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Abstract
Background: Tenofovir/emtricitabine (TDF/FTc) used as pre-exposure prophylaxis (PreP) has proven benefits in preventing 
hiV infection. Widespread use of TDF/FTc can only be justified if the preventative benefits outweigh potential risks of 
adverse events. a previous meta-analysis of TDF/FTc compared to alternative tenofovir alafenamide (TaF)/FTc for 
treatment found no significant difference in safety endpoints when used without ritonavir or cobicistat, but more evidence 
around the safety of TDF/FTc is needed to address concerns and inform widespread use.
Methods: a systematic review identified 13 randomised trials of PreP, using either TDF/FTc or TDF, versus placebo or 
no treatment: VOice, PrOUD, iPergaY, FeM-PreP, TDF-2, iPreX, iaVi Kenya, iaVi Uganda, PrePare, ParTners, Us 
safety study, Bangkok TDF study, W african TDF study. The number of participants with grade 3/4 adverse events or 
serious adverse events (saes) was compared between treatment and control in the meta-analysis. Further analyses of 
specific renal and bone markers were also undertaken, with fractures as a marker of bone effects and creatinine elevations 
as a surrogate marker for renal impairment. analyses were stratified by study duration (</>1 year of follow up).
Results: The 13 randomised trials included 15,678 participants in relevant treatment and control arms. Three studies 
assessed TDF use only. The number of participants with grade 3/4 adverse events was 1306/7504 (17.4%) on treatment 
versus 1259/7502 (16.8%) on control (difference=0%, 95% confidence interval [ci] −1% to +2%). The number of 
participants with saes was 740/7843 (9.4%) on treatment versus 795/7835 (10.1%) on no treatment (difference=0%, 
95% ci −1% to +1%). The number of participants with creatinine elevations was 8/7843 on treatment versus 4/7835 
on control (difference=0%, 95% ci 0%–0%). The number of participants with bone fractures was 217/5789 on 
treatment versus 189/5795 on control (difference=0%, 95% ci 0% to 1%). There was no difference in outcome between 
studies with <1 versus >1 year of randomised treatment.
Conclusions: in this meta-analysis of 13 randomised clinical trials of PreP in 15,678 participants, there was no significant 
difference in risk of grade 3/4 clinical adverse events or saes between TDF/FTc (or TDF) and control. Furthermore, 
there was no significant difference in risk of specific renal or bone adverse outcomes. The favourable safety profile of 
TDF/FTc would support more widespread use PreP in populations with a lower risk of hiV infection.
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Background
There were 1.8 million new hiV infections worldwide in 2016 
[1]. Whilst improvements in treatment have lowered mortality 
rates, the same success has not been matched in prevention, 
resulting in more new hiV infections than deaths each year [1]. 
This mismatch results in a rising prevalence, with millions in need 
of lifelong treatment, which places a massive strain on health 
systems worldwide. This is not sustainable. renewed efforts to 
improve prevention are vital to comprehensively address the chal-
lenge of hiV.

There are a variety of different potential preventative measures. 
Behavioural methods include promoting condom use and reducing 
sexual-risk behaviours. structural interventions, such as treatment-
as-prevention, have shown promise around the world [2–4]. 
Biomedical prevention is a recent addition to this arsenal, with 
one of the most effective current methods being oral pre-exposure 
prophylaxis (PreP]. This is an antiretroviral, given to those at 
high risk of hiV infection in order to provide a pharmacological 
barrier to infection. all of these preventative measures should 

ideally be used in combination, but this review will focus on the 
use of oral PreP for hiV prevention.

Oral PreP, in the form of tenofovir disoproxil fumarate/
emtricitabine(TDF/FTc), has been approved for use in many 
countries worldwide and is now recommended by the WhO, as 
part of an optimal package of hiV prevention measures [5]. it 
has been proven to be efficacious in specific risk groups, such 
as MsM [6–8], serodiscordant couples [9] and intravenous drug 
users (iVDU) but has shown lesser or no efficacy in trials in 
african women [10,11]. These variations in efficacy are thought 
to be largely a result of poor adherence [8,12]. When taken 
regularly in observational studies, PreP has been shown to be 
highly efficacious [13], with little or no breakthrough infection 
occurring in adherent individuals [14,15].

PreP is currently only reaching around 300,000 users worldwide 
[1], falling short of what would be required to prevent the 1.8 
million new infections annually. Furthermore, the vast majority 
of PreP usage occurs in high-income countries, rather than the 
sub-saharan african countries that experience the greatest burden 
of hiV incidence [1].

There are multiple barriers to worldwide provision of PreP to all 
eligible, at-risk populations [16]. One roadblock to widespread 
rollout is cost, with hugely variable costing, but there is evidence 
that PreP can be cost effective in certain populations [17,18] 
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depending on hiV incidence [19,20]. a second barrier is uptake 
and adherence [21], which can be damaged by patient concerns 
around side effects and costs [22,23]. additionally, cultural stigma 
towards marginalized at-risk groups affects political appetite to 
provide PreP to these populations [24,25]. however, there is 
evidence of demand for PreP in at-risk populations worldwide 
[14,26,27].

a third barrier to the promotion of PreP programmes worldwide 
is concern over the safety profile of the drug. safety concerns 
affect patients, providers and policy makers’ attitudes towards 
PreP. The main concerns centre around reports of renal and bone 
toxicity, with reports of subclinical reductions in kidney function 
[28] and bone mineral density [29]. TDF/FTc is usually used in 
treatment alongside booster drugs; however, when unboosted, 
it has been found to confer no increased risks of serious adverse 
events. newer drug alternatives, such as TaF, are being promoted 
as potentially safer alternatives to TDF/FTc as PreP. however, a 
previous meta-analysis of TDF/FTc compared to alternative TaF/
FTc for treatment found no significant difference in safety end-
points when used without the pharmacokinetic boosters ritonavir 
or cobicistat, which elevate tenofovir levels. More evidence around 
the safety of TDF/FTc, which is now widely available in a cheaper 
generic form, is needed to address concerns and inform preven-
tion efforts.

The potential benefits of PreP vary greatly between populations, 
depending on risk, which is determined by hiV incidence in that 
community. For example, in a population with hiV incidence of 
5%, the number of people who would be needed to treat with 
PreP to prevent one infection would be 23, assuming that PreP 
prevents 86% of new hiV infections, as seen in the PrOUD study  
[6]. Whereas, if the risk were only 1%, the number needed to 
treat would become 115. risk varies across countries and between 
risk groups, tending to be highest in known risk groups such as 
MsM, which show a 3.3% pooled incidence worldwide based on 
recent incidence studies [31]. in higher risk populations, PreP 
is likely to be beneficial overall. however, some risk threshold 
exists below which it is no longer overall beneficial to use PreP. 
given that wide-scale prevention would involve medicating mil-
lions of healthy people, any potential safety concerns are a major 
obstacle. The more concern exists over safety of PreP, the more 
conservatively it should be given and therefore the higher this 
risk threshold should be set.

Further analysis and quantification of the potential harms of 
PreP, within the context of the potential benefits, is needed to 
inform recommendations for worldwide PreP use. The aims of 
this analysis are to assess the safety of oral PreP, informing policy 
and clinical decision-making. The potential harms considered are 
more severe adverse events (grade 3+), reported in PreP ran-
domised controlled trials. These are more comparable to the threat 
of hiV than mild or moderate grade adverse events. The difference 
in risk of adverse events between PreP and control in the ran-
domised trials is used to analyse the potential for harm from 
PreP.  This can then be compared with the benefits of PreP in 
lowering the risk of hiV infection.

Methods
This review was carried out in accordance with the guidance of 
the cochrane framework for systematic reviews and followed the 
preferred reporting items for systematic reviews and meta-analyses 
(PrisMa statement) [32].

a search was carried out on Ovid across four databases (embase, 
Medline, hMic and global health) for randomised controlled trials, 

evaluating oral hiV PreP as an intervention, with the outcome of 
interest being safety data regarding numbers of adverse events. 
Full search terms used are summarised in appendix 1.

no further date or language restrictions were applied. searches 
were supplemented with exploration of the grey literature through 
online databases of abstracts from two major hiV focused confer-
ences, the British hiV association annual conference (BhiVa), 
the conference on retroviruses and Opportunistic infections 
(crOi) and the international aiDs society conference (ias). 
clinicaltrials.gov was also explored. Follow up from reference lists 
and consultation with experts in the field further enhanced the 
comprehensiveness of the search.

Predefined selection criteria are outlined in appendix 2. studies 
were required to be published in a peer-reviewed journal, or 
presented at a scientific conference. The review included clinical 
randomised controlled trials of oral PreP formulations contain-
ing TDF, as an intervention against hiV. Key outcome measures 
were hiV infection and adverse events. intervention comparison 
against control arms, of either placebo or deferred start to treat-
ment, was also a criterion. no further restrictions were applied.

a full list of studies returned by the search was uploaded to 
reference management software and duplicates removed. remain-
ing titles and abstracts were screened by one reviewer and con-
sidered against the pre-specified eligibility criteria. irrelevant or 
unsuitable studies were classified by reason for exclusion.

Within trial safety data, the key outcomes extracted were adverse 
events: classified as grade 3 or 4 ae or protocol-defined serious 
adverse events (sae). grade 3 or 4 adverse events are those 
classified as severe or life-threatening, based on either pre-set 
grading systems or clinical judgement, as set out in individual 
trial protocols. Further analyses of specific renal and bone markers 
were also undertaken, with fractures as a marker of loss of bone 
mineral density and blood creatinine elevations (grade 3+) as a 
surrogate marker for renal impairment. Further information, includ-
ing total sample sizes, population risk exposure, follow-up time 
and control comparison was also extracted. safety data were 
extracted as absolute number of events occurring, rather than 
numbers of people affected, as this allowed for the most consist-
ency across trials. similarly, standardisation required that all events, 
rather than selection for those deemed treatment related, were 
extracted and compared to placebo as a more reliable measure 
of relationship to treatment. Where multiple publications reported 
data from the same study over the same follow-up periods, data 
were combined.

a meta-analysis of the safety data was conducted using the 
cochrane collaboration’s review Management software (revMan 
version 5.3). clinical diversity in interventions (with mostly daily 
TDF/FTc regimens, but some TDF only and some intermittent 
dosing) and in patient populations (with multiple different risk 
groups) warranted used of the random effects model in pooling 
the studies. as the outcomes were dichotomous numbers of 
adverse events in each arm, risk difference was calculated using 
Mantel–haenszel (M-h) methods.

Where studies had more than one treatment arm, the arm assess-
ing the most commonly used intervention (daily TDF/FTc) was 
included in the meta-analysis, versus control. a sensitivity analysis 
was run to explore the effects of this exclusion on resultant 
pooled estimates.

statistical heterogeneity was assessed by consideration of the i2 
statistic, with values of <30% being considered be low, 30–50%, 
moderate and >50% substantial. Predefined subanalysis explored 
heterogeneity by stratifying studies by average follow-up time 
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Figure 1. Flowchart denoting study selection process from identification to inclusion

(>/<1yr) and was also useful in ascertaining consistency in risk 
over time.

Results
Of 2306 initial citations screened, 13 eligible rcTs were identified 
(Figure 1). extracted safety data of the occurrence of adverse 
events is displayed in Table 1. all 13 studies reported sae, 12 
reported grade 3 or 4 adverse events, nine reported fracture data 
and 13 reported creatinine elevation data. six studies focused 
on MsM, three on women, two on serodiscordant couples, one 
on iVDU and one on adolescents. Trial follow-up times were 
variable (from 4 months to 5 years). stratification by average 
length of follow-up, undertaken to determine consistency of 
underlying event rates, classified seven studies as short term (<1 
year) and six as long term (>1 year) [9,10,38–41].

all 13 studies account for a total of 18,341 participants included 
in PreP safety analysis, with 10,482 in treatment arms and 7859 
in the control arms. Four of the studies [9,10,34,35] compare 
more than one treatment arm to control. Therefore, on meta-
analysis, where relevant, data from only one treatment arm was 
included, to avoid double counting of the control comparison 
data, resulting in analysis of data from 15,678 participants across 
an estimated 22,250 person-years of follow up (PYFU). Daily 
TDF/FTc treatment was preferred, as this is the most common 
regimen. Three studies assessed TDF use only [36,38,41] and 
one assessed intermittent PreP [7]. One study compared treat-
ment against delayed treatment initiation, rather than placebo 
[42], and another included both immediate and delayed initiation 
in both treatment and placebo trial arms [38].

Due to inconsistencies in assessment and reporting, all events 
were included in the analysis, regardless of classification likeli-
hood of relation to drug. sensitivity analyses were undertaken 
to ascertain whether the decision to use numbers of events rather 
than numbers of people affected would change the significance 
of results and this was found to have no effect on the significance 
for any of the endpoints analysed. sensitivity analysis was also 
performed to assess effect of sex, separating studies into those 
on female, male and mixed populations. it was found that sex 

did not change the significance of the results across all safety 
endpoints.

Meta-analysis of grade 3 or 4 adverse events (Figure 2) found 
no significant difference (P=0.53) between numbers of events 
in treatment versus control trial arms overall, with the pooled 
risk difference being 0.00 (95% confidence interval [ci]=-0.01–
0.02). heterogeneity between trials was substantial (i2=55%). 
subgroup analyses demonstrated no further statistically significant 
differences, and there was no statistical difference between sub-
groups, (i2=0%, P=0.52), indicating a generally consistent rate 
of adverse events over time.

similarly, on meta-analysis of sae, no significant (P=0.80) risk 
difference between trial arms was demonstrated overall (Figure 
3), estimated as 0.00 (95% ci −0.01 to 0.01). heterogeneity 
between studies was substantial (i2=53%). short-term follow-up 
subgroup analysis demonstrated no significant difference in event 
numbers between trial arms (rD=0.01, 95% ci −0.01 to 0.03, 
P=0.19). however, in the long-term follow-up subanalysis, there 
was significantly (P=0.02) less risk in the treatment arm versus 
control, with a risk difference of −0.01 (95% ci −0.02–0.00).

There were 12 cases of grade 3+ serum creatinine elevation, 
used as a surrogate marker for renal impairment, occurring across 
the trials. On meta-analysis (Figure 4), there was no significant 
difference (P=0.68) between numbers of events in treatment 
versus control trial arms. The overall risk difference was 0.00 
(95% ci −0.00 to 0.00). statistical tests revealed no heterogene-
ity (i2=0%). subgroup analyses demonstrated no further statisti-
cally significant differences, and there was no statistical difference 
between subgroups, (i2=0%, P=0.65), indicating a consistent 
rate of adverse events over time.

given the low numbers of grade 3+ creatinine elevations occur-
ring, a further analysis of creatinine elevations of all grades (1–4) 
was undertaken. a total of 514 creatinine elevations occurred 
(97.7% being grades 1–2). grade 1 is defined as 1.1–1.3 times 
the upper limit of the normal range (Uln) and grade 2 is 1.1-1.8 
x Uln, while grade 3+ is >1.9xUln. On meta-analysis (Figure 
5), there was a borderline statistically significant overall risk dif-
ference (P=0.04) between numbers of events in treatment versus 
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Figure 2. Display of safety data and forest plot of PreP versus control for serious adverse events

Figure 3. Display of safety data and forest plot of PreP versus control for grade 3/4 adverse events

control trial arms (189/5795) overall, with the pooled risk dif-
ference being 0.00 (95% ci −0.00 to 0.01). heterogeneity was 
substantial (i2=66%). subgroup analyses demonstrated no further 
statistically significant differences, and there was no statistical 
difference between subgroups, (i2=0%, P=0.32), indicating a 
consistent rate of adverse events over time.

a summary graph displaying the total number of events occurring 
as a proportion of the total number of study participants for 
each of these four endpoints is shown in Figure 7.

control arms. The overall risk difference was 0.02 (95% ci 0.00–
0.03). statistical tests revealed substantial heterogeneity (i2=93%). 
subgroup analyses demonstrated no further statistically significant 
differences, and there was no statistical difference between sub-
groups, (i2=0%, P=0.48), indicating a consistent rate of adverse 
events over time.

Meta-analysis of fractures (Figure 6), used as an indicator of 
adverse bone effects, found no significant difference (P=0.50) 
between numbers of events in treatment (217/5789) versus 
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Figure 4. Display of safety data and forest plot of PreP versus control for grade 3/4 creatinine elevations

Figure 5. Display of safety data and forest plot of PreP versus control for creatinine elevations of all grades (1-4)

FTc would support more widespread use of PreP in populations 
with a lower risk of hiV infection.

existing PreP safety concerns centre around reports of subclinical 
decreases in renal function [43,44] and bone mineral density 
[28,45,46] in PreP users. This review found a borderline statisti-
cally significant increase in numbers of creatinine elevations of 
all grades; however 97.7% of these were grade 1–2. The trials 
themselves classified these lower level events as fully reversible 

Discussion
These meta-analyses of the safety data from 13 randomised 
clinical trials, in 15,678 participants, found no significant differ-
ence in the risk of various severe adverse event types in TDF/
FTc (or TDF) and control. notably, trials with longer-term (>1yr) 
average follow-up time reported a statistically significantly greater 
risk of sae on placebo versus treatment itself; an interesting and 
counterintuitive finding. The favourable safety profile of TDF/
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Figure 6. Display of safety data and forest plot of PreP versus control for bone fractures
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Figure 7. graph summarising the differences in occurrence of all adverse event types, between PreP and control arms (number of events per total number of people in that safety 
analysis)

and non-progressive in the long term and this is consistent with 
further reports of such events (as well as other adverse event 
types) in the wider literature. These adverse-event findings might 
also be overstated in the literature, due to confirmation biases, as 
awareness of these potential harms is high and therefore they are 
more carefully screened and checked for in any trial population.

Overall, our meta-analysis found no evidence to support severe 
(grade 3+) renal or bone damage caused by PreP. Furthermore, 
we found no evidence of translation into relevant clinically visible 
endpoints, particularly bone fractures. Trial follow-up periods may 
have been inadequate to fully assess long-term effects so further 
research is warranted. however, there is a lack of current evidence 
of clinically relevant harms, so further exploration via baseline 
risk assessment and clinical monitoring [48,49] to appraise long-
term effects would be appropriate.

PreP has the potential to cause further harms, which were outside 
of the scope of this review. One such harm is the potential that 

use of dual therapy with the same nucleos(t)ide analogues used 
to treat hiV might lead to the emergence of drug resistance. This 
is a possibility and the limited evidence needs monitoring and 
exploration [50] low adherence often raises resistance concerns, 
but the VOices trial, which had low adherence, found very few 
cases of resistance to TDF or FTc amongst seroconverters [10]. 
a recent review of the evidence concluded that there is no sig-
nificant excess risk of drug-resistant mutations in seroconverters 
on TDF/FTc [12].

Furthermore, there are fears that PreP usage, in removing the 
threat of hiV, might encourage risk compensation behaviour and 
therefore increase other sexually transmitted infection (sTi] rates. 
There is variable evidence on this topic, with rcTs and some 
observational studies generally finding no evidence [8,51–56], 
but other observational studies finding decreasing condom usage 
and increasing sTi incidence over time [13,57,58]. a recent sys-
tematic review concluded that PreP use does not lead to risk 
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compensation [12]. On analysis of the studies included in this 
review, 12 of the 13 reported either a trend towards lesser risk 
behaviours across trial periods, or no change to risk behaviours, 
within their participant populations. however, evidence from trial 
environments may not be wholly representative of wider popula-
tion behaviours, as they select for motivated, health-aware indi-
viduals and often provide supportive behavioural interventions 
[52,59]. it is likely that these behavioural interventions may be 
a necessary addition to PreP programmes to mitigate any risk 
compensation.

To further contextualise risk, if PreP is not used, the hiV infec-
tions that occur in its absence would require lifelong treatment 
with antiretrovirals, associated with higher risks of adverse events 
[29,60] as well as hiV itself conferring a toxicity to liver and 
bone [61,62]. Therefore, any risk of PreP harms could still be 
beneficial in comparison. There is also some evidence of some 
further benefits of PreP, including a protective effect against 
hsV-2 acquisition [63] and evidence that PreP users may benefit 
from a lowered cholesterol [30].

strengths and limitations

This analysis followed PrisMa and cochrane review guide-
lines throughout, screening a wide array of studies, as well as 
grey literature, for each review in order to ensure that all rel-
evant articles had been retrieved. On assessment, all included 
studies were of a consistently high quality with a low risk of bias  
(appendix 3).

external limitations in the relevant literature resulted in areas of 
scarcity of data, with not all relevant risk groups and world regions 
having been represented adequately and equally in PreP trials 
to date. however, when looking at adverse events occurring in 
these trials, there does not appear to be any significant risk dif-
ferences in different risk populations between studies [12], so 
perhaps the risk of adverse events can be reasonably assumed 
to be constant across populations. Trials have inherent limitations 
in that participants may have been excluded if they showed a 
higher baseline risk of renal or bone disease, biasing potential 
findings. an important limitation may be low adherence in several 
of the trials, which could dilute the rate of drug-related adverse 
events.

statistical heterogeneity was present, but the studies were all 
rcTs of similar quality and low risk of bias, therefore this is 
unlikely to be the source of heterogeneity. clinical heterogeneity 
is a more likely potential source. The included trials demonstrate 
significant variability in regimen, risk populations, age and dura-
tion, which we attempted to minimise, but it still remains a fun-
damental influencing factor. Furthermore, on funnel plot 
assessment, there does seem to be a possibility of publication 
bias across the literature in this area.

Trial follow-up periods may have been inadequate to fully assess 
long-term effects. however, our analysis showed comparatively 
fewer sae during longer-term follow up, as well as consistency 
in other adverse-event rates over time, suggesting that event 
rates may tail off or remain constant and these trial periods are 
adequate to analyse safety risk. This analysis gathered evidence 
from all 13 relevant PreP trials carried out to date, including an 
estimated 22,250 total PYFU safety data, so analysis should be 
sensitive enough to detect any adverse risks on TDF/FTc. cre-
atinine was used as a surrogate marker of renal impairment, as 
it was most consistently reported across trials. however, alternative 
indicators, such as glycosuria and proteinuria, may have been 
more appropriate to pick up early stage impairment, particularly 
in those trials with shorter follow-up periods.

The findings of this review focus on severe adverse events. as 
is the case with any medication, there may well be lower level 
adverse events caused by TDF/FTc, particularly gastrointestinal 
events, such as nausea. Whilst these may not be a concern to 
providers and policy makers as they are lesser than the threat of 
hiV, they may well be a concern to PreP users and could adversely 
affect drug uptake and adherence.

applications and implications

This review demonstrates no significant risk of severe side effects 
on TDF/FTc. This is applicable to policy makers, confirming 
worldwide PreP potential, and clinicians, in assuaging PreP safety 
concerns. it is also applicable to PreP users themselves, making 
informed decisions regarding their own use of PreP.

alternative PreP formulations in development include TaF/FTc 
and injectable cabotegravir [65,66]. given these findings of no 
significant risks associated with the current, widely generically 
available TDF/FTc formulation, further safety improvements can 
only hope to be very subtle. improvements in facilitating adher-
ence, rather than focusing on safety profile, are likely to be more 
beneficial to overall PreP impact.

PreP has proven feasibility in uptake and adherence, evidenced by 
demonstration projects worldwide [14,67–70]. real-world popula-
tions vary and differences in behaviours and adherence will influ-
ence PreP effectiveness and hiV incidence, but we can conclude 
that TDF/FTc has a favourable overall safety profile. This means 
that the remaining limiting factors are cost-effectiveness barriers, 
as well as difficulties in encouraging PreP uptake and adherence 
in real-world contexts. This all sits within a wider package of hiV 
prevention measures and a combination approach is necessary to 
collaboratively address the challenge of hiV incidence.

Conclusions
This review finds no evidence that oral TDF/FTc is associated 
with any increased risk of severe adverse events. On these grounds, 
lower risk thresholds for PreP provision may be warranted, allow-
ing wider provision of PreP to at-risk populations.

Acknowledgements

conflicts of interest and source of funding

none

References
1. UnaiDs. UNAIDS Data 2017. available from: www.unaids.org/sites/default/files/

media_asset/20170720_Data_book_2017_en.pdf (accessed May 2018).
2. granich r, crowley s, Vitoria M et al. highly active antiretroviral treatment as 

prevention of hiV transmission: review of scientific evidence and update. Curr 
Opinion HIV AIDS.

3. rodger a, cambiano V, Bruun T et al. risk of hiV transmission through condomless 
sex in MsM couples with suppressive arT: the ParTner2 study extended results in 
gay men. AIDS 2018. July 2018. amsterdam, netherlands. abstract WeaX0104lB.

4. Bavinton B, grinsztejn B, Phanuphak n, Jin F. hiV treatment prevents hiV trans-
mission in male serodiscordant couples in australia, Thailand and Brazil. IAS 2017. 
July 2017, Paris, France. abstract 5469.

5. World health Organization. HIV/AIDS programme guidance on pre-exposure oral 
prophylaxis (PrEP) for serodiscordant couples, men and transgender women who 
have sex with men at high risk of HIV: recommendations for use in the context of 
demonstration projects. available at http://apps.who.int/iris/bitstream/handle/
10665/75188/9789241503884_eng.pdf?sequence=1 (accessed May 2018).

6. Mccormack s, Dunn DT, Desai M et al. Pre-exposure prophylaxis to prevent the 
acquisition of hiV-1 infection (PrOUD): effectiveness results from the pilot phase 
of a pragmatic open-label randomised trial. Lancet 2016; 387: 53–60.

7. Molina J-M, capitant c, spire B et al. On demand PreP with oral TDF-FTc in MsM: 
results of the anrs ipergay trial. Top Antivir Med 2015; 23(E-1): 10.

8. grant rM, anderson Pl, McMahan V et al. Uptake of pre-exposure prophylaxis, 
sexual practices, and hiV incidence in men and transgender women who have sex 
with men: a cohort study. Lancet Infect Dis 2014; 14: 820–829.

9. Baeten JM, Donnell D, ndase P et al. antiretroviral prophylaxis for hiV prevention 
in heterosexual men and women. N Engl J Med. [Online] Massachusetts Medical 



Original researchJournal of Virus Eradication 2018; 4 : 215–224

safety of TDF/FTc as PreP 223

society; 2012;367(5): 399–410. available from: doi:10.1056/neJMoa1108524 
[accessed: 12th May 2018]

10. Marrazzo JM, ramjee g, richardson Ba, gomez K, Mgodi n, nair g, et al. Tenofovir-
Based Preexposure Prophylaxis for hiV infection among african Women. N Engl J 
Med. 2015; 372: 509–518.

11. Van Damme l, corneli a, ahmed K et al. Preexposure prophylaxis for hiV infection 
among african women. N Engl J Med 2012; 367: 411–422.

12. Fonner Va, Dalglish sl, Kennedy ce et al. effectiveness and safety of oral hiV 
preexposure prophylaxis for all populations. AIDS 2016;30: 1973–1983.

13. Marcus Jl, hurley lB, hare cB et al. Preexposure prophylaxis for hiV prevention in 
a large integrated health care system: adherence, renal safety, and discontinuation. 
J Acquir Immune Defic Syndr 2016;73: 540–546.

14. grinsztejn B, hoagland B, Moreira ri et al. retention, engagement, and adherence 
to pre-exposure prophylaxis for men who have sex with men and transgender 
women in PreP Brasil: 48 week results of a demonstration study. Lancet HIV 2018; 
5: e136–e145.

15. Thaden J, gandhi M, Kuncze K. seroconversion on PreP: a protocol for untangling 
adherence vs resistance failure. March 2018. seattle, Wa, Usa. abstract 1041.

16. cáceres cF, O’reilly Kr, Mayer Kh, Baggaley r. PreP implementation: moving 
from trials to policy and practice. J Int AIDS Soc 2015; 18(4 Suppl 3).

17. Durand-zaleski i, Mutuon P, charreau i et al. costs and benefits of on-demand 
hiV preexposure prophylaxis in MsM. AIDS 2018; 32: 95–102.

18. alistar ss, Owens DK, Brandeau Ml. effectiveness and cost effectiveness of oral 
pre-exposure prophylaxis in a portfolio of prevention programs for injection drug 
users in mixed hiV epidemics. PLoS One 2014; 9: e86584.

19. cambiano V, Miners a, Phillips a. What do we know about the cost-effectiveness 
of hiV preexposure prophylaxis, and is it affordable? Curr Opin HIV AIDS 2016; 
11: 56–66.

20. chen a, Dowdy DW. clinical effectiveness and cost-effectiveness of hiV pre-exposure 
prophylaxis in men who have sex with men: risk calculators for real-world decision-
making. PLoS One 2014; 9: e108742.

21. serota DP, rosenberg es, lockard aM et al. Beyond the biomedical: PreP failures 
in a cohort of young black men who have sex with men in atlanta, ga. Clin Infect 
Dis 2018; 67: 965–970.

22. arnold T, Brinkley-rubinstein l et al. social, structural, behavioral and clinical 
factors influencing retention in pre-exposure prophylaxis (PreP) care in Mississippi. 
PloS One 2017; 12: e0172354.

23. Brooks ra, Kaplan rl, lieber e et al. Motivators, concerns, and barriers to adop-
tion of preexposure prophylaxis for hiV prevention among gay and bisexual men 
in hiV-serodiscordant male relationships. AIDS Care 2011; 23: 1136–1145.

24. calabrese sK, Underhill K, earnshaw Va et al. Framing hiV pre-exposure prophylaxis 
(PreP) for the general public: how inclusive messaging may prevent prejudice from 
diminishing public support. AIDS Behav 2016; 20: 1499–1513.

25. calabrese sK, Magnus M, Mayer Kh et al. Putting PreP into practice: lessons 
learned from early-adopting Us providers’ firsthand experiences providing hiV 
pre-exposure prophylaxis and associated care. PloS One 2016; 11: e0157324.

26. Bull l, Dimitrijevic P, Beverley s et al. Perceived need of, and interest in, hiV 
pre-exposure prophylaxis amongst men who have sex with men attending three 
sexual health clinics in london, UK. Int J STD AIDS 2018; 29: 435–442.

27. cohen se, Vittinghoff e, Bacon O et al. high interest in preexposure prophylaxis 
among men who have sex with men at risk for hiV infection.J Acquir Immune Defic 
Syndr 2015; 68: 439–448.

28. Tang ec, Vittinghoff e, anderson Pl et al. changes in kidney function associ-
ated with daily tenofovir disoproxil fumarate/emtricitabine for hiV preexposure 
prophylaxis use in the United states Demonstration Project. J Acquir Immune Defic 
Syndr 2017; 77: 1.

29. Mulligan K, glidden DV, anderson Pl et al. effects of emtricitabine/tenofovir 
on bone mineral density in hiv-negative persons in a randomized, double-blind, 
placebo-controlled trial. Clin Infect Dis 2015; 61: 572–580.

30. 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.

31. Pilkington V, nwokolo n, Pozniak a et al. how many people need to take PreP 
to prevent one new hiV infection? Meta-analysis of 32 hiV incidence studies in 
64,741 patients. HIV Med 2018; 19: abstract 95.

32. Moher D, liberati a, Tetzlaff J et al. Preferred reporting items for systematic reviews 
and meta-analyses: the PrisMa statement. PLoS Med 2009; 6: e1000097.

33. Molina J-M, capitant c, spire B et al. On-demand preexposure prophylaxis in men 
at high risk for hiV-1 infection. N Engl J Med 2015; 373: 2237–2246.

34. Mutua g, sanders e, Mugo P et al. safety and adherence to intermittent pre-
exposure prophylaxis (PreP) for hiV-1 in african men who have sex with men and 
female sex workers. PloS One 2012; 7: e33103.

35. Kibengo FM, ruzagira e, Katende D et al. safety, adherence and acceptability of 
intermittent tenofovir/emtricitabine as hiV pre-exposure prophylaxis (PreP) among 
hiV-uninfected Ugandan volunteers living in hiV-serodiscordant relationships: a 
randomized, clinical trial. PloS One 2013; 8: e74314.

36. Peterson l, Taylor D, roddy r et al. Tenofovir disoproxil fumarate for prevention of 
hiV infection in women: a phase 2, double-blind, randomized, placebo-controlled 
trial. PLoS Clin Trials 2007; 2: e27.

37. hosek sg, siberry g, Bell M et al. The acceptability and feasibility of an hiV 
preexposure prophylaxis (PreP) trial with young men who have sex with men. J 
Acquir Immune Defic Syndr 2013; 62: 447–456.

38. grohskopf la, chillag Kl, gvetadze r et al. randomized trial of clinical safety of 
daily oral tenofovir disoproxil fumarate among hiV-uninfected men who have sex 
with men in the United states. J Acquir Immune Defic Syndr 2013; 64: 79–86.

39. Thigpen Mc, Kebaabetswe PM, Paxton la et al. antiretroviral Preexposure prophy-
laxis for heterosexual hiV transmission in Botswana. N Engl J Med 2012; 367: 
423–434.

40. grant rM, lama Jr, anderson Pl et al. Preexposure chemoprophylaxis for hiV 
prevention in men who have sex with men. N Engl J Med 2010;363: 2587–2599.

41. choopanya K, Martin M, suntharasamai P et al. antiretroviral prophylaxis for hiV 
infection in injecting drug users in Bangkok, Thailand (the Bangkok Tenofovir study): 
a randomised, double-blind, placebo-controlled phase 3 trial. Lancet 2013; 381: 
2083–2090.

42. Molina J-M, capitant c, spire B et al. On demand prep with oral TDF-FTc in the 
open-label phase of the anrs iPergaY trial. Top Antivir Med 2016; 24(E-1): 
375–376.

43. Martin M, Vanichseni s, suntharasamai P et al. renal function of participants in 
the Bangkok Tenofovir study – Thailand, 2005–2012. Clin Infect Dis 2014; 59: 
716–724.

44. solomon MM, lama Jr, glidden DV et al. changes in renal function associated 
with oral emtricitabine/tenofovir disoproxil fumarate use for hiV pre-exposure 
prophylaxis. AIDS 2014; 28: 851–859.

45. liu aY, Vittinghoff e, sellmeyer De et al. Bone mineral density in hiV-negative 
men participating in a tenofovir pre-exposure prophylaxis randomized clinical trial 
in san Francisco. PloS One 2011; 6): e23688.

46. Kasonde M, niska rW, rose c et al. Bone mineral density changes among hiV-
uninfected young adults in a randomised trial of pre-exposure prophylaxis with 
tenofovir-emtricitabine or placebo in Botswana. PloS One 2014; 9: e90111.

47. Mugwanya KK, Wyatt c, celum c et al. reversibility of glomerular renal function 
decline in hiV-uninfected men and women discontinuing emtricitabine-tenofovir 
disoproxil fumarate pre-exposure prophylaxis. J Acquir Immune Defic Synd 2016; 
71: 374–380.

48. Tetteh ra, Yankey Ba, nartey eT et al. Pre-exposure prophylaxis for hiv prevention: 
safety concerns. Drug Saf 2017; 40: 273–283.

49. Mugwanya KK, Baeten JM, Wyatt c et al. Frequency of monitoring kidney function 
in hiV-uninfected persons using daily oral tenofovir disoproxil fumarate pre-exposure 
prophylaxis. J Acquir Immune Defic Syndr 2017; 77: 1.

50. Dimitrov DT, Boily M-c, hallett TB et al. how much do we know about drug 
resistance due to PreP use? analysis of experts’ opinion and its influence on the 
projected public health impact. PloS One 2016; 11: e0158620.

51. guest g, shattuck D, Johnson l et al. changes in sexual risk behavior among 
participants in a PreP hiV prevention trial. Sex Transm Dis 2008; 35: 1002–1008.

52. gust Da, soud F, hardnett FP et al. evaluation of sexual risk behavior among study 
participants in the TDF2 PreP study among heterosexual adults in Botswana. J 
Acquir Immune Defic Syndr 2016; 73: 556–563.

53. liu aY, Vittinghoff e, chillag K et al. sexual risk behavior among hiv-uninfected 
men who have sex with men participating in a tenofovir preexposure prophylaxis 
randomized trial in the United states. J Acquir Immune Defic Syndromes 2013; 
64: 87–94.

54. Marcus Jl, glidden DV, Mayer Kh et al. no evidence of sexual risk compensation 
in the iPrex trial of daily oral hiV preexposure prophylaxis. PloS One 2013; 8: 
e81997.

55. Mugwanya KK, Donnell D, celum c et al. sexual behaviour of heterosexual men 
and women receiving antiretroviral pre-exposure prophylaxis for hiV prevention: 
a longitudinal analysis. Lancet Infect Dis 2013; 13: 1021–1028.

56. sagaon-Teyssier l, suzan-Monti M, Demoulin B et al. Uptake of PreP and condom 
and sexual risk behavior among MsM during the anrs iPergaY trial. AIDS Care 
2016; 28(Suppl 1): 48–55.

57. Volk Je, Marcus Jl, Phengrasamy T et al. no new hiV infections with increasing 
use of hiv preexposure prophylaxis in a clinical practice setting. Clin Infect Dis 
2015; 61: 1601–1603.

58. lal l, audsley J, Murphy Da et al. Medication adherence, condom use and sexually 
transmitted infections in australian preexposure prophylaxis users on behalf of the 
VicPreP study Team. AIDS 2017; 31: 1709–1714.

59. Underhill K. study designs for identifying risk compensation behavior among users 
of biomedical hiV prevention technologies: balancing methodological rigor and 
research ethics. Soc Sci Med 2013; 94: 115–123.

60. Wondifraw Baynes h, Tegene B, gebremichael M et al. assessment of the effect 
of antiretroviral therapy on renal and liver functions among hiV-infected patients: 
a retrospective study. HIV AIDS (Auckl) 2017; 9: 1–7.

61. glesby MJ. Bone disorders in human immunodeficiency virus infection. Clin Infect 
Dis 2003; 37 (suppl 2): s91–s95.

62. Kaspar MB, sterling rK. Mechanisms of liver disease in patients infected with hiV. 
BMJ Open Gastroenterol 2017; 4: e000166.

63. celum c, Morrow r, Donnell D et al. Daily oral emtricitabine/tenofovir pre-exposure 
prophylaxis and prevention of hsV-2 acquisition among heterosexual men and 
women. Sex Transm Infect 2013; 89(Suppl 1): a265.1-a265.

64. glidden DV, Mulligan K, McMahan V et al. Metabolic effects of pre-exposure 
prophylaxis with co-formulated tenofovir disoproxal fumarate and emtricitabine. 
Clin Infect Dis 2018; 67: 411–419.

65. Massud i, Mitchell J, Babusis D, et al. chemoprophylaxis with oral FTc/TaF protects 
macaques from rectal shiV infection. Conference on Retroviruses and Opportunistic 
Infections. February 2016. seattle, Wa, Usa. abstract 107.

66. andrews cD, Bernard l st., Poon aY et al. cabotegravir long acting injection 
protects macaques against intravenous challenge with siVmac251. AIDS 2017; 
31: 461–467.

67. cohen se, Vittinghoff e, Bacon O et al. high interest in pre-exposure prophylaxis 
among men who have sex with men at risk for hiV infection: baseline data from the 
Us PreP demonstration project.J Acquir Immune Defic Syndr 2015; 68: 439–448.

68. Doblecki-lewis s, liu a, Feaster D et al. healthcare access and PreP continuation 
in san Francisco and Miami after the Us PreP Demo Project. J Acquir Immune 
Defic Syndr 2017; 74: 531–538.

69. grinsztejn B, hoagland B, Moreira ri et al. retention, engagement, and adherence 
to pre-exposure prophylaxis for men who have sex with men and transgender 
women in PreP Brasil: 48 week results of a demonstration study. Lancet HIV 2018; 
5: e136–e145

70. aVac. Ongoing and Planned PrEP Demonstration and Implementation Studies. 
available at: www.avac.org/resource/ongoing-and-planned-prep-demonstration-
and-implementation-studies (accessed May 2018).



Original research Journal of Virus Eradication 2018; 4 : 215–224

224 V Pilkington et al.

Appendix 1. Search terms

Intervention Disease OUTCOME

Pre-exposure prophylaxis/chemoprophylaxis/
Pre-exposure Prophylaxis.mp
PreP.mp

hiV/
human immunodeficiency virus/
human immunodeficiency Virus.mp.
hiV.mp.

drug efficacy/
safety/
adverse drug reaction/ adverse outcome/
adverse event/
Treatment Outcome/
safety/
efficacy.mp.
safety.mp.
adverse.mp.
adverse event*.mp.
adverse outcome*.mp.

listed are free text search terms (.mp), as well as general subject headings (/) mapped to the search within each category. subject headings were altered to be 
correct and applicable to each individual database and separate searches carried out in each database as appropriate.
Table display: terms within the same column are combined with Or. all terms between columns are combined with anD.

Appendix 2. Predefined inclusion and exclusion criteria

Appendix 3: Risk of bias assessment, carried out using the Cochrane collaboration’s risk of bias 
assessment tool
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PrEP trials

Inclusion Exclusion

 • randomised controlled trials, with a placebo or comparison arm
 • Published in a peer-reviewed journal
 • clinical trials that assess safety of the treatment drug and report 

absolute numbers of adverse events occurring in both arms

 • non human trials
 • earlier than Phase iii
 • Trials of non-oral PreP (e.g. microbicides)
 • substudies looking at the wrong outcome (e.g. measures of adherence 

and dosing, and measures of qualitative wellbeing or commitment, etc)


