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a b s t r a c t 

Our aim was to evaluate the association between recent eGFR values and risk of switching from TDF to 

TAF or dual therapy (DT) in real life. HIV-positive patients achieving HIV-RNA ≤50 copies/mL for the first 

time after starting a TDF-based regimen were included. Kaplan–Meier (KM) curves and Cox regression 

models were used to estimate the time from TDF to switch to TAF or DT. 1486 participants were in- 

cluded: median (IQR) age 36 (30–42) years; baseline CKD-EPI eGFR 99.92 (86.47–111.4) mL/min/1.73m 

2 . 

We observed a consistently higher proportion of people with HIV-RNA ≤50 copies/mL who switched 

from TDF to TAF rather than to DT. By competing risk analysis, at 2 years from baseline, the probabil- 

ity of switching was 3.5% (95% CI 2.6–4.7%) to DT and 46.7% (42.8–48.5%) to TAF. A significantly higher 

probability of switching to TAF was found for patients receiving INSTI at baseline versus NNRTIs and 

PI/b [KM, 65.6% (61.7–69.4%) vs. 4.0% (1.8–6.1%) and 59.9% (52.7–67.2%), respectively; P < 0.0 0 01]. eGFR 

< 60 mL/min/1.73m 

2 both as time-fixed covariate at baseline or as current value was associated with a 

higher risk of switching to DT [aHR 6.68 (2.69–16.60) and 8.18 (3.54–18.90); P < 0.001] but not to TAF- 

based cART [aHR 0.94 (0.39–2.31), P = 0.897; and 1.19 (0.60–2.38), P = 0.617]. Counter to our original 

hypothesis, current eGFR is used by clinicians to guide switches to DT but does not appear to be a key 

determinant for switching to TAF. 

© 2020 The Authors. Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ave never experienced virological failure and with no evidence 

f drug resistance [1–3] , although there is growing evidence that 

ome dual therapy (DT) regimens also optimally maintain virolog- 

cal suppression [4–8] . In the context of people currently receiving 

ntiretroviral drugs associated with mild renal impairment, such 

s tenofovir disoproxil fumarate (TDF), one of the goals of switch- 

ng strategies is to decrease short- or long-term toxicity, which 

ould progress to nephrotoxicity due to long exposure to TDF [1–

] . Switching from TDF-containing regimens has increased consid- 

rably in recent years owing to the availability of alternative nu- 

leoside reverse transcriptase inhibitor (NRTI) backbones, such as 

enofovir alafenamide/emtricitabine (TAF/FTC), as well as the use 

f partially or totally NRTI-sparing DT combinations. As a matter of 

act, advances in treatment and the availability of new molecules 

nd co-formulations opened the possibility of switching patients to 

egimens containing drugs with more favourable toxicity profiles 

ithout experiencing a reduction in efficacy [1–3] . For example, 

andomised clinical trials (RCTs) have demonstrated that switching 

rom TDF to TAF is associated with no change in viral suppression 

oupled with an improvement in proteinuria and renal biomark- 

rs [9–15] as well as a reduction in the risk of tenofovir discon- 

inuation to 0–3% [16–19] compared with that reported in clini- 

al cohorts (7.4% by 2 years), particularly when co-administered 

ith boosted protease inhibitors (PI/b). A previous analysis, per- 

ormed in the ICONA Foundation Cohort, showed an increase of 

DF discontinuation after 2015 by 14.3% [95% confidence interval 

CI) 13.8–14.9%] among ART-naïve patients starting their first regi- 

en with a TDF-based backbone; in this analysis, recent years and 

nchor drugs [PI/b and integrase strand transfer inhibitor (INSTI)] 

nd, to a lesser extent, estimated glomerular filtration rate (eGFR) 

ecline, were key factors associated with the probability of stop- 

ing TDF [20] ; eGFR, especially < 60 mL/min, appears to be a pre-

ictor for receiving TAF, as reported in other studies [ 21 , 22 ]. Never-

heless, robust estimates of the observed real-life rate of switching 

rom TDF-based regimens in the distinct target population of peo- 

le living with HIV with HIV-RNA ≤50 copies/mL in recent years 

re lacking; in addition, the role of eGFR as a potential determinant 

f these switches, specifically in relation to switches to TAF and DT 

egimens, after controlling for potential sources of confounding, re- 

ains poorly studied. 

. Materials and methods 

.1. Study population 

This analysis includes data for HIV-infected individuals enrolled 

nd prospectively followed up in the ICONA (Italian Cohort of 

ntiretroviral-Naïve Patients) Foundation Cohort. Briefly, ICONA is 

n Italian multicentre prospective observational cohort study set 

p in 1997, including HIV-1-infected subjects, naïve from ART at 

he time of enrolment, seen for care in Italy. To date, the cohort 

onsists of more than 16 0 0 0 patients prospectively followed in 

1 centres for infectious diseases across the country. Demographic, 

iro-immunological and clinical data as well as information on an- 

iretroviral regimens are collected and recorded using an electronic 

atabase. Creatinine is measured on plasma samples collected as 

art of routine clinical visits on average twice per year for each 

articipant. Details of the cohort have been described previously 

lsewhere [23] . Reasons for discontinuing drugs according to the 

reating physician are also reported on a standardised case report 

orm (the main reason chosen from a pre-specified grid of op- 

ions for stopping individual drug is reported). In the present anal- 

sis, we included patients who had achieved a stable viral load 

50 copies/mL for the first time after starting a TDF-based triple 

ART (baseline) from 1 January 2016 (based on the availability of 

AF/FTC regimen) to December 2019 and for whom this baseline 
2 
ate was after 1 January 2016. Patients testing positive for hep- 

titis B surface antigen and/or with an eGFR ≤30 mL/min/1.73m 

2 

estimated by the CKD-EPI (Chronic Kidney Disease Epidemiology 

ollaboration) formula] at baseline were excluded because use of 

T and TAF, respectively, are not recommended in these patients. 

wo primary endpoints were used in the analysis: (i) time from 

aseline to a switch from TDF to a TAF-based regimen; and (ii) 

ime from baseline to a switch from TDF to a TDF-sparing DT reg- 

men. The main reasons for discontinuation of each antiretroviral 

s reported by the treating clinicians are available in the ICONA 

atabase. These reasons were ignored when defining each of the 

bove endpoints. The ICONA Foundation study was approved by 

he Ethics Committee (institutional review board) of each partic- 

pating institution. All of the individuals enrolled provided written 

nformed consent at the time of enrolment. All procedures of the 

tudy were performed in accordance with the 1964 Helsinki Dec- 

aration and its later amendments. 

.2. Objectives 

The primary objective was two-fold: first, to provide an accu- 

ate estimate of the 2-year rate of switching from TDF to TAF- 

ased cART or DT after baseline; and second, to study the asso- 

iation between baseline and current levels of eGFR and the prob- 

bility of switching from TDF to DT or to TAF-based regimens. A 

econdary objective was to evaluate the association between the 

lass of anchor drug used with TDF at entry in the study and risk 

f these same switching outcomes. 

.3. Statistical analysis 

Patients’ characteristics at baseline stratified by anchor drug 

lass received were described and compared using statistical tests: 

on-parametric tests to compare medians of continuous variable 

nd χ2 test to compare proportions for categorical variables. Stan- 

ard survival analyses of time to switch by means of unweighted 

aplan–Meier (KM) curves were performed, separately for the two 

ndpoints. A competing risk KM analysis was also conducted to 

ointly model the two endpoints. The main exposure of interest 

as baseline and current eGFR and we aimed to establish whether 

here was an association between eGFR and the probability of 

witching after controlling for confounding factors. In the analy- 

is with endpoint the time to switch to TAF-based regimens, in a 

ensitivity analysis, an alternative endpoint definition was used by 

hich switches to TAF/FTC + elvitegravir/cobicistat (EVG/c) were 

ot counted as events as they could be triggered by reasons not 

trictly related to renal toxicity. In the main analysis, the asso- 

iation of current eGFR was evaluated using a marginal model 

ontrolling for time-varying confounding by inverse probability of 

eighting (see footnote to Table 3 for the list of variables in- 

luded in the numerator and denominator of the weights). In a 

eparate analysis, standard unadjusted and adjusted Cox regres- 

ion analysis was used to estimate the effect of baseline covari- 

tes on the risk of switching for both endpoints. The focus in these 

nalyses was on three key exposure factors: baseline eGFR; extent 

f co-morbidities (diabetes, hypertension, dyslipidaemia); and an- 

iretroviral class of the third drug used in the TDF-based regimen 

INSTI, non-nucleoside reverse transcriptase inhibitor (NNRTI) and 

I/b]. The assumption here was that the three exposures of inter- 

st shared the same set of baseline potential confounders (i.e. cal- 

ndar year of baseline, number of previous virological failures and 

ationality). Co-morbidities were defined as: (i) diabetes (glucose 

 126 mg/dL); (ii) hypertension (reported information and/or use 

f blood pressure-lowering drugs); and (iii) dyslipidaemia (fasting 

otal cholesterol > 20 0 mg/dL, LDL > 10 0 mg/dL, HDL < 40 mg/dL for

emales or < 50 mg/dL for males, and triglycerides > 150 mg/dL). All 
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Table 1 

Baseline characteristics of study population ( N = 1486 patients), overall and grouped by anchor drug 

Characteristic Anchor drug in TDF-regimen Total ( N = 1486) 

NNRTIs ( N = 425) PI/b ( N = 253) INSTI ( N = 808) P -value ∗

Sex 0.609 

Female [ n (%)] 87 (20.5) 59 (23.3) 166 (20.5) 312 (21.0) 

Age (years) 0.017 

Median (IQR) 36 (30–42) 38 (34–40) 36 (28–44) 36 (30–42) 

Mode of HIV transmission [ n (%)] 0.110 

IDU 31 (7.3) 18 (7.1) 42 (5.2) 91 (6.1) 

Homosexual contact 217 (51) 111 (43.9) 391 (48.4) 719 (48.4) 

Heterosexual contact 144 (33.9) 109 (43.1) 301 (37.2) 554 (37.3) 

Other/unknown 33 (7.8) 15 (5.9) 74 (9.2) 122 (8.2) 

Nationality [ n (%)] 0.001 

Non-Italian 154 (36.2) 104 (41.1) 262 (32.4) 520 (35.0) 

AIDS diagnosis [ n (%)] < 0.001 

Yes 11 (2.6) 41 (16.2) 133 (16.5) 185 (12.4) 

HCV-Ab [ n (%)] 0.014 

Negative 341 (80.2) 200 (79.1) 606 (75.0) 1147 (77.2) 

Positive 30 (7.1) 18 (7.1) 43 (5.3) 91 (6.1) 

Not tested 54 (12.7) 35 (13.8) 159 (19.7) 248 (16.7) 

Calendar year of baseline 0.342 

Median (IQR) 2016 (2016–2017) 2016 (2016–2017) 2016 (2016–2017) 2016 (2016–2017) 

CD4 + T-cell count (cells/mm 

3 ) < 0.001 

Median (IQR) 629 (474–848) 409 (245–590) 483 (265–692) 520 (314–740) 

CD4 + T-cell nadir (cells/mm 

3 ) < 0.001 

Median (IQR) 468 (344–624) 233 (110–409) 311 (121–510) 359 (173–537) 

CD8 + T-cell count (cells/mm 

3 ) 0.548 

Median (IQR) 917 (673–1313) 912 (648–1262) 920 (650–1268) 918 (656–1286) 

Viral load (log 10 copies/mL) 0.256 

Median (IQR) 1.56 (0.00–1.59) 1.53 (1.28–1.60) 1.56 (0.00–1.60) < 0.001 1.56 (0.00–1.60) 

Time from HIV diagnosis to date of starting cART (months) < 0.001 

Median (IQR) 10 (5–41) 8 (5–15) 5 (3–11) 7 (4–17) 

Diabetes [ n (%)] < 0.001 

Yes 2 (0.5) 2 (0.8) 30 (3.7) 34 (2.3) 

Total cholesterol (mg/dL) < 0.001 

Median (IQR) 163 (140–189) 176 (152–205) 166 (141–192) 166 (142–193) 

HDL cholesterol (mg/dL) 0.712 

Median (IQR) 43 (35–51) 41 (35–50) 42 (34–50) 42 (35–51) 

LDL cholesterol (mg/dL) 

Median (IQR) 109 (89–133) 111 (88–131) 108 (86–131) 0.673 109 (88–132) 

Triglycerides 

Median (IQR) 116 (85–162) 136 (98–203) 122 (91–176) < 0.001 123 (89–178) 

Use of statins [ n (%)] 0.011 

Yes 6 (1.4) 4 (1.6) 33 (4.1) 43 (2.9) 

Use of blood pressure-lowering drugs [ n (%)] 0.083 

Yes 18 (4.2) 8 (3.2) 51 (6.3) 77 (5.2) 

eGFR (CKD-EPI formula) (mL/min/1.73m 

2 ) < 0.001 

Median (IQR) 102.7 (89.57–111.4) 103.5 (89.25–114.3) 97.26 (84.53–110.6) 99.92 (86.47–111.4) 

eGFR < 60 mL/min/1.73m 

2 [ n (%)] 2 (0.5) 6 (2.4) 20 (2.5) 0.04 

Blood glucose (mg/dL) 0.174 

Median (IQR) 86 (80–93) 88 (80–96) 86 (79–93) 86 (80–94) 

Follow-up (months) < 0.001 

Median (IQR) 25 (16–35) 13 (6–21) 13 (6–20) 16 (8–26) 

TDF, tenofovir disoproxil fumarate; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI/b, boosted protease inhibitor; INSTI, integrase strand transfer inhibitor; IQR, 

interquartile range; HIV, human immunodeficiency virus; IDU, intravenous drug user; AIDS, acquired immune deficiency syndrome; HCV-Ab, hepatitis C virus antibody; 

cART, combination antiretroviral therapy; HDL, high-density lipoprotein; LDL, low-density lipoprotein; eGFR, estimated glomerular filtration rate; CKD-EPI, Chronic Kidney 

Disease Epidemiology Collaboration. 
∗ χ2 or Kruskal–Wallis test, as appropriate. 
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tatistical analyses were performed using SAS Statistical Software 

.9.4 (SAS Institute Inc., Carey, NC, USA). All P -values presented are 

wo-sided, and a P -value of < 0.05 indicated conventional statistical 

ignificance. 

. Results 

.1. Patient characteristics 

A total of 1486 HIV-positive patients were included in the anal- 

sis and followed for a median of 16 months [interquartile range 

IQR) 8–26 months]. At baseline, 253 patients (17.0%) were on reg- 

mens combined with PI/b and 808 patients (54.4%) with INSTI, 

nd the remaining 425 (28.6%) with NNRTIs; FTC was the most 

requently used NRTI (99.7%), whilst the most commonly used 
3 
nchor drugs were rilpivirine (RPV) (27%), EVG/c (26%), dolute- 

ravir (DTG) (20%) and darunavir/ritonavir-boosted (DRV/r) (13%). 

he main characteristics of the study population at baseline, over- 

ll and according to anchor drug included in the TDF regimen re- 

eived at baseline, are shown in Table 1 . Briefly, 21.0% were female, 

5.0% of non-Italian origin, with a median (IQR) age of 36 (30–

2) years, CD4 + T-cell count of 520 (314–740) cells/mm 

3 , HIV-RNA 

og 10 1.56 (0.00–1.60) copies/mL, CKD-EPI eGFR 99.9 (86.4–111.4) 

L/min/1.73m 

2 , 85.7% acquired HIV through unprotected sex [men 

ho have sex with men (48.4%) and heterosexual (37.36%)] and 

2.4% had been diagnosed with acquired immune deficiency syn- 

rome (AIDS) before baseline. As expected, a higher proportion of 

atients with AIDS diagnosis before baseline was receiving at base- 

ine a TDF-based combination regimen including an INSTI (16%) 

r PI/b (17%) vs. NNRTI (3%) ( P < 0.001) and the CD4 nadir was
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Fig. 1. Kaplan–Meier (KM) plot of time to therapy switch (competing risk analysis). VL, viral load; TDF, tenofovir disoproxil fumarate; TAF, tenofovir alafenamide; DT, dual 

therapy; CI, confidence interval. 
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lso significantly lower in these two drug groups [233 (110–409) 

ells/mm 

3 for PI/b and 311 (121–510) cells/mm 

3 for INSTI, respec- 

ively] compared with the NNRTI group [468 (344–624) cells/mm 

3 ] 

 P < 0.001). Participants who at baseline were receiving a TDF- 

ased regimen combined with an INSTI showed on average a sig- 

ificantly lower baseline eGFR [97.26 (84.53–110.6) mL/min/1.73 2 ] 

ersus PI/b [103.5 (89.25–114.3) mL/min/1.73 2 ] and NNRTIs [102.7 

89.57–111.4) mL/min/1.73 2 ] ( P < 0.001). A total of 881 patients 

59.3%) had at least one co-morbidity such as diabetes, dyslip- 

daemia and hypertension, 383 (25.8%) had two or more co- 

orbidities and 205 (13.8%) patients had no co-morbidities at 

aseline. There was no evidence for an unequal distribution of the 

xtent of prior co-morbidities by anchor drug (data not shown; 

 = 0.99). The proportion of individuals with an eGFR < 60 mL/min 

t baseline was low ( n = 28; 1.9%), however for a number of par-

icipants their eGFR dropped to < 60 mL/min over follow-up reach- 

ng a total of 75 (5.2%) with a value below this threshold. 

.2. Probability of switching to a TAF-based regimen or to dual 

herapy 

In the joint competing risk approach to analysis, by 2 years 

rom baseline, the probability of switch to DT was 3.5% (95% CI 

.6–4.7%) and to TAF-based cART was 46.7% (95% CI 42.8–48.5%) 

 Fig. 1 ). A significantly higher probability of switching to TAF-based 

egimen was found for those receiving INSTI at baseline [KM esti- 

ates: 65.6% (95% CI 61.7–69.4%) by 2 years, log-rank P < 0.0 0 01 

ompared with PI/b (59.9%, 95% CI 52.7–67.2%) and NNRTI 4.0% 

95% CI 1.8–6.1%)] ( Fig. 2 a), not confirmed in the alternative analy- 

is, after excluding people using EVG/c, in which the highest prob- 
4 
bility of switch was found for PI/b ( P < 0.0 0 01) ( Fig. 2 b). Re-

arding switch to DT, a higher probability of switch for PI/b [7.9% 

95% CI 3.7–12.1%), P < 0.001] compared with switches from TDF- 

egimens including an INSTI (5.6%; 95% CI 3.0–8.2%) or NNRTI 

1.1%; 95% CI 0.0–2.1%) was found ( Fig. 2 c). We also calculated the 

robability of switching both to TAF-based and to DT regimens ac- 

ording to number of pre-existing co-morbidities (0, 1, ≥2) and no 

ignificant association was found (data not shown). After TDF dis- 

ontinuation, 99% of patients receiving at baseline an INSTI-based 

egimen switched to TAF triple therapy combined with an INSTI, 

2% switched from a PI/b-containing regimen to TAF/FTC/PI/b and 

nly 3/14 (21.4%) patients on a NNRTI-based regimen changed their 

ackbone with TAF/FTC continuing to take the same anchor drug 

lass. Similarly, 71.0% (22/31) of patients who had switched to a 

TG-based DT were previously receiving an INSTI regimen, 12.9% 

4/31) were taking a PI/b and 16.1% (5/31) were on a NNRTI-based 

egimen. Overall, 52% patients switched to DTG + lamivudine (3TC) 

nd 9% to DTG + RPV DT, whereas 13% switched to PI/b + 3TC. A

etailed description of the composition of the regimen started af- 

er TDF discontinuation according to the initial anchor drug class 

s shown in Supplementary Tables S1 and S2. 

.3. Hazard of switching associated with baseline exposure factors: 

aseline eGFR, type of anchor drug used at baseline and extent of 

o-morbidities 

In a multivariable Cox regression analysis with time-fixed co- 

ariates at baseline, a more recent calendar year of baseline [ad- 

usted hazard ratio (aHR) = 1.51 per 1 year (95% CI 1.31–1.74) 

nd compared with NNRTIs, receiving at baseline TDF with PI/b 
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Fig. 2. Probability of switching to (a) tenofovir alafenamide (TAF)-based therapy, 

(b) TAF-based therapy after excluding people using elvitegravir/cobicistat (EVG/c) 

and (c) dual therapy (DT) according to anchor drug of the tenofovir disoproxil 

fumarate (TDF)-based regimen. VL, viral load; INSTI, integrase strand transfer in- 

hibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI/b, boosted pro- 

tease inhibitor; CI, confidence interval. 
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R = 24.57 (95% CI 14.05–42.96) and with INSTI HR = 27.97 (95% 

I 16.35–47.84); P < 0.001] were independently associated with a 

igher probability of switching to a TAF-based regimen ( Table 2 A). 

n the sensitivity analysis of the time to switch to TAF-based 

ART, when switches to EVG/c-based regimens were not counted 

s events, the risk of switching to a TAF-based regimen remained 

ignificantly higher for PI/b and INSTI [HR = 36.62 vs. NNRTI (95% 

I 15.96–84.02) and HR = 12.90 vs. NNRTI (5.66–29.37), respec- 

ively; for both P < 0.001] ( Table 2 B). For the switching to DT end-

oint, receiving TDF in combination with a PI/b-based regimen at 

aseline and a lower baseline eGFR (0–59 mL/min/1.73m 

2 ) were 

ndependently associated with a higher probability of both studied 

ndpoints [HR = 6.16 (95% CI 2.35–16.11), P < 0.001 for the time to 

witch to DT cART; and HR = 10.68 (95% CI 3.84–29.72), P = 0.001 

or the time to switch to DT, respectively] ( Table 2 C). 

.4. Association between eGFR and the probability of switching 

In the unadjusted analysis of the time to switch to TAF- 

ased cART (the alternative endpoint in which switches to EVG/c- 

ased regimens were not counted as events), an eGFR < 60 

L/min/1.73m 

2 was not associated with the probability of switch- 

ng to a TAF-based regimen ( P = 0.4819) ( Fig. 3 a). In contrast,

hen evaluating the switch to DT, still in the unadjusted analysis, 

 higher probability of switch was found in people with an eGFR 

 60 mL/min/1.73m 

2 (30.2%, 95% CI 11.1–49.4; P < 0.001) ( Fig. 3 b).

n the adjusted analyses, an eGFR < 60 mL/min/1.73m 

2 , both as 

ime-fixed at baseline [aHR from fitting a standard Cox regression 

odel with fixed covariates 6.68 (95% CI 2.69–16.60); P < 0.001] 

r as current value [aHR from fitting a weighted marginal Cox re- 

ression model 8.18 (95% CI 3.54–18.90); P < 0.001] was associ- 

ted with a higher probability of switch to DT but not to TAF-based 

ART ( Table 3 ). 

. Discussion 

In our cohort of HIV-positive patients who were receiving a 

DF-based cART regimen with a viral load ≤50 copies/mL after Jan- 

ary 2016 (baseline), the probability of switching from TDF was 

47% to a TAF-based regimen and 4% to DT by 2 years from base- 

ine. Our estimate of the rate of TAF modification is included in 

he range of those found in similar analyses of data from other Eu- 

opean cohorts of patients switching from a TDF-containing reg- 

men: 56% in the Swiss cohort and 34% by 2 years in a cohort 

n Germany. In both analyses, the main reason for switching was 

revention of renal/bone toxicity [ 21 , 24 ]. Higher rates of switch 

o TAF were found in a retrospective analysis of four treatment 

entres in the USA showing 86% of patients receiving TAF by 1 

ear because of renal dysfunction [22] . The higher observed rate 

f switching to TAF compared with DT could be due to the fact 

hat the amount of evidence coming from randomised studies in 

ecent years is much larger for switches to TAF-based triple reg- 

men compared with switches to DT, which is still considered as 

 novel potentially risky strategy. Switch to DT more specifically 

ends to occur to overcome cART toxicity, reducing the potential 

or drug–drug interactions and costs, by means of concomitant use 

f raltegravir [ 25 , 26 ], 3TC [4–6] or RPV [27] with PI/b or, in recent

ears, combining 3TC [ 8 , 28–30 ], PI/b [31] or RPV [7] with DTG. De-

pite data from RCTs [32–34] demonstrating a more favourable im- 

act of TAF on renal safety, a key result of this analysis was that 

he switches to TAF-based regimens did not appear to be driven 

y current eGFR < 60 mL/min/1.73m 

2 . In contrast, a current low 

GFR level appears to significantly increase the odds of switch- 

ng to DT. In other words, these results suggest that, in clinical 

ractice, upon the observation of a current value of eGFR below 

 level indicating renal toxicity, a switch to TDF-sparing DT is pos- 



A. Vergori, R. Gagliardini, N. Gianotti et al. International Journal of Antimicrobial Agents xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: ANTAGE [m5G; September 23, 2020;22:39 ] 

Table 2 

Relative hazard ratios (HRs) of (A) tenofovir alafenamide (TAF) initiation, (B) TAF initiation with exclusion of elvite- 

gravir/cobicistat (EVG/c) and (C) dual therapy initiation from fitting a Cox regression model 

Unadjusted HR (95% CI) P -value Adjusted ∗ HR (95% CI) P -value 

(A) TAF initiation 

Baseline eGFR (mL/min/1.73m 

2 ) 

≥60 1.00 1.00 

0–59 0.77 (0.36–1.62) 0.484 0.55 (0.26–1.17) 0.119 

No. of co-morbidities a 

0 1.00 1.00 

1 1.06 (0.82–1.37) 0.648 1.14 (0.87–1.48) 0.348 

≥2 0.97 (0.73–1.29) 0.844 1.11 (0.82–1.50) 0.512 

Calendar year of viral load ≤50 copies/mL 

Per more recent 1.32 (1.16–1.52) < 0.001 1.51 (1.31–1.74) < 0.001 

Nationality 

Italian 1.00 1.00 

Foreign 0.95 (0.79–1.14) 0.600 0.89 (0.73–1.09) 0.270 

No. of previous virological failures 

Per extra drug 1.01 (0.76–1.35) 0.921 0.93 (0.70–1.23) 0.603 

Anchor drug 

NNRTI 1.00 1.00 

INSTI 25.21 (14.79–42.97) < 0.001 27.97 (16.35–47.84) < 0.001 

PI/b 22.06 (12.67–38.41) < 0.001 24.57 (14.05–42.96) < 0.001 

(B) TAF initiation with exclusion of EVG/c 

Baseline eGFR (mL/min/1.73m 

2 ) 

≥60 1.00 1.00 

0–59 1.40 (0.58–3.41) 0.457 1.07 (0.43–2.65) 0.882 

No. of co-morbidities a 

0 1.00 1.00 

1 0.86 (0.60–1.23) 0.411 0.93 (0.64–1.35) 0.712 

≥2 0.85 (0.57–1.26) 0.417 0.80 (0.53–1.22) 0.307 

Calendar year of viral load ≤50 copies/mL 

Per more recent 1.46 (1.20–1.78) < 0.001 1.49 (1.21–1.83) < 0.001 

Nationality 

Italian 1.00 1.00 

Foreign 0.96 (0.74–1.26) 0.777 0.84 (0.63–1.14) 0.268 

No. of previous virological failures 

Per extra drug 1.12 (0.79–1.58) 0.519 0.93 (0.65–1.33) 0.689 

Anchor drug 

NNRTI 1.00 1.00 

INSTI 14.93 (6.60–33.81) < 0.001 12.90 (5.66–29.37) < 0.001 

PI/b 41.37 (18.15–94.29) < 0.001 36.62 (15.96–84.02) < 0.001 

(C) Dual therapy initiation 

Baseline eGFR (mL/min/1.73m 

2 ) 

≥60 1.00 1.00 

0–59 8.44 (3.65–19.49) < 0.001 10.68 (3.84–29.72) 0.006 

No. of co-morbidities a 

0 1.00 1.00 

1 1.26 (0.48–3.31) 0.639 1.17 (0.39–3.46) 0.781 

≥2 1.45 (0.52–4.05) 0.479 0.91 (0.28–3.00) 0.879 

Calendar year of viral load ≤50 copies/mL 

Per more recent 1.00 (0.59–1.71) 0.989 0.98 (0.54–1.78) 0.947 

Nationality 

Italian 1.00 1.00 

Foreign 0.54 (0.26–1.13) 0.104 0.57 (0.25–1.31) 0.184 

No. of previous virological failures 

Per extra drug 1.60 (1.07–2.39) 0.021 1.74 (1.09–2.77) 0.020 

Anchor drug 

NNRTI 1.00 1.00 

INSTI 2.64 (1.12–6.22) 0.026 2.07 (0.84–5.10) 0.114 

PI/b 6.27 (2.53–15.54) < 0.001 6.16 (2.35–16.11) < 0.001 

CI, confidence interval; eGFR, estimated glomerular filtration rate; NNRTI, non-nucleoside reverse transcriptase inhibitor; 

INSTI, integrase strand transfer inhibitor; PI/b, boosted protease inhibitor. 
∗ For the variables listed in this table. 
a Diabetes, dyslipidaemia and hypertension. 
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ibly preferred to a switch to TAF-based cART. Whether clinicians 

ight use eGFR in combination with other laboratory parameters 

e.g. proteinuria or other abnormalities of urine biomarkers) for 

heir decision to switch remains to be established, as unfortunately 

hese additional markers are not collected in our database. From 

tting a multivariable standard Cox regression analysis, we also 

ound that people receiving TDF/FTC combined with INSTI at base- 

ine were at increased probability of switching to TAF. The associ- 

tion was particularly strong in the analysis counting the switches 
6 
o TAF/FTC/EVG/c as events, whilst no association was found with 

he probability of switching to DT. The most likely explanation for 

he results is the availability of TAF/FTC/EVG/c since 2016; indeed, 

tarting from this year, the switch to TAF/FTC/EVG/c became pop- 

lar in clinical practice as it was shown in RCTs to be beneficial to 

DF/FTC/EVG/c users, without additional disadvantage in terms of 

irological suppression, tolerability or difference in cost [ 9 , 12–14 ]. 

n contrast, a switch from TDF/FTC/RPV to TAF/FTC/EVG/c could be 

iscouraged because it would imply also a change of the anchor 
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Table 3 

Relative hazard ratios (HRs) of (a) TAF-based therapy and (b) dual therapy (DT) initiation from fitting a Cox regression model—association with time-dependent eGFR after excluding people 

switching to EVG/c 

HR (95% CI) 

Unadjusted Adjusted 1 Adjusted 2 

(a) HR of switching to TAF-based regimen from fitting a Cox regression analysis (TAF/FTC/EVG/c not counted as an event) 

eGFR (mL/min/1.73m 

2 ) 

Baseline value 

≥60 1.00 1.00 

0–59 1.24 (0.51–3.00) 0.94 (0.39–2.31) 

P = 0.640 P = 0.897 

Most recent value 

≥60 1.00 1.00 1.00 

0–59 1.52 (0.78–2.93) 1.17 (0.59–2.34) 1.19 (0.60–2.38) 

P = 0.217 P = 0.657 P = 0.617 

(b) HR of switching to dual therapy regimens from fitting a Cox regression analysis 

eGFR (mL/min/1.73m 

2 ) 

Baseline value 

≥60 1.00 1.00 

0–59 9.03 (3.89–20.98) 6.68 (2.69–16.60) 

P < 0.001 P < 0.001 

Most recent value 

≥60 1.00 1.00 1.00 

0–59 9.18 (4.49–18.77) 8.41 (3.74–18.88) 8.18 (3.54, 18.90) 

P < 0.001 P < 0.001 P < 0.001 

TAF, tenofovir alafenamide; eGFR, estimated glomerular filtration rate; EVG/c, elvitegravir/cobicistat; CI, confidence interval; FTC, emtricitabine; cART, combination antiretroviral therapy; TDF, 

tenofovir disoproxil fumarate. 
∗∗ (1) Adjusted for age, calendar year of cART initiation, number of concomitant co-morbidities, number of drugs failed prior to baseline, baseline CD4 + T-cell count, type of anchor drug of 

TDF-based regimen and current CD4 + T-cell count fitted as time dependent. (2) Adjusted for age, calendar year of cART initiation, number of concomitant co-morbidities, number of drugs failed 

prior to baseline, baseline CD4 + T-cell count, type of anchor drug of TDF-based regimen and current CD4 + T-cell count using inverse probability of weighting. 
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rug class. In addition, because of the results of the GS-US-366- 

216 study [13] , clinicians might have been reluctant to change to a 

AF/RPV-based regimen for fear of worsening of the patient’s lipid 

rofile. Similarly, in the Swiss cohort analysis, 30% of patients at 

isk of TDF toxicity and who did not switch to TAF during the ob- 

ervation period were on a NNRTI-based regimen and it appeared 

o be an important reason for remaining on a TDF backbone [24] . 

ll of these hypotheses are conceivable, although speculative. This 

ART modification appeared to be dictated by convenience and 

ot strictly related to renal toxicity. For this reason, we also per- 

ormed an alternative analysis in which switches to EVG/c-based 

ART were not counted as events. Indeed, in this analysis, the as- 

ociation with the anchor drug used at baseline (the effect of IN- 

TI) was largely attenuated. Of note, this same tendency was not 

een for other single-tablet regimens such as TAF/FTC/RPV (for the 

easons we speculated above) or TAF/FTC/DRV/r, which had been 

nly recently approved at the time of the analysis. 

In contrast, the use of PI/b regimen in combination with a TDF- 

ased regimen at baseline was associated with a higher risk of 

witching from TDF to both a TAF-based and a DT regimen. The 

act that concomitant use of TDF with a PI/b leads to a higher risk 

f TDF discontinuation than that seen with other anchor drugs has 

een previously shown and it is probably due to the worse renal 

amage associated with the use of PI/b-based regimens [ 19 , 35–37 ].

hese results are likely to be affected by the epochal context, in 

hich the data from RCTs on newer and safer strategies of switch 

rom TDF to TAF were certainly greater than the amount of data 

vailable for DT (particularly for DTG + 3TC). Indeed, we have to 

onsider that DT is becoming more frequent only in recent calen- 

ar years, following the results from RCTs on DTG-based DTs both 

n naive and experienced patients [ 28–30 , 37 ]. 

Our analysis has a number of limitations that need to be 

entioned. First, the analysis was conducted in an observational 

etting so unmeasured and residual confounding bias is likely to 

e an issue. Also, evaluation of the association between current 

GFR and the risk of switching relies on the fact that the un- 

erlying model is correctly specified (e.g. all measured common 

auses of a modification in eGFR and probability of switching 

ave been correctly accounted for and we did not inappropriately 

ontrol for mediators or colliders). Also, the median age of our 

articipants was 36 years so the magnitude of the estimated effect 

annot be directly applied to the average prevalent patient living 

ith HIV who is typically older. Last but not least, the issue of 

rying to evaluate whether a modification of eGFR might cause 

reatment switches is intrinsically problematic. Some argue that it 

s not a ‘well-defined intervention’ because eGFR can be modified 

n a number of different ways and the key condition for the 

dentifiability of causal effects from observational data does not 

old [38] . Renal function was evaluated solely by eGFR because 

ther markers of renal impairment, such as urine dipstick analysis, 

hosphataemia or glycosuria, were not available for analysis. eGFR 

as calculated from creatinine, which is not as accurate as using 

ystatin C [39] . Similarly, therapy switches could also be triggered 

y bone health data, which are also not collected in our database. 

urthermore, it would have been important to relate the risk of 

witching to the actual TDF concentration levels, but unfortunately 

alues of therapeutic drug monitoring for antivirals are also not 

ollected in the ICONA database. 

In conclusion, our analysis shows that a consistent proportion 

f people with a viral load ≤50 copies/mL in recent years have 

een switched from TDF to alternative strategies. The switch to a 

AF-based cART was much more common with a rate of 46.7% vs. 

.5% by 2 years of people switching to DT. Both the eGFR observed 

t entry in this study and the most recently observed value ap- 

ears to trigger switches to DT but not those to TAF-based cART 

egimens. 
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