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A B S T R A C T

This article evaluates the evidence supporting use of the tenofovir disoproxil fumarate (TDF) plus lamivudine (3
TC) combination as a dual nucleoside backbone within a triple drug antiretroviral regimen. Key trials that assess
the relative efficacy, safety and resistance profile of 3 TC and emtricitabine (FTC) are discussed. Clinical use of 3
TC and FTC with two tenofovir prodrugs –TDF and tenofovir alafenamide (TAF) – is presented. Recommendations
from various international guidelines for the construction of triple and emerging dual regimens are summarised.
In conclusion, data suggest the therapeutic equivalence of 3 TC and FTC, especially when 3 TC is combined with
TDF.
HIV treatment today

Antiretroviral (ARV) therapy (ART) has transformed the outlook for
people living with HIV (PLWH): yielding normal life expectancy and no
risk of sexual transmission of HIV. An estimated 23.3 million PLWHwere
receiving ART globally as of 2018,1 and the successful response to the
HIV pandemic has been hailed as a model for public health.2

An understanding of the life cycle of the HIV virus helped identifying
the key steps in viral replication and potential therapeutic targets. The
critical enzymes for replication are the reverse transcriptase, the protease
and the integrase. The first ARV drug class developed targeted the reverse
transcriptase enzyme, followed by drugs that targeted the protease and
the integrase. A fourth class of drugs target various steps involved in viral
attachment and entry into host cells including, most recently licensed, a
monoclonal antibody that inhibits CD4 binding.3 Thus, within 25 years of
the virus being discovered in 1981, 25 ARV compounds were licensed for
clinical use by the United States (US) Food and Drug Administration
(FDA).d.

The accepted standard of care in HIV treatment involves using a
combination of three active drugs from at least two different classes.5

This approach has demonstrated durable viral suppression and conse-
quent immune reconstitution, resulting in a dramatic reduction in
morbidity and mortality and near-normal life expectancy. Further, an
undetectable viral load prevents HIV sexual transmission, with major
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implications in terms of public health and individual wellbeing.6

Regimen selection is based on virologic efficacy, potential for adverse
effects, pill burden and dosing frequency, drug-drug interaction poten-
tial, resistance test results, comorbid conditions and cost.6 Given the
importance of lifelong treatment adherence to maintain durable virologic
suppression, fixed-dose combinations that include two or three drugs are
now commonly used.5

Current treatment guidelines recommend first-line regimens
comprising of two nucleoside/nucleotide reverse transcriptase inhibitors
(NRTIs) plus a third drug from one of three

Drug classes: integrase strand transfer inhibitors (InSTIs), non-
nucleoside reverse transcriptase inhibitors (NNRTIs), or protease in-
hibitors (PIs) (Table 1).7–9 The European AIDS Clinical Society (EACS)
guidelines were the first to include a two-drug regimen, dolutegravir
(DTG) plus lamivudine (3 TC), as a recommended first-line treatment
option, though still lists two NRTI combined with an InSTI as preferred.8

The US Department of Health and Human Services (DHHS) followed,
including DTG plus 3 TC as one of the recommended initial regimens for
most people.7 Thus, NRTIs form the backbone of, the still largely
preferred, triple ART, and first-line dual ART approaches to treatment.

Nucleoside reverse transcriptase class evolution

The first ARV drug for clinical use was the NRTI zidovudine (ZDV)
369 Fulham Road, London, SW10 9NH, UK.

uary 2021

he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

mailto:marta.boffito@nhs.net
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jve.2021.100028&domain=pdf
www.sciencedirect.com/science/journal/20556640
www.viruseradication.com
https://doi.org/10.1016/j.jve.2021.100028
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jve.2021.100028


Table 1
Branded and generic three-drug fixed-dose combinations (FDC) available today.

1. TDF þ FTC þ efavirenz (branded)

2. TDF þ 3 TC þ efavirenz (generic)
3. TAF þ FTC þ bictegravir (branded)
4. TAF þ FTC þ darunavir þ cobicistat (branded)
5. TDF þ FTC þ elvitegravir þ cobicistat (branded)
6. TAF þ FTC þ elvitegravir þ cobicistat (branded)
7. TDF þ FTC þ rilpivirine (branded)
8. TAF þ FTC þ rilpivirine (branded)
9. TDF þ 3 TC þ dolutegravir (generic)
10. TDF þ 3 TC þ doravirine (combination of brand new compound and generic

backbone)

TAF ¼ tenofovir alafenamide, TDF ¼ tenofovir disoproxil fumarate, FTC ¼
emtricitabine, 3 TC ¼ lamivudine.
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licensed by the US FDA in 1987. The timeline for the US FDA approval of
the NRTI class of drugs is depicted in Table 2.10 In 2001, the first
nucleotide reverse transcriptase inhibitor (NtRTI), i.e. TDF was intro-
duced. TDF has now become one of the most frequently prescribed drugs
for HIV treatment.4 In 2009, it was estimated that if ART had saved three
million lives, tenofovir alone may be responsible for two-thirds of the
three million years of life saved.4 TDF description is beyond the scope of
this review article and its efficacy and safety profiles are extensively
Table 2
Current recommendations for first-line antiretroviral regimens.7–9

EACS 2020 DHHS 2019 IAS 2018

Preferred regimens
� ABC/3TC/DTG
� (TAF/FTC or TDF/

FTC or TDF/3 TC)
Plus (DTG or RAL
TAF/FTC/BIC

1 NRTI þ 1 INSTI
3TC/DTG

Recommended initial
regimens for most
people with HIV
� BIC/TAF/FTC
� DTG/ABC/3 TC
� DTG þ (TAF or TDF) þ
(FTC or 3 TC)
� DTG þ 3 TC
� RAL þ (TAF or TDF) þ
(FTC or 3 TC)

Generally recommended
initial regimens
� BIC/TAF/FTC
� DTG/ABC/3 TC
� DTG þ TAF/FTC
Recommended Initial
Regimens for Individuals for
Whom Generally
Recommended Regimens Are
Not Available or Not an
Option

Alternative regimens
� ABC/3 TC þ RAL
� TAF/FTC OR TDF/

FTC OR TDF/3 TC þ
DOR OR RPV

� TDF/FTC/EVG/c
� TAF/FTC/EVG/c
� ABC/3 TC þ EFV
� (TAF/FTC or TDF/

FTC or TDF/3 TC) þ
EFV

� TDF/FTC/EFV
� ABC/3 TC þ (ATV/c

or ATV/r)

Recommended initial
regimens in certain
clinical situations
� EVG/c/(TAF or TDF)/
FTC
� (DRV/c or DRV/r) þ
(TAF or TDF) þ (FTC or
3 TC)
� (ATV/c or ATV/r) þ
(TAF or TDF) þ (FTC or
3 TC)
� (DRV/c or DRV/r) þ

� DRV/c þ TAF (or TDF)/FTC
� DRV/r þ TAF (or TDF)/FTC
� EFV/TDF/FTC
� ELT/c/TAF (or TDF)/FTC
� RAL þ TAF (or TDF)/FTC
� RPV/TAF (or TDF)/FTC

ABC/3 TC þ (DRV/c or
DRV/r)

(TAF/FTC or TDF/FTC
or TDF/3 TC) þ
(ATV/c or ATV/r)

ABC/3 TC
DOR/TDF/3 TC or DOR
þ
TAF/FTC
EFV þ (TAF or TDF) þ
(FTC or 3 TC)
o EFV 600 mg þ
TDF þ (FTC or 3 TC) o
EFV 400 mg/TDF/3 TC o
EFV 600 mg þ
TAF/FTC
RPV/(TAF or TDF)/(FTC
DTG/3 TC
DRV/r þ RAL bd
DRV/r od þ 3 TC

(if pretreatment HIV RNA
level is < 100 000 copies/mL
and CD4 cell count is > 200/
μL)

EVG/c: boosted elvitegravir with cobicistat; DOR: doravirine; TAF; tenofovir
alafenamide; FTC: emtricitabine; BIC: bictegravir; RAL: raltegravir; RPV: rilpi-
virine; EFV: efavirenz; ATV/c: boosted atazanavir with cobicistat; ATV/r: boos-
ted atazanavir with ritonavir; ABC: abacavir; 3 TC: lamivudine; DRV/c: darunavir
and cobiscistat; DRV/r: darunavir and ritonavir; DTG: dolutegravir.
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described in the literature.11

Both NRTIs and NtRTIs interact with the catalytic site of the HIV
reverse transcriptase enzyme. Before these drugs can interact with the
substrate-binding site, they need to be phosphorylated intracellularly to
the triphosphate and diphosphate forms, respectively. The phosphory-
lated forms then act as a competitive inhibitor/alternate substrate
causing chain termination.4

As new drug classes became available, the combination of two NRTI
plus an agent from a different class was proven to be the optimal ‘recipe’
for sustained viral suppression and the two NRTI backbone established
itself as the cornerstone of regimens recommended by consensus guide-
lines globally. Further, extensive use of potent triple regimens resulted in
increased life expectancy,12 and the realisation that regimens needed to
be friendlier – in terms of tolerability, pill burden, frequency of dosing
and that co-formulations improve patient adherence.

The first two NRTI fixed-dose combination (FDC) of ZDVþ 3 TC was
licensed by the US FDA in 1997. This was followed by abacavir (ABC) þ
3 TC and TDF þ FTC, both in 2004. Importantly, TDF þ 3 TC was also
approved for use by the US FDA under the President’s Emergency Pro-
gramme for AIDS Relief (PEPFAR) programme in 2011, and tenofovir
alafenamide (TAF) þ FTC in 2016.

Are lamivudine and emtricitabine interchangeable?

Today, 3 TC or FTC are an almost universal component of all first-line
regimens used globally and listed as a “preferred” option by all HIV
treatment guidelines. In the published literature, the abbreviation “XTC”
is often used to denote either 3 TC or FTC.13

Efficacy

A systematic review and meta-analysis13 of randomised trials were
performed to assess the comparative efficacy of 3 TC and FTC within a
triple ART combination in treatment-naïve or experienced patients.
Twelve trials published between 2002 and 2013 provided data on 2251
and 2662 individuals who received 3 TC or FTC, respectively. Treatment
success did not differ significantly in any of the 12 trials.

The difference in relative risk for achieving treatment success was
non-significant in three trials that compared 3 TC and FTC directly (p ¼
0.3), nor was the difference in pooled relative risk for treatment success
(RR 1.00, 95% CI 0.97–1.02), with no observed heterogeneity. For
treatment failure, all but one study found no difference in risk with no
statistically significant difference in the pooled relative risk for treatment
failure (RR 1.08, 95% CI 0.94–1.22) with no subgroup differences (p >

0.1), and low heterogeneity (I2 ¼ 3.4%).
This analysis was robust since only randomised trials with compara-

ble background regimens were included, with outcomes from more than
4500 randomisations. Further, the search strategy allowed for both
published and unpublished trials. The authors opine that the overall
findings provide

Supportive evidence for the recommendations of current interna-
tional guidelines to treat 3 TC and FTC as interchangeable.

An analysis from the Dutch ATHENA cohort14 compared the treat-
ment responses to 3 TC versus FTC, in combination with TDF and a
boosted PI. One-thousand and eighty-two ART-naïve PLWH were fol-
lowed up for 48 weeks in this observational study, and virologic failure
rates were comparable – 8.9% with 3 TC and 5.6% with FTC (p¼ 0.208).
Over five years of follow-up, 3 TC was not significantly associated with
decreased virological responses in comparison with FTC (adjusted hazard
ratio for treatment failure was 1.15). Additional support for the inter-
changeability of 3 TC and FTC comes from the observations that the time
to two consecutive HIV RNA measurements <400 copies/mL and the
time to treatment failure after suppression <400 copies/mL were not
significantly influenced by the use of 3 TC versus FTC in TDF/boosted PI-
containing regimens. The authors concluded that generic 3 TC can be
used instead of FTC in PI-based regimens without increased risk for



L. Waters et al. Journal of Virus Eradication 7 (2021) 100028
virologic failure and, furthermore, the use of generics would have ben-
efits in cost containment strategies globally.

However, when combined with the first generation NNRTI efavirenz
(EFV) or nevirapine (NVP), FTC seemed to be associated with better
virological responses compared to 3 TC in the ATHENA cohort. Never-
theless, this finding was never demonstrated by an appropriately pow-
ered randomised trial or by the registrational studies showing non-
inferiority of TDF/3TC/doravirine (DOR) versus FTC containing ART,
supporting similar efficacy of 3 TC and FTC with a later generation
NNRTI.15–17

Safety

Pollock et al.18 assessed the incidence of FTC-associated adverse
events by switching 158 patients on a sable 3 TC-containing regimen to
FTC, without altering any other drugs in the triple regimen. Switches
were made between May 2004 and July 2005 based on patient and/or
physician preferences. Overall, switch to FTC was well tolerated with no
Grade 3 or 4 toxicities reported.

However, within a month of switch to FTC, 13 patients had re-
initiated 3 TC. In 11 patients, this was triggered by patient-reported
adverse effects, and resolution of clinical symptoms was reported by all
11 cases within 72 h of re-initiating 3 TC. This translates into a 7%
incidence of intolerance to FTC in this cohort (11 out of 158). Six of the
11 cases reported Grade II central nervous system (CNS) toxicity – feeling
strange or unwell. This has not been assessed in the randomised trials
that predated this cohort.

Hyperpigmentation has been reported with FTC, with an overall
incidence of 3.4%, usually affecting the palms of the hands or the soles of
the feet.19 Similarly, an incidence of 3.9% has been reported by a study in
155 Japanese patients.20

In pooled data from adults, aspartate transaminase (AST) increase,
alanine transaminase (ALT) increase, and pneumonia have been reported
as the most serious adverse effects with FTC.21 Themajority of these were
felt to be unrelated to FTC. Adverse events most frequently leading to
study discontinuation were AST increase (2 versus 2.3% control), ALT
increase (2% versus 2.3% control), hyperamylasaemia (0.6% versus 1.2%
control) and rash (0.7% versus 0.8% control).

Finally, Venhoff et al.22 investigated the mitochondrial toxicity of
various NRTI backbones. TDF plus 3 TC was the only combination with
no additive or synergistic toxic effects, while a dose-dependent reduction
in cell proliferation was observed with the TDF plus FTC combination.

Resistance

Data from the UK HIV Drug Resistance Database (HDRD) and the UK
Collaborative HIV Cohort (CHIC).

Study was analysed to investigate the prevalence of genotypic resis-
tance profiles in patients failing.

TDF, EFV and either 3 TC or FTC.23 The UK HDRD is a central re-
pository of resistance tests performed as part of routine clinical care in
the UK, whereas the UK CHIC Study is an observational cohort of
HIV-infected individuals attending some of the largest HIV clinical cen-
tres in the UK.

The endpoints analysed were detection of K65R, M184V or both.
Person-time was calculated from the start date of the regimen to detec-
tion of the mutation(s) being analysed. An event was defined as detection
of a mutation, and the rate of an event (according to whether the regimen
contained 3 TC or FTC) was calculated by dividing number of number of
events by the person-time. FTC- based regimens (n ¼ 5190) were used
more commonly than 3 TC-based regimens (n ¼ 1228).

The overall event rate for detection of M184V was 0.38/100 PYFU.
Although patients on 3 TC were more likely to develop resistance, this
was not statistically significant in univariable (OR 1.85, p ¼ 0.09) or
multivariable analyses (OR 1.89, p ¼ 0.1). The study concluded that
there was no evidence of an increased risk of development of M184V and
3

K65R at failure of 3 TC-based, as compared to FTC-based, ART. Other
studies, have shown statistically significant differences between FTC and
3 TC but these were small and retrospective.24

Pharmacokinetics

3 TC and FTC share an intracellular mode of action against HIV
reverse transcriptase and are pharmacokinetically very similar. They are
both cytosine analogues which are phosphorylated intracellularly to
interfere with HIV viral RNA-dependent DNA polymerase resulting in
inhibition of viral replication.

The main difference between the two drugs is their intracellular half-
life, which is approximately 38 h for FTC triphosphate,25 compared with
approximately 16 h for 3 TC triphosphate.26

However, both drugs can be administered once daily and when co-
administered with TDF are able to provide sufficient symmetry to the
ARV combination, especially with third agents characterised by similarly
prolonged plasma half-lives.

Finally, because renal excretion of unchanged drug is the principal
route of FTC and 3 TC elimination, the potential for these drugs to cause
metabolic drug interactions is low and to date, no specific drug in-
teractions have been reported in the literature.

FTC and 3 TC in combination with TAF versus TDF

One limitation is the inability to use 3 TC in combination with TAF,
since all TAF products for HIV are co-formulated with FTC. Although the
International Antiviral Society-USA (IAS-USA)9 guidelines express a
preference for TAF over TDF, DHHS7 and EACS8 guidelines do not.
Although TDF is associated with changes in renal and bone biomarkers,
differences in clinical end-points seem to be largely limited to when TDF
is combined with a boosted 3rd agent.10,27 In addition, TAF is associated
with a less favourable lipid profile28 than TDF and, although lipid dif-
ference in trials were small, they may be more pronounced and of clinical
consequence in real-life populations.

Recommendations from international guidelines

In 2012, theWorld Health Organisation (WHO) published a Technical
Update on the pharmacological equivalence and clinical interchange-
ability of 3 TC and FTC. This was based on a comprehensive review that
examined preclinical studies, efficacy and safety data from clinical trials,
comparative data concerning the development of resistance, consider-
ations of patent barriers, comparative cost analysis and the availability of
FDCs, and concluded that the available data support the clinical and
programmatic interchangeability of 3 TC and FTC.29

Furthermore, the 2019 DHHS (December 2019) and EACS8 antire-
troviral guidelines recommend that 3 TC and emtricitabine may be
considered interchangeable.7

NRTI backbones in current use

International guidelines7–9 recommend the NRTI backbones illus-
trated in Table 1, in combination with a third agent, for initiation of ART.

Today, tenofovir-based two-NRTI backbones are the cornerstone in
the treatment of HIV. Several tenofovir-based regimens are available as
fixed dose combinations (FDC), of which some are branded and some
generic formulations and some are composed by the mixture of the two
(Table 3).

A drawback to branded FDC is that they traditionally come at an
increased cost. However, as more components of first-line regimens
become generic, clinicians and third-party payers will need to define the
true cost-benefit associated with using some generics, and the clinical
relevance of taking a single pill compared to multiple pills once daily.5

The availability of generic formulations has facilitated the “unbun-
dling” of prescriptions, i.e. using individual generic formulations of the



Table 3
Timeline of US FDA approvals for the N(t)RTI class of antiretrovirals 10.

Year NRTI/NtRTI

1987 Zidovudine
1991 Didanosine
1992 Zalcitabine
1994 Stavudine
1995 Lamivudine
1997 “Combivir” (FDC of zidovudine 300 mg þ lamivudine 300 mg)
1998 Abacavir
2000 Didanosine EC
2001 Tenofovir DF
2003 Emtricitabine
2004 “Epzicom” (FDC of abacavir 300 mg þ lamivudine 300 mg)
2004 “Truvada” (FDC of tenofovir disoproxil fumarate 300 mg þ emtricitabine

200 mg)
2011 Tenofovir 300 þ Lamivudine 300 mg tablets (FDC)a

2016 “Descovy” (FDC of tenofovir alafenamide 25 mg þ emtricitabine 200 mg)

a Cipla formulation tentatively approved as an NDA (number 200623) on
March 5, 2011.
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FDC to cut costs. Published evidence from the National Health Service
(NHS) cohort in the UK indicates a favourable experience when the FDC
of.

TDF/FTC/efavirenz was replaced with one pill of TDF/FTC plus one
pill of EFV. Of 230 patients who were switched away from the single-
tablet regimen between December 2016 and October 2017, 177 (77%)
patients remained on TDF/FTC þ EFV at December 2018. Although the
increased pill burden was a significant

Concern for prescribers, this was not reflected in the attitude of pa-
tients. The authors concluded that pill burden is not a major consider-
ation for switching stable patients.30

TDF/3 TC as a viable option

Several studies have demonstrated the interchangeability of FTC with
3 TC; as aforementioned, this has also been recommended by the DHHS,7

WHO29 and EACS8 guidelines.
Of all the ARVs approved by the US FDAmore than 20 years ago, only

3 TC continues to be recommended in the most recent guidelines glob-
ally. This is supported by extensive clinical experience garnered over 25
years, which has characterised efficacy and safety across patient
populations.31

Data from clinical studies support the efficacy ands safety of the
combination of TDF þ 3 TC. Further, this combination has been used
extensively as per WHO guidelines32 in various triple combination for-
mulations with EFV and DTG. Recently, the TDF/3TC/DOR fixed-dose
combination has received EMA33 and US FDA34 approval. Within
Europe, the TDF/3 TC fixed-dose combination has received marketing
authorisation in different European countries.35

The inclusion of 3 TC rather than FTC may offer some economic
benefits, as well as assurance of an alternative supply for the NRTI
backbone. Availability of this quality assured generic FDC offers an op-
portunity for reduced healthcare costs, as well as the construction of a
triple drug regimen as per patient need.

Conclusion

The majority of evidence to date, ranging from pharmacological data
to observational studies to direct and indirect comparisons in randomised
trials, suggests that 3 TC and FTC are therapeutically

Interchangeable; differences, if any, are likely to be very small and not
of clinical significance, especially when 3 TC is combined with TDF. This
is today important as new drug formulations and generic combinations
4

are becoming available globally which can benefit patients, institutions
and healthcare programmes, and help bridging the global ART coverage
gap when cost effective.
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