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Abstract

Introduction: Long-term real-world data on bictegravir/emtricitabine/tenofovir alafe-
namide (BIC-STR), particularly in key subgroups, remain limited. The primary endpoints
of the study were changes in CD4+ cell count and viral load after BIC-STR introduction. The
secondary endpoints were the impact of the therapy on metabolic profile and body mass
index. Methods: Retrospective observational cohort study including people living with
HIV (PLWH) receiving BIC-STR with more than 6 months of follow-up at a tertiary Infec-
tious Diseases clinic (Perugia, Italy). Inmunovirological outcomes (HIV-RNA, CD4 count,
CD4/CDS8 ratio) and metabolic parameters were assessed up to 48 months, with subgroup
analyses (treatment-naive/experienced, >60 years, women, and foreign nationals). Results:
425 patients were included (median follow-up 37.7 months, IQR, 22.1-55.8 months). Most
were treatment-experienced (367/425, 86.4%) and viral suppression improved after switch-
ing, reaching 90.7% with HIV-RNA < 50 cp/mL; HIV-RNA declined mainly within the first
6 months and then remained stable. CD4 count and CD4/CD8 ratio increased significantly
over time, with similar immunovirological trends in older patients (>60 years; 138/425,
32.3%), women (94/425, 22.1%), and foreign nationals (143/425, 33.7%). In treatment-
experienced patients not on statins, HDL and LDL did not change significantly, while
triglycerides decreased (median from 110 mg/dL, IQR 78.0-164.0, to 103 mg/dL, IQR
70.3-147.8; p = 0.007). In ART-naive patients (58/425, 13.6%), HDL (median from 41, IQR,
33.0-47.0 to 47, IQR 39.0-54.7, p = 0.0003) and BMI (median from 23.2, IQR 21.7-26.3 to 25.7,
IOR 23.4-29.0, p < 0.0001) increased, whereas other lipid changes were not significant. BMI
increased only in underweight and normal-weight naive patients, not in overweight/obese
individuals. Conclusions: BIC-STR showed sustained effectiveness, immunological bene-
fit, and favourable metabolic outcomes in routine practice, including, PLWH > 60 years,
women, and foreign nationals subgroups.
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1. Introduction

The evolution from early monotherapy to modern antiretroviral therapy (ART) has
transformed HIV from a frequently fatal disease into a manageable chronic condition [1].
Bictegravir is a second-generation integrase strand transfer inhibitor (INSTI) that represents
a significant advancement in antiretroviral therapy, offering potent antiviral activity, a high
genetic barrier to resistance, once-daily unboosted dosing, minimal drug-drug interactions,
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and availability as a complete single-tablet regimen with emtricitabine and tenofovir
alafenamide (B/F/TAF, marketed as Biktarvy) [2].

Clinical trials have shown the non-inferiority of the bictegravir single-tablet regimen
(BIC-STR) to different regimens in both treatment-experienced and naive patients and these
data have been confirmed in real-life studies [3-10].

This study is the result of a cohort observation that lasted 6 years. Our group pre-
viously published an observational study on a cohort of people living with HIV (PLWH)
on ART with BIC-STR followed by the Clinic of Infectious Diseases of Santa Maria della
Misericordia Hospital, Perugia, Italy [7].

The aim of this update is to confirm the durability, clinical efficacy and the metabolic
impact of BIC-STR with a longer follow-up period and to focus on specific subgroups that
may have different characteristics and responses to a specific therapy.

In particular, the PLWH population is fortunately ageing; therefore, it is fundamental
for clinicians to establish the adequacy of the therapy especially in frail population such as
the elderly (age > 60 years). Furthermore, although women living with HIV (WLWH) are
more than half of PLWH in the world, they are often unrepresented in clinical study both
in clinical trials and real-life studies. This disparity is primarily driven by the fact that real-
world evidence originates predominantly from European cohorts, where the HIV epidemic
is concentrated among males. For instance, according to national surveillance data in Italy,
males accounted for 79.2% of all new HIV diagnoses in 2024. Consequently, this regional
demographic skew limits the generalizability of real-world data to the global female
population [11]. Another important issue is human migration, which may significantly
influence the treatment adherence and care continuity in PLWH. For this reason, this study
also aimed to analyse the subgroups of elderly, WLWH and foreign-born PLWH in therapy
with BIC-STR.

2. Materials and Methods
2.1. Patients and Data Collection

This observational, retrospective cohort study evaluated PLWH receiving ART with
BIC-STR followed by the Clinic of Infectious Diseases of Santa Maria della Misericordia
Hospital of Perugia, Perugia, Italy. Eligible PLWH in therapy with BIC-STR from September
2019 to September 2025 were enrolled in the study. The study was approved by the local
Ethics Committee (Comitato Etico Regionale—Umbria, protocol number 27300/23/ON—
24 May 2023; Registro CER N.: 4551/2023) and conducted according to the Declaration of
Helsinki. All patients provided written informed consent for the use of their anonymized
data at the time of admission to our department.

The only exclusion criterion was a follow-up duration of less than 6 months after initia-
tion of BIC-STR. In the durability analysis, patients who discontinued BIC-STR before com-
pleting 6 months of follow-up were included. Data were extracted from electronic medical
records (Netcare®, Healthware, Salerno, SA, Italy) and analysed in an anonymized form.

Similarly to our previous study on this topic [7], the following clinical and demo-
graphic information was collected for each patient: demographic characteristics (age, sex),
HIV risk factors, Centers for Disease Control and Prevention (CDC) classification, history
of opportunistic infections, comorbidities, pre-BIC antiretroviral regimen and its duration,
metabolic profile (including statin therapy), body mass index, plasma HIV-RNA levels,
CD4+ T-cell count, and the CD4/CDS8 ratio at different time-points (6, 12, 24, 36 and
48 months).

The primary endpoints of the study were changes in CD4+ cell count and viral load
following the BIC-STR introduction. The secondary endpoints included the impact of
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the therapy on the metabolic profile, the immunological recovery (defined as CD4 cell
count > 500 cell/ mm3), and on the residual viremia.

Effectiveness was defined as HIV-RNA < 50 copies/mL and residual viremia
was defined as detectable HIV-RNA (>20 copies/mL) that did not fulfil the criteria
for virological failure. Virological failure was defined as two consecutive HIV-RNA
measurements > 50 copies/mL obtained at least 1-2 months apart [12,13].

2.2. Statistical Analysis

Descriptive variables were summarised as counts and percentages for categorical data,
and as mean =+ standard deviation (SD) or median with interquartile range (IQR) for contin-
uous data, as appropriate. The cohort was stratified into treatment-naive versus treatment-
experienced patients, older patients (cut-off: 60 years), women, and foreign nationals.

In addition, to confirm the findings of our previous study on this cohort [7], we
updated the evaluation of variables associated with favourable immunological recovery
(CD4 > 500 cells/mm?3) and with residual viremia. Based on clinical relevance, the following
variables were selected: age, sex, time on BIC-STR, history of opportunistic infections,
presence of >2 comorbidities, HCV and HBV coinfections, nadir CD4 count, and zenith
plasma HIV-RNA.

Univariate analyses were performed using the chi-square test, Fisher’s exact test,
paired or unpaired ¢-test, Wilcoxon signed-rank test, or Mann—-Whitney U test, as appro-
priate. Wilcoxon signed-rank and Mann-Whitney U tests were applied when data were
not normally distributed or when variances were unequal. Multivariate logistic regression
models included variables that reached statistical significance in the univariate analysis
(p <0.05). Results are reported as odds ratios with 95% confidence intervals (CI) and
p-values. Model fit was assessed using the Hosmer—Lemeshow test.

Statistical analyses were performed using GraphPad Prism version 8.3. A p-value < 0.05
was considered statistically significant.

3. Results

A total of 468 patients received BIC-STR at our centre during the study period; of these,
43 were excluded from the main analysis because their follow-up was less than 6 months.
Among these excluded patients, three discontinued BIC-STR therapy due to adverse events
and two died. Furthermore, nine patients were lost to follow-up. All patients were included
in the durability analysis (N = 468). The median follow-up on BIC-STR for the overall
cohort was 3.1 years (interquartile range, IQR 1.8-4.6 years).

Overall, 425 PLWH were included (Table 1). Most were male (331/425, 77.9%) and
Italian (300/425, 77.9%), with a median age of 53.4 years (IQR 43.9-63.2; range 15.8-87.7).
The comorbidity burden was substantial: 320/425 (75.3%) had >2 comorbidities. Dys-
lipidaemia was the most frequent (198/425, 46.6%), followed by hypertension (126/425,
29.6%). Obesity was observed in 93 patients (21.9%), and the median body mass index
(BMI) was 25.0 kg/ m? (IQR 22.6-27.7). HCV coinfection was reported in 84 patients (19.8%),
although only 7 (1.6%) had detectable HCV-RNA at the time of the last observation. HBV
coinfection was present in 121 patients (28.5%), and 49 (11.5%) were HBsAg-positive at the
most recent assessment.

The prevalence of latent tuberculosis infection (LTBI) was higher among foreign na-
tionals (18/143, 12.5%) than in the overall cohort (26/425, 6.1%). Among the 26 patients di-
agnosed with LTBI, 20 initiated preventive therapy with isoniazid (the remaining 6 patients
either declined or had poor compliance). Seven of these patients received isoniazid con-
comitantly with BIC-STR for a median duration of 9.5 months (IQR 9-12). Concomitant
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treatment was well tolerated, with only one patient experiencing a relevant adverse event

(elevated transaminases), and no other significant drug—drug interactions were observed.

Table 1. Demographic characteristics of the overall population and the subgroups. Follow-up > 6 months.

Group Overall Population Old (>60 Years) Women Foreign
N 425 138 94 143
Age, median (IQR) 53.4 (43.9-62.1) 64 (62.2-59.4) 49.6 (43.7-56.7) 45.7 (37.1-52.3)
Male, N (%) 331 (77.9) 122 (88.4) 81 (56.6)
Italians, N (%) 300 (70.5) 121 (87.6) 41 (43.6)

CDC C, N (%) 126 (31.3) 50 (36.2) 34 (36.1) 39 (27.2)
Comorbidities >2, N (%) 320 (75.2) 128 (92.7) 66 (70.2) 93 (65.0)
Dyslipidaemia, N (%) 198 (46.5) 79 (57.2) 42 (44.6) 54 (37.7)
Statin therapy before 48 (11.3) 34 (24.6) 4 (4.3) 6(4.2)
Statin therapy after 115 (27.1) 70 (50.7) 17 (18.1) 22 (15.3)
Hypertension, N (%) 126 (30.0) 71 (50.0) 23 (20.0) 25 (20.0)
Chronic liver disease, N (%) 113 (26.5) 46 (33.3) 20 (21.2) 32 (22.3)
Metabolic syndrome, N (%) 39 (9.1) 19 (13.7) 9 (9.5) 7 (4.8)
Obesity, N (%) 93 (21.8) 23 (16.6) 37 (39.3) 41 (28.6)
f,rzf/i‘;ty depressive syndrome, 45 ;1 5) 18 (13%) 11 (11.7%) 13 9.0)
Neoplasia, N (%) 48 (11.2) 26 (18.8) 8 (8.5) 11 (7.6)
DM2, N (%) 47 (10.0) 31 (20.0) 9 (10) 22 (15.5)
CAD, N (%) 38 (8.9) 22 (16) 3(3.1) 5(3.4)
COPD, N (%) 29 (7.0) 19 (14) 4(4.0) 5(3.0)
CKD, N (%) 28 (6.5) 21 (15.2) 4(42) 8 (5.6)
Latent tuberculosis, N (%) 26 (6.1) 9 (6.5) 7 (7.4) 18 (12.5)
Stroke history, N (%) 14 (3.3) 9 (6.5) 2(2.1) 0 (0.0)
BMI, median (IQR) 25 (22.5-27.7) 25.2 (23.1-27.7) 24.6 (21.0-28.4) 25.1 (22.4-29.7)
HCV ab positive, N (%) 84 (19.7) 38 (27.5) 19 (20.2) 19 (13.3)
HCV RNA detectable, N (%) 7 (1.6) 2 (1.4) 2(2.1) 2 (1.3)
HBsAg positive, N (%) 49 (11.5) 21 (15.2) 7 (7.4) 19 (13.2)

Nadir CD4 count cell/mm3,
median (IQR)

187.5 (57.7-344.7)

129.0 (48.0-292.0)

190 (64.0-306.0)

217 (97.0-353.0)

HIV-RNA Zenith cp/mL, 170,000 226,000 222,000 222,000
median (IQR) (52,050-709,750) (49,090-753,000) (67,050-568,500) (67,050-568,500)
Previous ART (last before
Biktarvy), N 361:
INSTIL, N (%) 267 (62.8) 110 (79.7) 56 (59.6) 80 (56.0)
NNRTI, N (%) 48 (11.2) 10 (7.2) 16 (17) 25 (17.4)
PI N (%) 58 (13.6) 17 (12.3) 17 (18) 22 (15.3)
TAF backbone, N (%) 240 (56.4) 82 (59.4) 50 (53.1) 78 (54.5)
ABC backbone, N (%) 43 (10.1) 26 (18.8) 8 (85.0) 10 (7.0)
Dual-th, N (%) 26 (6.0) 11 (8.0) 7 (7.0) 9 (6.0)
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Table 1. Cont.

Group Overall Population Old (>60 Years) Women Foreign
Months on ART pre-switch,

median, (IOR) 113 (90.4) 148 (90.4) 131 (97.1) 105 (87.2)
Availability of drug-resistance

test, N (%) 307 (72.2) 105 (76.0) 60 (63.8) 101 (70.6)
Drug resistance (> 1), N (%) 206 (48.5) 31 (29.5) 29 (29.3) 29 (29.3)
Medical examination N/year, 5 g 31 2.2 (1.9-6.5) 2.4(1.9-32) 2.5 (2.0-3.2)

median (IQR)

CDC, Centers for Disease Control and Prevention; ART, anti-retroviral therapy; INSTI, Integrase inhibitor;
NNRTI, Non-Nucleoside Reverse Transcriptase Inhibitor; PI, Protease Inhibitor; TAF, Tenofovir alafenamide; ABC,
abacavir; Dual-th, dual-therapy; Chronic Coronary Artery Disease, CAD; DMII, Diabetes mellitus type II; CKD,
Chronic Kidney Disease; COPD, Chronic Obstructive Pulmonary Disease; BMI, body mass index; SD, standard
deviation; IQR, interquartile range.

The median nadir CD4 count was 187.5 cells/mm? (IQR 57.8-344.5 cells/mm?), and
the median HIV-RNA zenith was 170,000 cp/mL (IQR 52,050-709,750 cp/mL). A nadir
CD4 < 200 cells/mm? was observed in 213/425 (50.1%) individuals; among these, 128/213
(60.1%) had a prior AIDS diagnosis. The most common opportunistic infections of the
study population before initiating ART were Pneumocystis jirovecii pneumonia (40/128,
31.3%), Kaposi sarcoma (23/128, 18.0%), neurotoxoplasmosis (16/128, 12.7%), and oe-
sophageal candidiasis (15/128, 11.8%). Notably, 23/128 (18.0%) had a history of two or
more opportunistic infections.

Genotypic resistance testing prior to BIC-STR initiation was available for 307/425 patients
(72.2%). No mutations affecting INSTI activity were detected. The M184V mutation was
identified in 9/307 (2.1%), while additional mutations were reported in 88/307 (28.7%).

Most participants were treatment-experienced (367 /425, 86.4%), with a median ART
duration of 11 years (IQR 5-16). Before switching to BIC-STR, regimens most commonly
included INSTIs (267/367, 72.8%), followed by PIs (58/367, 15.8%) and NNRTIs (48/367,
13.1%). Among individuals on prior INSTI-based therapy, the distribution of specific
drugs was as follows: elvitegravir (47.9%), dolutegravir (39.7%), raltegravir (12.0%), and
cabotegravir (0.4%). Regarding backbone therapy, 240/367 (65.4%) were receiving TAF,
43/367 (11.7%) abacavir (ABC), and 26/367 (7.0%) were on dual therapy. Among PLWH
receiving prior dual therapy (N = 26), the reasons for switching to BIC-STR were virological
concerns for 11 patients (42.3%), regimen simplification for 7 (26.9%), and clinical choice
for the remaining 8 individuals (30.8%).

During follow-up, 55/468 (11.8%) of patients were lost to follow-up or transferred care
and 100/468 (21.4%) patients discontinued therapy. Among these, 63/468 (13.5%) switched
to dual therapy for regimen simplification and 18/468 (3.8%) died. Discontinuation was
mainly attributed to adverse events (12/468, 2.6%) and virological failure (8/468, 1.7%),
while 5/468 (1.1%) discontinued due to drug—drug interactions or other contraindications.
Neurological adverse events were the most frequent (9/12, 75.0%) reasons for discontinua-
tion, including sleep disturbances, anxiety, and headache; other reported events included
myalgia, prurigo nodularis, and renal impairment. Figure 1 depicts the Kaplan-Meier
estimates of treatment persistence on BIC-STR over a three-year follow-up period (N = 325).
To evaluate changes subsequent to BIC-STR initiation, treatment-naive and treatment-
experienced patients were analysed separately. In the treatment-experienced subgroup
(N =367), the median follow-up was 3.2 years (IQR 2.0-4.7). A significant improvement
in CD4+ count (absolute and percentage) and in the CD4+/CD8+ ratio was observed
(Table 2; p < 0.0001). Viral suppression also increased substantially: the proportion with
HIV-RNA < 50 cp/mL rose from 223 /365 (60.7%) before switching to 333/367 (90.7%) after
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switching. Among patients already suppressed to <50 cp/mL pre-switch, the median dura-
tion of suppression was 5.5 years (IQR 2.9-10.3). Using the stricter threshold of <20 cp/mL,
189/367 (51.5%) patients were suppressed at baseline, increasing to 286/367 (76.0%) after
the switch (p < 0.0001).

Durability at three years
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Figure 1. Kaplan—-Meier curve showing the probability of remaining on bictegravir /emtricitabine/
tenofovir alafenamide single-tablet regimen (BIC-STR) over 3 years of follow-up (N = 325). Discontin-
uation of BIC-STR for any reason was considered the event; patients were censored at last available
follow-up.
Table 2. Immuno-virological and metabolic variation after switch to Biktarvy in ART experienced pa-
tients (N = 367). Cholesterol and triglycerides data were analysed only in patients not in statin therapy.
Before Switch Last Value p-Value
CD4+ T cell count, median (IQR) 556 (364.7-806.5) 610 (433.0-867.0) <0.0001
CD4+%, median (IQR) 29.2 (21.5-37.9) 32.5(25.0-40.4) <0.0001
CD4+/CD8+ T cell ratio, median (IQR) 0.70 (0.4-1.1) 0.90 (0.6-1.4) <0.0001
HIV RNA <20 cp/mL, N (%) 189 (51.5%) 286 (76%) 0.004
HIV RNA <50 cp/mL, N (%) 223 (60.7%) 333 (90.7%) 0.0001
Total cholesterol, median (IQR) [N = 255] 197.0 (174.0-229.0) 196.5 (173.0-217.0) 0.079
HDL, median (IQR) [N = 255] 49.0 (42.6-58.0) 49.0 (43.0-58.0) 0.4808
LDL, median (IQR) [N = 255] 123.0 (97.4-146.2) 120.0 (100.0-142.8) 0.425
Triglycerides, median (IQR) [N = 255] 110.0 (78.0-164.0) 103.0 (70.3-147.8) 0.007
BMI, median (IQR) 25.3 (22.8-27.9) 25.4 (22.7-28.7) 0.0065
BMI from <18.5 kg/m?, median (IQR) [N = 9] 17.7 (16.7-18.4) 18.5 (17.7-20.3) 0.05
BMI from 18.5 to 25 kg/mz, median (IQR) [N =145]  23.0 (21.0-24.0) 229 (21.5-24.8) 0.0045
BMI from >25 kg/m?, median (IQR) [N = 184] 28.0 (26.0-30.0) 28. (26.1-31.3) 0.3956

IQR, interquartile range; BMI body mass index; cp, copies; nd, not detectable; p-values calculated using the
Wilcoxon signed-rank test for paired data.

In particular, when examining trends over time, HIV-RNA levels (Figure 2A) decreased
significantly up to 6 months and then remained stable thereafter (p < 0.0001). Furthermore,
among the 166 patients who had a 48-month follow-up period, 159 (95.7%) had HIV-RNA
<50 cp/mL and 146 (88.0%) had HIV-RNA < 20 cp/mL. CD4 counts showed a progressive
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increase up to 48 months, both as absolute values (Figure 2B, p < 0.0001), as percentages
(Figure 2C, p < 0.0001), and in terms of the CD4/CDS ratio (Figure 2D, p < 0.0001).

B
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Figure 2. Immunovirological trends in treatment-experienced patients from switch to 48 months:
(A) HIV-RNA (cp/mL); (B) CD4 count (cell/ mm?3); (C) CD4%; (D) CD4/CDS ratio.

To identify factors potentially associated with incomplete virological suppression—
defined as detectable HIV-RNA (>20 cp/mL)—we evaluated several candidate variables,
including age, sex, duration of BIC-STR therapy, duration of ART prior to switching,
history of opportunistic infections, HCV or HBV coinfections, presence of more than one
comorbidity, nadir CD4 count, HIV-RNA zenith, and prior ART regimens before BIC-STR
initiation. In univariate analysis, age, time on BIC-STR, nadir CD4 count, and HIV-RNA
zenith were significantly associated with incomplete virological suppression [7]. However,
at the multivariate logistic regression, none showed significant association to this outcome.

In the treatment-experienced population, metabolic parameters were analysed only in
patients not receiving statin therapy, and no statistically significant changes were observed
in HDL and LDL levels. Triglycerides, however, showed a statistically significant reduction,
decreasing from a median baseline value of 110 mg/dL (IQR 78-164 mg/dL) to 103 mg/dL
(IQR 70-147 mg/dL) at the last follow-up (p = 0.007) (Table 2).
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Stratifying treatment-naive patients into underweight (BMI < 18.5), normal weight
(BMI 18.5-25), and overweight/obese (BMI > 25) groups, BMI showed a significant increase
only in patients who were underweight (p = 0.05) or normal weight (median of the differ-
ences 0.44, C10.02-0.67, p = 0.0045) at baseline, but not in those who were overweight/obese
(p = 0.3956) (Table 2). However, given the limited sample size of patients with a BMI < 18.5
(N =9), the findings regarding BMI increase remain descriptive rather than conclusive.

Immunovirological and metabolic changes after BIC-STR initiation were also assessed
in ART-naive patients (N = 58), with a median follow-up of 2.4 years (IQR 1.0-3.6 years).
As expected, a significant improvement in both virological and immunological parameters
was observed (Table 3). Most patients achieved virological suppression, with 37/58 (63.7%)
reaching HIV-RNA <20 copies/mL and 48/58 (82.7%) reaching HIV-RNA < 50 copies/mL.
Immunological recovery was also favourable, with a median CD4 count of 476 cells/mm?
(IQR 325-768 cells/mm?), a median CD4 percentage of 30.2% (IQR 21.1-36.2), and a median
CD4/CD8 ratio of 0.80 (IQR 0.5-1.1) (Table 3). In this subgroup, increases in HDL cholesterol
and BMI were observed, whereas changes in total cholesterol, LDL, triglycerides, and HDL
were not statistically significant.

Table 3. Immuno-virological and metabolic variation after Biktarvy introduction in ART naive
patients (N = 58). Median follow-up 2.4 years (IQR 1.0-3.6).

Basal Values Last Values p-Value
CD4+ T cell/mm?3, median (IQR) 192.5 (53.2-334) 476 (325.0-768.0) <0.0001
CD4+%, median (IQR) 14.2 (7.3-23.0) 30.2 (21.1-36.2) <0.0001
CD4+/CD8+ T cell ratio, median (IQR) 0.20 (0.1-0.45) 0.80 (0.5-1.1) <0.0001
HIV-RNA
<50 cp/mL, N (%) 48 (82.8)
<20 cp/mL, N (%) 37 (63.8)
Undetectable, N (%) 23 (39.7)
HIV-RNA cp/mL, median (IQR) (713 62, ’; (?(?—2,08 0,000) <20 (nr-38)
Total Cholesterol, median (IQR) 175 (150.2-199.2) 177 (157.0-202.7) 0.21
HDL, median (IQR) 41 (33.0-47.0) 47 (39.0-54.7) 0.0003
LDL, median (IQR) 106.2 (88.1-129.1) 107.4 (84.1-129.0) 0.67
Triglycerides, median (IQR) 101 (81.5-138.2) 96.0 (68.7-137.7) 0.81
BMI, median (IQR) 23.2 (21.7-26.3) 25.7 (23.4-29.0) <0.0001

IQR, interquartile range; BMI body mass index; cp, copies; p-values calculated using the Wilcoxon signed-rank
test for paired data.

Factors associated with favourable immunological recovery—defined as a CD4 count
>500 cells/ mm>—were then explored in the overall population. The following variables
were included in univariate analyses: age, sex, duration of BIC-STR therapy, duration
of ART prior to switching, history of opportunistic infections, HCV or HBV coinfections,
presence of more than one comorbidity, nadir CD4 count, and HIV-RNA zenith [7]. Vari-
ables entered into the multivariable logistic regression model were as follows: previous
ART with TAF, nadir CD4 count, HIV-RNA zenith, previous opportunistic infections, HCV
coinfection, and time on BIC-STR. Of these, only the nadir CD4 count was independently
associated with immunological recovery (OR 1.005, 95% CI 1.003-1.007) (Figure 3A).
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Figure 3. Multiple logistic regression: variables that influence a good immunological recovery,
defined as CD4+ T cell count > 500 cell/mm?3 in overall population (A), patients older than 60 years
old (B), women (C) and foreign nationals (D).

Over 60 years

Within our cohort, 138 (32.3%) patients were aged > 60 years. The demographic
characteristics of this population are reported in Table 1. At the time of diagnosis, 50
(36.2%) patients had experienced one or more opportunistic infections, distributed as
follows: Kaposi sarcoma in 5 (10%) patients, Pneumocystis pneumonia in 12 (24%), cerebral
toxoplasmosis in 6 (12%), Candida esophagitis in 5 (1%), disseminated CMV disease in 3
(6%), lymphoma in 3 (6%), disseminated TB in 1 (2%), organ-localised CMV disease in 1
(2%), and progressive multifocal leukoencephalopathy (PML) in 1 (2%).

In this group, 10 (7.2%) were lost to follow-up or changed hospital, 13 (9.4%) were
switched to dual therapy for simplification, 9 (6.5%) discontinued therapy and 9 (6.5%) died.

Overall, reasons for therapy discontinuation or modification included: 9 (29.0%)
deaths, 13 (41.9%) simplification to dual therapy (including 2 patients switched to long-
acting therapy), 3 (9.7%) adverse events, 3 (9.7%) virological failure, and 3 (9.7%) had
contraindications. In addition, 10 (7.2%) patients were lost to follow-up.

Regarding immunovirological parameters, we observed a statistically significant
increase in the CD4+ count both in absolute numbers and percentage, as well as in the
CD4/CD8 ratio, which progressively increased over time up to 48 months (p < 0.001).

In patients aged > 60 years, the median pre-switch CD4+ count was 524.5 cells/mm?
(IQR 340.5-792.7), increasing to 557.5 cells/ mm? (IQR 393.0-820.0) at the last follow-up.

The median CD4+ percentage increased from 30.0% (IQR 20.8-37.8) pre-switch to
32.5% (IQR 24.3-40.1) at the last follow-up, and the median CD4/CD8 ratio increased from
0.70 (IQR 0.4-1.1) to 0.80 (IQR 0.5-1.5).

Pre-switch undetectable HIV-RNA (<20 cp/mL) was observed in 19 (14.6%) patients
compared with 115 (83.3%) patients at the last follow-up. The viremia curve showed a
decrease in six months, then remained stable.

We also verified which variables influenced favourable immunological recovery (CD4
count > 500 cells/mm?) in older PLWH. Advanced age (OR 0.8952, CI 0.8093 to 0.9779)
and with less impact lower nadir CD4 count (OR 1.004, CI 1.001 to 1.008) (Figure 3B). The
statistical model was appropriate (Hosmer-Lemeshow test: 13.08, p = 0.08).
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Women

We also performed a sub-analysis in the female population, whose demographic
characteristics are reported in Table 1. Females accounted for 94 (22%) patients. Treatment
experienced patients were more represented (85/94, 90.4%).

At diagnosis, 34 (36.1%) patients were advanced naive (CDC C stage) and had one
or more opportunistic infections, including Kaposi sarcoma in 2 (5.8%), Pneumocystis
pneumonia in 14 (11.7%), cerebral toxoplasmosis in 5 (14.7%), cryptococcosis in 3 (8.8%),
Candida esophagitis in 5 (14.7%), disseminated CMV disease in 1 (3.0%), lymphoma in
1 (3.0%), disseminated TB in 3 (8.8%), organ-localised CMV disease in 1 (3%), and HIV
encephalopathy in 1 (3%).

Among the female group, 5 (5.3%) died, 9 (9.6%) switched to dual therapy, and 2 (2.1%)
discontinued due to reported adverse events; no patient discontinued due to virological
failure or contraindications.

Regarding immunovirological parameters, we observed a statistically significant
increase in CD4+ count in absolute value, percentage, and CD4/CDS8 ratio, which progres-
sively increased over time up to 48 months (p < 0.001). Consistent with the other subgroups,
HIV-RNA decreased significantly within the first six months and then remained stable
through 48 months. Moreover, all treatment-naive patients achieved undetectable viremia
(<50 cp/mL), as did 76 (89.4%) treatment-experienced patients.

A univariate analysis was also performed to evaluate variables associated with
favourable immunological recovery (CD4+ > 500 cells/mm?®) in women; multivariate
analysis did not identify any variable significantly associated with immunological recovery
(Figure 3C). The statistical model was appropriate (Hosmer—Lemeshow test: 8.2, p = 0.40).

Foreign group

We also performed a sub-analysis of the foreign population. Foreign nationals were
143 (33.6%) compared with 282 Italians (66.4%) and were geographically distributed as
follows: 38% from Africa, 31% from South America, 21% from Eastern Europe, 6% from
Asia, and 4% from other regions.

Demographic characteristics are summarised in Table 1. Forty (31%) had CDC stage
C and had one or more opportunistic infections, distributed as follows: Kaposi sarcoma
in 4 (10.2%), Pneumocystis pneumonia in 4 (10.2%), pulmonary TB in 6 (15.3%), cerebral
toxoplasmosis in 7 (18%), HIV encephalopathy in 2 (5.1%), Candida esophagitis in 2 (5.1%),
wasting syndrome in 1 (2.5%), lymphoma in 1 (2.5%), disseminated TB in 5 (12.8%), and
PML in 1 (2.5%).

In this group, 6 (4.2%) patients died, 15 (10.5%) switched to dual therapy, 5 (3.5%)
discontinued due to reported adverse events, and 2 (1.4%) discontinued due to contraindi-
cations; no patient discontinued due to virological failure. Overall, 15 (10.5%) patients were
lost to follow-up.

Regarding immunovirological parameters, we also observed in this subgroup a sta-
tistically significant increase in the CD4+ count both in absolute number and percentage,
and in the CD4/CDB8 ratio, which progressively increased over time up to 36 months for
the absolute count and up to 48 months for percentage and the CD4/CDS8 ratio (p < 0.001).
The viral load decreased during the first six months of follow-up and then remained stable.
We also performed a univariate analysis to evaluate variables associated with favourable
immunological recovery (CD4+ > 500 cells/mm?) in foreign nationals. Six factors were
associated with immunological recovery (p < 0.05). Multivariate analysis showed that
immunological recovery was weakly influenced by the nadir CD4+ count (OR 1.004, CI
1.001 to 1.008), and by the duration of BIC/TAF/FTC therapy (OR 1.002, CI 1.001 to 1.006)
(Figure 3D). The statistical model was appropriate (Hosmer-Lemeshow test: 6.7, p = 0.57).
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4. Discussion

Bictegravir is a second-generation INSTI available as a single-tablet co-formulation
with tenofovir alafenamide and emtricitabine. A future combination with lenacapavir, a
capsid inhibitor, is expected to become available in the near future [14,15].

A large body of evidence supports the safety and effectiveness of BIC-STR in real-
world clinical settings [6,8,10,16]. In our previous analysis of the same cohort, we described
the characteristics and outcomes of 270 PLWH receiving BIC-STR, with a median follow-up
of 2.5 years [7]. The present study was designed to confirm and extend those findings by
increasing the follow-up duration (up to 4 years), expanding the cohort (N = 425), and
addressing outstanding clinical questions.

Consistent with our earlier results, we observed a low rate of severe adverse events
leading to treatment discontinuation, which occurred in 12/468 (2.6%) cases. These re-
sults are consistent with those reported in clinical trials for both naive and experienced
patients [4,17]. Moreover, 166 patients reached 48 months of follow-up, further supporting
the sustained tolerability of BIC-STR over time.

Other real-life studies consistently showed that bictegravir-containing regimens are
well tolerated, with low rates of adverse events leading to discontinuation. The most
common adverse events reported in observational cohorts and meta-analyses are mild
neuropsychiatric symptoms (such as insomnia, abnormal dreams, headache, and agitation),
gastrointestinal complaints (nausea, diarrhoea, flatulence), dermatological reactions (rash),
and weight gain. Discontinuation due to toxicity is uncommon, typically occurring in 1-2%
of patients at 48 weeks, and overall discontinuation rates are low (3-8%) [10,18-20]. In our
study, we reported sleep disturbances, anxiety, and headache as adverse events. Other
disturbances were myalgia, prurigo nodularis, and renal impairment. In the literature,
metabolic and hepatic laboratory changes (such as mild increases in blood glucose or ALT)
have been observed in ART-experienced patients, but these are not clinically significant and
do not lead to discontinuation [18]. Comparative real-world studies show no significant
difference in toxicity-related discontinuation rates between bictegravir-based regimens and
other integrase inhibitor-based regimens [19]. A 2025 systematic review examining sex
differences in second-generation integrase inhibitors found conflicting data for bictegravir
specifically. Only two observational studies met inclusion criteria (2069 participants, 12%
women), with one reporting three times higher discontinuation hazards in women (adjusted
OR: 3.05) and another showing no sex difference (adjusted HR: 0.78) [21]. The authors
noted that 287 of 505 screened articles were excluded due to lack of sex-disaggregated data,
highlighting an important knowledge gap [21]. In this study, 3/109 (2.7%, the WLWH
excluded from the study were considered to achieve this data) women discontinued the
therapy for adverse effects.

Consistent with studies showing that BIC/FTC/TAF is non-inferior to other ART
regimens, our cohort also experienced a significant rise in the proportion of PLWH with
HIV-RNA <50 cp/mL after switching to BIC-STR, reaching 90.7% [3,8,22,23]. Viral load
declined markedly within the first six months post-switch and then remained stable over
time. In line with this, Armenia et al. reported that after 96 weeks of BIC-STR, detectable
viremia occurred in approximately 5% of patients, with no differences between fully active
and partially active regimens; loss of virological control was mainly observed in individuals
with prior INSTI failure [24]. Other studies similarly indicate that pre-existing NRTI
resistance-associated mutations (e.g., M184V, K65N/R) do not predict virological failure
in virologically suppressed patients switching to BIC-STR [9,25]. Furthermore, among
treatment-experienced patients, 48.5% exhibited documented resistance to at least one
antiretroviral drug. While substantial, this prevalence aligns with rates reported in other
Italian cohorts. Notably, within the ICONA cohort, 63% of heavily treatment-experienced
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individuals presented with documented resistance to at least one antiretroviral class [26].
In our clinical practice, BIC-STR is frequently prescribed to patients with suboptimal
adherence due to its high genetic barrier and favourable “forgiveness” [27] profile.

Immunologically, we observed a sustained improvement up to 48 months, with in-
creases in CD4 count (absolute and percentage) and in the CD4/CDS8 ratio. This pattern was
consistent across the overall cohort and all subgroups (treatment-experienced, treatment-
naive, older patients, women, and foreign nationals) and aligns with previously published
real-world evidence showing significant CD4 recovery with BIC-STR [6,8]. The latest real-
life evidence indicates that CD4 cell recovery after the introduction of BIC-STR is generally
modest but consistent, with significant increases observed particularly in treatment-naive
individuals and certain subgroups. In treatment-naive people living with HIV, median
CD#4 increases at 48 weeks have been reported, which is comparable or slightly superior to
other integrase inhibitor-based regimens [28].

For patients with persistent low-level viremia, switching to BIC/FTC/TAF has been
associated with a significant mean CD4 increase (from 486 to 619 cells/mm?) and improve-
ment in CD4/CDS8 ratio over 12-24 months [29]. In randomised controlled trials, mean
CD4 increases of 180-233 cells/mm?3 at 48 weeks have been observed, confirming robust
immunological recovery [30,31]. Real-world systematic reviews and meta-analyses further
support high rates of virologic suppression, with favourable immunological outcomes [20].

In this study, we explored predictors of favourable immunological recovery, defined as
a CD4 count >500 cells/mm?3. In the overall cohort, nadir CD4 count was the only variable
associated with this outcome, whereas the association previously observed with a prior TAF-
based regimen was not confirmed. In patients aged >60 years, immunological improvement
was mainly influenced by age and nadir CD4 count, highlighting the clinical value of early
diagnosis and timely ART initiation, particularly in more vulnerable individuals. Notably,
despite these constraints, the older subgroup still showed a clear improvement over time
in CD4 count, CD4 percentage, and CD4/CD8 ratio.

The most recent comprehensive study on BIC-STR in the oldest population is a 2025
integrated analysis published in BMC Infectious Diseases that evaluated efficacy and safety
in people with HIV aged >50 years across six Phase 3 clinical trials [32]. The study included
96 treatment-naive and 450 virologically suppressed participants >50 years of age, with
follow-up through Week 240 for treatment-naive patients and Week 48 for virologically
suppressed patients [32]. Efficacy outcomes were excellent: virologic suppression was
achieved in 98.5% of treatment-naive participants >50 years by week 240, comparable to
98.6% in those <50 years [32]. Among virologically suppressed patients, 93.6% maintained
suppression at week 48 in both age groups, with virological failure rates of only 0.9% versus
1.4% in older versus younger participants [32]. CD4 T-cell recovery, adherence rates (>95%),
body weight changes, lipid profiles, renal function, bone health, and treatment-emergent
adverse events showed no clinically significant differences between older and younger
participants. The incidence of emergent diabetes and hypertension was also similar [32].

Additionally, a 2025 real-world study from Italy specifically examined BIC-STR in
patients aged > 50 years [33]. This retrospective cohort of 214 patients (mean age 60.6 years)
demonstrated high virological suppression rates at 24 months: 85.7% in treatment-naive
and 93.9% in treatment-experienced patients [33]. A notable finding was significant im-
provement in the CD4+/CD8+ ratio in experienced patients, normalising from 0.95 to
1.12 [33]. Similar findings were observed in a Spanish real-world study (RETROBIC) where
patients >60 years showed significant immunological improvements with CD4 cell count
increasing and CD8 cell count decreasing but without any change in CD4/CDS8 ratio [34].

The pivotal 96-week Phase 3b trial specifically enrolled virologically suppressed adults
>65 years (N = 86, mean age 70 years, range 65-80) [35]. Results showed 100% maintained
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viral suppression (no participants had HIV-1 RNA > 50 copies/mL) at weeks 72 and 96,
with no treatment-emergent resistance [35].

In older individuals, a low CD4/CDS8 ratio has been associated with poorer prognosis.
Although the underlying mechanisms remain unclear, it has been hypothesised that reduced
CD4 counts may contribute to a state of subtle immunodeficiency, while an expanded
population of potentially dysfunctional CD8+ cells may promote a pro-inflammatory
environment [36]. Therefore, the CD4/CD8 ratio has been proposed as a useful biomarker
in the clinical monitoring of HIV infection.

In our cohort, the prevalence of HBV co-infection among PLWH aged > 60 years
was 15.2%. This notably higher prevalence may be largely attributed to a cohort effect;
while younger generations have widely benefited from the introduction of universal HBV
vaccination campaigns across Europe over the last few decades, older individuals missed
these programmes, resulting in a higher historical and lifetime risk of HBV exposure.
Globally, HBV co-infection affects 7.6% of people living with HIV, who face 1.42 times
higher odds of infection than HIV-negative individuals, with a heavy burden in sub-Saharan
Africa [37].

Furthermore, we performed an analysis of the female subgroup because despite
women representing more than half of PLWH, it is an understudied population. This
population is also underrepresented in our cohort because it is only 22.1% and this is
in line with most of the real-life cohorts described in the literature [33,34,38,39]. In this
group, after BIC-STR introduction, we observed an improvement of all immune-virological
parameters. Evaluating variables that could impact the immunological recovery, none were
significantly associated with the outcome. An integrated analysis of 373 women across
5 trials showed that BIC-STR achieved virologic suppression (HIV-1 RNA < 50 copies/mL)
at week 48 in >95% of virologically suppressed participants and >87% of ART-naive
participants, with rates similar to comparator regimens [40]. A dedicated phase 3 trial in
470 virologically suppressed women demonstrated noninferiority to staying on baseline
regimen, with only 1.7% experiencing virologic failure in both groups [41]. Importantly,
no treatment-emergent resistance was detected in any woman receiving BIC-STR across
these studies [40,41]. Furthermore, recently, BIC-STR was approved in pregnancy: recent
pharmacokinetic studies demonstrate that while bictegravir exposure decreases during
pregnancy (total pharmacokinetic AUC reduced by 46-59% and trough concentrations
by 62-74% compared to postpartum), drug levels remain above the therapeutic threshold
needed for virologic suppression [42,43]. These findings highlight the need for additional
real-world data on women receiving BIC-STR.

Foreign patients represent another clinically challenging subgroup, due to factors
such as language barriers, incomplete medical history, frequent changes in healthcare
providers, and cultural differences. This population is increasing in our centres and
warrants focused evaluation. In our cohort, foreign nationals accounted for more than
one-third of participants (33.7%). Their immunovirological trajectory was comparable to
that observed in the other subgroups. When investigating predictors of immunological
recovery, nadir CD4+ count and duration of BIC/TAF/FTC therapy were significantly
associated with the outcome.

Metabolic health remains a further key aspect of care in PLWH. Concerns regarding
metabolic changes are largely driven by evidence reporting dyslipidaemia following a
switch from TDF to TAF [44-47].

In this study, metabolic parameters were corrected for statin therapy in the treatment-
experienced population, and no statistically significant changes were observed in HDL and
LDL levels. Triglycerides, however, showed a modest but statistically significant reduction.
However, in naive populations, only HDL cholesterol showed a significant increase.
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In ART-experienced patients switching to BIC-STR, real-world data consistently show
lipid improvements. An Italian real-life cohort of 539 patients found that at 6 months,
ART-experienced individuals switching to BIC-STR showed significant reductions in to-
tal cholesterol and triglycerides [18]. A UK study of 135 patients switching to BIC-STR
demonstrated that those with the highest baseline total cholesterol and triglyceride quar-
tiles had significant improvements in lipid profiles, particularly those switching from
protease inhibitor therapy [48]. Comparative lipid data from a 2025 South Korean study
of 194 treatment-naive patients showed that over 2 years, those receiving DTG/3TC had
significantly smaller LDL cholesterol increases compared to BIC-STR (regression coeffi-
cient = —8.03, p = 0.035), with a trend toward improved Total Cholesterol/HDL ratio
(B =—0.19, p = 0.094) [49].

In addition, one study reported that after switching to BIC-STR, patients with the
poorest baseline lipid profiles experienced a significant improvement, and those discon-
tinuing protease inhibitors showed a reduction in triglyceride levels [48]. Comparable
findings were observed in the BICTEL cohort, which documented a significant decrease
in the total cholesterol/HDL ratio and LDL levels, alongside a significant increase in BMI
across regimens [6].

Conversely, an Italian multicentre cohort published in 2026 reported that, after
48 weeks, SCORE2 cardiovascular risk increased by +0.30 in patients receiving BIC-STR
(p < 0.001), whereas it decreased in those treated with doravirine/3TC/TDF [50].

In our cohort, BMI increased only among patients who were underweight (BMI < 18.5)
or normal weight (BMI 18.5-25) at baseline, with no significant change in overweight/obese
individuals. This pattern may reflect a broader recovery of health status rather than a
treatment-related adverse effect.

The most recent prospective cohort data demonstrate modest and comparable weight
gain between BIC-STR and other INSTI regimens. A 2025 Spanish multicentre study of
680 ART-naive participants found mean weight gain of 1.4 kg (95% CI: 1.1-1.8) at 96 weeks
with BIC-STR, with no significant difference compared to DTG + 3TC [51]. Furthermore,
there were no differences in BMI changes or incidence of clinical metabolic events (hyper-
tension, diabetes, dyslipidemia, liver steatosis) [51].

A 2026 randomised trial (INSTINCT) comparing switching to BIC-STR versus con-
tinuing DTG/3TC in virologically suppressed individuals found weight changes were
modest and similar between groups over 96 weeks, with no difference in the proportion
experiencing >5% weight gain [52]. However, US guidelines note that women and Black
individuals are disproportionately affected by INSTI- and TAF-associated weight gain,
with female sex associated with 1.5 times the odds of >10% weight gain compared to males
(17.4% vs. 12.2%) [53].

Importantly, switching strategies to reverse weight gain have been largely unsuccess-
ful. Studies show that discontinuing TAF or switching from INSTI regimens does not
significantly reverse weight gain, unless switching to efavirenz (which likely suppresses
weight through toxic effects and is not recommended) [53].

Therefore, by analysing lipid parameters adjusted for statin use and stratifying BMI
into underweight, normal-weight, and overweight/obese categories, we confirmed and
extended our previous findings. Overall, these results suggest that switching to BIC-STR
should not be regarded as metabolically unfavourable; rather, it may be associated with po-
tentially beneficial long-term effects, which warrant further investigation in future studies.

A major strength of our study is that the findings derive from real-world clinical
practice, reflecting routine use of the regimen and, therefore, potentially offering greater
external validity than controlled clinical trials specifically designed to assess drug efficacy.
In addition, compared with our previous report, we substantially increased both the
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sample size and the duration of follow-up. Moreover, the larger sample size allowed a
more robust characterisation of three clinically relevant subgroups: older patients, women,
and foreign nationals.

The main limitations of this study include its retrospective, single-centre design; the
use of BMI, which is not the optimal measure for assessing obesity and fat distribution; and
the absence of more specific biomarkers of inflammation and ageing.

5. Conclusions

In our cohort, BIC-STR maintained strong efficacy and tolerability over a longer follow-
up and in a larger sample of PLWH. These favourable outcomes were consistently observed
across all analysed subgroups, including ART-naive and treatment-experienced patients,
older individuals, women, and foreign nationals.

Moreover, the suspected negative metabolic impact was not confirmed in our
population, and weight gain appeared to affect patient subgroups differently rather
than uniformly.

Overall, these findings support BIC-STR as a reliable option for treatment switch
and regimen simplification, as well as for initiating ART, across a broad range of
PLWH populations.
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