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Abstract

Background

Because tenofovir alafenamide (TAF) leads to significantly lower plasma tenofovir concen-

trations than tenofovir disoproxil fumarate (TDF) and is a stronger substrate for P-glycopro-

tein (P-gp) than TDF, TAF could lead to decreased central nervous system (CNS) tenofovir

exposure than TDF. We aimed to determine if switching from TDF to TAF increases the risk

of neuronal injury, by quantifying plasma levels of neurofilament light protein (NfL), a sensi-

tive marker of neuronal injury in HIV CNS infection.

Methods

Plasma NfL concentration was measured at baseline, week 24, and week 84 in stored

plasma samples from 416 participants (272 switching to elvitegravir (E)/cobicistat (C)/emtri-

citabine (F)/TAF and 144 continuing E/C/F/TDF) enrolled in the randomized, active-con-

trolled, multicenter, open-label, noninferiority Gilead GS-US-292-0109 trial.

Results

While plasma NfL levels in both groups were within the normal range, we found a small but

significant decrease in the E/C/F/TAF arm after 84 weeks from a geometric mean of 9.3 to

8.8 pg/mL (5.4% decline, 95% CI 2.0–8.4, p = 0.002). This change was significantly different

(p = 0.001) from that of the E/C/F/TDF arm, in which plasma NfL concentration changed

from 9.7 pg/mL at baseline to 10.2 pg/mL at week 84 (5.8% increase, 95% CI -0.8–12.9,
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p = 0.085). This increase is in line with what could be expected in normal ageing. Plasma

NfL concentrations significantly correlated with age. No correlation was found between

plasma NfL and serum creatinine.

Conclusions

We found no biomarker evidence of CNS injury when switching from TDF to TAF. It is

unclear whether the small decrease in plasma NfL found after switch to TAF is of any clinical

relevance, particularly with plasma NfL levels in both arms remaining within the limits found

in HIV-negative controls. These results indicate that switching from TDF to TAF appears

safe with regard to neuronal injury.

Introduction

HIV-1 enters the central nervous system (CNS) shortly after transmission, initiating a chronic

infection in brain macrophages and microglia accompanied by intrathecal immune activation

[1, 2]. If left untreated this may eventuate in neuronal damage [3]. Antiretroviral treatment

(ART) inhibits CNS HIV replication and decreases the intrathecal immune activation substan-

tially, although not to fully normal levels [4, 5].

Neurofilament light protein (NfL) is a major structural protein of axons that is highly

expressed in the cytoplasm of large myelinated axons [6]. NfL can be quantified in cerebrospi-

nal fluid (CSF) and blood, and increased levels are detected in both of these fluids in a variety

of different neurodegenerative diseases [7–12]. Additionally, CSF NfL has been shown to be a

sensitive marker of neuronal injury in HIV infection [13, 14]. While highest levels of CSF NfL

are found in patients with HIV-associated dementia (HAD) and opportunistic CNS infections,

increased CSF NfL concentrations can also be detected in HIV-infected individuals with axo-

nal injury without overt neuro-symptomatic disease, mainly in those with low CD4+ T-cell

counts [13, 15, 16]. ART significantly reduces CSF NfL concentrations to the normal range,

though to levels slightly higher than those of HIV-negative controls matched to lifestyle factors

[15, 17].

NfL concentrations in plasma are 50 to 100 times lower than in CSF, but a recently devel-

oped ultra-sensitive method has made it possible to quantify NfL also in plasma [18] and

plasma NfL concentrations strongly correlates with those of CSF [18–22].

Emtricitabine/tenofovir disoproxil fumarate (F/TDF) has been one of the most widely-used

combinations of nucleoside reverse transcriptase inhibitors (NRTIs) for many years. TDF is a

prodrug that is converted to tenofovir in blood and subsequently to the active form, tenofovir

diphosphate (DP), intracellularly. High plasma levels of tenofovir are required to reach suffi-

cient intracellular levels of tenofovir DP. Tenofovir alafenamide fumarate (TAF) is a more

recently registered prodrug that is taken up intracellularly without conversion, mainly in lym-

phocytes and macrophages, and thereafter metabolized to its active form. This leads to signifi-

cantly lower plasma tenofovir levels and higher intracellular levels [23, 24] and also to a lower

risk of renal and bone toxicity [25, 26].

Concerns have been raised regarding potentially reduced CNS exposure of tenofovir, when

administered as TAF compared to TDF. Both are substrates for the transport protein P-glyco-

protein (P-gp) which means that they are subject for active blood-brain barrier efflux. TDF,

however, is rapidly converted to tenofovir in the systemic circulation and relatively high teno-

fovir concentrations are reached in the CSF. Tenofovir is not a substrate of P-gp [27–30]. On
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the contrary, tenofovir concentrations are low in both plasma and CSF during TAF treatment

[31].

The Gilead GS-US-292-0109 was a randomized, active-controlled, multicenter, open-label

study in which HIV-1-infected adults on a regimen containing TDF were included. All partici-

pants were virologically suppressed and had an estimated glomerular filtration rate (eGFR) of

50 mL/min or higher. They had been on their regimen containing TDF/FTC along with either

elvitegravir/cobicistat (E/C), efavirenz, cobicistat-boosted atazanavir, or ritonavir-boosted ata-

zanavir for at least 96 weeks. Participants were randomized 2:1 to switch to the single tablet

regimen E/C/F/TAF or to continue their TDF-containing regimen. Switching to E/C/F/TAF

was shown to be non-inferior regarding virological suppression and had a beneficial effect on

proximal renal tubular function and bone mineral density [25, 26].

In the present study, we included only the subgroup of participants in the GS-US-292-0109

trial who were on E/C/F/TDF at baseline. Thus, the only difference between the arms was

whether they continued with TDF or switched to TAF, the rest of their combination stayed sta-

ble with E/C/F. Because of the potential low CNS tenofovir exposure with TAF-treatment, our

aim was to investigate whether switching to TAF was associated with increased neuronal

injury compared to continuing with TDF, as measured by plasma levels of NfL.

Methods

Study subjects

From the GS-US-292-0109 (ClinicalTrials.gov: NCT01815736) we retrospectively included

HIV-1-infected adults (� 18 years) on treatment with E/C/F/TDF at baseline who either con-

tinued E/C/F/TDF or switched to E/C/F/TAF. Patients with remaining stored plasma samples

from baseline, week 24, and week 84 were included. While the randomized phase of the study

continued up to 96 weeks, availability of stored plasma at week 96 was restricted. We therefore

chose week 84 for long-term follow-up.

The study was approved by the U.S. FDA and by Institutional Review Boards at all study

sites. All participants signed written informed consent.

Measurements

Plasma NfL concentrations were measured using a previously described ultrasensitive ELISA

on the Single molecule array platform (Simoa; Quanterix, Lexington, MA, USA) [18]. All

plasma samples were analyzed once in a single run at the Clinical Neurochemistry Laboratory

at the University of Gothenburg by board-certified laboratory technicians blind to clinical

data. A single batch of reagents was utilized; intra-assay coefficients of variation were below

10%.

All other analyses, including plasma HIV RNA and serum creatinine, were performed

within the GS-US-292-0109 trial [25].

Statistical analysis

Continuous variables, with the exception of age, were log10 transformed to approximate the

normal distribution and then back transformed to present geometric means on the original

scale. Comparisons within the groups were performed with paired sample t-test, and compari-

sons between the groups used independent t-test. Correlations were determined with Pearson

correlation. Statistical analysis was performed using SPSS statistics (IBM SPSS version 25) or

Prism (GraphPad Software version 7.0).
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Results

Of the 1443 participants in the GS-US-292-0109 trial, 459 were on E/C/F/TDF at baseline and

416 met our inclusion criteria with stored samples at baseline, week 24, and week 84. Of these,

272 switched to E/C/F/TAF and 144 continued with E/C/F/TDF. All had plasma HIV

RNA < 50 copies/mL at baseline and during follow-up. Median (IQR) age was 41 (33–48)

years and 8.4% were women. Baseline demographics were balanced between the two treatment

groups with the exception of ethnic origin; similar to the complete GS-US-292-0109 trial,

more patients in the TAF arm than in the TDF arm reported Hispanic or Latino ethnic origin

(Table 1). Demographics of the 43 patients who did not meet the inclusion criteria were not

different from the 416 included (data not shown).

At baseline, there was no significant difference in plasma NfL concentrations between the

two arms. From baseline to week 84 there was a small but statistically significant decrease in

plasma NfL in the E/C/F/TAF arm from 9.3 to 8.8 pg/mL (5.4% decline, 95% CI 2.0–8.4,

p = 0.002). The change was significantly different (p = 0.001) from the E/C/F/TDF arm, in

which plasma NfL concentration changed from 9.7 to 10.2 pg/mL (5.8% increase, 95% CI

-0.8–12.9, p = 0.085). This increase is in line with plasma NfL changes by normal ageing. Based

on data from HIV-negative controls (18), plasma NfL could be expected to increase with 5.3%

in 84 weeks. There were no significant changes in plasma NfL from baseline to week 24 in any

of the groups (Fig 1). Plasma NfL was significantly correlated with age (r = 0.44, p< 0.001 at

baseline) but not with gender or ethnicity.

Serum creatinine levels as well as estimated glomerular filtration rate by Cockcroft-Gault

formula (eGFR) were similar in both groups at baseline. Creatinine decreased significantly

between baseline and week 84 in both arms, from 1.14 to 1.08 mg/dL (p<0.001) in the TAF-

arm, and from 1.19 to 1.17 mg/dL (p = 0.01) in the TDF-arm. The decrease was significantly

larger in the TAF-arm compared to the TDF-arm (p = 0.02) and the levels were significantly

lower in the TAF-arm at week 84 (p = 0.006) (Fig 2). eGFR increased from 102.8 to 109.8 mL/

min (p< 0.0001) in the TAF-arm, while no significant change (100.6 to 101.5 mL/min) was

found in the TDF-arm.

Table 1. Baseline characteristics of the participants.

Tenofovir alafenamid group (n = 272) Tenofovir disoproxil fumarate group (n = 144) p-value

Age (years) 40 (32–48) 42 (33–49)

Women 23 (8.5%) 12 (8.3%)

Race

Native American 1 (0.4%) 0

Asian 10 (3.7%) 5 (3.5%)

Black 56 (20.6%) 38 (26.4%)

Native Hawaiian 3 (1.1%) 0

White 189 (69.5%) 99 (68.8%)

Ethnic Origin

Hispanic or Latino 65 (23.9%) 18 (12.5%) 0.0065

Baseline body-mass index (kg/m2) 25.8 (23.3–29.3) 26.6 (23.5–29.1)

CD4 count (cells per uL) 693 (536–848) 683 (557–854)

Serum creatinine (mg/dL) 1.14 (1.11–1.17) 1.19 (1.14-1-25)

Plasma NfL (pg/mL) 9.28 (8.81–9.78) 9.66 (8.86–10.54)

Serum creatinine and plasma NfL are geometric mean (95% confidence interval), all other data are median (IQR) or n (%).

https://doi.org/10.1371/journal.pone.0226276.t001
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There was no correlation between plasma NfL and serum creatinine at baseline (r = -0.07,

p = 0.18) or at week 84 (r = -0.06, p = 0.25) (Fig 3). No significant correlation was found

between changes in plasma NfL and serum creatinine between baseline and week 84 while

there was a weak correlation between delta plasma NfL and delta eGFR (r = -0.013, p = 0.009).

Discussion

Our hypothesis prior to initiation of the study was that switching from TDF to TAF could pose

a risk of neuronal injury due to decreased CNS exposure of tenofovir, leading to a measurable

increase in plasma NfL concentrations. Unexpectedly, we found the opposite: a small, but

Fig 1. Plasma NfL changes over time. (a) Plasma NfL concentrations in participants on tenofovir alafenamide fumarate (TAF) (red, n = 272)) and

tenofovir disoproxil fumarate (TDF) (blue, n = 144). Values are presented as geometric means and error bars indicate 95% confidence intervals. (b)

Percent change in plasma NfL and 95% confidence intervals from baseline, to week 24 (TAF n = 271, TDF n = 142), and to week 84 (TAF n = 267, TDF

n = 140). Plasma NfL was significantly higher in the TDF group and there was a significant difference between the groups in plasma NfL change from

baseline to week 84.

https://doi.org/10.1371/journal.pone.0226276.g001

Fig 2. Serum creatinine changes over time. (a) Serum creatinine in participants on tenofovir alafenamide fumarate (TAF) (red, n = 272) and tenofovir

disoproxil fumarate (TDF) (blue, n = 142). Values are presented as geometric means and error bars indicate 95% confidence intervals. (b) Percent

change in serum creatinine and 95% confidence intervals from baseline, to week 24 (TAF n = 271, TDF n = 141), and to week 84 (TAF n = 265, TDF

n = 138). Creatinine was significantly higher in the TDF group at week 24 and 84 and there was a significant difference between the groups in serum

creatinine change from baseline to week 84.

https://doi.org/10.1371/journal.pone.0226276.g002
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statistically significant, decrease in plasma NfL in the group receiving TAF 84 weeks after the

switch. CSF tenofovir concentrations are six times lower when administered as TAF compared

to TDF [31, 32], but since CSF concentrations do not correlate with intracellular concentra-

tions [33, 34], the levels in macrophages and microglia were most likely high enough to have

sufficient antiretroviral effect and prevent an increase in HIV-related CNS injury.

The mechanisms behind the reduction in plasma NfL 84 weeks after changing from TDF to

TAF are unclear. One possible explanation could be the increased intracellular concentrations

of tenofovir DP in macrophages and possibly microglia with TAF as compared to TDF, which

may contribute to reduced neuronal injury through better virological suppression [24, 35].

There is, however, no evidence of insufficient inhibition of CNS viral replication in patients on

ART and suppressed plasma and CSF viral load, and treatment intensification does not

decrease CNS viral replication or immune activation [36, 37].

A second possible explanation could be that high plasma tenofovir concentrations associ-

ated with TDF might be more toxic to neurons than the lower concentrations from TAF treat-

ment, and that this could increase plasma NfL levels. To our knowledge, however, there are no

data regarding potential harmful effects of TDF on either CNS or peripheral neurons. TDF

was not associated with neurotoxicity in a study investigating the toxicity of different antiretro-

virals on rat brain cell cultures [38], nor has it been associated with a high rate of neuropathy.

In addition, plasma NfL concentrations did not increase significantly during the 84-week long

study period in the TDF arm, suggesting, at least, no progressive neuronal injury.

Previous studies have shown that there are correlations between cognitive decline and renal

impairment, but there are no studies on renal impairment and NfL levels [39, 40]. TAF is asso-

ciated with less tubular side effects compared to TDF, especially when administered together

with ritonavir or cobicistat as in this study. As a third possibility for the reduction of plasma

NfL that we considered was that the improved tubular function with TAF might increase clear-

ance of NfL or substances harmful to neurons. There was, however, no association between

creatinine and NfL at baseline or follow up, speaking against increased elimination of NfL due

Fig 3. No association between serum creatinine and plasma NfL. No significant correlation between plasma NfL and

serum creatinine at baseline (r = -0.07, p = 0.18). TAF: tenofovir alafenamide fumarate; TDF: tenofovir disoproxil

fumarate; NfL: neurofilament light protein.

https://doi.org/10.1371/journal.pone.0226276.g003
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to improved renal function in patients switching to TAF. It is unclear whether the small

decrease in plasma NfL found after switch to TAF is of any clinical relevance, particularly with

plasma NfL levels in both arms remaining within the limits found in HIV-negative controls.

Major strengths with this study are the large number of participants, the longitudinal design

with randomization, and long follow-up. One important weakness is that we did not have a

HIV-negative control group. The normal range of plasma NfL has not been fully determined,

but the levels we found are in the same range as has been found in healthy controls in other

studies [18, 41]. Another weakness is that no CSF samples were available making it impossible

to analyse if changes in NfL were associated with changes in CNS immune activation or other

CSF biomarkers that might have elucidated underlying mechanisms.

Furthermore, we cannot exclude a potential informative censoring and consequent attrition

bias with differences between the included 416 patients and the 43 who did not meet the inclu-

sion criteria, even if they had similar demographics at baseline.

Conclusions

In summary, we found that plasma NfL decreased significantly 84 weeks after switching from

E/C/F/TDF to E/C/F/TAF. The clinical significance of, and the mechanisms behind, this

decrease within the normal range, are unclear. Nonetheless, switching from TDF to TAF

appears safe with regard to neuronal injury.

Supporting information
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