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Forgiveness

• Suboptimal adherence may lead to inadequate ARV exposure, virological failure, and 
drug resistance

• Pharmacokinetic forgiveness is the difference between the duration of beneficial 
action after dosing and the prescribed dosing interval.

• ARV forgiveness relates to the number of doses that can be missed without causing 
viral relapse.

• Forgiveness in the context of missed doses is possible when either the elimination 
half-life of a drug or its inhibitory effect exceeds the recommended dosing interval.

Boffito et al, AIDS Res and Human Retroviruses 2019
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Pharmacokinetic of representative patients during a QD or BID dosing regimen . The consequences of missing
one QD or three BID doses are illustrated
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Pharmacokinetic of representative patients during a QD or BID dosing regimen . The consequences of missing
one QD or three BID doses are illustrated

Forgiveness is a piece of 
puzzle of virological
success with 
• potency, 
• adherence, 
• genetic barrier.
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Predicted TFV-DP concentrations from the present study were above 16 fmol/106 cells in 94% and 72% of volunteers 
at 2 and 7 days after stopping drug intake

Plasma Tenofovir, Emtricitabine, and Rilpivirine and Intracellular
Tenofovir Diphosphate and Emtricitabine Triphosphate

Pharmacokinetics following Drug Intake Cessation

Dickinson et al. AAC 2015



Taylor S, AIDS 2007

Example
Drugs A: short half-life NRTI (AZT, d4t, ddI…)
Drug B: 3TC
Drug C: EFV or NVP

Failure with selection of NNRTI mutatons +/-
M184V

Example
Drugs A: short half-life NRTI (AZT, d4t, ddI…)
Drug B: 3TC
Drug C: boosted PI 

Failure without mutations



Taylor S, AIDS 2007

TDF/FTC
TDF/FTC



• Adherence has two metrics: average adherence and 
longer treatment interruption

• Average adherence is mostly used but longer 
treatment interruption significantly outperform  
average adherence in predicting HIVRNA replication  

• Different patterns of missing the same number of 
doses could have a different impact on the 
therapeutic coverage ratio, depending on how many 
doses are missed. 

• Drugs with a longer half-life could allow to cover 
longer treatment interruptions without reaching the 
red zone of subtherapeutic concentrations



..but to what extent forgiveness is important in real life? 



Drug concentrations of phosphorylated antiretroviral 
anabolites in dried blood spots (DBS) have been used to assess 
adherence

• TFV-DP in DBS is a measure of cumulative TFV adherence 
and exposure, given its long half-life of 17 days in red blood 
cells, informing  about TDF intake over the preceding 8 
weeks

• FTC-TP in DBS  is informative of recent dosing due to its 
shorter half-life of 35 h in red blood cells
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…therefore, which is nowadays the adherence threshold for virological success? 



• 399 experienced PWH 
• DOLUTECAPS study, international multicenter prospective cohort from May 2015 and December 2018
• Electronic drug monitoring (EDM) 

• Inclusion PWH at risk of suboptimal adherence was encouraged
• Exclusion: people using pillbox organizers and PWH not responsible for taking pills

• 3 groups: STARTING group, FAILING group, SWITCHING group

Parienti et al., Open Forum Infectious Diseases 2021 





DTG-based RAL-based

NNRTI-based bPIs-based



▪ Longer dissociation half-life is predicted to correlate with more potent antiviral activity and a potentially 
higher genetic barrier to resistance
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Dissociation Kinetics & In Vitro Resistance Profile 
and G140S+Q148H Mutant Integrase-DNA Complexes1

1. White K, et al. CROI 2017. Seattle, WA. Poster #497. 2. Hightower  K, et al. Antimicrob Agents Chemo 2011;55(10):4552-4559. 

Mean Dissociation Half-life (hours)

BIC was associated with longest dissociation half-life from wild-type and G140S/Q148H integrase mutants 

and greater in vitro phenotypic activity against G140S/Q148H integrase mutants

EC, effective concentration; FC, fold change; ND, not detected; T1/2, half-life
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INSTI
Fold-Change

vs WT*

% of Isolates with 

EC50 FC >4.0

P-value

vs BIC

RAL >143 100% <0.001

EVG >150 100% <0.001

DTG 7.6 ± 4.3 75% <0.001

BIC 3.4 ± 1.7 75% --

INSTI
Fold-Change

vs WT†

% of Isolates with 

EC50 FC ≤4.0‡

P-value

vs BIC

RAL >143 0% <0.001

EVG >150 0% <0.001

DTG 7.6 ± 4.3 25% <0.001

* Patient-derived clinical isolates with INSTI-R  (Monogram Biosciences).
† Mean ± standard deviation.
‡ The lower clinical cut-off for reduced susceptibility to DTG on the PhenoSense IN 
assay is 4-fold. 

Phenotypic Analysis of Clinical Isolates*
G140S/Q148H ± Other INSTI-R (n=16)

ND ND

Wild Type G140S/Q148H 



• Lower adherence level of ≥90% has been set by the Pharmacy Quality Alliance.

• Given the enhanced pharmacokinetic profiles of newer ARV medications, even the lower adherence level of ≥90% may
not be necessary to achieve HIV viral suppression

• Patient-centered HIV Care Model (PCHCM) PCHCM project partnered community-based HIV-specialty pharmacists
with HIV medical providers and required the partnered pharmacists and medical providers to share patient clinical
information, identify therapy-related problems, and develop therapy-related action plans. 

• 765 adult pts in United States from 2014 to 2016. 

• The PDC: proportion of days covered

Antiretroviral Adherence Level Necessary for HIV Viral Suppression Using Real-World Data 
Byrd et al., J Acquir Immune Defic Syndr. 2019 
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-90% + 140%



Tenofovir-diphosphate in peripheral blood mononuclear cells during low, medium, 
and
high adherence to F/TAF vs. F/TDF (Yager, AIDS sept 2021)

--TDF    - TAF

100%
67%
33%



Does increased intracellular TFV-DP matter? 
1- Potency

BUT no difference of efficacy
between TAF-based and TDF-based
regimens has been observed in any
clinical trial



Does increased intracellular TFV-DP matter? 
2- Genetic Barrier

The 4-fold increase in intracellular TFV-DP concentration upon dosing with TAF compared to TDF is associated with an 
increase in the resistance threshold for TAF compared to TDF



Virologic Outcomes by Pre-existing TAMs: Last On-treatment Study Visit
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*No participants with ≥ 1 TAM and primary INSTI-R received B/F/TAF
R, resistance; TAM, thymidine analog mutation
Andreatta K, et al. EACS 2021, Poster PE1/6

High rates of virologic suppression were maintained through 72 weeks after switching to B/F/TAF, 

regardless of pre-existing TAMs

Pooled analysis: Studies 4030, 4580, 1844, 1878 and 4449

% with HIV-1 RNA < 50 cp/mL, including participants with resuppression on commercial B/F/TAF (no change in regimen) 

Participants with HIV-RNA < 50 cp/mL at last 
visit, %n/N

Median B/F/TAF 
duration, weeks

% with HIV-RNA < 50 cp/mL, including participants with resuppression on commercial B/F/TAF (no change in regimen)

https://gileadconnect-my.sharepoint.com/:p:/r/personal/laura_reynolds_gilead_com/Documents/Global%20HIV%20MA%20Conferences/Global%20HIV%20Conference%20Data/2021%20Conferences/EACS%202021/EACS%202021%20References/Gilead%20Internal%20References/Locked%20Gilead%20References%20for%20External%20Sharing/Andreatta_BVY%20switch%20pooled%20analysis%20w%20preexisiting%20TAMs_EACS%202021_PE1-6_locked.pptx?d=w99e3412bca004d02ba0d22a9fbdf3228&csf=1&web=1&e=MNMLUe


Does increased intracellular TFV-DP matter? 
3- Forgiveness?



Forgiveness Simulation Model1
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Cmin, minimum concentration; STR, single-tablet regimen

1. Acosta R, et al. EACS 2021, Poster PE1/10; 2. Acosta R, et al. IDWeek 2021, Poster 888; 3. Cutrell A, et al. AIDS 2021;35:133-142

Outcome

In vitro simulation of drug Cmin pharmacokinetics, and the effect of two and four consecutive missed daily 

oral doses

In vitro forgiveness of INSTI-containing regimens

In vitro

Cmin minus 2 doses

Days

Cmin

Cmin minus 1 dose

Cmin minus 3 doses

Cmin

32 4 51 6 7 80

Cmin minus 4 doses

Missed 

dose

Missed 

dose

Missed 

dose

Missed 

dose

ARV

dose

With 1–4 Consecutive Missed DosesOptimal Adherence

• Drug resistance occurs when HIV is replicating in the presence of suboptimal concentrations of drugs2

• Although short lapses in adherence to ARV drugs can lead to virologic failure and emergence of drug resistance, certain drug 

regimens have high levels of forgiveness2

• There is potential for resistance development associated with low drug exposure, inconsistent dosing, pre-existing drug resistance 

or HIV-1 subtype3

https://gileadconnect-my.sharepoint.com/:p:/r/personal/laura_reynolds_gilead_com/Documents/Global%20HIV%20MA%20Conferences/Global%20HIV%20Conference%20Data/2021%20Conferences/EACS%202021/EACS%202021%20References/Gilead%20Internal%20References/Locked%20Gilead%20References%20for%20External%20Sharing/Acosta_In-vitro%20forgivesness%20INSTI%20regimens_EACS%202021_PE2-68_locked.pptx?d=w48630fb46f514517901a2f382302dda5&csf=1&web=1&e=biheCb


Viral Breakthrough In Vitro
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In vitro forgiveness of INSTI-containing regimens

MT-2 cells were infected with HIV-1 IIIb; cultured in the presence of fixed concentrations of BIC+FTC+TAF, 
DTG+FTC+TAF, DTG+3TC, or DTG+RPV, and monitored for viral breakthrough

BIC + FTC + TAF DTG + FTC + TAF DTG + 3TC DTG + RPV

Viral breakthroughs were seen for all regimens but at different frequencies and time of onset;

BIC+FTC+TAF had no breakthrough until Cmin −3

In vitro viral breakthrough experiments should be analyzed comparatively; controlled clinical trials assessing the impact of missed doses of these ARV combinations have not been conducted 

Cmin, minimum concentration

Acosta R, et al. EACS 2021, Poster PE1/10; Acosta R, et al. IDWeek 2021, Poster 888

https://gileadconnect-my.sharepoint.com/:p:/r/personal/laura_reynolds_gilead_com/Documents/Global%20HIV%20MA%20Conferences/Global%20HIV%20Conference%20Data/2021%20Conferences/EACS%202021/EACS%202021%20References/Gilead%20Internal%20References/Locked%20Gilead%20References%20for%20External%20Sharing/Acosta_In-vitro%20forgivesness%20INSTI%20regimens_EACS%202021_PE2-68_locked.pptx?d=w48630fb46f514517901a2f382302dda5&csf=1&web=1&e=biheCb
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*Cultures with resistance contained 1 or more known resistance-associated substitutions

Cmin, minimum concentration

Acosta R, et al. EACS 2021, Poster PE1/10; Acosta R, et al. IDWeek 2021, Poster 888

Emergent drug resistance was seen for all regimens occurring at differing frequencies and time of onset;

there was no resistance for BIC+FTC+TAF at Cmin −3, emergence occurred at Cmin −4
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Resistance Development In Vitro

In vitro forgiveness of INSTI-containing regimens

Deep sequence was performed in virus recovered at the time of breakthrough to identify emergent drug resistance

BIC + FTC + TAF DTG + FTC + TAF DTG + 3TC DTG + RPV
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https://gileadconnect-my.sharepoint.com/:p:/r/personal/laura_reynolds_gilead_com/Documents/Global%20HIV%20MA%20Conferences/Global%20HIV%20Conference%20Data/2021%20Conferences/EACS%202021/EACS%202021%20References/Gilead%20Internal%20References/Locked%20Gilead%20References%20for%20External%20Sharing/Acosta_In-vitro%20forgivesness%20INSTI%20regimens_EACS%202021_PE2-68_locked.pptx?d=w48630fb46f514517901a2f382302dda5&csf=1&web=1&e=biheCb


..due to availabliity of effective 2DRs, do we still need of TAF/TDF-related forgiveness?  



DTG and 3TC Have Complementary PK Profiles

The PK profiles of DTG and 3TC are well matched. Adequate 

plasma concentrations of DTG and intracellular concentrations of 

3TC-TP are maintained for 3 days after the last dose

Boffito et al, AIDS RESEARCH AND HUMAN RETROVIRUSES 2020











Real life scenarios where comparative forgiveness of 2DRs and 3DRs 
still needs to be investigated
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✓Naive pts with very high VLs and low CD4+

✓Unavailability of GRT (e.g. rapid HAART)

✓Pregnancy and other PK changes

✓Confirmed or suspected (lack of GRTs) previous selection of 
resistance mutations (e.g. M184V , INI-R)

✓ Subjects at risk of low adherence



Conclusions

✓ TAF/TDF (along with FTC) has been considered as a milestone in the evolution of 
HAART, allowing highly forgiving regimens

✓ In the era of increasing use of 2DRs without TAF/TDF , TAF-based 3DRs, however, 
remain a gold standard in different clinical scenarios

✓ In vitro, 3DRs confirmed to be more forgiving as compared to 2DRs, therefore
forgiveness of these regimens need to be comparatively evaluated in the clinical
setting   




