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At present Tenofovir (TFV) pro-drugs position is that of the third component of , 
conventional triple drug regimens, whose main alternatives are dual regimens

Two pro-drugs are available and the main issues concerning the TAF vs TDF comparison are:
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Tenofovir (TFV)

Disoproxil fumarate salt 
Wide spectrum of human cells

Clearance



Tenofovir (TFV)

Alafenamide salt Selective cell uptake

CatA
(PBMCS)

CES1 
(Liver)

Minor scission from the 
Alafenamide salt

Higher [IC]

Lower [plasma]

Clearance



TFV
TFV

TFV TFV
TFV TFV

Renal accumulation of TFV and the resulting 
effects on the function of the proximal tubule 
are caused by highly efficient uptake from 
plasma and less rapid efflux into urine.

Stray, K.M., et al..AAC 2013;  57; 4982-4989.

Ryan Samuels, et al. AIDS 2017, 31:1297–1301  

The mtDNA ‘common deletion’ mutation was 
detectable significantly more commonly in the urine 
of TDF exposed study participants compared with 
unexposed (13/22 TDFþ study participants (59%), 
4/21 TDF􏰀 (19%), P 1⁄4 0.01). 

The presence of mtDNA mutations in the context 
of TDF exposure adds weight to the hypothesis that 
TDF-associated renal damage is at least in part 
mitochondrially mediated. 
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Creatinine Clearance:

85
%

Glomerular Filtration Tubular Secretion

15%

Shemesh O, et al. Kidney Int. 1985; 28 (5): 830–8.

Plasma [Cr]



Tenofovir-associated Renal and Bone Toxicity
C.L.N. Woodward; A.M. Hall; I.G. Williams; S. Madge; A. Copas; D. Nair; S.G. Edwards; M.A. 
Johnson; J.O. Connolly. HIV Medicine 2009; 10: 482-87.



Tenofovir

Tubular dysfunction
(decreased reabsorption of low-
molecular weight proteins, calcium 
phosphates)

Minor, variable degree of secondary 
hyperparathyroidism

Minimal tendency to apoptosis or 
necrosis

Tubular dysfunction
(decreased reabsorption of low-
molecular weight proteins, calcium 
phosphates, electrolytes)

Tubulo-glomerular feedback (24hrs)

Luminal obstruction by dead tubular 
cells (apoptosis and necrosis)

Reduced afferent glomerular blood

Mesangial contraction & proliferation

Gentamicin
Lopez-Novoa F, et al. Kidney 

International (2011) 79, 33–45.



Samir K. Gupta, et al. AIDS 2019, 33:1455–1465

Our integrated analysis included 9322 adults and children with HIV (n1⁄46360 TAF, n 1⁄4 2962 TDF) with exposure of 
12 519 person-years to TAF and 5947 to TDF. 



Samir K. Gupta, et al. AIDS 2019, 33:1455–1465



289 patients

Median age: 45.8 years (39.5 – 51.8)
Men: 207 (71.6%)

Caucasian: 246 (85.4%)
Median CD4+ T - cells: 547/uL (417 – 699)

HIV < 50 c./mL: 271 (93.8%)

TDF intake: 
52.4 months (24 – 87.1)

eCrCl: 
89.4 mL/min (78.6 – 105.9)

Calcagno A, et al. AIDS 2016; 30: 915-919 

NNRTIs : 155 (53.6%)
PIs : 118 (40.8%)
INSTIs : 16 (5.5%)



289 patientsTDF intake: 
52.4 months (24 – 87.1)

eCrCl: 
89.4 mL/min (78.6 – 105.9)

Abnormally high uRBP/uCr was found in 157 patients (54.3%)

Calcagno A, et al. AIDS 2016; 30: 915-919 

Tubular dysfunction was proportionally associated to reduced TFV urinary clearance



by Wyatt CM





Pathophysiological interactions 
between kidney and heart in chronic 
kidney disease.

CKD contributes to decreased 
cardiac function, cardiac hypertrophy 
and increased risk of cardiovascular 
adverse events.

eGFR = estimated glomerular filtration rate
CKD = chronic kidney disease
RRT = renal replacement therapy



RENAL CHANGES ASSOCIATED 
WITH AGING

Hallan SI, et al. Br Med J. 2006; 333:1047.
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Decreased GFR
“   kidney mass
“   nephron size
“   nephron number
“   glomerular surface area
“   tubular function
“   renal blood flow

Age is a critical variable in the Cockroft-Gault and 
Modification of Diet in Renal Disease (MDRD) 
which are used for estimating GFR for drug dosing
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TDF (1/3)

Phosphate Reabsorption

TDF

ATP

TDF

TDF

Proximal Tubular 
Epithelial Cell

Decreased Bone 
Mineral Density

TDF clearance:

2/3 glomerular filtration
1/3 tubular secretion

TDF (2/3)



Significantly less decreases in spine and hip BMD in the E/C/F/TAF group at Week 48  

BMD = bone mineral density

E/C/F/TAF n=845

E/C/F/TDF  n=850
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*Comparison of E/C/F/TAF vs E/C/F/TDF at Week 
48

Sax P et al. Lancet. 2015 Jun 27;385(9987):2606‒15

Studies 104 and 111: ART-naive patients, Week 48 combined analysis

Changes in spine and hip BMD through Week 48





Ayami Komatsu, et al. Drug Saf (2018) 41:843–848 

A total of 3251 patients who received TDF or TDF/emtricitabine between April 2004 and March 2013 were 
analyzed in this study. 

The fracture rate was 13.5 per 10,000 PY in males and 42.2 per 10,000 PY in females. 

The mean age for male patients with osteoporosis-related fracture was 43.2 years, whereas it was 65.7 years in 
female patients. 

The cumulative probability of osteoporosis-related fracture 
increased after > 5 years of TDF exposure. 

Conclusions. Among HIV-infected patients in Japan, 
treatment with TDF for > 5 years increases the risk of bone 
fractures in younger men, in addition to that seen in older 
post-menopausal women. 
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Kenneth H Mayer, et al. Lancet 2020; 396: 239–54 



Andrea R. Thurman, et al. EClinicalMedicine 36 (2021) 100893

TFV concentrations area under curve (AUC) were ~20 fold lower following F/TAF versus F/TDF. 

TFV- diphosphate (TFV-DP) AUC concentrations in PBMCs were 7-fold higher with F/TAF25 versus F/TDF. 

Median TFV-DP concentrations in vaginal tissue (4hours post last dose) were approximately 6-fold higher with F/ TAF25 versus F/TDF. 
TFV and 
TFV-DP were lower with F/TAF versus F/TDF in rectal tissue. 



Kosh Agarwal, et al. Journal of Hepatology 2018 vol. 68; 672–681

In two international trials, patients with chronic HBV infection were randomized 2:1 to receive 25 mg TAF or 300 mg TDF in a 
double-blinded fashion. 

One study enrolled HBeAg- positive patients (423 vs 218) and the other HBeAg-negative (257 vs 127)patients. 

eGFR

ALT Normalization by visit week 

Viral suppression by visit week 

Viral suppression by visit week 
Changes in bone mineral density 
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Gregory D. Huhn, et al. Open Forum Infectious Diseases, Nov 2019 

• Participants (N = 1744) were randomized (1:1) to initiate TAF or TDF, each coformulated with elvitegravir/cobicistat/ 
emtricitabine (studies GS-US-292-0104 and GS-US-292-0111). 

• Eligibility for statin therapy and estimated 10-year ASCVD risk among adults aged 40–79 years treated with TAF or TDF 
for 96 weeks (W96) were analyzed based on American College of Cardiology/American Heart Association Pooled Cohort 
Equations. Categorical shifts in 10-year ASCVD risk from <7.5% to ≥7.5% by W96 on TAF versus TDF were calculated. 

Eligibility for high-intensity statin therapy 
were similar for TAF versus TDF groups 

(19% vs 21%; P = .47). 

Conclusions. Lipid changes with TAF as 
part of coformulated regimens do not 
substantively affect CVD risk profiles 

compared with TDF. 



Kristine M. Erlandson, et al. Clinical Infectious Diseases 2021;73(8):1440–51 

Absolute values and changes in cholesterol 
components and systolic blood pressure were 
similar between switch and SBR participants 
who experienced ≥10% weight gain. 

Participants with ≥10% weight gain had small reductions in high-
density lipoprotein cholesterol; other metabolic parameters were 
largely stable. 

Treatment-emergent AEs related to diabetes or hyperglycemia
were not significantly greater among those with ≥10% compared 
with <10% weight gain (rate ratio, 1.52; 95% confidence interval, 
.70 to 3.27; P = .29;).

Metabolic Impact of Weight Gain in Switch Study Participants 
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Kristine M. Erlandson, et al. Clinical Infectious Diseases® 2021;73(8):1440–51 

In a pooled analysis of 8 randomized, controlled trials of first-line ART, INSTI-based initial therapy was associated with greater 
weight gain than nonnucleoside reverse transcriptase inhib- itor (NNRTI)– or protease inhibitor (PI)–based ART (Sax PE,et al. Clin 

Infect Dis 2020; 71:1379–89).

Several observational studies have shown significant weight gain in PWH who switched to newer ART regimens (Kerchberger

AM, et al. Clin Infect Dis 2020; 71:593–600, . Taramasso L, et al. Open Forum Infect Dis 2020; 7:ofaa195, . Taramasso L, et al. AIDS 2020; 34:877–81). 
while others have not (Burns JE, et al. AIDS 2020; 34:109–14, . McComsey GA, et al. CROI 4–7 March 2019, Seattle, WA. Poster abstract 671, . Verboeket

SO, et al. EACS 2019, Basel, Switzerland. Abstract PS3/6). 

Trend of increasing obesity prevalence among people living with and without HIV (Crum-Cianflone N, et al. PLoS One 2010; 5:e10106,  

Coetzee L, et al. J Int AIDS Soc 2019; 22:e25364). 

Prior studies have identified factors associated with weight gain that are: 
• HIV-related (viral load, CD4 count), 
• host-related (Black race, female sex, baseline weight, genetics, comorbidities, non-ART medications), 
• ART-related. 

BACKGROUND



Kristine M. Erlandson, et al. Clinical Infectious Diseases 2021;73(8):1440–51 

In the pooled dataset of 12 trials with 11 456 person-years of follow-up: 
• 4166 were randomized to switch ART  
• 3150 to continue SBR. 

third-agent switch 

nucleotide reverse transcriptase 
inhibitor (NRTI) switch 

third-agent stable 
baseline regimen (SBR) NRTI SBR 



Kristine M. Erlandson, et al. Clinical Infectious Diseases 2021;73(8):1440–51 

In a linear mixed effects model, only BMI category and age were associated with weight gain. 

Compared with participants with obesity at baseline, being underweight or having a normal BMI 
was associated with 0.8 kg greater weight gain, and being overweight was associated with a 0.5 kg 
greater weight gain (both P < .0001). Younger participants had 0.4 kg greater weight gain than older 
participants (≤ vs >35 years; P = .0014). 

Bansi-Matharu L et al. CROI abstract 507, 2021.
Weight gain of at least 7% of BMI was also associated with being underweight at baseline (OR 2.10, 95% CI 1.91-2.31) 
and Black ethnicity (OR 1.59, 95% CI 1.45-1.74).

McComsey G et al. CROI abstract 503, 2021.
Weight gain of at least 10% was more likely in people underweight or normal weight at baseline (aRR 2.3, 95% CI 
1.7-3.1).

Palella F et al. CROI abstract 504, 2021.
Demographic factors or baseline weight did not affect the rate of weight gain.



Kristine M. Erlandson, et al. Clinical Infectious Diseases 2021;73(8):1440–51 

Switch from DTG to BIC was not significantly different from remaining on DTG:

Switch from EVG/c to BIC was associated with a 0.7 
kg greater weight gain at week 48 compared with 
no switch (P = .034;): 

Weight gain was seen when switching from TDF:

Participants who stayed on TDF or 
ABC had weight changes similar to 

those who remained on TAF: 



WEIGHT – SUPPRESSIVE EFFECTS OF TDF

Preexposure prophylaxis (PrEP) trials suggest an initial weight-suppressive effect of TDF: 

• In iPrEX, participants who took emtricitabine (F)/ TDF had initial weight loss followed by a weight gain trajectory 
similar to the placebo arm. 

• A similar pattern was observed in DISCOVER and HPTN 083, where the F/TDF arm exhib- ited initial weight loss, 
followed by a weight gain trajectory similar to the F/TAF and cabotegravir (CAB) arms, resulting in 1–1.5 kg greater 
weight gain in the F/TAF and CAB arms.

• Glidden DV, et al. Clin Infect Dis 2018; 67:411–9. 
• Mayer KH, et al. Lancet 2020; 396:239–54. 
• Landovitz RJ. 2Third International HIV Conference (AIDS 2020: Virtual), abstract OAXLB0101, 2020.
• Cahn P, et al. HIV Drug Therapy, Glasgow, 5–8 October 2020; P018.
• Eckard AR, McComsey GA. Curr Opin Infect Dis 2020; 33:10–9.

• The potential for TDF to suppress weight gain is also supported by the GEMINI 1 and 2 studies, where treatment-
naive PWH randomized to DTG + lamivudine (3TC) gained more weight than those taking DTG + F/TDF (3.7 vs 2.4 kg at 
week 144). 

• Switch from TAF-containing regimens to DTG/3TC led to similar weight gain as staying on TAF-containing ART in the 
TANGO study. 

GEMINI & TANGO:



• Drugs like EFV, COBI, RTV and TDF have a consistent negative impact on 
body weight (weight suppressants….), and such an effect might have 
significantly biased the interpretation of the results of studies in which 
antiretrovirals were virtually the sole variables investigated….

• The higher the number of variables considered in body weight/metabolic 
studies, the lesser appears to be the responsibility of either INSTIs or TAF

• Fat increase in those who experienced weight gain following INSTIs and/or 
TAF introduction suggests a rather favourable re-distribution
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Weight gain in people living with HIV (PWH) is a multifactorial phenomenon in which the relative contribution of traditional and
HIV specific modifiable risk factors is still to be investigated. A well-known epidemiological approach is the population attributable
fraction (PAF) tool to quantify the proportion of a specific health condition that could be avoided if particular risk factors were not
present .

The aim of this study was to assess the population attributable fractions (PAFs) of modifiable lifestyles and INSTI regimens in ART
experienced PWH who had at least a 5% weight gain over 4 years follow up.

Our findings suggest that WG is mostly influenced by pre-existing weight, low physical activity and immunological status:

ü The most relevant risk factor for WG was baseline BMI>25. Not only obesity, but even overweight at baseline should be avoided

in order to prevent WG during follow up.

ü The second most relevant risk factor for WG was MET<600 at baseline. At a clinical level, these data suggest that a dedicated

counselling should be offered in all ART experienced PWH that recommends a moderate to intense physical activity (MET>600) 

to prevent WG, for example suggesting: 

• 3 or more days of vigorous intensity activity and/or walking of at least 30 minutes per day , OR

• 5 or more days of moderate intensity activity and/or walking of at least 30 minutes per day , OR

• 5 or more days of any combination of walking, moderate intensity or vigorous intensity activities

ü High CD4/CD8 ratio suggests potential immunologic mechanisms linked to weight gain.

This study was not powered to address clinical significance of WG, but we did not observe that the already high proportion of co-

morbidities at baseline changed over time in weight gainers.

Study design and inclusion criteria
This was an observational retrospective longitudinal study that included
virally suppressed ART-experienced PWH attending Modena HIV
Metabolic Clinic (MHMC) from January 2007 to July 2019.

Figure 1. At the beginning of observation period all participants were
INSTI-naive (INSTI-n). During follow-up, they were divided in two groups:
INSTI-n vs INSTI-switchers (INSTI-s) with no further change in ART. Groups
were matched for sex, age, BMI at a first visit and follow-up duration.
Patients were eligible for analyses if lifestyles data were available at last
observation.

INSTI-n

(N=163)

INSTI-s

(N=118)

p

Age, years, mean (±SD) 49.9 (8.7) 50.7 (6.5) 0.13

Males (%) 118 (72.4%) 91 (77.1%) 0.45

Moderate physical activity (%) 65 (39.9%) 47 (39.8%) 0.64

Intense physical activity (%) 14 (8.6%) 14 (11.9%) 0.64

BMI, kg/m2, mean (±SD) 23.7 (3.45) 23.46 (3.3) 0.79

BMI, 18.5-25 kg/m2, % 111 (68.1%) 79 (67%) 0.85

BMI, 25-30 kg/m2, % 46 (28.2%) 33 (28%) 0.85

Obesity (%) 12 (7.4%) 6 (5.1%) 0.60

Waist circumference, cm, mean (±SD) 87.6 (9.9) 86.9 (9.6) 0.63

VAT, cm3, mean (±SD) 143 (84.8) 137.6 (77.2) 0.73

SAT, cm3, mean (±SD) 154.4 (123.6) 140.6 (85.6) 0.57

Nadir CD4 cell count, cell/microL, median (IQR) 220 (118-310) 158 (64-269) 0.002

CD4/CD8 ratio, mean (±SD) 0.92 (0.46) 0.79 (0.44) 0.04

Current CD4 cell count, cell/microL, median (IQR) 653 (537-866) 578 (445.5-780) 0.009

HIV duration, months, median (IQR) 189 (121-261.6) 244 (188.5-300) <0.001

Undetectable HIV viral load (%) 145 (89%) 112 (94.9%) 0.12

Multimorbidity (%) 41 (25.2%) 44 (37.3%) 0.04

Outcome measure
Significant weight gain was defined as an increase of ≥5% from 1st visit weight over a mean 4 years follow-up.
Covariates
Physical activity was assessed with International Physical Activity Questionnaire (IPAQ) as metabolic equivalent of task (MET). Daily
caloric intake (DCI) was evaluated with a 3 day food diary.
Statistical analysis and PAF calculations
We calculated the crude hazard ratio allowing some risk factors (nadir CD4 cell count, CD4/CD8 ratio, high daily caloric intake, low
physical activity, smoke pack year) to vary with time. PAFs and 95% CIs were estimated to quantify the proportion of outcomes that
could be avoided if the risk factor was prevented, using the following dichotomic variables: BMI >25 kg/m2 vs <25 kg/m2, DCI above
cut-off are indicated according to 2015–2020 Dietary Guidelines Estimated Calorie Needs, IPAQ MET <600 vs MET>600, quitting vs
continuing smoking, INSTI vs no-INSTI regimens, and CD4/CD8 ratio <1 vs >1. In addition to the prevalence of the risk factors, PAF is
influenced by the risk of the outcome associated with each preventable or modifiable risk factor.

<5% weight gain

N=206

³5% weight gain

N=75 p

Baseline Follow-up p Baseline Follow-up p

Age, years, mean (±SD) 50.9 (7.8) 54.8 (8) <0.001 48.6 (7.7) 53.3 <0.001 0.09

Males (%) 162 (78.6%) 162 (78.6%) NA 47 (62.7%) 47 (62.7%) NA 0.01

Moderate physical activity (%) 84 (40.8%) 84 (40.8%) 0.87 28 (37.3%) 27 (36%) 0.64 0.63

Intense physical activity (%) 20 (9.7%) 17 (8.3%) 0.87 8 (10.7%) 5 (6.7%) 0.64 0.63

Pack year, years, mean (±SD) 16 (1.9-28.5) 16 (1.9-28.5) NA 14 (1.2-28.5) 14.5 (1.2-31) 0.57 0.82

Weight, kg,  mean (±SD) 69.2 (11.8) 68.4 (11.2) 0.54 67 (13.4) 74.2 (14.7) 0.002 0.002

Delta weight, kg,  mean (±SD) NA -0.9 (2.9) NA NA 10.8 (6.0) NA <0.001

BMI, kg/m2, mean (±SD) 23.7 (3.4) 23.5 (3.2) 0.61 23.3 (3.5) 25.8 (2.9) <0.001 <0.001

BMI, 18.5-25 kg/m2, % 135 (65.3%) 136 (66.7%) 0.81 55 (73.3%) 30 (40%) <0.001 <0.001

BMI, 25-30 kg/m2, % 63 (30.6%) 58 (28.4%) 0.81 16 (21.3%) 44 (58.7%) <0.001 <0.001

Obesity (%) 13 (6.3%) 9 (4.4%) 0.53 5 (6.7%) 12 (16%) 0.12 0.003

Waist circumference, cm, mean (±SD) 87.6 (9.6) 91.7 (5.2) 0.70 86.1 (10.1) 94.7 (11.1) <0.001 <0.001

VAT, cm3, mean (±SD) 144.1 (86.1) 158 (230.9) 0.90 131.5 (65.4) 176.3 (90.7) 0.001 0.002

SAT, cm3, mean (±SD) 147.8 (114.8) 155.6 (142.9) 0.42 150.8 (93.2) 213.1 (105.9) <0.001 <0.001

Liver to spleen ratio, mean (±SD) 1.17 (0.18) 1.20 (0.21) 0.07 1.24 (0.15) 1.21 (0.18) 0.45 0.74

IPAQ score, MET, mean (±SD) NA 964 (944) NA NA 656.2 (663.4) NA 0.005

Daily caloric intake, kcal, mean (±SD) NA 1962.9 (549.4) NA NA 1947.3 (503.3) NA 0.96

Use of statins (%) 38 (18.5%) 43 (20.9%) 0.62 14 (18.7%) 19 (25.3%) 0.43 0.53

Nadir CD4 cell count, cell/microL, median (IQR) 200 (100-310) 200 (100-310) NA 159 (89-264) 159 (89-264) NA 0.09

CD4/CD8 ratio, mean (±SD) 0.83 (0.47) 0.92 (0.5) 0.07 0.93 (0.37) 1.07 (0.48) 0.15 0.003

Current CD4 cell count, cell/microL, median (IQR) 603 (488-836) 705 (544-844) 0.005 666.5 (474-827) 794 (595-1042) 0.02 0.02

HIV duration, years, median (IQR) 220 (149-280) 268 (199-333) <0.001 208 (117.5-270) 262 (168.5-334) <0.001 0.37

Undetectable HIV viral load (%) 188 (91.3%) 204 (99%) <0.001 69 (92%) 74 (98.7%) 0.12 0.99

Multimorbidity (%) 62 (30.1%) 95 (46.1%) 0.001 23 (30.7%) 33 (44%) 0.13 0.85

Hypertension (%) 92 (44.7%) 116 (56.3%) 0.02 25 (33.3%) 43 (57.3%) 0.005 0.98

Cardiovascular disease (%) 7 (3.4%) 10 (4.9%) 0.62 2 (2.7%) 4 (5.3%) 0.68 0.99

Diabetes mellitus (%) 21 (10.2%) 29 (14.1%) 0.29 5 (6.7%) 10 (13.3%) 0.28 0.99

Chronic kidney disease (%) 19 (9.2%) 37 (18%) 0.01 9 (12%) 12 (16%) 0.64 0.84

Osteoporosis (%) 44 (21.4%) 58 (28.2%) 0.14 21 (28%) 27 (36%) 0.38 0.26

Dyslipidemia (%) 177 (85.9%) 194 (94.2%) 0.008 66 (88%) 70 (93.3%) 0.40 0.99

Liver cirrhosis (%) 13 (6.3%) 20 (9.7%) 0.28 5 (6.7%) 9 (12%) 0.40 0.74

Of 281 PWH (74% males), mean follow-up was 4.2 years ,age
54.3 (7.8 SD) years, median duration since HIV diagnosis 22.3
years (IQR 15.5-27.5), CD4 cell count 714 cells/microL (IQR
561.5-892); 98.9% had undetectable HIV-1 RNA.

Table 1 shows the anthropometric and clinical characteristics
of PWH who remained INSTI naïve and PWH who switched to
an INSTI-based regimen. It can be noticed that PWH who
switched to INSTI have a more pronounced immunological scar
depicted by nadir CD4 cell count, lower median CD4 cell count,
longer duration of HIV infection and higher burden of
multimorbidity.

Table 2. First panel on the left shows anthropometric
and clinical characteristics in PWH that did not get
weight between baseline and follow-up. It can be
observed that prevalence of dyslipidaemia incresed
between two time points. Second panel on the right
shows the same variables in PWH that experienced
weight gain. Burden of multimorbidity remained the
same, while body composition changed, as depicted
by visceral and subcutaneous adipose tissue. The last
column shows the differences in PWH in two groups
between baseline and follow—up.
Figure 2. PAF for WG was the greatest for BMI (45%,
p<0.001), followed by CD4/CD8 ratio (41%, p<0.001)
and physical activity (32%, p<0.02).
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