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n INTRODUCTION

Antiretroviral therapy (ART) has dramati-
cally improved the quality of life of people 

living with HIV; despite its remarkable effective-
ness and tolerability, ART is currently a lifelong 

treatment that can be associated with long-term 
side effects on liver, kidney, bone and lipid me-
tabolism, according to type of drug regimen used 
[1]. Pill burden and fatigue are also common is-
sues of lifelong treatments and both are major 
causes of poor adherence and treatment failure 
[2]. Furthermore, the cost of a lifelong ART is a 
major concern for healthcare systems world-
wide [3]. To date, several strategies have been at-
tempted to reduce pill burden and/or long-term 
side effects. Single-tablet regimens (STR) are the 
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Reduced dose schedules may be feasible options to 
simplify antiretroviral therapy (ART) in selected HIV-
1-infected individuals. Efficacy and safety of a Day-on, 
Day-off (DODO) schedule of tenofovir disoproxil fu-
marate, emtricitabine and efavirenz (FTC/TDF/EFV) 
single tablet regimen (STR) was assessed. Twenty-
seven patients were prescribed the DODO schedule 
and were monitored for 48 weeks. Switching crite-
ria were: no previous ART failure, no AIDS-defining 
illnesses, T CD4 cell nadir >200/mm3, and HIV-RNA 
below detection limit (40 copies/mL) for at least six 
months. Clinical and laboratory data, including plasma 
HIV-RNA levels, T CD4 and CD8 counts, liver and kid-
ney function, lipid levels and ultrasensitive C-reactive 
protein (us-CRP) were assessed at baseline, week 4, 12, 
24, and 48. Statistical analysis was performed by paired 
Student’s T-test for comparison between baseline and 
each time point, and Chi square test for CD4/CD8 ratio 
comparison. In all, 26 out of 27 patients maintained plas-
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ma HIV-RNA levels below the detection limit through 
the entire follow-up. One patient experienced low level 
plasma HIV-RNA rebound at week 36 (47 copies/ml) 
and immediately reverted to the conventional dose 
schedule of FTC/TDF/EFV; plasma HIV-RNA was un-
detectable after four weeks. No major changes on liver 
and kidney function tests, lipid levels and us-CRP were 
observed. Although no profound modifications of T 
CD4 count were observed during follow-up, the CD4/
CD8 ratio increased significantly at week 48 compared 
to the baseline (p<0.05). In conclusion, 48-week DODO 
administration of the fixed dose FTC/TDF/EFV STR 
combination was safe and effective in maintaining HIV 
viral replication below the detection limit in a selected 
group of HIV-1-infected individuals.
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therapeutic options with the lowest pill burden, 
intended for use in both naïve and experienced 
patients. Available combinations include two nu-
cleoside reverse transcriptase inhibitors (NRTIs) 
plus a third drug (either non-nucleoside reverse 
transcriptase inhibitors, NNRTI or integrase in-
hibitors, INSTI) in a single tablet, administered 
once daily. However, STR long-term side effects 
are comparable with non-STR regimens, given 
that the number of drugs used is unchanged. 
The so-called “less drug regimens” (LDR) repre-
sent an alternative therapeutic approach, widely 
evaluated in recent years, either constituted by a 
single antiretroviral drug (mono therapy, usual-
ly boosted protease inhibitors) or a combination 
of two drugs (dual therapy) [4, 5]. Mono/dual 
therapy are feasible options in selected groups of 
patients as maintenance regimens, allowing to re-
duce the number of drugs for long-term treatment 
and sometimes to reduce the overall pill burden 
[6, 7]. Such treatment is, however, not recom-
mended for patients naïve to ART, with history of 
AIDS-defining illnesses or ART-experienced with 
multiple drug resistance [8]. Besides, data on the 
long-term benefit of such reduction on overall liv-
er, kidney, bone and lipid metabolism are current-
ly unavailable. A third ART simplification strate-
gy, namely reduced schedule of administrations, 
has been recently proposed and this option may 
potentially reduce the burden of long-term side 
effects and poor adherence due to pill fatigue. The 
FOTO and BREATHER trials have shown that re-
ducing the number of administrations (e.g. five 
days on/two days off) is a potentially safe and 
effective option, as long as drugs with prolonged 
half-lives (i.e. efavirenz, EFV) are included in the 
regimen [9, 10]. To date, there is little evidence on 
EFV-based STR regimens with alternative admin-
istration schedule in clinical practice. We report 
on effectiveness and safety of an alternate-day 
administration schedule of emtricitabine (FTC)/
tenofovir disoproxil fumarate (TDF)/efavirenz 
(EFV)-based STR performed in a real-life setting.

n PATIENTS AND METHODS

Between July 2014 and August 2015, twenty-sev-
en HIV-1-infected patients undergoing once dai-
ly FTC/TDF/EFV STR were switched to a Day-
On Day-Off (DODO) schedule, as simplification 

strategy in the context of routine clinical practice. 
The switch was proposed to patients meeting the 
following criteria: no previous failure to ART; no 
previous AIDS-defining illnesses; T CD4 cells na-
dir >200/mm3; HIV RNA below detection limit 
(undetectable or <40 copies/mL) for at least 6 
months prior study entry. Extensive information 
was provided to the patients and a written in-
formed consent was obtained before switching 
to DODO schedule. To reduce the risk of missed 
doses due to forgetfulness, patients were in-
structed to take their medication every odd day 
of the month. Clinical and laboratory data were 
collected at baseline, week 4, 12, 24, 36, and 48 of 
treatment; an additional time point (week 52) was 
settled to further confirm end of follow-up plas-
ma HIV viral load levels. In case of viral rebound 
(defined as a single detection of plasma HIV-
RNA equal to or above 40 cp/ml) patients were 
instructed to switch to the conventional admin-
istration schedule and viral load was reassessed 
after 4 weeks. The main endpoint was to assess 
the proportion of subjects who maintained plas-
ma HIV RNA below the detection limit (<40 cop-
ies/mL or undetectable); secondary endpoint was 
to define the impact of DODO regimen on renal 
and liver function tests, lipid profile, mean T CD4 
and T CD8 cell count, CD4/CD8 ratio and ultra-
sensitive C-reactive protein (us-CRP). T cell sub-
sets were assessed by flow cytometry (FacsCanto, 
Becton Dickinson, NJ); HIV plasma viral load was 
assessed by Real-Time HIV-1 assay (Abbott, IL). 
Statistical analysis was performed by coupled 
paired Student’s T-test to compare baseline data 
to those obtained at the subsequent time-points, 
and Chi square test for CD4/CD8 ratio compari-
son; differences were considered statistically sig-
nificant if p<0.05.

n RESULTS

Twenty-seven patients were included in the anal-
ysis; no patient was lost to follow-up during the 
48-week monitoring. Four subjects (14.8%) were 
females; mean age at enrollment was 48.5±9.5 
years. Mean nadir of T CD4 cell count was 346/
mm3 (range 204-736) and mean T CD4 cell count at 
enrollment was 735/mm3 ±350. Mean number of 
previous ART regimens was 2.26 (range 1-8) and 
mean number of years from initial HIV diagnosis 
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was 13.9 (range 5-30). Duration of suppression of 
HIV replication before the initiation of the DODO 
schedule was 65 months on average (range 6-204). 
Twenty-six out of 27 subjects (96%) maintained 
plasma HIV viral load below the detection limit 
throughout the 48-week follow-up. One patient 
experienced low-level viral rebound at week 36 
(plasma HIV-RNA: 47 cp/ml) and was instruct-
ed to revert immediately to the conventional once 
daily FTC/TDF/EFV schedule; HIV viral load 

was again undetectable 4 weeks after interrup-
tion of the DODO schedule and in subsequent as-
sessments. No increased prevalence of HIV-RNA 
values “<40 copies/ml” over “undetectable” was 
observed among the other 26 patients during the 
follow-up: 22 of them were “undetectable” and 
4 were “<40 copies/ml” both at baseline and at 
week 48. In addition, only 1 patient out of the 26 
had plasma HIV-RNA <40 copies/ml at the addi-
tional time point of week 52, while in the others 

Table 1 - Laboratory test results during the day-on, day-off FTC/TDF/EFZ dose reduction schedule.

Test NR Baseline Wk 4 Wk 12 Wk 24 Wk 36 Wk 48

Creatinine (mg/dl) 0.60-1.40
0.89

(±0.16)
0.86

(±0.13)
0.85

(±0.16)
0.82

(±0.15)
0.85

(±0.14)
0.91

(±0.15)

eGFR (ml/min) >90
112.8

(±32.35)
117.9

(±31.65)
117.9

(±36.25)
120.8

(±33.01)
115.8

(±29. 06)
108.2

(±31.42)

AST (U/l) 0-40
20.3

(±5.98)
18.3

(±5.97)
18.28

(±5.07)
18.68

(±6.92)
20.4

(±7.63)
20.5

(±9.53)

ALT (U/l) 0-40
33.6

(±12.95)
33.2

(±14.47)
29.8

(±11.9)
32.0

(±19.4)
34.0

(±14.4)
33.9

(±16.3)

Cholesterol (mg/dl) <200
201.8

(±40.05)
183.8

(±56.7)
186.4

(±55.95)
197.5

(±53.55)
190.1

(±54.8)
191.5

(±44.5)

Triglycerides (mg/dl) <170
149.6

(±96.6)
168.9

(±56.7)
160.7

(±103.61)
163.8

(±121.0)
187.7

(±162.6)
150.3

(±78.0)

us-CRP (mg/l) <3
1.06

(±0.94)
1.10

(±1.18)
2.20

(±3.86)
2.40

(±4.77)
1.23

(±1.23)
1.59

(±1.26)

Mean and standard deviation (in brackets) are showed for each test at different time points. Abbreviations: NR, normal range; Wk, week; eGFR, 
estimated glomerular filtration rate (Cockroft-Gault formula); AST, aspartate aminotransferase: ALT, alanine aminotrasferase; us-CRP, ultrasensitive 
C-reactive protein.

Figure 1 - HIV-RNA plas-
ma viral load trend dur-
ing the day-on, day-off 
FTC/TDF/EFZ dose re-
duction schedule fol-
low-up.

Note: Each row represents a 
single patient. Data from the 
patient who experienced a vi-
ral load rebound (patient 20) 
are showed during the day-on 
day-off schedule and after the 
once daily administration was 
resumed (week 36).
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it was undetectable (Figure 1). Self-reported com-
pliance to the Day-On, Day-Off schedule was ex-
cellent. No major changes of liver function tests, 
total cholesterol, triglycerides and us-CRP were 
observed during follow-up (Table 1); a slight in-
crease in estimated glomerular filtration rate was 
observed at week 24 (p<0.05), but reverted to base-
line values by week 36. A small but significant in-
crease in T CD4 cell count (p<0.05) was observed 
at week 48 compared to baseline (Figure 2 panel 
A), while circulating T CD8 cell counts decreased 
significantly by week 24 (p<0.05); CD4/CD8 ratio 
increased by week 48 compared to baseline values 
(p<0.05, Figure 2 panel B).

n DISCUSSION

The present study was conducted with the aim 
to report our clinical experience obtained by pre-
scribing an FTC/TDF/EFZ dose reduction sched-

ule in the context of our clinical routine. Forty-
eight weeks Day-On, Day-Off administration of 
the fixed dose combination FTC/TDF/EFV STR 
was safe and effective in maintaining HIV viral 
replication below the detection limit in a select-
ed group of HIV-1-infected individuals. To our 
knowledge, this is the first report suggesting this 
peculiar reduced dose administration schedule 
as a potential simplification strategy for patients 
with sustained undetectable HIV replication, sta-
ble immunological profile and no previous ART 
failures. 
Robust evidence of the feasibility of an EFZ dose 
reduction schedule comes from the double-blind, 
placebo-controlled ENCORE1 study. Week 48 
and week 96 analysis demonstrated durable vi-
rological non-inferiority of EFZ 400 mg to the 
standard 600 mg dose when given in combina-
tion with TDF and FTC to a large population of 
HIV-infected antiretroviral-naïve patients, re-
gardless of baseline HIV viral load levels [11, 12]. 

Figure 2 - Immunolog-
ical trend during the 
day-on, day-off FTC/
TDF/EFZ dose reduction 
schedule.

Note: Timepoint percentages of 
T CD4 and T CD8-positive cells 
(Panel A), and CD4/CD8 ratio 
(Panel B) are represented. Mean 
values and standard deviations 
are shown; **p value <0.05 com-
pared to baseline.
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The week 96 intention-to-treat analysis showed 
that 90% of patients in the reduced 400 mg EFZ 
group versus 90.6% in the standard dose 600 mg 
group had plasma HIV viral load of less than 
200 copies/mL (primary endpoint). In addition, 
non-inferiority was also demonstrated for viral 
load threshold of 50 copies/mL. Compared to the 
standard 600 mg, lower 400 mg dose was associ-
ated with fewer EFZ-related adverse events and 
reduced number of drug discontinuations over 
the 96 weeks follow-up period [12]. Of note, study 
population was heterogeneous in terms of ethnic 
origin, geographical areas, baseline T CD4 count 
and plasma HIV-RNA levels, making the results 
of the study broadly applicable. Based on these 
results, the authors advocated the redefinition of 
the efavirenz dose for first line treatment among 
HIV-infected adults. In the FOTO study, 48-week 
Five days-On, Two days-Off Lamivudine (3TC), 
TDF and EFV regimen was effective in maintain-
ing HIV-1 replication suppressed in a small group 
of adult patients [9]. More recently, encouraging 
results were obtained by the open-label non-infe-
riority trial BREATHER, that compared continu-
ous FTC/TDF/EFV with short cycle treatment, 
consisting in two days off therapy per week, in 
199 HIV-infected patients aged 8-24 years who 
had been virologically suppressed for at least 12 
months before enrollment [10]. Efavirenz, tenofo-
vir DF and emtricitabine are drugs characterized 
by long half-lives whose pharmacokinetics and 
wash-out timing have been elucidated; the po-
tency of this combination, in the absence of HIV 
resistance mutations, has also been demonstrat-
ed [13-15]. Finally, a study presented at the 2016 
HIV Drug Therapy Conference held in Glasgow, 
reported that 96% of patients undergoing a four 
days-on three-days off schedule with different 
drug regimens maintained undetectable viral 
load throughout a 48-week period, despite low 
or undetectable plasma concentrations after three 
days of treatment interruption [16]. Economic 
savings are among the potential advantages of 
dose reduction schedules; indeed, the burden of 
cost of HIV treatment represents an important 
issue, both in the prospect of a progressive scal-
ing up of antiretroviral treatment worldwide and 
at single country level [3]. Recently, Costa and 
coll. conducted a local budget impact analysis of 
reducing EFZ dose from 600 mg to 400 mg dai-
ly, obtaining a cost saving of about 55,000 Euro 

over two-year period [17]. Of note, none of the 
39 HIV-infected patients undergoing reduced 400 
mg EFZ dose experienced viral rebound over the 
follow-up period. Although these results cannot 
be generalized, they underline the potential eco-
nomic benefits coming from reduction of antiret-
roviral drugs dosage. In our experience, 96% of 
the patients that switched to the DODO schedule 
maintained plasma HIV-RNA levels below the de-
tection limit throughout the 52-week monitoring. 
Collectively, these data suggest that a reduced 
administration schedule of an EFV-based antiret-
roviral drug regimen is a feasible option for se-
lected HIV-infected patients with uncomplicated 
disease; this strategy may also be evaluated with 
the most recent once daily antiretroviral drug 
combinations (either STR or not) such as those in-
cluding the INSTI elvitegravir/cobicistat and do-
lutegravir, although no supporting data are avail-
able at the moment. Of note, the only patient who 
experienced an HIV viral rebound had a previous 
history of small vessel cutaneous vasculitis and 
showed increased us-CRP levels throughout the 
entire observation period (range: 5.5 - 22.9 mg/L, 
upper laboratory limit 3 mg/L). Transient low 
level viral replication in the context of a well func-
tioning antiretroviral therapy has been associated 
with increased risk of viral rebound and treat-
ment failure over time [18-20]. Therefore, to min-
imize the risk of drug failure and development of 
resistance, the patient resumed immediately the 
once daily FTC/TDF/EFV administration; plas-
ma HIV-RNA level decreased below the detection 
limit 4 weeks later and in further assessments. 
The immune reconstitution process was not im-
paired during the follow-up; although no robust 
changes of T CD4 cell number were recorded, 
week 48 mean CD4/CD8 ratio increased signifi-
cantly compared to baseline. Data from literature 
point out that interruption of TDF administration 
is associated with an increase of total cholesterol 
levels, due to a possible statin-like effect of TDF; 
in our study, no significant modification of total 
cholesterol levels, LDL, HDL, triglycerides, and 
liver and renal function tests (with the exception 
of transient increase in mean glomerular filtration 
rates) was observed compared to baseline [21-
23]. Of note, us-CRP values also remained stable, 
suggesting the absence of a consistent increase in 
inflammation due to potential - although not de-
tectable by clinical routine methods - outbreak of 
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low level viral replication following FTC/TDF/
EFV dose reduction, that could potentially lead to 
loss of viral replication control in the future. No 
missed doses or lack of adherence to the alternate 
administration schedule were recorded; self-re-
ported-adherence to the alternate day regimen 
was excellent, throughout the follow-up, further 
supporting the feasibility of the DODO schedule. 
Additional follow-up may be helpful to better 
establish the long-term effectiveness of this regi-
men. Limitations of the study were the single-arm 
design, the small number of patients enrolled and 
the short duration of the follow-up. However, the 
persistence of high rates of HIV viral suppression 
during the observation period suggests that the 
Day-On, Day-Off FTC/TDF/EFV dose reduc-
tion schedule is an effective, safe and cost-sav-
ing choice as a potential maintenance regimen 
in selected HIV-infected patients. Moreover, our 
findings suggest that dose reduction schedules 
may also be conceived with other once daily an-
tiretroviral drug combinations, including those 
containing the INSTI elvitegravir/cobicistat and 
dolutegravir, given that the prolonged half-lives 
of these drugs may allow a reduced schedule of 
administrations. Further studies are needed to 
confirm these findings.
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