time. No AEs occurred during the study period(45).

10. Abacavir/lamivudine/dolutegravir (ABC/3TC/DTG)
Between 2015 and 2017, twelve HIV-1 infected children with a median age of 16.4 were treated with ABC/3TC/DTG FDC, administered as the first ART or as a simplification strategy because of poor adherence to current treatment(50). Viral suppression, defined as HIV-1 RNA < 50 copies/mL, was observed in all children who underwent ART simplification, without relevant changes in the CD4+T- lymphocyte count. Tablet size was considered problematic by both children and their parents. Regarding AEs, two girls showed oppositional and defiant psychiatric disorders during the first week of treatment, however, they continued the study regimen. No other AEs occurred and no deaths were reported(50).
An open-label, non-randomized, multicenter study (IMPAACT 2019) started with the aim of evaluating pharmacokinetics, tolerability, and safety of ABC/3TC/DTG FDC dispersible and immediate release tablets. The study enrolled both treatment-experienced and treatment-naïve children aged < 12 years (35,52). Data assessments are ongoing but preliminary results showed that ABC/3TC/DTG is safe and well-tolerated in children (35,52).
An Italian observational study conducted in 2022 analyzed the DTG/ABC/3TC regimen prescribed in 26 patients, of which 8 (30.8%) were off-label. The viral load was undetectable at the last follow-up evaluation in 87.5% of off-label patients and in 77.7% of on-label patients, although without a statistical significance (p = 0.561)(15).

11. Emtricitabine/tenofovir alafenamide (FTC/TAF)
A multi-cohort non-randomized open-label switch trial started in 2015 to evaluate FTC/TAF in HIV-1 infected children with an undetectable viral load on a 2-NRTI based regimen(46). Forty-one children aged 1 month to 17 years were enrolled in two cohorts: (a) Cohort 1: children aged 12 to 17 years weighing ≥ 35 kg; (b) Cohort 2 Group 1: children aged 6 to < 12 years weighing ≥ 25 kg; (c) Cohort 2 Group 2: children aged 2 to < 12 years weighting 17 to < 25 kg. The study has not been completed, but week 24 results showed an undetectable viral load, defined as HIV-1 RNA < 50 copies, in 92.9% of patients in Cohort 1, 100% of patients in Cohort 2 Group 1, and 66.7% of patients in Cohort 2 Group 2. Eighty-nine percent of children in Cohort 1 and 100% of children in both Groups of Cohort 2 reported good acceptability of FTC/TAF formulation in shape and size. Up to week 48, 75% of children in Cohort 1, 77.7% in Cohort 2 Group 1, and 66.6% in Cohort 2 Group 2 developed low-grade AEs. Headache (25%) and vomiting (17.8%) were the most common AEs in Cohort 1. Nasopharyngitis (33.3%) and dental caries (22.2%) were the most common AEs in Cohort 2 Group 1. Viral upper respiratory tract infections (66.6%) were the most common AEs in Cohort 2 Group 2. No severe AEs occurred in both group of Cohort 2, while 7.14% of children of Cohort 1 showed serious AEs such as diarrhoea (3.5%), electrolyte imbalance (3.5%), and syncope (3.5%) (46) (63).
In the ADVANCE study, patients were randomly assigned in a 1:1:1 ratio to receive: (a) FTC/TDF/EFV as a single tablet daily regimen (standard-care group), (b) FTC/TAF/DTG as two tablets daily (TAF-based group), (c) FTC/TDF/DTG as two tablets daily (TDF-based group)(42). Undetectable viral load, defined as HIV-1 RNA < 50 copies, was reached by 96% of patients in the TAF-group at week 48. Low-grade AEs were observed in 5.9% of patients, with slightly more frequent insomnia (1.7%) in the TAF-group compared with the other two groups. One patient discontinued the study due to an increase in liver enzymes, but a lower proportion of laboratory abnormalities (7.4%) was reported in the TAF-based group than in the others. There was one death, considered unrelated to the study drug(42).

12. Abacavir/lamivudine (ABC/3TC)
In 2007 the Antiretroviral Research for Watoto (ARROW) trial team started an open-label, parallel-group randomized trial to evaluate antiretroviral therapy strategies in 1206 children aged 3 months to 17 years with HIV infection (48). Clinical-driven monitoring was compared with laboratory plus clinical monitoring for ARV toxicity and efficacy. Simultaneously, a standard first-line ART regimen (two NRTIs plus one NNRTI, group A) was compared with regimens based on induction with four drugs (NNRTI/ABC/3TC/zidovudine, groups B and C) for 36 weeks and subsequently maintenance with three medications. Specifically, group B received maintenance with NNRTI/ABC/3TC and group C with zidovudine/ABC/3TC. After at least 36 weeks and additional randomization evaluated a simplification regimen: eligible children were randomized to twice versus once daily ABC/3TC-based regimen. The aim was to determine whether changing from a twice to once daily regimen would have a similar outcome regarding virological suppression and improve treatment adherence. The study was completed in 2012: results showed that 71.7% of children receiving a twice-daily regimen and 69.4% of those who underwent once daily regimen reached undetectable viral load, defined as HIV-1 RNA < 80 copies/mL, at week 96. The CD4+T-lymphocyte proportion improved in both groups of children, with an increase of 2.5% in the twice-daily regimen and of 1.7% in the once-daily regimen. Low-grade AEs occurred in 7.81% of children treated with twice-daily ABC/3TC and in 9.82% of those treated with once-daily ABC/3TC: neutropenia without clinical symptoms was the most common in both cases (4.50% and 6.55% respectively). Eleven percent of children treated with the twice-daily regimen and 8.93% of those treated with the once-daily regimen showed serious AEs and malaria was the most frequent in both groups (7.81% and 5.65%) (48).
Twenty-four children aged 2 to 13 years were enrolled in a single sequence, 2-period, cross-over, open-label study called PENTA 13 conducted to compare twice daily versus once daily ABC/3TC(41). Adherence was evaluated by the administration of a questionnaire investigating the number of doses missed during the previous three days and the impact of tablets on everyday life. Other questions asked whether children preferred twice or once daily dosing and changes in the perceived ease of taking pills. Eighteen patients (75%) retained undetectable viral load, defined as HIV-1 RNA < 100 copies/mL, during the first 24 weeks, 3 patients rebounded at week 48 (346 copies/mL), 4 children had a single HIV-1 RNA > 100 copies/mL at week 12 but reached HIV-1 RNA < 100 copies/mL at week 48, 2 patients were persistently above 100 copies/mL. No child switched back to twice daily ABC/3TC regimen during the study. Full adherence was reported in 93% of completed questionnaires, while non-adherence was reported in 6 children (i.e. answers: “not at home,” “forgot,” and “routine was different from normal”). Ninety-six percent of caregivers considered switching from twice to once-daily regimens easy for their child, while 38% of caregivers reported problems with the taste of FDCs. Overall, adherence and acceptability outcomes in the study suggested the importance and efficacy of once-daily regimens for caregivers and children (41).
A case series prospectively collected data from 13 HIV-1 vertically infected children treated with weight-adapted ABC/3TC individualized dose compounded capsules from 2010 to 2016 in Barcelona (51). Since children did not weigh enough to receive the adult regimen, once-daily individual ABC and 3TC doses were calculated according to the child’s body (16 mg/kg for ABC, 8 mg/kg for 3TC). Of the enrolled patients, four were off ART, and two met AIDS criteria. An undetectable viral load, defined as HIV- RNA < 50 copies/mL, was reached by 92.3% of children: the seven virologically suppressed children at baseline maintained undetectable viremia, while five children developed viral suppression with the ABC/3TC regimen. According to clinical interviews, adherence was optimal (>95%) in 76.9% of children, without relevant changes in CD4+T-lymphocyte count nor AEs related to the study regimen. All children and their parents or caregivers were satisfied with the study regimen. As of 2016, 9 patients discontinued the study because of the switch to an adult regimen (n=5), loss to follow-up (n= 2), and poor adherence (n= 2). Although further studies are needed, the long-term use of ABC/3TC individualized dose compounded capsules was practicable, effective, and safe in HIV-1 infected children. This strategy will also likely improve ART adherence in the paediatric population(51).
From 2005 to 2007, 1858 patients aged ≥16 were enrolled in a 96-week partially blinded study and randomly assigned to receive EFV or ATV/RTV given with ABC/3TC or FTC/TDF(47). Participants were followed for 112 weeks. Undetectable viral load, defined as HIV-1 RNA < 50 copies/mL, was reached by 75% of those receiving ABC/3TC, and the median CD4+T-lymphocyte count increase from baseline was 194 cells/mm³ in this group. AEs were more common in the ABC/3TC group, developed by 33% of children. The most common AEs in the ABC/3TC group were: discomfort, fever, itching, rash, and headache. AIDS events were reported in 7% of patients receiving ABC/3TC. Suspected drug-related hypersensitivity occurred in 7% of patients in each group. (47).

13. Emtricitabine/tenofovir disoproxil fumarate (FTC/TDF)
The efficacy and safety of FTC/3TC were assessed in a 96-week partially blinded study on EFV or ATV/RTV given with ABC/3TC or FTC/TDF(47). Eighty percent of patients treated with FTC/TDF-based regimen reached undetectable viral load, with a median increase in CD4+T-lymphocyte count of 199 cells/mm³ from baseline. AEs occurred in 20% of subjects receiving FTC/TDF, with discomfort and asthenia as the most common (10%). AIDS events occurred in 4% of these patients(47).
In the ADVANCE study, already described focusing on standard-care and TAF-based groups, patients were randomly assigned in a 1:1:1 ratio to receive FTC/TDF/EFV as a single tablet daily (standard-care group), FTC/TAF/DTG as two tablets daily (TAF-based group), or FTC/TDF/DTG as two tablets daily (TDF-based group) (42). The undetectable viral load, defined as HIV-1 RNA < 50 copies/mL, was reached by 95% of patients in the TDF-based group at week 48. Low-grade AEs occurred in 5.4% of children: the most frequent were hypertension (3.7%) and laboratory abnormalities (10.5%). Unlike the other two groups, no one in the TDF-based group discontinued the trial drug because of any AEs. There was one death, considered unrelated to the study drug (42).  
In an Italian observational study conducted in 2022, FTC/TDF was prescribed as off-label medication in 11 patients. At the last follow-up evaluation, an undetectable viral load was reached by 81.8% (of patients(15).

14. Lopinavir/ritonavir (LPV/r)
In an Italian observational study conducted in 2022, LPV/r was prescribed in 55 patients, of which ten were off-label. At the last follow-up evaluation, an undetectable viral load was reached by 90.0% of off-label patients and by 82.2% of on-label patients, although without a statistical significance (p = 0.547) (15).
