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Abstract

Associations between markers of liver and renal dysfunction and NRTI plasma exposure are ill-
defined. As part of a large cohort study (POPPY), we analysed associations between ALT and eGFR
results in people living with HIV on tenofovir (TFV) disoproxil fumarate (TDF), emtricitabine (FTC),
abacavir (ABC) and lamivudine (3TC). While we found no associations between NRTI concentrations
and ALT, lower eGFR values were associated with greater TFV, FTC and 3TC exposure, whereas

ABC showed no associations.
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Main Text

With the ageing population of people with HIV, clinical priorities are increasingly focused on
managing age- and HIV-associated chronic comorbidities, preventing long-term antiretroviral drug
toxicity and managing polypharmacy or altered drug exposure due to age-associated physiological

changes of drug metabolic pathways [1].

Nucleoside/nucleotide reverse transcriptase inhibitors (NRTTs) constitute the ‘backbone’ of a typical
combination antiretroviral (CART) regimen. NRTIs are pro-drugs and require intracellular
phosphorylation in order to be effective against HIV replication [2]. However, NRTI-related toxicities
may also be the consequence of their plasma concentrations, as has been clearly shown for tenofovir
(TFV) [3]. Importantly, co-administration of tenofovir disoproxil fumarate (TDF) and boosting agents
like cobicistat that lead to higher TFV plasma concentrations results in significantly higher TDF
discontinuation rates [3,4]. On the other hand, while older NRTIs like zidovudine were associated

with hepatotoxicity, newer ones have led to only few cases of NRTI-induced liver toxicities [5,6].

Nevertheless, the association between NRTI plasma exposure and measures of liver and renal

dysfunction has rarely been investigated.

In the present study, we investigate the associations between plasma exposure of four frequently used
NRTIs (TDF; emtricitabine, FTC; abacavir, ABC; and lamivudine, 3TC) with plasma alanine
aminotransferase (ALT) concentrations or estimated glomerular filtration rate (eGFR) results in the

large POPPY (Pharmacokinetic and Clinical Observations in People over Fifty) cohort study.
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Participants were selected from the POPPY study [7], were receiving at least one of four NRTIs
(TDF, FTC, 3TC and ABC) and provided a sample for pharmacokinetic (PK) testing. The latter was
analysed by an ultra-performance liquid chromatography (UPLC) (Waters, UK)-validated method [8]
and PK models were determined using nonlinear mixed effects (NONMEM v. 7.3) implementing the
$PRIOR subroutine to predict NRTI area under the curve (AUC), maximum concentration (Cpax) and

trough concentration (Cyugn) for each patient as previously described [9].

Univariable and multivariable linear regression models (STATA version 15) were fitted to describe
associations between PK parameters and ALT or eGFR (estimated by CKD-EPI -primary analysis-,
MDRD and Cockcroft-Gault) results. Models were adjusted for a priori selected confounders: age,
gender, ethnicity, current use of boosted protease inhibitors (bPl), efavirenz or nevirapine, hepatitis B
virus (HBV) and/or hepatitis C virus (HCV) co-infection, current use of alcohol, history of
recreational drugs in the past six months, current use of lipid lowering drugs. Post hoc analyses to
estimate the body mass index (BMI) impact on the association between TFV PK parameters and ALT,
and stratification of TFV analyses to evaluate the impact of FTC co-administration were also

conducted.

The analyses of ALT concentration included 488 participants receiving TDF, 452 receiving FTC, 92
receiving ABC and 122 receiving 3TC. Overall, the median (range) ALT concentration was 30 (6, 99)
U/l for those receiving TDF, 30 (6, 99) for those receiving FTC, 27 (8, 89) for those receiving ABC
and 27 (7, 89) for those receiving 3TC. In univariate analysis, ALT values were inversely correlated
with TFV AUCy4 (p<0.001), Crax (p<0.001), and Co4p (p=0.003) but the associations were attenuated
and became non-significant after adjustment for BMI. The concomitant use of FTC showed little
impact on the association between TFV PK parameters and ALT levels. Lastly, a weaker association
was observed between FTC PK parameters and ALT values and no associations were observed

between ALT values and either ABC or 3TC PK parameters (Table).

eGFR analyses included 533 participants receiving TDF, 495 receiving FTC, 104 receiving ABC and

135 receiving 3TC. Overall, the median (range) eGFR CKD-EPI value (mL/min/1.73m?) was 91 (42,
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145) for those receiving TDF, 90 (42, 145) for those receiving FTC, 91 (35, 144) for those receiving

ABC and 90 (35, 143) for those receiving 3TC.

eGFR CKD-EPI values strongly correlated with AUC, Cax, and Cyougn for TFV and FTC, both before
and after adjusting for confounding factors (Table). In patients receiving both TDF and FTC (n=436),
both TFV and FTC PK parameters were independently associated with eGFR CKD-EPI values,
suggesting that the associations between eGFR and FTC PK parameters are independent of the

concomitant administration of TDF.

Weaker but significant associations were observed between eGFR values and AUC (p=0.03) and
Cirough (p=0.03) for 3TC, but no clear associations were seen with any of the ABC PK parameters and

eGFR values (Table).

Although this is the first study to investigate the plasma exposure of NRTIs in a large cohort of
patients who are ageing with HIV and are on stable CART, it has some limitations. Firstly, we used
only ALT and eGFR to assess liver dysfunction and renal function, respectively. These surrogate
biomarkers may not fully reflect changes in liver and renal function. Furthermore, this is a cross-
sectional study; therefore, we cannot establish the direction of the associations or identify whether the
higher TFV concentrations were leading to eGFR changes or vice versa. However, the population
studied was stable on their cART, suggesting that manifestations of drug toxicity leading to drug

switch/discontinuation were not imminent.

In conclusion, while we observed no consistent associations between plasma concentrations of NRTIs
and ALT results after adjusting for confounding factors, higher plasma PK parameters of TFV, FTC
and 3TC but not ABC were associated with lower eGFR. This suggests that altered liver function
tests, which are a common finding in people living with HIVV (PLWH) [10] may not be a consequence
of increased NRTI plasma concentrations. However, a decreased eGFR indicating reduced
(glomerular or tubular) excretory capacity of the kidney leads to higher plasma concentrations of
renally excreted NRTIs (TFV, FTC and 3TC) and this may be taken into consideration when

providing clinical care to ageing PLWH on polypharmacy and experiencing drug toxicity.

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



References

1. Calcagno A, Nozza S, Muss C, Celesia BM, Carli F, Piconi S, et al. Ageing with HIV: a

multidisciplinary review. Infection 2015;43:509-22.

2. Back DJ, Burger DM, Flexner CW, Gerber JG. The pharmacology of antiretroviral nucleoside
and nucleotide reverse transcriptase inhibitors: implications for once-daily dosing. J Acquir

Immune Defic Syndr 2005;39:S1-23.

3. Cattaneo D, Minisci D, Baldelli S, Mazzali C, Giacomelli A, Milazzo L, et al. Effect of Cobicistat
on Tenofovir Disoproxil Fumarate (TDF): What Is True for TAF May Also Be True for TDF. J

Acquir Immune Defic Syndr 2018;77:86-92.

4. Hill A, Hughes SL, Gotham D, Pozniak AL. Tenofovir alafenamide versus tenofovir disoproxil

fumarate: is there a true difference in efficacy and safety? J Virus Erad 2018;4:72-79.

5. Margolis AM, Heverling H, Pham PA, Stolbach A. A Review of the Toxicity of HIV

Medications. J Med Toxicol 2014;10:26.

6. Pezzani MD, Resnati C, Di Cristo V, Riva A, Gervasoni C. Abacavir-induced liver toxicity.

Brazilian J Infect Dis 2016;20:502—-4.

7. Bagkeris E, Burgess L, Mallon PW, Post FA, Boffito M, Sachikonye M, et al. Cohort profile: The
Pharmacokinetic and clinical Observations in PeoPle over fiftY (POPPY) study. Int J Epidemiol

2018;47:1391-1392¢.

8. Wang X, Penchala SD, Amara A, Else L, McClure M, Boffito M. A Validated Method for
Quantification of Dolutegravir Using Ultra Performance Liquid Chromatography Coupled

With UV Detection. Ther Drug Monit 2016;38:327-31.

9. Dickinson L, Gurjar R, Stéhr W, Bonora S, Owen A, D'avolio A, et al. Population
pharmacokinetics and pharmacogenetics of ritonavir-boosted darunavir in the presence of

raltegravir or tenofovir disoproxil fumarate/emtricitabine in HIV-infected adults and the

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



relationship with virological response: a sub-study of the NEAT001/ANRS143 randomized trial.

J Antimicrob Chemother 2019.

10. Kovari H, Ledergerber B, Battegay M, Raunch A, Hirschel B, Foguena AK, et al. Incidence and
Risk Factors for Chronic Elevation of Alanine Aminotransferase Levels in HIV-Infected

Persons without Hepatitis B or C Virus Co-Infection. Clin Infect Dis 2010;50:502-11.

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Funding

This study was funded by British HIVV Association (BHIVA) research grant.

The POPPY study was supported by investigator-initiated grants from Bristol-Myers Squibb, Gilead
Sciences, Janssen-Cilag, Merck, and ViiV Healthcare (EudraCT Number: 2012-003581-40; Sponsor

Protocol Number: CR0O1992).

This study is independent research funded by the National Institute for Health Research (NIHR)
Imperial Biomedical Research Centre (BRC). The views expressed in this publication are those of the

authors and not necessarily those of NHS, the NIHR or the Department of Heath.

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Multivariate TFV FTC ABC 3TC
associations
with ALT
concentration
S
B (95% | p- (92% - | B©5% | p- | B % | p
ClI) value cI) value Ch value ClI) value
AUC:4,
(mg.h/L) <0.001 0.006 0.60 0.73
<2.355 Ref. - Ref. - Ref. - Ref. -
-5.06 (- 3.84 (- 1.85 (- -8.00 (-
2.356-2.612 9.64, - 1.14, 9.07, 17.27,
0.48) 8.81) 12.77) 1.26)
-7.84 (- 1.65 (- 5.87 (- 1.84 (-7.34,
2.613-2.928 12.47, - 3.46, 5.19, 11.02)
3.22) 6.75) 16.92)
-9.51 (- -3.11 0.07 (- -0.72 (-
2.929-3.410 14.29, - (-8.38, 11.32, 9.74, 8.31)
4.73) 2.16) 11.47)
-9.94 (- -2.36 -3.42 (- -1.31 (-
>3.411 14.82, - (-7.90, 15.11, 10.64,
5.05) 3.17) 8.28) 8.02)
Crmax (Mg/L) <0.001 0.11 0.18 0.92
<0.219 Ref. - Ref. - Ref. - Ref. -
-2.61 (- 3.76 (- -6.32 (- -1.77 (-
0.220-0.241 7.16, 1.24, 17.19, 10.79,
1.94) 8.76) 4.54) 7.26)
-7.13 (- 1.90 (- -0.23 (- 1.50 (-7.70,
0.242-0.263 11.66, - 3.17, 11.11, 10.70)
2.59) 6.98) 10.65)
-8.74 (- -2.42 -7.13 (- -4.54 (-
0.264-0.289 13.36, - (-7.76, 18.39, 13.97,
4.11) 2.92) 4.13) 4.90)
-8.46 (- -2.01 -8.73 (- 1.72 (-7.49,
>0.290 13.27, - (-7.61, 20.40, 10.92)
3.64) 3.58) 2.94)
Caosn (mg/L) 0.003 0.05 0.94 0.77
<0.042 Ref. - Ref. - Ref. - Ref. -
-3.62 (- 3.11 (- -0.58 (- -7.97 (-
0.043-0.049 8.33, 1.86, 11.69, 17.23,
1.09) 8.08) 10.53) 1.30)
-5.99 (- 0.94 (- 0.26 (- 1.85 (-7.33,
0.050-0.057 10.70, - 4.05, 10.67, 11.03)
1.28) 5.94) 11.19)
-6.89 (- -2.78 -2.93 (- -0.37 (-
0.058-0.072 11.86, - (-8.00, 14.58, 9.51, 8.78)
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1.93) 2.44) 8.71)
-7.05 (- -3.38 0.79 (- -1.66 (-
>0.073 12.15, - (-8.89, 11.14, 10.92,
1.95) 2.12) 12.73) 7.60)
Multivariate TRV FTC ABC 3TC
associations
with eGFR
CKD-EPI
values
B (95% | p- (92% - | BO5% | p- | BO5% | p-
ClI) value c) value (1)) value CI value
AUC:4,
(ma L) <0.001 <0.001 0.11 oot
<2.355 Ref. - Ref. - Ref. - Ref. -
-3.33 (- -6.30
6.91, (-
2:356-2.612 0.25) 10.42.- 5.12 (- 3.28 (-
2.18) 5.02,15.25) 7.74,14.31)
-3.42 (- -9.75
7.06, (-
2.613-2.928 0.21) 13.86,- 4.26 (- -2.12 (-
5.65) 5.94,14.46) 12.72,8.49)
-5.05 (- -14.97
8.84, - (-
2.928-3.407 1.27) 19.09,- 0.83 (- -10.59 (-
10.85) 9.76,11.43) 21.29,0.11)
-12.78 (- -22.40
16.61, - (-
>
23408 8.94) 26.53,- -8.79 (- -17.98 (-
18.27) 19.41,1.84) 29.01,-6.96)
Crmax (Mg/L) 0.003 <0.001 0.25 0.09
<0.219 Ref. - Ref. - Ref. - Ref. -
1.82 (- -6.26
1.88, (-
0.220-0.241 5.52) 10.35,- 1.57 (- 4.99 (-
2.17) 8.63,11.77) 6.00,15.99)
-0.41 (- -9.67
4.09, (-
0.242-0.263 3.26) 13.73 - 4.60 (- 17.37
5.61) 5.56,14.76) (6.48,28.26)
0.09 (- -14.95
3.68, (-
0.264-0.289 3.85) 19.06,- 3.12 (- 1.99 (-
10.83) 7.45,13.70) 9.36,13.33)
50.290 -4.32 (- -22.81 -9.12 (- 11.80
8.24, - (- 19.83,1.59) (0.91,22.70)
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0.40) 26.92.-
18.71)
Coun (Mg/L) <0.001 <0.001 0.06 <0.001
<0.042 Ref. - Ref. - Ref. - Ref. -
-7.14
-1.77 (- (-
0.043-0.050 5.23,1.68 11.22.- 6.21 (- 2.52 (-
) 3.05) 3.73,16.16) 8.49,13.52)
-10.18
-6.09 (- (-
0.051-0.058 9.80,- 14.21 - 6.08 (- -1.00 (-
2.37) 6.14) 3.63,15.78) 11.59,9.59)
-15.14
-7.07 (- (-
0.059-0.072 10.84,- 19.16,- -0.97 (- -10.69 (-
3.29) 11.12) 11.75,9.82) 21.48,0.09)
-22.90
-15.23 (- (-
20.073 19.11 - 27.00,- -9.09 (- -18.10 (-
11.36) 18.80) 19.61,1.42) 28.99,-7.20)

Table 1. Multivariable association between pharmacokinetic (PK) parameters for each drug and
alanine transaminase (ALT) concentrations' and between PK parameters for each drug and estimated

glomerular filtration rate (¢€GFR) CKD-EPI* values®.
*Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)

"Multivariate models adjusted for age at baseline, gender, ethnicity, use of boosted Pls, efavirenz or
nevirapine as part of current regimen, HCV, HBV, current alcohol use, recreational drugs in past 6

months and receipt of lipid lowering drugs.

“Multivariate models adjusted for age, gender/race, use of any concomitant medication and use of

boosted Pls.
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