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Abstract: The recent development of once-daily antiretroviral agents and fixed-dose combination
formulations has been an important development in antiretroviral regimen simplification.
Recent studies indicate that once-daily antiretroviral regimens improve adherence, especially
in antiretroviral-naive patients and in difficult-to-treat populations, such as the homeless or
marginally housed. However, there are potential risks with the higher peak and lower trough
plasma drug concentrations that may result from certain once-daily formulations. Due to the
multifactorial and complex nature of adherence behavior, clinicians’ efforts to improve patient
adherence should not be limited to prescribing once-daily regimens, but should also consider
social support, side effect management, and adherence support tools, such as pillbox organiz-
ers and other targeted interventions. Additional research will clarify the benefits of once-daily
and fixed-dose combination regimens on clinical and virologic outcomes. Comprehensive
cost-benefit analysis of regimen simplification could help facilitate evidence-based decisions
regarding antiretroviral regimen choices.

Keywords: regimen adherence, regimen simplification, health care costs, fixed-dose
combination, once-daily antiretroviral drugs

Antiretroviral regimen simplification:

a moving target

The simplification of antiretroviral regimens has the potential to improve long-term
adherence, virologic efficacy, and clinical outcomes.! Simplification strategies that
employ antiretroviral agents that are currently approved or under study include use
of once-daily dosing regimens, better tolerated or less toxic regimens, fixed-dose
coformulations, and induction-maintenance approaches (Table 1).? In this brief
narrative review, we will focus on the following: results from published clinical
studies (both randomized and observational) that directly compare twice-daily versus
once-daily regimens; the clinical benefits and possible risks to the patient with once-
daily regimens; the costs and benefits associated with better adherence when using once-
daily regimens; and the ongoing research agenda for evidence-based improvements
to simplified regimens.

Multiple studies have demonstrated that adherence to antiretroviral therapeutic
regimens is among the most powerful predictors of sustained virologic suppression,
reduced risk of developing drug resistance, limited disease progression, and improved
patient survival.>® Since simpler antiretroviral regimens are considered easier to follow
and result in improved patient adherence, over the last decade the trend has been to
simplify treatment regimens.’ The key objectives of this strategy are to reduce the
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Table | Antiretroviral fixed-dose combinations

FDA-approved Type

AZT/3TC Dual NRTI

d4T/3TC* Dual NRTI

ABC/3TC Dual NRTI

TDF/FTC Dual NRTI

TDF/3TC* Dual NRTI

AZT/3TC/NVP* NNRTI + dual NRTI

d4T/3TC/NVP* NNRTI + dual NRTI

AZT/3TC/ABC Triple NRTI

TDF/FTC/EFV NNRTI + dual NRTI

TDF/3TC/EFV* NNRTI + dual NRTI

LPV/r Boosted Pl

RPV/TDF/FTC NNRTI + dual NRTI

Under study

Dolutegravir/ABC/3TC Integrase inhibitor + dual NRTI

Elvitegravir/cobicistat/ TDF/FTC Boosted integrase inhibitor +
dual NRTI

ATV + RTV (coblister) Boosted Pl

Note: *Fixed-dose combinations not available in the United States.
Abbreviations: 3TC, lamivudine; ABC, abacavir; ATV, atazanavir; AZT, zidovudine;
d4T, stavudine; EFV, efavirenz; FTC, emtricitabine; LPV/r, lopinavir/ritonavir; NNRTI,
non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase
inhibitor; NVP, nevirapine; Pl, protease inhibitor; RPV, rilpiverine; RTV, ritonavir;
TDF, tenofovir.

overall pill burden (from >2-5 daily to one daily) and the
number of times per day pills must be taken (eg, from three
times daily to once daily) while maintaining virologic efficacy
and treatment tolerability.'®!"!

Data from randomized controlled trials are necessary to
confirm whether the benefits of these simplified regimens
extend beyond improved adherence. Treatment simplification
with older antiretroviral regimens (eg, didanosine/tenofovir,
abacavir/zidovudine/lamivudine) did not result in improved
virologic efficacy.'*'* However, a more recent observational
study involving patients with limited social support
(eg, homeless or marginally housed patients) found that
a once-daily fixed-dose combination regimen (efavirenz/
emtricitabine/tenofovir) significantly improved adherence
(P=0.006) and viral suppression (human immunodeficiency
virus [HIV] RNA < 50 copies/mL: 69.2% vs 46.5%;
P = 0.02) when compared with a historical control
group using multiple-dose antiretroviral regimens.'
The fixed-dose combination of efavirenz/tenofovir/
emtricitabine is a Department of Health and Human
Services preferred first-line antiretroviral regimen based
on sustained non-inferior virologic efficacy compared with
ritonavir (r)-boosted protease inhibitors (eg, darunavir/r,
atazanavir/r), and raltegravir-based and maraviroc-based

16-18

regimens. The success of efavirenz/emtricitabine/

tenofovir in the marketplace has led to the development

of other single-pill once-daily coformulated regimens
(eg, rilpivirine/emtricitabine/tenofovir and elvitegravir/
cobicistat/emtricitabine/tenofovir).

The immediate-release formulation of nevirapine was
approved for twice-daily dosing, which is less than ideal if the
background regimen is taken on a once-daily basis. Because
nevirapine immediate-release has a long half-life, once-daily
dosing was initially explored, but this dosing regimen was
associated with an increased risk of hepatitis."

A new extended-release formulation of nevirapine
(Viramune® XR™) has been approved for once-daily dosing
by the US Food and Drug Administration,* based principally
on the results of the recent VERXVE study, a double-blind,
double-dummy randomized clinical trial comparing the
efficacy and safety of nevirapine extended-release (once
daily) with nevirapine immediate-release (twice daily) in
HIV treatment-naive adults (n = 1011).2! The nevirapine
extended-release formulation was found to have noninferior
efficacy compared with the nevirapine immediate-release
formulation, (both in combination with tenofovir and
emtricitabine).?! The safety and adverse event profiles of the
two formulations were also similar.”! The new nevirapine
extended-release formulation provides an additional once-
daily regimen option for clinicians and their patients, in
keeping with once-daily nucleoside reverse transcriptase
inhibitor background agents (eg, tenofovir/emtricitabine)
that are widely used.

In summary, the development of new antiretroviral
formulations that enable simplification of treatment regimens
is essential to meet the medical objective of better adherence
by utilizing once-daily antiretrovirals.

Once-daily versus twice-daily

dosing regimens

A limited number of studies in the past have addressed
improving treatment adherence with once-daily dosing
regimens in varied patient populations. In general, these
reports agree with the hypothesis that patients demonstrate
better adherence when using once-daily regimens. In a
meta-analysis of 11 randomized controlled trials involving
a total of 3029 subjects, the impact of once-daily regimens
on treatment adherence was evaluated. Adherence rates were
modestly better with once-daily regimens (+2.9%, 95%
confidence interval [CI]: 1.0%—4.8%; P < 0.003) than with
twice-daily regimens,'' providing support for the use of once-
daily regimens to help improve patient adherence. However,
week 48 treatment outcomes as measured by virologic
suppression were comparable between once-daily versus
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twice-daily regimens (77% vs 76%, respectively; P =0.21).
More recent antiretroviral simplification studies comparing
once-daily versus twice-daily antiretroviral regimens are
summarized in Table 2. Patient adherence to treatment
regimens showed improvement in most of these studies with
treatment simplification. %2227 In another study, Airoldi et al
reported that patients with HIV-RNA < 50 copies/mL on a
twice-daily or three times-daily regimen were switched to a
fixed-dose combination of efavirenz/emtricitabine/tenofovir
and reported better antiretroviral adherence after the switch
(93.8% vs 96.1%, respectively; P < 0.01).%2

In summary, the overall degree of improvement in anti-
retroviral adherence in these recent studies (Table 2) varied
from modest to significant. Once-daily treatment regimens,
especially those that are based on single-tablet fixed-dose
combination formulations, confer the major advantages of
reduced pill counts and dosing frequencies.!***?” Especially
for patients who may otherwise find it difficult to follow
rigorous dosing schedules, these simplified regimens have
been shown to improve regimen adherence, treatment
persistence and patient satisfaction in a number of studies.
These associated benefits apply to all patients on antiretroviral
regimens, but appear to be especially important in patients
facing multiple life challenges, such as marginal housing
or frank homelessness, and/or active injection drug use.'
A more extensive discussion on the impact of once-daily
regimens on treatment adherence and persistence has been
published elsewhere.?

Risks and burdens with once-daily

antiretroviral regimens?
The convenience of a once-daily antiretroviral regimen
is appealing, but the pharmacologic consequence of a
missed dose is greater with a once-daily formulation than
with a twice-daily regimen. Furthermore, there are clinical
scenarios where once daily is not recommended. For
example, patients with high baseline viral load (>100,000)
had lower virologic suppression with once-daily dosing
compared with twice-daily dosing of lopinavir/ritonavir.?’
Once-daily dosing of lopinavir should be avoided in the third
trimester of pregnancy because this may result in lower drug
exposure. In patients with genotypic protease inhibitor
mutations, twice-daily dosing of boosted protease inhibitor
(ie, lopinavir/r, darunavir/r) is recommended due to better
virologic outcome.

While initial pharmacokinetic/dynamic parameters
suggested that raltegravir may be a once-daily regimen can-
didate, a randomized study of raltegravir 800 mg once daily

compared with raltegravir 400 mg twice daily, each on a
background of tenofovir/emtricitabine in 770 antiretroviral-
naive patients, demonstrated that 83.2% taking raltegravir once
daily versus 88.9% taking raltegravir twice daily achieved an
undetectable viral load (<50 copies/mL).?* The treatment out-
come difference of —5.7% (95% CI: —10.7%, —0.83%) did not
meet the criteria for noninferiority. The observed difference
was largely driven by patients with high viral load. Among
those with a viral load >100,000 copies/mL, 74.3% of the
once-daily group versus 84.2% of the twice-daily group had
undetectable viral load.**

Finally, clinicians should be aware that the pharmacokinetic
parameters of once-daily dosing may not be adequate. A once-
daily treatment regimen is usually associated with higher
maximum plasma concentration and lower trough plasma
concentrations of the antiretrovirals. The increase in peak
concentration may result in higher toxicity, as demonstrated
for boosted protease inhibitors® and “off-label” use of
nevirapine immediate-release (2 X 200 mg once daily).”
Drugs with a short half-life, such as zidovudine, stavudine, and
the non-boosted protease inhibitors (except atazanavir), are
not suitable for once-daily administration due to inadequate
drug concentrations through needed 24-hour period. On the
other hand, once-daily administration of boosted protease
inhibitors may not provide adequate trough concentrations
when the virus shows reduced susceptibility to the drug, such
as during rescue therapy or in patients with protease inhibitor-
associated mutations. For example, although daily dosing with
darunavir/r (800/100 mg once daily) is noninferior and even
superior to lopinavir/r in treatment-naive patients,* once-
daily darunavir/r is not recommended in patients with more
than one darunavir-associated resistance mutation (eg, V111,
V321, L33F, 147V, 150V, 154L, 154M, T74P, L76V, 184V, and
L89V). The enhanced pharmacokinetic profile achieved with
twice-daily darunavir/r (600/100 mg twice daily) is required
to overcome low level darunavir resistance.

Way forward and the corresponding

research agenda

Antiretroviral nonadherence may result from factors other
than pill burden or dosing frequency, including: tolerability
and potential drug interactions of regimen; patient factors,
such as depression or substance abuse; social factors, such
as stigma and discrimination; or structural factors (eg, cost,
drug availability, lack of access to and retention in care,
lack of insurance coverage).’! Therefore, it is important to
re-emphasize that clinicians’ efforts to improve and sustain
antiretroviral adherence should not be limited to the choice

Patient Preference and Adherence 201 I:5

submit your manuscript

647

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Nachega et al

(T0'0 = d ‘%59 SnstoA %47 69) suswiSa.
I11d-adinu ueys Y 1S 4AL/DL4/A4T Ul 49323 seam
(Jwysaidod 05 > WYNY AIH) uoissaaddns [edip
sJapunojuod s|dnjnw Joj uljjoauod e

(9000 = d) suswidau |jid-sdinw yam pasedwod

2J0YoDd awes
WO} $|0J3U0D [BJ1I0ISIY

WYLS se 4A1/D14/A43 ©3
asuodsau 2130|0uIA pue

snsJ9A uoissaaddns 9ouaJaype Suissasse Apms B39
uswiSad Y1S 4A1/D14/A43 Ul 4ay3ly sem aduaJaypy syauow 9 [BJIA pUB 32UBJBYPY 859 pasnoy A|[euiSJew pue ssajaWoH |eUONEBAISSQO dAND3dso.y 84aqs8ueg
(10000 > d) swwys||22 509 ©3 955
W0y pasea.dul 3Unod D uesw ‘asn Y4 suring
(1000°0 > d) @2uaJaype YaIm pajeIdOSSE sisAjeue Jusned
Apuedyiudis sem 100 (Th0°0 = d) %LTL © wysa1dod 0§ > VNY-AIH -unpIm yam Apnas
%8'89 Wo.y dwn JdA0 paroadwl JOQ syuow g 1e Yam pue A43 +4aL aAnesedwod
%T'96 SeM PUE (10°0 > d) (%8'E6 DUl|aSEQ) % |96 O3 32U.IYpE UO UBWISAI AYY +D1€40A43 +4AL + D14 ‘loqe|-uado “1a3uadBINW w3
paseaJdul 9duUJaYpe Y4 O3 Y2IIMS J33je yiuow | syuow 9 Jo uonedyidwis jo 13943 70T YaIM pa1ea.l A|[ed1ucayd sausned ‘aAndadsoud :INOQV Ip|oJy
dlL snsdaA q|g snsaeAa A0
(suosiedwod e ‘|0°0 > d) AIL 4o aig sns4eA ad s3unod |jid Aq D14/4a.1/A43 8uedwod I8 39
YaIM D 14/4A1/A4T JO W1S Yam aduauaype paroadu) syauow 9 PaJNsEaW St 3dUdIBYpPY /95 1YV 3uneniui s3npe aAlRU-AYY [el1} P3|0JIUOD paziWOpuey snsaf aq
syuaned pasusriadxa
|_E\mw_n_0U 00> %00 pue |_E\w@_n_OU 0> A:O_uwwmc_ josuwn ~AYV Ul S| 1TYN + dld
Buisop q|g ueys asueljdwod juswiea.ay Jaysiy ui ‘9sOp 123402 ‘uonsadul) snsuaA O 319|983 J/AdT Y LEE)
pa3nsaJ J/Ad] Jo Buisop A ‘syPam T ysnouay | syauow 9 soueljdwoduop 665 syuaned 3jnpe pasuaLiadxa-AYY [el13 p3jjoJluod paziwopuey  SuaAusplez
(000 =d) (%€6-%S2)
%58 SNSIdA (%66-%T8) %T6:AD DLE/DAY YIM 1
>99Mm J& Appuediiudis pasea.dul UONJESIIeS JUSWIEI |
(900°0 = d) (%001-%E %) %€ 98 SNSIaA (%001-%8'€S) O Da4 DLE/DaV ©2 AIg DLE
%556 d2ueydwod Suiwn pue(910°0 = d) (%001-%€€€) sdes SWIW 4q + D@V wouj Sulydums pakejap
%616 SNSIDA (%001-%E+9) %1 L6 @oueldwod aouaJaype ‘aJreuuonsanb quysaldod 0g > JA YIM  SNSIDA 1BIPIWIWI JO A19jeS pue
Buisop {(£10°0 = d) (%001-%0'09) %996 SNSI9A OS1AIH Aq paJnsesw syuaned patdsjul-A|H Ul ‘Adedlye ‘9duataype Suliedwod o830
(9%001-%£°06) %T 66 2>urldwod Jusuneann :qd sa Alg SP9M g uoIIDBJSIIES USR] ¥6 Apnis [aqe|-uado ‘4a3uad-3j3ulg Apnis [aqe|-uado paziwopuey pueprel
uawi3au Ja|dwis paiageud
sauaned Jo %0’ | 6 Y2Iym Ul ‘wae QO PO.OAe) wJe +q|g ul
x_u:muc_cm_m uolIdeysijes Jusaleadl pue adsuaJaypy sjuanned SNSJSA wWJe ad o uswidau ao snsJeA
(%8°S/ ‘WJe +|g SNSIdA %40°08 SuIyDIIMS JD3JE g dooM B uswidaJ +|g den[eAd
‘wae O ‘8 29m Je uoissauddns paureurew quysaidod 0§ > YNY AIH ~ £01 =u:+qig uswidal AYY 3uanbauy aiow Juo 01 Apmis A3LIoLIjuIUOU
oym sjuaned jo uonuaodoud) aunseaw Adediys ewse|d paurejurew oym €1T=:a0 qig e uo qwysaidod g > A glll 9seyd ‘4sausdnjnw AEE)
Asewrad ul wae +Q|g 03 Jolisjuiuou sem wie gd SHo9M 8§ sjuaned jo uonuodouy oreE=u Yyam sausned 2npe pa1dajul-A|H ‘paziwopued ‘|pqe|-uadQ 3|kog
(%1°85) Q19 sNs42A (%0°08) AD INT Pim
Joy31y sem (sesop paquasaud Jo %Ge) @dualRYpy (SILYNN PUE ‘S| LYN ‘sld) SAYY
Pa10U 2J9M STV Ul S9DUIYIP JuedIUSIS ON pano.dde jo sassep ¢ 01 sduelsisaul
qJuwysaldod 0G> paAalyde paauswndop Jo adusliadxs Jolid
‘AlpAndadsau (€7€°0 = d) %9°TT PUe %E°€| pue Jwysaidod le=u:qig pue Jwysa1dod 000§ = TA Ym Qig sns4aA ad 4N3 Jo
“Juiysaidod 0oF > VNY AIH PaARIYE (696°0 = d) AIF J0 00 > VNY AIH 3uinaiyoe 0€=u:ad sAep g7 = o} uswiBa. Apmsaud A1Anoe [eiAnue pue Aiajes e 3
%977 snsJaA syuared Q) JO %E €T ‘S MOoM 1Y SYo9M gj syuaned jo uonuodouy 19=u pa3ueydun ue uo ‘9AlRU-JN|J 91BN[EAS O) [ELI) paZIWOopuey WSLAA
sjinsay  uoneang juiod pus asuaJsaypy u uone|ndod wie/udisap Apnigs  3dua49ay

suawi3aua A|H A|lep sawin 23.y3 10 A|iep-231M1 Yam A|rep-2ouo Suliedwod saipnis Juadad jo Alewwng g ajqe

Patient Preference and Adherence 201 |:5

submit your manuscript

648

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Regimen simplification in HIV infection

No difference in viral suppression after controlling
Week 48 virological responses were 81.0% (409/505)
for NVP XR and 75.9% (384/506) for NVP IR.

The adjusted difference in favor of NVP XR

was 4.9% (95% Cl: —0.1-10.0%)

for adherence
Mean adherence rates were 99.0% for NVP XR,

and 97.6% for the NVP IR treatment groups.

48 weeks

Adherence as measured by

pill counts

1011

ARV-naive adults initiating ART

safety of NVP XR versus IR

Randomized, double-blind,
double-dummy study

comparing efficacy and
Monitoring System; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase; NPV, nevirapine inhibitor; Pl, protease inhibitor; QD, once daily; QOL, quality of life; STR, single tablet regimen;

dose combination; FDR, fixed daily regimen; FTC, emtricitabine; HAART, highly active antiretroviral therapy; HIVSQ, HIV Treatment Satisfaction Questionnaire; IR, immediate release; LPV/r, lopinavir/ritonavir; MEMS, Medication Event
TDF, tenofovir; VL, viral load; XR, extended-release.

Abbreviations: 3TC, lamivudine; ABC, abacavir; AE, adverse event; ARV, antiretroviral; ART, antiretroviral therapy; BID, twice daily; BID+, twice daily or greater; Cl, confidence interval; EFV, efavirenz; ENF, enfuvirtide; FDC, fixed-

Gathe
et al?!

of once-daily antiretroviral regimen, but they need to include
social support,*? side effect management,* substance abuse
management, depression management, adherence support
toolkits (eg, pillbox organizers),** and other targeted inter-
ventions if needed.*

An emerging perspective is that better adherence associ-
ated with once-daily fixed-dose combination regimens or
other antiretroviral simplification strategies may reduce HIV
transmission. Indeed, pre-exposure prophylaxis studies in men
who have sex with men who received tenofovir + emtricitabine
found a 44% overall reduction of HIV transmission; and as one
would expect, the efficacy was higher in adherent patients with
detectable antiretroviral plasma concentrations.* Likewise, in
the CAPRISA 004 trial, which was designed to evaluate the
effectiveness and safety of tenofovir gel for the prevention of
HIV infection in women, application of 1% tenofovir vaginal
gel reduced HIV incidence by 39% and by 45% with high-
level gel adherence (defined as >80%).%

In the era of pay-for-patient-performance initiatives,
rigorous cost-benefit analysis of regimen simplification studies
will be important. Using this approach will bring added value
to the underlying medical knowledge base, policy makers, and
stakeholders if once-daily regimens with directly observed
therapy are cost-effective when compared with the total health
care costs for patients who are not virologically suppressed on
self-administered twice-daily regimens. A key concern that is
generating interest from both patients and payers is the overall
cost associated with once-daily versus twice-daily dosing
regimens, especially in the life-long treatment for chronic
HIV infection. With lamivudine coming off patent soon, the
drug cost of a once-daily dosing of lamivudine, tenofovir,
and efavirenz will likely be lower compared with once-daily
dosing of a fixed-dose combination of efavirenz, emtricitabine,
and tenofovir (Atripla®). Payer and governmental agencies
will need to decide if the benefits of fixed-dose combinations
are worth the higher drug cost. Have the impact on antiretro-
viral adherence and virologic outcomes as well as the direct
and indirect costs associated with each treatment paradigm
been rigorously compared? Not to our knowledge, and such
research is critically needed to guide clinical and policy
decision-making. Of note, a recent evaluation of the effect of
antiretroviral regimen adherence on direct health care costs
demonstrated that high adherence to antiretroviral regimens
was associated with lower mean monthly costs of direct health
care, with the greatest savings seen in hospitalization costs.*

On a global scale, country-specific pharmacoeconomic
analyses should address the cost-effectiveness of interventions
to improve antiretroviral regimen adherence. These analyses
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should include overall global patient costs (ie, not only the
actual direct costs of different formulations for each drug),
but also related costs associated with lesser adherence to
antiretroviral treatment regimens. Total patient costs should
include the additional health care costs related to managing
adverse consequences resulting from poor regimen adherence
(eg, hospitalization with an opportunistic infection) and non-
medical costs, such as social services. Finally, this assessment
should also include expenses associated with the design of new
antiretroviral regimens (eg, new genotypic and phenotypic
virologic testing if applicable) if the original regimen fails.

Country-specific pharmacoeconomic analyses should
address prospective investigations of the long-term benefits of
better antiretroviral regimen adherence, the resulting improve-
ments in overall patient outcomes and associated costs,*®
and the cost-effectiveness of simple, reliable, and validated
interventions to improve antiretroviral regimen adherence.**#
Taken together, these analyses will allow the comprehensive
costs of current antiretroviral regimens to be compared with
the comprehensive patient costs associated with simplified
antiretroviral regimens, facilitating evidence-based decision-
making for individual countries and patient groups.

Conclusion

Simplification of antiretroviral treatment is evolving and
remains an important strategy to improve the long-term
management of HIV-infected patients. This can be achieved
by the development of once-daily fixed-dose combination
formulations and by new drugs with improved pharmacoki-
netic characteristics. Available evidence demonstrates better
treatment adherence with once-daily fixed-dose combination
regimens, especially in patient populations who are more
likely to be noncompliant with their regimens; however,
this strategy is suitable for selected antiretrovirals and under
conditions where the virus shows sufficient susceptibility
to the specific antiretrovirals in the fixed-dose combination
under consideration. Clinicians’ efforts to improve and sus-
tain patient adherence should not be limited to the choice
of a once-daily regimen, but also need to be comprehensive
in addressing the specific patient’s needs and preferences.
Further research will be necessary to establish the benefits of
once-daily antiretroviral dosing strategies in various patient
populations, including better adherence, reduction of HIV
transmission, and comprehensive cost-effectiveness.
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