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The management of HIV has transformed significantly with the advent of antiretroviral
therapy (ART), turning HIV from a fatal disease into a controllable chronic condition. This
review highlights the efficacy, safety, and advancements linked to different antiretroviral
drugs used in HIV therapy. It analyzes the contributions of nucleoside reverse transcriptase
inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitors (NNRTIs), protease inhibitors
(PIs), and integrase strand transfer inhibitors (INSTIs) in attaining viral suppression, boosting
immune function, and improving long-term health outcomes. Findings indicate that combination
regimens—particularly those including dolutegravir, bictegravir, and tenofovir alafenamide
(TAF)—provide superior effectiveness and better safety profiles compared to earlier treatments.
Moreover, long-acting injectable options such as cabotegravir and rilpivirine are emerging
as strong alternatives to daily oral therapy, supporting improved patient adherence. Future
studies are focused on advancing ART with more potent, tolerable, and durable medications
to maximize treatment success and further reduce HIV transmission rates.
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HIV causes AIDS by attacking CD4 T
cells, weakening the immune system and increasing
susceptibility to infections and cancers. It spreads
through blood, semen, bodily fluids, and breast
milk, and likely originated from chimpanzees in
West Africa. Two main strains exist—HIV-1 (most
common) and HIV-2. The disease progresses in
three stages: acute, chronic, and AIDS. Diagnosis
involves rapid or self-tests, but confirmatory
testing is needed due to a window period of about
28 days before antibodies become detectable.
Prevention includes condoms, regular testing,
male circumcision, and harm reduction strategies.
Antiretroviral therapy (ART) is essential for both
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prevention and treatment. Pregnant women with
HIV should begin ART early to prevent mother-
to-child transmission.!

The FDA approved zidovudine, a
nucleoside reverse transcriptase inhibitor,
as the first treatment for HIV, as noted by
Kemnic TR and Gulick PG in their work on HIV
Antiretroviral Therapy. Antiretroviral therapy
(ART), recommended by the WHO and U.S.
health authorities, involves taking a combination
of three drugs from at least two different classes
daily. This regimen reduces HIV transmission,
hospitalizations, and mortality by 60-80%, turning
HIV into a manageable chronic condition. ART
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typically includes drugs from six classes, such as
nnrtis, protease inhibitors, integrase inhibitors,
and nrtis. Treatment has advanced from early
monotherapy to highly active antiretroviral therapy
(HAART). The CDC’s 90-90-90 initiative aims to
end the HIV epidemic by 2030. The approval of
zidovudine (AZT) marked a major breakthrough
in HIV treatment, leading to the development of
safer and more effective drugs. Today, combination
antiretroviral therapy (cart) is the standard, using
multiple drug classes that target different stages of
HIV replication. Key drug classes include INSTTs,
PIs, NNRTIs, and NRTIs. These advancements
have greatly improved viral suppression, reduced
illness, and extended the life expectancy of people
living with HIV.* When a person contracts HIV and
does not receive treatment, the infection progresses
through three stages. For anyone who may have
been exposed to HIV, it is important to talk with
a healthcare professional for advice and ask them
about a preventive therapy called postexposure
prophylaxis (PEP), Trusted Source. People at
risk of exposure to HIV can take preexposure
prophylaxis (prep) [4] Trusted Source regularly
to prevent the infection from taking hold, even if
exposure occurs. The stages of HIV are as follows:
HIV progresses through three stages:

1. Acute HIV Infection: Occurs 2—4 weeks
after exposure, with flu-like symptoms in some
individuals. The virus spreads rapidly by attacking
CD4+ T cells and becomes irreversible once it
enters+ the body.

2. Chronic HIV Infection (Clinical Latency): The
virus remains active but replicates slowly. Many
people show no symptoms, though HIV is still
transmissible during this stage.

3. Advanced HIV (AIDS): Without treatment, this
stage can last over a decade. Symptoms include
night sweats, persistent cough, frequent infections,
weight loss, and diarrhoea. Modern ART can
stop disease progression and reduce viral load
significantly.’

Antiretroviral therapy (ART) disrupts
viral replication, helping preserve immune
function. A study from 1995 to 2030 evaluates the
societal and financial benefits of ART expansion
compared to a scenario without ART or with
limited treatment coverage.® The primary goals of
antiretroviral therapy are to halt HIV replication
by achieving and maintaining plasma viremia

PARVE et al., Biosci., Biotech. Res. Asia, Vol. 22(4), 1443-1461 (2025)

suppression below the detection limits of current
tests; improving overall immune function, as
indicated by increased CD4+ T cell counts’;
prolonging life; reducing HIV-related morbidity;
enhancing overall quality of life; and decreasing
the risk of HIV transmission to others.® Updated
guidelines recommend that all adults diagnosed
with HIV start antiretroviral therapy (ART)
immediately, regardless of CD4 count, to prevent
disease progression, improve outcomes, and reduce
transmission. This is supported by major clinical
trials. Newer ART drugs offer improved potency,
safety, and ease of use, allowing for lifelong viral
suppression and reduced resistance. ART also
plays a key public health role by preventing HIV
spread. Additionally, ART-based strategies like
pre-exposure prophylaxis (prep) and post-exposure
prophylaxis (PEP) effectively prevent HIV in high-
risk individuals.’
Drugs used in Antiretroviral therapy

The safety and effectiveness of abacavir
for treating HIV in children and adolescents
have been evaluated, focusing on its antiviral
efficacy, potential hypersensitivity reactions,
and cardiovascular risks. Data derived from four
studies involving a total of 10,595 participants,
which included two clinical trials and two cohort
studies, indicated no significant differences in
safety profiles, rates of viral suppression, or
mortality between abacavir and other treatment
options after a duration of 48 weeks. However,
one particular study noted that abacavir resulted in
enhanced viral suppression over five years. Cohort
studies suggested that abacavir might demonstrate
reduced effectiveness when used in specific therapy
combinations, such as with lopinavir/ritonavir and
efavirenz, where stavudine appeared to provide
better efficacy. Nevertheless, the overall evidence
suggests that abacavir remains comparable to
other first-line HIV medications regarding safety
and effectiveness for pediatric populations. The
classification of evidence quality was determined
to be intermediate for viral suppression outcomes
and low for other assessed outcomes. The evidence
supports the ongoing use of abacavir in HIV
treatment for pediatric patients. The evidence
supports the ongoing use of abacavir in HIV
treatment for pediatric patients. Although certain
combinations of therapies may produce superior
results, abacavir continues to be a valid choice
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that offers long-term advantages in achieving viral
suppression. Additional research could enhance
treatment approaches to improve outcomes for
particular patient populations.'® The study assessed
the efficacy of dolutegravir, administered once
daily in combination with abacavir and lamivudine
(DTG-ABC-3TC), as a first-line treatment for
HIV-1 infection. This randomized, double-blind
trial involved 833 adult participants who were
all HIV-positive and had not previously received
treatment. The research compared the DTG-ABC—
3TC regimen to an efavirenz based therapy (EFV—
TDF-FTC). Over a period of 48 weeks, participants
were evaluated for viral suppression (defined
as fewer than 50 copies/ml), increases in CD4+
T-cell counts, safety profiles, and the emergence
of drug resistance. The findings revealed that
88% of individuals in the DTG-ABC-3TC group
achieved viral suppression, surpassing the 81%
observed in the EFV-TDF-FTC group (P=0.003).
Additionally, those receiving dolutegravir-based
therapy experienced greater increases in CD4+
T-cell counts (267 cells/mm?® compared to 208
cells/mm?, P<0.001) and reached viral suppression
more rapidly (28 days versus 84 days, P<0.001).
The group receiving EFV-TDF-FTC reported a
higher incidence of neuropsychiatric symptoms and
rashes, whereas the DTG-ABC-3TC group had a
lower rate of treatment discontinuation due to side
effects (2% compared to 10%). However, insomnia
was more commonly reported among those in
the dolutegravir group. Importantly, resistance
mutations were found in the EFV-TDF-FTC group
but were not present in the dolutegravir group.
Overall, dolutegravir combined with abacavir
and lamivudine showed better efficacy and
safety compared to the efavirenz based regimen,
positioning it as a promising alternative for HIV
treatment. !

Integrase strand transfer inhibitors
(instis) represent a significant advancement in the
treatment of HIV-1, with raltegravir being the first
drug introduced in this category. Raltegravir has
demonstrated high efficacy and good tolerability
in both treatment-naive and treatment-experienced
patients, achieving durable viral suppression,
especially among individuals with multidrug
resistant HIV. However, resistance can develop
due to mutations in the integrase enzyme, which
may restrict the effectiveness of raltegravir. To

1445

address this issue, newer second-generation instis
like S/GSK 1349572 are under development and
show potential as effective and safer alternatives.
These medications offer a novel mechanism of
action, enhancing their value in contemporary HIV
therapy. Clinical trials have shown that raltegravir
may be beneficial for early treatment approaches,
especially in patients with co-existing health
conditions where the long-term side effects of
alternative HIV medications could be problematic.
Although additional research is necessary to
evaluate its long-term safety, applicability in specific
populations, and effectiveness in post-exposure
prophylaxis, integrase strand transfer inhibitors
(instis) represent a significant advancement in the
management of HIV.'? The efficacy of fenofovir
disoproxil fumarate (TDF) in managing hepatitis B
virus (HBV) in individuals co-infected with HIV-1
and HBV is notable. Co-infection with HIV and
HBYV considerably heightens the risk of advancing
liver disease. Although lamivudine is effective
against both viruses, it frequently results in the
development of resistance mutations in HBV. The
study evaluated the effectiveness of 7DF through
two phase 3 trials involving both antiretroviral-
experienced patients (study 907) and therapy-naive
patients (study 903). In study 907, TDF led to a
reduction in HBV DNA levels by 4.9 log € after
24 weeks, whereas the placebo group experienced
an increase of 1.2 log € (P=0.041). The drug
demonstrated efficacy against both wild-type HBV
and lamivudine resistant strains. In study 903, after
48 weeks, patients treated with TDF alongside
lamivudine exhibited a more significant decrease
in HBV DNA levels (4.7 log € ) compared to those
receiving only lamivudine, who had a reduction
of 3.0 log € (P=0.055). Additionally, resistance
mutations were observed in the lamivudine only
cohort. These results affirm the robust anti-HBV
efficacy of TDF in both treatment-experienced
and naive populations, reinforcing its position as
a viable option for managing HBV in individuals
co-infected with HIV."

Adrian S. Ray et al. Discuss Tenofovir
alafenamide (TAF), an advanced prodrug of
tenofovir (TFV) that enhances HIV treatment
by providing significantly improved safety and
efficacy compared to tenofovir disoproxil fumarate
(TDF). TDF has been associated with kidney
issues and loss of bone mineral density due to
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elevated systemic TFV levels; in contrast, TAF
achieves much higher intracellular concentrations
of the active metabolite, TF'V diphosphate, while
requiring substantially lower doses. With nearly
90% reduced systemic TFV exposure, TAF presents
a more favorable safety profile, minimizing the
risk of kidney and bone-related complications. Its
enhanced stability and targeted activation make it
particularly suitable for long-term HIV therapy,
especially for older patients and those with pre-
existing health conditions."* Laura Waters and
colleagues evaluate the evidence for using tenofovir
disoproxil fumarate (TDF) and lamivudine (3TC)
as the nucleoside backbone in HIV treatment.
The review discusses significant clinical trials
that compare the efficacy, safety, and resistance
profiles of 3TC with emtricitabine (FTC), as well
as their use alongside tenofovir prodrugs, TDF
and tenofovir alafenamide (TAF). Furthermore,
it outlines international treatment guidelines
regarding triple-drug and emerging dual-drug
regimens. The findings affirm the therapeutic
equivalence of 3TC and FTC, especially when
combined with 7DF, thereby reinforcing its
effectiveness as a component of antiretroviral
therapy. '

A multicenter, double blind clinical trial
was conducted to evaluate the efficacy and safety
of zidovudine, didanosine, and their combination
in treating symptomatic HIV-infected children.
This study involved 831 children aged between
3 months and 18 years, the majority of whom
were perinatally infected and had not received
antiretroviral therapy prior to the trial. Participants
were categorized by age (under or over 30 months)
and randomly assigned to receive either zidovudine
alone, didanosine alone, or a combination of both
medications. An interim analysis indicated that
children treated with zidovudine alone faced a
significantly greater risk of disease progression or
death compared to those receiving combination
therapy (relative risk: 0.61; P =0.007), leading to
the early discontinuation of the zidovudine only
group. After a median follow-up period of 32
months, findings revealed that didanosine alone
demonstrated similar efficacy to the combination
therapy (relative risk: 0.98; P = 0.91), while also
resulting in fewer hematologic side effects, such as
anemia and neutropenia (P = 0.036).The findings
indicate that both didanosine used alone and
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in combination therapy are more effective than
zidovudine alone in delaying disease progression
and lowering mortality rates in children infected
with HIV. Furthermore, didanosine alone presents
an advantage by reducing hematologic toxicity,
making it a suitable alternative to combination
therapy. This study underscores the necessity of
optimizing antiretroviral treatment regimens for
HIV-positive children to enhance survival while
minimizing side effects related to treatment.
Additional research is required to investigate long-
term outcomes and possible resistance patterns
linked to these therapies.'¢ The study assessed the
effectiveness and safety of combining lamivudine
with zidovudine in comparison to administering
either medication alone in HIV-positive individuals
with CD4+ counts ranging from 200 to 500 cells
per cubic millimeter. A total of 366 participants,
primarily with minimal or no previous exposure
to zidovudine, were randomly assigned to one
of four treatment groups: /amivudine only,
zidovudine only, or one of two dosages of the
lamivudine-zidovudine combination. The trial was
conducted in a double-blind fashion for 24 weeks,
followed by an optional extension phase lasting
an additional 28 weeks. The results indicated that
using a combination therapy significantly enhanced
immune function and lowered HIV-1 levels more
effectively than monotherapy. During the first
24 weeks, patients treated with both medications
showed greater increases in CD4+ cell counts
and higher percentages of CD4+ cells, along with
more pronounced reductions in HIV-1 RNA levels
compared to those receiving either zidovudine or
lamivudine alone. These beneficial effects were
maintained for up to 52 weeks. Furthermore, the
combination therapy was well tolerated, showing
no significant rise in adverse events when compared
to zidovudine monotherapy."’

The study involved 97 HIV-infected
patients with moderate immune function (50-400
CD4 cells/mm?) and high viral loads (¢”20,000
copies of HIV RNA/ml), who were randomly
assigned to one of three treatment regimens for
up to 52 weeks. The primary objectives were to
assess viral load suppression, changes in CD4 cell
counts, and adverse effects to evaluate the benefits
of combining indinavir with other antiretroviral
drugs. After 24 weeks, 90% of patients treated with
all three drugs achieved HIV RNA levels below 500
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copies/ml, in contrast to only 43% in the indinavir-
only group and none in the zidovudine-lamivudine
group. Additionally, CD4 cell counts showed a
more significant increase in the groups receiving
indinavir compared to the zidovudine-lamivudine
group, with these enhancements sustained for
up to 52 weeks. All treatment regimens were
generally well tolerated, with no significant
increase in adverse effects noted. The results
confirm that the combination therapy of indinavir,
zidovudine, and lamivudine provides superior and
sustained viral suppression, making it an effective
treatment strategy for HIV-infected individuals
who have previously been exposed to antiretroviral
therapy. This study emphasizes the critical role
of protease inhibitors in combination regimens
and underscores the long-term advantages of
intensified therapy in managing HIV progression.'®
The effectiveness and safety of three different
HIV-1 treatment regimens, emphasizing the role
of the nonnucleoside reverse-transcriptase inhibitor
efavirenz. A total of 450 treatment-naive patients,
who had not previously received lamivudine,
nonnucleoside reverse-transcriptase inhibitors,
or protease inhibitors, were randomly assigned
to one of three regimens: efavirenz combined
with zidovudine and lamivudine, indinavir with
zidovudine and lamivudine, or efavirenz paired
with indinavir. The objective was to assess the
comparative efficacy and tolerability of these
combinations in patients beginning HIV treatment,
particularly focusing on efavirenz’s potential
to enhance therapeutic outcomes. The findings
underscore the enhanced antiviral effectiveness and
tolerability of the regimen that includes efavirenz.
The combination of efavirenz, zidovudine, and
lamivudine delivers more robust and sustainable
viral suppression while reducing the likelihood
of treatment discontinuation due to side effects.
This evidence supports the recommendation of
efavirenz-containing regimens as a preferred first-
line therapy for HIV-1 infection, providing patients
with a more effective and manageable treatment
alternative."

A total of 302 HIV-infected patients,
with CD4 counts between 50 and 300 cells/mm?
and who had been on zidovudine for an average
of 27 months, were randomly assigned to one
of three treatment groups in a study designed to
assess the safety and effectiveness of saquinavir,
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an HIV protease inhibitor. The treatment groups
included saquinavir combined with zidovudine
and zalcitabine, saquinavir paired with zidovudine
alone, or a regimen consisting solely of zidovudine
and zalcitabine. The study was conducted over a
period of 24 weeks, with an optional extension
lasting between 12 to 32 weeks, to evaluate whether
the addition of saquinavir could enhance treatment
outcomes compared to a two-drug nucleoside
regimen without it. The research indicated that
the combination therapy involving saquinavir,
zidovudine, and zalcitabine yielded greater clinical
advantages compared to regimens with only two
drugs. Patients who were treated with this triple
therapy showed more significant increases in CD4
cell counts, substantial reductions in plasma HIV
levels, and notable decreases in serum activation
markers like neopterin and beta2-microglobulin.
Furthermore, the addition of saquinavir did not
result in a significant rise in adverse effects,
demonstrating that the combination treatment was
both effective and well-tolerated. Importantly,
96% of participants completed the 24-week study,
reflecting strong adherence to and acceptance of
the treatment.

The safety and effectiveness of zidovudine,
zalcitabine, and their combination in treating
advanced HIV. Conducted as a randomized,
double-blind, controlled trial at AIDS Clinical
Trials units and National Hemophilia Foundation
sites, it involved 1001 participants suffering from
advanced HIV disease. These patients had low CD4
counts—300 cells/mm? or fewer if symptomatic or
200 cells/mm?® or fewer if asymptomatic—and had
been receiving zidovudine therapy for a minimum
of six months before enrollment. Participants
were randomly assigned to one of three treatment
groups: one group received zidovudine alone (600
mg/day), another group received zalcitabine alone
(2.25 mg/day), and the third group was given a
combination of both medications. The primary
objective was to evaluate the time until disease
progression or death occurred in each treatment
group. Over a median follow-up period of 17.7
months, the study indicated that there was no
significant overall difference in the 12-month
event-free survival rates among the three treatment
groups: zidovudine at 70%, zalcitabine at 67%, and
combination therapy at 73% (P = 0.26). However,
for patients with CD4 counts of 150 cells/mm?
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or higher, combination therapy demonstrated
a significant advantage over zidovudine alone,
resulting in a reduced risk of disease progression
or death (relative risk, 0.51; P=0.029). Conversely,
no significant differences were found among the
treatment groups for patients with lower CD4
counts (50—-150 cells/mm? or fewer than 50 cells/
mm?). Patients with higher CD4 counts experienced
fewer severe side effects; however, zalcitabine used
alone did not show significant advantages. These
results indicate that although zidovudine continues
to be a crucial treatment option, combining it with
zalcitabine could be beneficial for patients who
have relatively higher CD4 counts. Additional
research is necessary to establish long-term benefits
and the best treatment strategies.”' This multicenter,
open-label study assessed the efficacy and safety of
didanosine and zalcitabine as second-line therapies
for HIV-infected individuals who had previously
undergone treatment with zidovudine. A total of
467 participants, all with CD4 cell counts of 300
or fewer per cubic millimeter or a diagnosis of
AIDS, were randomly assigned to receive either
didanosine (500 mg daily) or zalcitabine (2.25 mg
daily). The primary objective was to identify which
of the two nucleoside analogs was more effective
in slowing disease progression and enhancing
survival rates in patients with advanced HIV. After
a median follow-up period of 16 months, disease
progression or mortality was observed in 157 out
of 230 patients receiving didanosine, compared
to 152 out of 237 patients on zalcitabine. The
relative risk of disease progression or death was
marginally lower in the zalcitabine cohort than in
the didanosine cohort (0.93, P = 0.56), improving
to 0.84 (P = 0.15) after adjusting for baseline
variables such as CD4 count, Karnofsky score, and
AIDS diagnosis. Importantly, the zalcitabine group
experienced fewer deaths (88) compared to the
didanosine group (100), with an adjusted relative
risk of 0.63 (P = 0.003), indicating a potential
survival advantage for citabinzale. Both treatment
regimens exhibited comparable overall safety
profiles, with adverse events reported in 66% of
participants. However, peripheral neuropathy and
stomatitis were more prevalent in the zalcitabine
group, while diarrhea and abdominal pain were
more commonly reported among those receiving
didanosine. The study concluded that zalcitabine
was at least as effective as didanosine in delaying
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disease progression and mortality in patients who
had not responded to zidovudine therapy. Although
both medications presented unique side effect
profiles, zalcitabine appeared to offer a potential
benefit in terms of survival.?

This randomized controlled trial aimed
to determine if combining zidovudine with
either zalcitabine or didanosine could inhibit
the development of zidovudine-resistant HIV in
patients with advanced HIV infection. The study
involved HIV-1-infected individuals who had
fewer than 300 CD4 cells per cubic millimeter and
had received less than four weeks of zidovudine
treatment prior to enrollment. Participants were
randomly assigned to one of three treatment groups:
zidovudine alone, zidovudine with zalcitabine, or
zidovudine with didanosine. The findings revealed
that combination therapy did not effectively
prevent the emergence of zidovudine resistance.
Nevertheless, those receiving combination
therapy demonstrated significant immunologic
and virologic improvements compared to patients
on zidovudine monotherapy. Over a 72-week
period, the increase in CD4 cell counts was more
pronounced in the combination therapy groups, and
there were greater and more sustained reductions
in serum HIV-1 RNA levels. Alth ough the study
was not structured as a clinical endpoint trial,
patients treated with zidovudine and didanosine
experienced a significant delay in the onset of the
first AIDS-defining event or death compared to
those receiving zidovudine alone. These results
indicate that while zidovudine resistance continues
to pose a challenge, combination therapy offers
substantial virologic and immunologic benefits,
reinforcing the importance of combination
antiretroviral therapy in the management of
HIV.2 This randomized controlled trial aimed
to determine if combining zidovudine with
either zalcitabine or didanosine could inhibit
the development of zidovudine-resistant HIV in
patients with advanced HIV infection. The study
involved HIV-1-infected individuals who had
fewer than 300 CD4 cells per cubic millimeter and
had received less than four weeks of zidovudine
treatment prior to enrollment. Participants were
randomly assigned to one of three treatment groups:
zidovudine alone, zidovudine with zalcitabine, or
zidovudine with didanosine. The findings revealed
that combination therapy did not effectively
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prevent the emergence of zidovudine resistance.
Nevertheless, those receiving combination
therapy demonstrated significant immunologic
and virologic improvements compared to patients
on zidovudine monotherapy. Over 72 weeks, the
increase in CD4 cell counts was more pronounced
in the combination therapy groups, and there
were greater and more sustained reductions in
serum HIV-1 RNA levels. Although the study
was not structured as a clinical endpoint trial,
patients treated with zidovudine and didanosine
experienced a significant delay in the onset of the
first AIDS-defining event or death compared to
those receiving zidovudine alone. These results
indicate that while zidovudine resistance continues
to pose a challenge, combination therapy offers
substantial virologic and immunologic benefits,
reinforcing the importance of combination
antiretroviral therapy in the management of HIV.*

This study examines the characteristics,
effectiveness, and clinical uses of emtricitabine
(FTC), anucleoside reverse transcriptase inhibitor
(NRTTI) that targets both HI'V and hepatitis B virus
(HBV). Emtricitabine exhibits many similarities to
lamivudine (3TC) regarding antiviral effectiveness,
safety, and resistance profiles. Notably, FTC has
a longer intracellular half-life, which facilitates
once-daily dosing, potentially enhancing patient
adherence. Clinical trials have shown that FTC is
comparable to 3TC when included in a triple-drug
regimen for HIV treatment. Furthermore, research
comparing FTC to stavudine indicates that FTC is
more effective and better tolerated. Although FTC
is not officially sanctioned for HBV treatment, it is
commonly utilized in patients who are co-infected
with HIV and HBYV, particularly in conjunction
with tenofovir, another antiviral that acts against
both viruses. Current treatment guidelines from
the International AIDS Society—USA and the US
Department of Health and Human Services endorse
the use of FTC in combination with tenofovir,
didanosine, or zidovudine as a preferred nucleoside
backbone regimen for individuals undergoing
antiretroviral therapy. The choice between FTC and
3TC often hinges on the specific drug formulations
and combinations available in various treatment
regimens. In conclusion, emtricitabine is a highly
tolerated and effective antiretroviral medication that
offers benefits in dosing convenience and efficacy
against both HIV and HBV. It is extensively used in
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combination therapies, especially in formulations
with tenofovir, to enhance treatment outcomes for
patients with co-infection of HIV and HBV.* The
phase 3 randomized, double-blind study assessed
the effectiveness and safety of a single-tablet
treatment consisting of elvitegravir, cobicistat,
emtricitabine, and tenofovir disoproxil fumarate
compared to the standard treatment of efavirenz,
emtricitabine, and tenofovir for the initial treatment
of HIV infection. A total of 700 participants who
had not previously received treatment were enrolled
and randomly assigned to one of the two treatment
groups. To qualify, participants needed to have an
HIV RNA level of at least 5000 copies per milliliter
and show susceptibility to efavirenz, emtricitabine,
and tenofovir. The main outcome measured was
the percentage of patients achieving an HIV RNA
level below 50 copies per milliliter at week 48.
The results showed that the elvitegravir-based
regimen was not inferior to the efavirenz-based
regimen, with 87.6% of patients in the elvitegravir
group and 84.1% in the efavirenz group achieving
viral suppression. Discontinuation rates due to
side effects were similar in both groups. However,
those on the efavirenz regimen reported more
frequent side effects such as nausea, dizziness,
abnormal dreams, insomnia, and rash. In contrast,
the elvitegravir regimen was associated with more
significant increases in serum creatinine levels,
indicating a potential impact on kidney function.
These results suggest that the single-tablet regimen
of elvitegravir, cobicistat, emtricitabine, and
tenofovir is a suitable alternative to the standard
efavirenz-based treatment for first-line HIV
therapy. With comparable efficacy and a different
safety profile, this regimen provides a convenient
once-daily option that may improve treatment
adherence and simplify HIV management.?

In phase 3 trial was a randomized,
double-blind, multicenter study that evaluated the
efficacy and safety of a fixed-dose combination
of bictegravir, emtricitabine, and tenofovir
alafenamide against a regimen of dolutegravir
combined with emtricitabine and tenofovir
alafenamide for the initial treatment of HIV-1
infection. Conducted at 126 outpatient centers
across 10 countries, the study enrolled treatment-
naive adults who had an HIV-1 RNA Ievel of at
least 500 copies per milliliter and an estimated
glomerular filtration rate of no less than 30
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milliliters per minute. The trial also included
participants co-infected with chronic hepatitis B
or C. Patients were randomly assigned in a 1:1
ratio to receive either the single-tablet regimen
of bictegravir, emtricitabine, and tenofovir
alafenamide or dolutegravir along with the same
nucleoside/nucleotide backbone. The primary
endpoint was to determine the proportion of
participants achieving HIV-1 RNA levels below 50
copies per milliliter at week 48, with a predefined
non-inferiority margin set at —12%. A total of 742
individuals underwent screening, with 657 of them
randomly assigned to receive treatment; among
these, 327 were given a bictegravir-based regimen
and 330 received a dolutegravir-based regimen. At
the 48-week mark, viral suppression was observed
in 89% of patients on the bictegravir regimen
and in 93% of those on the dolutegravir regimen.
The difference of —3.5% (with a 95% confidence
interval ranging from —7.9 to 1.0 and a p-value of
0.12) confirmed that the bictegravir regimen was
non-inferior. Importantly, no participants in either
group developed resistance to the medications
being studied. Both regimens exhibited similar
safety profiles; however, adverse events related to
the study drug occurred significantly less frequently
in the bictegravir group (18%) compared to the
dolutegravir group (26%, p=0.022). Treatment
discontinuation due to adverse events was minimal
across both groups.”’

The advance trial evaluated the
effectiveness and safety of three first-line
antiretroviral treatment regimens for HIV over
a duration of 96 weeks. The study focused on
comparing (1) dolutegravir combined with
emtricitabine and tenofovir alafenamide, (2)
dolutegravir paired with emtricitabine and
tenofovir disoproxil fumarate, and (3) efavirenz
with emtricitabine and tenofovir disoproxil
Sfumarate, the latter of which was previously
endorsed by the World Health Organization. This
phase 3, open-label, non-inferiority trial took
place in Johannesburg, South Africa, and involved
participants recruited from 11 public health clinics.
To qualify for the study, participants had to be at
least 12 years old, have an HIV-1 RNA level of 500
copies per milliliter or higher, weigh a minimum of
40 kilograms, and not have received antiretroviral
therapy in the six months prior. Those with
tuberculosis or who were pregnant were excluded
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from participation. Ultimately, 1,053 participants
were randomly assigned in a 1:1:1 ratio to one
of the three treatment regimens. The primary
efficacy endpoint—suppressing HIV-1 RNA to
below 50 copies per milliliter at 48 weeks—has
been previously reported. This analysis, however,
concentrated on the secondary endpoint of
viral suppression at week 96, along with safety
outcomes. The findings indicated that all three
treatment regimens successfully suppressed HIV at
week 96, showing no significant differences among
them. Dolutegravir-based regimens were found to
be non-inferior to the efavirenz-based regimen.
In terms of safety, the groups receiving tenofovir
alafenamide exhibited better preservation of bone
mineral density and renal function compared to
those treated with tenofovir disoproxil fumarate.
Nonetheless, the occurrence of specific adverse
events differed across the treatment groups. At
the 96-week mark, dolutegravir-based regimens,
whether combined with tenofovir alafenamide
or tenofovir disoproxil fumarate, demonstrated
comparable effectiveness to the efavirenz-based
regimen in achieving viral suppression, while
also presenting more favorable safety profiles.
These results further endorse dolutegravir-based
therapies as the preferred first-line options for
treating HIV infection.?®

Two phase 3, double-blind, randomized
studies were carried out to evaluate the efficacy
and safety of tenofovir alafenamide (TAF)
compared to fenofovir disoproxil fumarate (TDF)
when combined with elvitegravir, cobicistat, and
emtricitabine (E/C/F). The objective of these studies
was to determine if TAF, a new prodrug of tenofovir
that results in lower plasma concentrations,
could mitigate the renal and bone toxicity linked
to TDF while preserving comparable antiviral
effectiveness .The trials included treatment-naive
HIV-infected individuals from 178 sites across
16 countries, specifically selecting those with an
estimated creatinine clearance of at least 50 ml/min.
Participants were randomly assigned in a 1:1 ratio
to receive either E/C/F/TAF or E/C/F/TDF, along
with a matching placebo, and were monitored for
48 weeks. The primary outcome measure was the
percentage of patients achieving plasma HIV-1
RNA levels below 50 copies per milliliter, with a
non-inferiority margin set at 12%. Furthermore,
renal and bone safety indicators were evaluated
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to assess the advantages of TAF over TDF. Out of
2,175 patients screened, 1,744 were randomized,
and 1,733 received treatment (866 in the E/C/F/
TAF group and 867 in the E/C/F/TDF group). By
week 48, virological suppression was observed
in 92% of patients on E/C/F/TAF and 90% on
E/C/F/TDF, confirming non-inferiority (adjusted
difference: 2.0%; 95% CI —0.7 to 4.7). Notably,
E/C/F/TAF showed significantly improved renal
and bone safety results. Patients receiving TAF
experienced smaller increases in serum creatinine
(0.08 vs. 0.12 mg/dl; p<0.0001), lower levels of
proteinuria (—3% vs. 20%; p<0.0001), and less
bone mineral density loss at the spine (—1.30% vs.
—2.86%; p<0.0001) and hip (-0.66% vs. —2.95%;
p<0.0001).%

A phase 3, double-blind, randomized,
non-inferiority trial was carried out to assess the
efficacy and safety of a single-tablet regimen
consisting of elvitegravir (EVG), cobicistat
(COBI), emtricitabine (FTC), and tenofovir
disoproxil fumarate (TDF) (EVG/COBI/FTC/
TDF) in comparison to a ritonavir-boosted protease
inhibitor regimen featuring atazanavir (ATV)
with ritonavir (RTV), along with FTC/TDF (ATV/
RTV+FTC/TDF). The objective of the study was to
determine if the integrase strand transfer inhibitor
(INSTI)-based single-tablet regimen could be a
viable option for initial treatment of HIV-1. The trial
included treatment-naive patients with HIV-1 RNA
levels of at least 5000 copies/ml and confirmed
susceptibility to atazanavir, emtricitabine, and
tenofovir. Participants were randomly assigned in
a 1:1 ratio to receive either EVG/COBI/FTC/TDF
or ATV/RTV+FTC/TDF, both accompanied by
matching placebos. Randomization was conducted
using a computer-generated method, ensuring
that treatment assignments were concealed from
patients, investigators, and study personnel. The
primary endpoint was the percentage of patients
achieving HIV-1 RNA levels of 50 copies/ml
or lower at week 48, evaluated using the FDA
snapshot algorithm with a non-inferiority margin
set at 12%. A total of 715 patients participated in
the study, with 708 receiving treatments—353 in
the EVG/COBI/FTC/TDF group and 355 in the
ATV/RTV+FTC/TDF group. By week 48, 89.5%
of patients on EVG/COBI/FTC/TDF achieved
virological suppression, compared to 86.8% in
the ATV/RTV+FTC/TDF group, demonstrating
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non-inferiority (adjusted difference: 3.0%; 95%
CI: -1.9% to 7.8%). Both treatment regimens
were well-tolerated, showing similar rates of
discontinuation due to adverse events (3.7% versus
5.1%). Patients receiving EVG/COBI/FTC/TDF
experienced fewer abnormal liver function test
results and significantly lower increases in fasting
triglycerides (90 umol/L compared to 260 pmol/L;
p=0.006). Changes in serum creatinine levels and
estimated glomerular filtration rates were minimal
in both groups, stabilizing by week 8.%°

Bictegravir is an integrase strand transfer
inhibitor (INSTI) known for its robust resistance
barrier, making it a compelling choice for HIV
therapy. It is combined with emtricitabine and
tenofovir alafenamide (AF) in a single-tablet
regimen called Biktarvy. Clinical trials have
shown that Biktarvy is equally effective as other
standard HIV treatment regimens in achieving and
sustaining viral suppression. This combination is
well-tolerated and does not necessitate genetic
testing before starting treatment. Biktarvy is
particularly advantageous for patients who are
co-infected with hepatitis B (HBV), as both
emtricitabine and tenofovir alafenamide are
effective against HBV. Furthermore, it is a suitable
treatment option for individuals with moderate
renal impairment, as it can be administered to
patients with a creatinine clearance of at least 30
ml/min. Although additional research on its cost-
effectiveness is warranted, Biktarvy® offers a
convenient and effective treatment alternative for
both treatment-naive and experienced patients,
especially those with concurrent HBV or renal
issues.’!

The study investigated the effectiveness
of transitioning HIV treatment from zidovudine
to didanosine in patients with advanced or
asymptomatic HIV infection. Although zidovudine
is a proven treatment, its effectiveness may
decrease over time. Didanosine, another reverse
transcriptase inhibitor, was considered as a
potential alternative. In a multicenter, double-blind
trial involving 913 participants who had been on
zidovudine for a minimum of 16 weeks, subjects
were randomly assigned to either continue with
zidovudine (600 mg/day) or switch to didanosine at
two different dosages (500 mg/day or 750 mg/day).
The main goal was to determine if switching to
didanosine would lead to better clinical outcomes.
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The results indicated that switching to 500 mg/day
of didanosine significantly lowered the occurrence
of new AIDS-related events and deaths compared
to ongoing zidovudine treatment (relative risk
1.39,95% CI 1.06-1.82, P=0.015). However, the
higher dosage of 750 mg/day of didanosine did not
show a significant benefit over zidovudine. Both
groups receiving didanosine experienced increases
in CD4 cell counts (P < 0.001) and reductions in
p24 antigen levels (P =0.03 for 500 mg, P=0.005
for 750 mg).** The effectiveness of switching
HIV treatment from zidovudine to didanosine
in patients with advanced or asymptomatic
HIV infection. While zidovudine is an effective
treatment, its efficacy can diminish over time.
Didanosine, another reverse transcriptase inhibitor,
was evaluated as an alternative. In a multicenter,
double-blind trial, 913 participants who had been
on zidovudine for at least 16 weeks were randomly
assigned to receive either continued zidovudine
(600 mg/day) or didanosine at two different
doses (500 mg/day or 750 mg/day). The primary
objective was to assess whether switching to
didanosine provided improved clinical outcomes.
Results showed that switching to 500 mg/day of
didanosine significantly reduced the incidence of
new AIDS-defining events and deaths compared to
continued zidovudine treatment (relative risk 1.39,
95% CI 1.06-1.82, P=0.015). However, the higher
750 mg/day dose of didanosine did not provide a
clear advantage over zidovudine. Both didanosine
groups demonstrated increased CD4 cell counts
(P < 0.001) and reductions in p24 antigen levels
(P =0.03 for 500 mg, P =0.005 for 750 mg).The
findings suggest that switching from zidovudine
to 500 mg/day of didanosine slows HIV disease
progression, making it a more effective treatment
option for patients with advanced or asymptomatic
HIV infection.*

DISCUSSION

Abacavir is considered comparable to
other first-line HIV treatments in terms of safety and
efficacy for children and adolescents despite some
concerns about its effectiveness in certain therapy
combinations.’’ The study found that dolutegravir
combined with abacavir and lamivudine led to
higher rates of viral suppression, greater increases
in CD4+ T-cell counts, and faster viral suppression
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compared to efavirenz-based therapy over 48
weeks.*® Instis like raltegravir effectively treat
HIV, but resistance can occur. Newer instis are
being developed to address this. Raltegravir is
promising for early treatment, especially in patients
with other health issues.* Tenofovir DF has shown
strong anti-HBV efficacy in both treatment-
experienced and naive patients, confirming its
role as an effective management option for HBV
in HIV-coinfected individuals..® The combination
of lamivudine and zidovudine presents a more
effective strategy for improving outcomes in HIV
treatment. This dual therapy enhances immune
response, markedly decreases viral load, and
maintains a favorable safety profile, making it
an appropriate choice for patients with limited
prior exposure to antiretroviral medications. The
study underscores the importance of dual therapy
in optimizing HIV management and supports its
integration into standard treatment guidelines.
Further research may be required to investigate
the long-term benefits and resistance patterns
associated with this combination. Additionally,
a three-drug regimen that includes indinavir,
zidovudine, and lamivudine has proven to be
significantly more effective in lowering HIV RNA
levels and boosting immune function compared to
indinavir alone or the combination of zidovudine
and lamivudine.®® The treatment of protocol
involving efavirenz in conjunction with zidovudine
and lamivudine was the most effective and well-
tolerated among the three alternatives evaluated. At
the end of the treatment duration, 70% of patients
undergoing the efavirenz-zidovudine-lamivudine
regimen reached undetectable levels of HIV
RNA, compared to just 48% of those treated with
the indinavir-zidovudine-lamivudine regimen (P
< 0.001).%* The results provide robust support
for a three-drug treatment plan that incorporates
saquinavir, aimed at improving antiviral efficacy,
suppressing viral replication, and promoting
immune recovery in individuals with HIV. While
further studies are necessary to assess the long-
term benefits in reducing morbidity and mortality,
this trial offers compelling evidence in favor of
combination therapies that include saquinavir
for managing advanced HIV.®* Both E/C/F/TAF
and E/C/F/TDF exhibit significant virological
efficacy; however, TAF offers distinct advantages
for kidney and bone health. Although the studies
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did not specifically focus on evaluating long-term
clinical outcomes such as renal failure or fractures,
the findings indicate that treatment regimens
incorporating TAF may represent a safer long-term
choice for individuals initiating HIV therapy.*
The single-tablet regimen EVG/COBI/
FTC/TDF is a viable, non-inferior option compared
to the protease inhibitor-based regimen for
first-line HIV-1 treatment. With its once-daily
dosing and favorable safety profile, EVG/COBI/
FTC/TDF could simplify HIV management if it
receives clinical approval.®® The switching from
zidovudine to 500 mg/day of didanosine may
slow the progression of HIV disease, positioning
it as a more effective treatment option for patients
with advanced or asymptomatic HIV infection.5
nrtis serve as the foundation for the majority of
antiretroviral therapy (ART) regimens. Abacavir,
a widely utilized NRTI, has been explored in
combination therapies specifically for paediatric
and adolescent populations. A systematic review
and meta-analysis evaluating the effectiveness and
safety of abacavir-containing regimens in these
age groups indicated that combinations including
abacavir were both well tolerated and effective
as first-line treatments. Likewise, the pairing of
dolutegravir with abacavir-lamivudine exhibited
significant virologic suppression in adults infected
with HIV-1, underscoring the regimen’s durability
and effectiveness.®” Tenofovir disoproxil fumarate
(TDF) and its newer formulation, tenofovir
alafenamide (TAF), have been thoroughly examined
for their effectiveness in both treatment-naive and
treatment-experienced individuals. Research has
demonstrated that TAF, a novel prodrug, offers
virologic efficacy comparable to that of TDF while
presenting enhanced safety profiles concerning
renal and bone health. Furthermore, TDF-based
therapies have proven effective in patients co-
infected with HIV-1 and hepatitis B virus (HBV),
solidifying its significance as a crucial component
in ART regimens.® Zidovudine, recognized as
one of the first nucleoside reverse transcriptase
inhibitors (nrtis), has been extensively researched in
multiple combination treatment regimens. Studies
comparing zidovudine with didanosine in patients
suffering from advanced HIV infection revealed
that transitioning to didanosine led to enhanced
clinical outcomes, such as decreased disecase
progression and lower mortality rates. Likewise,
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investigations into combination therapies involving
zidovudine alongside zalcitabine or didanosine
showed superior virologic and immunologic
responses when compared to zidovudine used
alone.”

Integrase Strand Transfer Inhibitors
(INSTIs) have transformed the landscape of HIV
treatment by providing effective viral suppression
and a robust resistance barrier. Bictegravir, an
INSTI that is part of a single-tablet regimen
with emtricitabine and tenofovir alafenamide
(Biktarvy), has demonstrated significant efficacy
in sustaining viral suppression while maintaining a
positive safety profile. A randomized, double-blind
study that compared bictegravir/emtricitabine/
TAF to dolutegravir combined with emtricitabine
and TAF showed that both treatment options were
non-inferior, achieving high levels of virologic
suppression.” Elvitegravir, another INSTI, has
been assessed in various co-formulated regimens.
Research comparing elvitegravir/cobicistat/
emtricitabine/TDF to efavirenz/emtricitabine/TDF
indicated similar efficacy, with the elvitegravir
regimen resulting in fewer central nervous system-
related side effects. Additionally, studies that
evaluated tenofovir alafenamide against tenofovir
disoproxil fumarate in conjunction with elvitegravir,
cobicistat, and emtricitabine highlighted the
enhanced renal and bone safety associated with
TAF-based therapies.”" Dolutegravir, a prominent
INSTI, has undergone extensive investigation in
various combinations. The advance trial assessed
dolutegravir with emtricitabine and either tenofovir
alafenamide or tenofovir disoproxil fumarate
against efavirenz-based regimens, demonstrating
superior virologic suppression and better tolerability
in the dolutegravir groups.” Integrase Strand
Transfer Inhibitors (instis) have transformed the
landscape of HIV treatment by providing effective
viral suppression and a robust resistance barrier.
Bictegravir, an INSTI that is part of a single-
tablet regimen with emtricitabine and tenofovir
alafenamide (Biktarvy®), has demonstrated
significant efficacy in sustaining viral suppression
while maintaining a positive safety profile. A
randomized, double-blind study that compared
bictegravir/emtricitabine/TAF to dolutegravir
combined with emtricitabine and TAF showed that
both treatment options were non-inferior, achieving
high levels of virologic suppression.” Elvitegravir,
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another INSTI, has been assessed in various
co-formulated regimens. Research comparing
elvitegravir/cobicistat/emtricitabine/TDF to
efavirenz/emtricitabine/TDF indicated similar
efficacy, with the elvitegravir regimen resulting in
fewer central nervous system-related side effects.
Additionally, studies that evaluated tenofovir
alafenamide against tenofovir disoproxil fumarate
in conjunction with elvitegravir, cobicistat, and
emtricitabine highlighted the enhanced renal and
bone safety associated with TAF-based therapies.”
Dolutegravir, a prominent INSTI, has undergone
extensive investigation in various combinations.
The ADVANCE trial assessed dolutegravir with
emtricitabine and either tenofovir alafenamide or
tenofovir disoproxil fumarate against efavirenz-
based regimens, demonstrating superior virologic
suppression and better tolerability in the dolutegravir
groups. ”* Innovative Treatment Approaches and
Prospective Developments as antiretroviral therapy
(ART) progresses, researchers are investigating
new agents that offer enhanced safety and
long-lasting formulations. Regimens based on
bictegravir, dolutegravir, and other integrase
strand transfer inhibitors (instis) have established
new standards for effectiveness and tolerability,
with ongoing studies focused on further refining
treatment methods. Long-acting injectable options
and two-drug combinations present promising
alternatives, especially for patients who prefer
more straightforward dosing regimens. In
summary, the reviewed studies underscore
the ongoing progress in ART, highlighting the
importance of personalized treatment strategies that
take into account efficacy, safety, and individual
patient needs.”

CONCLUSION

The management of HIV continues
to progress, largely due to advancements in
antiretroviral therapy (ART). Nucleoside reverse
transcriptase inhibitors (NRTIs) remain the
cornerstone of most ART regimens, with agents
such as abacavir, tenofovir disoproxil fumarate
(TDF), and tenofovir alafenamide (TAF) showing
strong effectiveness in different combinations.
Among these, TAF provides improved renal
and bone safety compared to TDF. Integrase
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strand transfer inhibitors (INSTIs) — including
dolutegravir, bictegravir, and elvitegravir —
have significantly strengthened viral suppression
and raised resistance thresholds. Evidence
demonstrates that dolutegravir-based therapies
surpass efavirenz-based regimens in both virologic
control and tolerability. Combination treatments are
crucial for successful HIV therapy, and regimens
like lamivudine-zidovudine and three-drug
combinations featuring indinavir, efavirenz, or
saquinavir have shown better immune recovery,
viral suppression, and overall clinical outcomes.
New therapeutic strategies are also shifting toward
long-acting injectable options and simplified
two-drug combinations to enhance adherence and
improve patient satisfaction. Overall, this review
highlights efforts to optimize ART by improving
its efficacy, safety, and patient-focused delivery to
ensure sustained HIV management. Future research
will target the development of more potent, well-
tolerated, and longer-acting agents to further
enhance treatment effectiveness.
Future work

Recent progress in antiretroviral (ARV)
medications has concentrated on long-acting
formulations to enhance patient adherence
and improve treatment results. Significant
innovations include Lenacapavir (LEN), which
is administered subcutaneously every six months,
and the combination therapy of Rilpivirine (RPV)
and Cabotegravir (CAB), which is given every
two months, both demonstrating non-inferiority in
clinical trials. Islatravir (ISL) also shows potential
but has encountered challenges due to safety
issues. Furthermore, new arvs such as Doravirine
(DOR) exhibit unique resistance profiles with
limited cross-resistance, and the latest arvs are
effective against a range of HIV subtypes. The
advancement of long-acting arvs and drugs resistant
to certain strains is set to improve HIV treatment
alternatives.”’ Recent progress in antiretroviral
(ARV) medications has concentrated on long-
acting formulations to enhance patient adherence
and improve treatment results. Significant
innovations include Lenacapavir (LEN), which
is administered subcutaneously every six months,
and the combination therapy of Rilpivirine (RPV)
and Cabotegravir (CAB), which is given every
two months, both demonstrating non-inferiority
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in clinical trials. Islatravir (ISL) also shows
potential but has encountered challenges due
to safety issues. Furthermore, new arvs such
as Doravirine (DOR) exhibit unique resistance
profiles with limited cross-resistance, and the
latest arvs are effective against a range of HIV
subtypes. The advancement of long-acting arvs
and drugs resistant to certain strains is set to
improve HIV treatment alternatives.”® A primary
objective of NIAID-funded research on HIV
treatment is to create long-acting therapies that, in
contrast to existing antiretrovirals requiring daily
administration, could be taken weekly, monthly,
or even less frequently. These long-acting options
may be more manageable for some individuals
compared to daily pills and could also offer reduced
toxicity and greater cost efficiency. The research is
focusing on three categories of agents: long-acting
medications, broadly neutralizing antibodies, and
therapeutic vaccines.”
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