
PrEP

E u r o p e ’ s  j o u r n a l  o n  i n f e c t i o u s  d i s e a s e  e p i d e m i o l o g y,  p r e v e n t i o n  a n d  c o n t r o l

www.eurosurveillance.org

Featuring
• Options for affordable pre-exposure prophylaxis (PrEP) in national HIV 

prevention programmes in Europe
• Economic evaluation of HIV pre-exposure prophylaxis among men-who-

have-sex-with-men in England in 2016
• and more...

Special edition: 
 HIV pre-exposure 

prophylaxis (PrEP)  
March 2018

7.2



Based at the European Centre for  
Disease Prevention and Control (ECDC),  
171 65 Stockholm, Sweden

Telephone number
+46 (0)8 58 60 11 38

E-mail
eurosurveillance@ecdc.europa.eu

Editor-in-chief
Dr Ines Steffens 

Senior editor
Kathrin Hagmaier 

Scientific editors 
Janelle Sandberg
Karen Wilson 

Assistant editors
Alina Buzdugan
Ingela Rumenius

Associate editors 
Tommi Asikainen, Brussels, Belgium
Magnus Boman, Stockholm, Sweden
Mike Catchpole, Stockholm, Sweden
Natasha Crowcroft, Toronto, Canada
Christian Drosten, Bonn, Germany
Karl Ekdahl, Stockholm, Sweden
Johan Giesecke, Stockholm, Sweden
David Heymann, London, United Kingdom
Irena Klavs, Ljubljana, Slovenia
Karl Kristinsson, Reykjavik, Iceland
Daniel Lévy-Bruhl, Paris, France
Jacob Moran-Gilad, Beer-Sheva, Israel
Panayotis T. Tassios, Athens, Greece
Hélène Therre, Paris, France
Henriette de Valk, Paris, France
Sylvie van der Werf, Paris, France

Design / Layout
Fabrice Donguy / Dragos Platon

Online submission system
http://www.editorialmanager.com/eurosurveillance/

www.eurosurveillance.org

© Eurosurveillance, 2018

Albania: Alban Ylli, Tirana
Austria: Maria Paulke-Korinek, Vienna
Belgium: Koen de Schrijver; Tinne Lernout, Antwerp
Bosnia and Herzegovina: Sanjin Musa, Sarajevo
Bulgaria: Iva Christova, Sofia
Croatia: Sanja Music Milanovic, Zagreb
Cyprus: Maria Koliou, Nicosia
Czech Republic: Jan Kynčl, Prague
Denmark: Peter Henrik Andersen, Copenhagen
Estonia: Kuulo Kutsar, Tallinn
Finland: Outi Lyytikäinen, Helsinki
France: Judith Benrekassa, Paris
Germany: Jamela Seedat, Berlin
Greece: Rengina Vorou, Athens
Hungary: Ágnes Hajdu, Budapest
Iceland: Gudrun Sigmundsdottir, Reykjavík
Ireland: Lelia Thornton, Dublin
Italy: Paola De Castro, Rome
Latvia: Dzintars Mozgis, Riga
Lithuania: Saulius Čaplinskas, Vilnius
Luxembourg: Thérèse Staub, Luxembourg
The former Yugoslav Republic of Macedonia: Aziz Pollozhani, 
Skopje
Malta: Tanya Melillo Fenech, Msida
Montenegro: Senad BegiĆ, Podgorica
Netherlands: Barbara Schimmer,  Bilthoven
Norway: Emily MacDonald, Oslo 
Poland: Malgorzata Sadkowska-Todys, Warsaw
Portugal: Paulo Jorge Nogueira, Lisbon
Romania: Daniela Pitigoi, Bucharest
Serbia: Mijomir Pelemis, Belgrade
Slovakia: Lukáš Murajda, Bratislava
Slovenia: Maja Sočan, Ljubljana
Spain: Josefa Masa Calle,  Madrid
Sweden: Anders Wallensten, Stockholm
Turkey: Fehminaz Temel, Ankara
United Kingdom: Nick Phin, London
World Health Organization Regional Office for Europe: Robb 
Butler, Copenhagen

Editorial team Editorial advisors



1www.eurosurveillance.org

Contents

© Eurosurveillance

Special edition: Hiv pre-exposure 
prophylaxis (PrEP)

Editorials 
Options for affordable pre-exposure prophylaxis (PrEP) in 
national HIV prevention programmes in Europe 2
Coleman R et al.

Rapid Communications
Fall in new HIV diagnoses among men who have sex 
with men (MSM) at selected London sexual health 
clinics since early 2015: testing or treatment or pre-
exposure prophylaxis (PrEP)? 6
Brown A et al.

Using data from a behavioural survey of men who 
have sex with men (MSM) to estimate the number 
likely to present for HIV pre-exposure prophylaxis 
(PrEP) in Ireland, 2017 12
Lochlainn L et al.

Research Articles
Economic evaluation of HIV pre-exposure 
prophylaxis among men-who-have-sex-with-men in 
England in 2016 16
Jun Ong  K et al.

Meeting Reports
Meeting report: Pre-exposure Human 
Immunodeficiency Virus Prophylaxis in the EU/EEA: 
Challenges and Opportunities, Stockholm April 2016 26
Teymur N et al. 

PrEP



2 www.eurosurveillance.org

Editorial
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The successful integration of pre-exposure prophy-
laxis (PrEP) into comprehensive HIV programmes that 
include increased testing, the offer of early treatment 
for infected individuals and combination HIV preven-
tion, is showing signs of contributing to a reduction in 
new HIV infections [1,2]. Such programmes can enable 
and motivate people with a high risk of HIV infection 
to come for testing, encourage those who test negative 
to consider PrEP, support their effective adherence and 
deliver collateral benefits such as increased screening 
and treatment of other sexually transmitted infections 
(STIs) [1,3]. This promising evidence, in the context of 
stagnant or rising incidence of HIV in many European 
countries [4], has naturally led to intensifying demand 
for inexpensive and broader provision of PrEP [5].

The great majority of current PrEP users in Europe and 
other similar settings are gay and bisexual men and 
other men who have sex with men (MSM) at high risk of 
HIV-infection [3,5,6]. They are generally well-informed, 
motivated and supported by civil society and con-
cerned clinicians. However, even in well-established 
PrEP programmes that engage with less empowered 
populations, building up to more extensive distribu-
tion and uptake of PrEP remains a challenge [7]. All 
PrEP programmes need to address persistent barri-
ers and doubts including the need for an estimate of 
the number of people eligible for PrEP, the price of the 
PrEP medication, the risk of drug resistance, a poten-
tial increase in STI diagnoses via risk compensation 
and increased testing, achieving effective adherence 
to PrEP and limited engagement with PrEP by certain 
members of key populations and certain healthcare 
providers [6]. Despite some encouraging experience 
around meeting these concerns [1,2,6] the persistent 
uncertainty weakens estimates of cost-effectiveness 
for PrEP and hinders planning for broader implementa-
tion. Countries are faced with the dilemma of how to 
implement and fund effective PrEP programmes at a 
national scale in a way that addresses need, minimises 

possible negative impact and remains within the coun-
try’s means [5,6]. Secure integration with other sexual 
health and community services has the potential to 
bring out the collateral benefits of PrEP access [5].

The economic evaluation of PrEP in England by Ong 
et al., published in this edition of Eurosurveillance 
[8], explores implications of the first phase of a PrEP 
programme for MSM at high HIV risk. Despite its limi-
tations, the static decision analytic model that was 
chosen is attractive due to its simplicity that encour-
ages a broader engagement with cost-effectiveness 
analyses. The model’s short time relevance reflects the 
difficulties of projecting PrEP costs and effects very far 
into the future. Limitations also include that effects 
beyond the benefit to individuals receiving PrEP could 
not be modelled using this approach, so the total ben-
efits of PrEP might be underestimated.

The results emphasise the high sensitivity of PrEP 
cost effectiveness to (i) the price of the medicine, (ii) 
the HIV risk of those taking PrEP and (iii) their level of 
adherence. This is in line with findings from other mod-
elling studies from high income countries, using vari-
ous approaches, that indicate that PrEP programmes 
will become more cost-effective or even cost-saving if 
PrEP is used by groups (of MSM) who are at the high-
est risk of HIV infection and when medication costs 
are reduced, including potential savings through the 
uptake of on-demand PrEP [5,6,9-13].

PrEP is evaluated as potentially cost effective in 
England if taken up with good adherence and corre-
spondingly high clinical effectiveness by groups with 
a ca 3 per 100 person years’ risk of HIV infection [8]. 
The uncertainty around these parameters, and the sen-
sitivity of cost-effectiveness estimates to them, did not 
allow for stronger conclusions to be drawn.
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The budgetary impact of a modest programme was con-
siderable: in a single year, a PrEP service for 5,000 PrEP 
person years costs €36.6M (£26.9M) at current British 
National Formulary (BNF) price of the patented drug. 
Since the price of the PrEP medicine is the main budg-
etary cost, it is crucial that ways be found to reduce 
this if PrEP programmes are to go to scale. Different 
funding models for PrEP have been explored, depend-
ing on country health programme frameworks, but the 
price of the PrEP medicine limits how many people will 
be offered it whether funding is central, through insur-
ance programmes or private [14].

We take this opportunity to review various strategies to 
access affordable antiretrovirals for PrEP.

In France, a national programme with subsidised costs 
has been rolled out since January 2016 [5]. Norway [15] 
and Scotland [16] have indicated that PrEP will be free 
to the person using it, and other European countries 
are taking first steps to roll out PrEP [17]. Otherwise, 
a number of potential PrEP users find that PrEP pro-
grammes have been too slow to come to scale to meet 
their needs [18]. Different routes to obtain PrEP, have 
thus been opened through civil society [18] to obtain 
generic PrEP, mainly via the Internet. Where there is 
pro-active clinical support, the safety and follow-up of 
people using PrEP purchased online can be assured. 
There are, however, Internet sites that require neither a 
prescription, nor any other proof of a negative HIV test 
or renal function result in order to pass on the order 
for PrEP.

Until the end of 2016, the only medicine to be approved 
and marketed as PrEP in high income countries was 
the patented version of the fixed-dose oral combina-
tion of tenofovir disoproxil fumarate with emtricitabine 
(TDF/FTC). Beyond negotiating with patent holders, the 
way for countries to access antiretrovirals for national 
PrEP programmes at affordable prices may be via mar-
ket competition between multiple manufacturers, i.e. 
including generic manufacturers. It is of particular rel-
evance to European PrEP that several generic manufac-
turers have recently received marketing approval from 
the European Medicines Agency for tenofovir disoproxil 
with emtricitabine (TDX/FTC) that is bioequivalent to 
TDF/FTC [19]. This can now be marketed in countries 
where it does not infringe a patent. Several generic 
manufacturers are already supplying their TDX/FTC as 
PrEP [20]. There are also provisions within the World 
Trade Organization’s Agreement on Trade-Related 
Aspects of Intellectual Property Rights (TRIPS) that 
countries may apply to access generically manufac-
tured medicines, depending on the necessary national 
laws being in place [21,22]. Australia, for example, was 
the first country to use a TRIPS provision to access PrEP 
at a meaningful scale. The provision allows research 
with patented medicines in order to understand the 
medicine more fully [21-23].

The PROUD trial in England [24], showed in 2014 that 
daily PrEP, introduced through existing sexual health 
clinics in addition to standard-of-care risk reduction, 
reduced the HIV incidence by 86%. Questions remained 
about estimation of PrEP need, cost-effectiveness and 
the budgetary impact of the available branded drug, 
so the PrEP Impact trial was proposed to prepare the 
way for full roll-out [25]. The trial, that started recruit-
ing in October 2017, will involve 10,000 participants 
in a pragmatic health technology assessment of PrEP 
implementation, investigating eligibility, uptake and 
duration of use, as well as impact on HIV and other 
STIs. The English trial, similarly to the one undertaken 
in Australia, uses generic TDF/FTC under national leg-
islation [26]. The results will be used to support future 
clinical and cost-effective PrEP access [25].

Examples of generic PrEP prices in Europe 
In England, a generic drug manufacturer won the 
Impact trial drug supply contract through a competitive 
tendering process [27], but, the eventual price agreed 
remains confidential. Given that national and local 
research costs and the trial drug for 20,000 person 
years of PrEP use is being paid for out of a total £10 
million budget [25], it may be deduced that the price of 
the trial drug should be considerably cheaper than the 
current BNF price of the patented drug.

In the Netherlands, different formulations of TDX/FTC 
are available costing ca 75% of the current Dutch price of 
the patented drug [28,29]. Although both the patented 
and generic formulations are currently reimbursed for 
the treatment of HIV, the level of reimbursement when 
used as PrEP remains to be determined [30]. The city 
council of Amsterdam has already committed to pay 
for healthcare for PrEP users who buy PrEP abroad or 
obtain it through other means [31]. Meanwhile, the 
Dutch Health Council is formulating guidance on PrEP 
use to present to the Minister for Health, Welfare and 
Sport who decides on PrEP implementation and will be 
in charge of negotiating PrEP access for a national pro-
gramme at an affordable price [30].

In parallel to the budgetary impact for governments, 
the out of pocket costs to the individual users will 
determine the uptake of PrEP. Internet purchasing 
prices in Europe are quoted as around €45 (40£) per 
month which is similar to the recent out-of-pocket cost 
that has been negotiated in Germany’s national PrEP 
roll-out [32,33].

Internet purchasing, however, is neither a viable or safe 
long-term substitute for national PrEP programmes, nor 
legal in all countries. The growth of buyers’ clubs dem-
onstrates the demand for PrEP and can act as a stimu-
lus to national programme planners to explore ways of 
purchasing PrEP medicine and making it available in 
affordable and safely regulated programmes.

In conclusion, as demonstrated by the paper of Ong 
and Gill [8], for a PrEP programme to be sustainable 
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and cost-effective, affordable PrEP needs to be chosen 
and used appropriately by people at substantial risk of 
HIV infection. Secure integration with supportive sex-
ual health and community services will have the great-
est possibility to bring out the collateral benefits of 
PrEP access. Since the biggest component of the initial 
budget impact is the cost of the medicine, active steps 
are required to enable access to medicine at afforda-
ble costs. The European Medicines Agency approval of 
TDX/FTC represents an opportunity to further advance 
the roll-out of PrEP although price negotiations and 
intellectual property legislation review are required on 
a country-by-country basis.
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Since October 2015 up to September 2016, HIV diag-
noses fell by 32% compared with October 2014–
September 2015 among men who have sex with men 
(MSM) attending selected London sexual health clin-
ics. This coincided with high HIV testing volumes and 
rapid initiation of treatment on diagnosis. The fall was 
most apparent in new HIV testers. Intensified testing 
of high-risk populations, combined with immediately 
received anti-retroviral therapy and a pre-exposure 
prophylaxis (PrEP) programme, may make elimination 
of HIV achievable.

Gay, bisexual and other men who have sex with men 
(MSM) account for half of all people living with HIV in 
England and are the group most at risk of acquiring HIV 
[1]. By end 2015, 94% (34,439/37,590) of MSM diag-
nosed with HIV in England received anti-retroviral ther-
apy (ART), of whom 95% had supressed viral load (viral 
load < 200 mL) [1]. An additional 5,000–8,000 MSM 
were estimated to have undiagnosed infection [1-3].

Since 2012, national guidelines have recommended 
up to 3-monthly HIV testing for MSM at high risk of 
acquiring HIV [4,5] and starting ART regardless of CD4 
count to prevent onward transmission (‘treatment as 
prevention’) [6,7]. Consequently, the number of men 
starting ART rose from 2,700 in 2013 to 3,600 in 2015 
[1]. Beginning in 2013, pre-exposure prophylaxis (PrEP) 
has been available to some MSM as part of the ‘Pre-
exposure prophylaxis to prevent the acquisition of HIV-1 
infection (PROUD)’ trial [8] and more recently through 
international purchasing online [9,10]. In December 
2016, selected London sexual health clinics reported a 
fall in HIV diagnoses among MSM [11]. A rapid analysis 

of surveillance and monitoring data was conducted to 
confirm and explain this fall.

Data sources and analysis
Quarterly data from the genitourinary medicine 
clinic activity dataset (GUMCADv2) for January 2013–
September 2016 [12] were used to examine HIV diag-
noses and testing patterns among MSM attending one 
of the over 200 free, confidential, open-access sexual 
health clinics in England. Clinics that reported a large 
fall in diagnoses in the most recent year for which data 
were available, i.e. clinics with a > 20% decline and > 40 
cumulative new HIV diagnoses between October 2014–
September 2015 and October 2015–September 2016, 
were compared with other clinics in London and out-
side London. The number of HIV-negative MSM attend-
ing with a history of an HIV test and a bacterial sexually 
transmitted infection (STI) (> 90% were genital or rectal 
infections) was used as an indicator for those at high 
risk of HIV acquisition.

The HIV and AIDS Reporting System (HARS) [13] data, 
geographically aligned for clinics, for the most recent 
years (2013–2015) were used to examine: (i) trends 
in CD4 count within 91 days of HIV diagnosis; (ii) the 
number of MSM diagnosed with HIV who are untreated 
or treated but whose viral load is not suppressed; and 
(iii) time from HIV diagnosis to ART initiation. National 
estimates of HIV prevalence were stratified by the pro-
portion of diagnosed and undiagnosed infection [3]. 
Estimates of the proportion of MSM with undiagnosed 
HIV infection [1] were calculated using the number of 
MSM with diagnosed infection to estimate the number 
of those undiagnosed in the catchment area of each 
clinic group.
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Fall in HIV diagnoses among men who have 
sex with men
Between October 2014–September 2015 and October 
2015–September 2016, reported new HIV diagno-
ses among MSM fell by 17% (from 2,060 to 1,707) in 
England and by 25% (from 1,227 to 915) in London. 
Nationally, diagnoses among heterosexuals remained 
stable at 1,500 in both periods. A 32% decline was 
observed among five London large-fall clinics (from 
880 to 595; p = 0.014 for test of linear trend in diagno-
ses by quarter) compared with 8% at 30 other London 
clinics (from 347 to 320, p = 0.115) and 5% (from 833 
to 792, p = 0.101) in 191 clinics in the rest of England 
(Figure 1,2).

Changing patterns of HIV testing
Testing patterns were analysed from January 2013–
September 2016. Among the large-fall clinics (Figure 
2a), the number of HIV tests in MSM increased by 50% 
(from 8,820 in January–March 2013 to 14,820 in July–
September 2016); the number of new testers, i.e. those 
not tested in the previous 2 years, was stable at around 
5,000 per quarter, whereas the number of repeat test-
ers i.e. those who had an HIV test within the previous 
2 years increased by 60%, from 4,800 to 9,760. The 
3-year rise in testing in the large-fall clinics coincided 
with an initial increase in HIV diagnoses through 2014 
in both new and repeat testers and in early 2015 the 
decline was observed, predominantly in new testers. 
In other London clinics, the number of new and repeat 

Figure 1
New HIV diagnoses among men who have sex with men attending sexual health clinics by year and quarter, England, 
2013–2016 (n = 7,291 HIV diagnoses)
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BASHH: British Association for Sexual Health and HIV; BHIVA: British HIV Association; MSM: men who have sex with men; PrEP: pre-exposure 
prophylaxis; PROUD: Pre-exposure prophylaxis to prevent the acquisition of HIV-1 infection; Q = quarter.

a Defined as clinics with at least a 20% decrease in HIV diagnoses and over 40 cumulative diagnoses between October 2014–September 2015 
and October 2015–September 2016.

P1: Recruitment to the PROUD trial began with 50% of participants allocated to the deferred arm (12 months after trial commenced) [8].  P2: All 
deferred participants offered PrEP.  P3: Online purchasing of PrEP began in late 2015.  P4: Online purchasing of PrEP routine. Interpolating 
from the trial enrolment figures over time [5], an estimated 200 MSM were taking PrEP by end 2013, 500 by end 2014, and it is likely an 
additional few hundred by end 2016 with the majority of the latter via online purchase [9,10,14,15].

G1: In May 2012 BHIVA/ BASHH and in November 2012, Public Health England (at the time, the Health Protection Agency) recommended that 
high-risk MSM have an HIV test annually and up to every 3 months if having condomless sex with new or casual partners.

G2: In May 2012, BHIVA guidelines advised people could start ART with a CD4 count > 350 cells after discussion with the clinician should the 
patient wish to protect partners from sexual HIV transmission.

G3: In September 2015, BHIVA guidelines were strengthened to recommend treatment for all individuals regardless of CD4 count for the 
purpose of treatment as prevention.
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testers remained stable, and outside London, new and 
repeat testers increased equally, although there was 
no discernible effect on HIV diagnoses in either setting 
(Figure 2b and c).

Over the period, the number of MSM attending clinics 
increased by 4% for both groups of London clinics, and 
by 16% outside of London. Importantly, the volume 
of testing at the large-fall clinics was such that 41% 
(58,180/140,980) of HIV tests in MSM attending clin-
ics in England during October 2015–September 2016 
occurred at one of these five clinics. Exceptionally, the 
median CD4 count at HIV diagnosis of men diagnosed 
at large-fall clinics increased substantially (from 469 in 
2013 to 548 in 2015). In contrast, the median CD4 count 
rose only from 442 to 489 in other London clinics, and 
remained around 430 outside London, over the same 
period. This indicates that the testing volumes and 
frequency of testing carried out in these settings were 
still insufficient to substantially reduce the average 
time from infection to diagnosis compared with large-
fall clinics.

Prompt treatment following HIV diagnosis
Although the number of MSM living with diagnosed 
HIV infection who were untreated declined by 27% 
in England (from 4,025 in 2013 to 2,950 in 2015), this 
decline was greatest at large-fall clinics (51%; from 

1,224 to 601) compared with other London clinics 
(17%; from 906 to 754) and clinics outside London 
(16%; from 1,895 to 1,595) (Figures 3a-c). Moreover, 
while there has been a general reduction in the time 
to starting ART in those with a CD4 count > 350 at onset 
of ART, the median time from diagnosis to treatment in 
2015 was substantially shorter at large-fall clinics (120 
days) compared with other London clinics (190 days) 
and clinics outside London (260 days) (Figures 3d-f).

Men who have sex with men with transmissible 
levels of virus
MSM with transmissible levels of virus include those 
diagnosed who are untreated or treated with a viral 
load > 200 copies/mL, as well as those with an undi-
agnosed infection (Figure 3a-c). In 2015, there were 
an estimated 10,190 MSM with transmissible levels 
of virus in England: 29% (n = 2,950) untreated, 34% 
(n = 3,420) unsuppressed and 37% (n = 3,820) undiag-
nosed. In the same year, among clinic attendees, the 
ratio of MSM with transmissible levels of virus to MSM 
at high-risk of HIV acquisition was 0.6 (2,088/3,596) 
at large-fall clinics, 2.6 (2,219/868) at other London 
clinics and 2 (5,877/2,933) at clinics outside London. 
Assuming that sexual networks broadly correspond 
with clinic attendance patterns, the documented ratio 
differences suggest that MSM at high risk of HIV acqui-
sition who attended one of the large-fall clinics have a 

Figure 2
Number of HIV tests and diagnoses in men who have sex with men at sexual health clinics by new and repeat tests and 
clinic group, England, 2013–2016
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Figure 3
Numbers of men who have sex with men living with HIV infection who are undiagnosed, diagnosed and untreated or 
treated and non-supressed viral load (A-C) and median time (days) from HIV diagnosis to ART initiation, by CD4 count at 
ART start (D-F) by clinic group, England, 2013–2015
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ART: anti-retroviral therapy; MSM: men who have sex with men.

Treatment data and viral load data are adjusted for missing information (99% and 84% respectively): CD4 cell count taken within 91 days of 
diagnosis, available for 91% (7,519/8,297) of records; CD4 count at ART initiation, available for 76% (6,960/9,150) of records. Year-specific 
estimates of proportion of all MSM with HIV who are undiagnosed were obtained using Multi-Parameter Evidence Synthesis [1,3].
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much lower likelihood of exposure to a man with trans-
missible levels of virus.

Availability of pre-exposure prophylaxis
Available data suggest the number of MSM who began 
PrEP in England either as trial participants or via online 
purchase has been limited to date. Although all five 
large-fall clinics participated in the PROUD trial, three 
other clinics in London and five clinics outside London 
did so as well. An estimated 200 MSM were taking PrEP 
by end 2013, 500 by end 2014 [8,14] and it is likely an 
additional few hundred by end 2016 [9,10,15].

Assuming a best prevention case scenario of a 9% 
annual HIV incidence, the very high-risk level as 
observed in the PROUD trial [8], by end 2015, the 
cumulative number of HIV infections directly prevented 
by PrEP would have been 90 at most. Not all of them 
would have attended large-fall clinics and of those who 
did, the decline in directly prevented infections would 
have been most apparent in repeat HIV testers.

Limitations
Though powerful, the surveillance and monitoring data 
needs cautious interpretation, especially given the 
post-hoc nature of the analysis. Conclusions could be 
affected by reporting delay (albeit minimal), incom-
plete data in relation to ART coverage, ART start date 
and CD4 count at HIV diagnosis, and neither the impact 
of partner notification nor the movement between clin-
ics for HIV testing is measured. The assumption that 
attendees of the same clinics are more likely to form 
part of the same sexual network compared with ran-
dom sexual mixing is plausible but unsubstantiated. 
Finally, while numbers of HIV diagnoses are not syn-
onymous with HIV incidence, the rise in median CD4 
count at HIV diagnosis suggests that the fall in diagno-
ses reflects a fall in incidence.

Conclusions
The 17% fall in new HIV diagnoses in MSM in England 
between October 2014–September 2015 and October 
2015–September 2016 was focussed in five clinics 
which experienced a 32% decline. The fall seen at 
these five clinics coincided with accelerated treatment 
at diagnosis and a substantial increase in HIV testing, 
particularly repeat testing.

The volume of HIV tests across London combined with 
rapid treatment following diagnosis at the five large-
fall clinics is now likely to have reached a level that 
decreases the number of men with transmissible levels 
of virus thereby reducing transmission. The use of PrEP 
among high-risk MSM, although limited at this stage, 
will also have contributed to the fall in new diagnoses. 
If HIV testing of MSM at high risk of HIV is intensified, 
and wide-scale immediate ART, as observed within the 
London large-fall clinics, is replicated elsewhere, it 
is probable that a substantial reduction in HIV trans-
mission among MSM could be achieved nationally. 
Should the promise of the ‘PrEP Impact Trial’ proposed 

in England [16] be realised promptly, then a very 
large reduction in HIV transmission in MSM may be 
attained. The similarity of the MSM HIV epidemic in 
England to elsewhere in western Europe [17] suggests 
a similar approach in these countries might be equally 
successful.
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In Ireland, men who have sex with men (MSM) have 
increased HIV risk. Pre-exposure prophylaxis (PrEP), 
combined with safe sex practices, can reduce HIV 
acquisition. We estimated MSM numbers likely to pre-
sent for PrEP by applying French PrEP criteria to Irish 
MSM behavioural survey data. We adjusted for survey 
bias, calculated proportions accessing testing ser-
vices and those likely to take PrEP. We estimated 1–3% 
of MSM in Ireland were likely to present for PrEP.

In Ireland, men who have sex with men (MSM) are at 
increased risk of sexually acquired HIV infection [1]. A 
priority action in Europe is to reduce new HIV infections 
among MSM by improving HIV combination prevention 
programmes, potentially in part through provision of 
pre-exposure prophylaxis (PrEP) [2,3]. Across Europe, 
many countries are working towards implementation of 
PrEP [4].

Estimating the number likely to present for PrEP is 
important for informing decision making about PrEP 
introduction. As recent behavioural data in MSM were 
available from an online convenience survey, MSM 
Internet Survey Ireland (MISI) [5], this allowed us to 
estimate the number of MSM likely to present for PrEP 
in Ireland.

Determining PrEP estimates for Ireland 
We researched PrEP criteria from Australia [6], England 
[7], France [8,9], and the United States [10,11], and 
preliminarily applied those criteria to MISI data to 
estimate MISI respondents eligible for PrEP. We pre-
sented and discussed our estimates and underlying 
criteria during consultation meetings with clinicians, 
public health experts and the national PrEP working 
group, which is a multi-sectoral group, comprised of 

clinicians, pharmacists, community leaders and pub-
lic health experts. We obtained consensus that French 
PrEP criteria were most suited for the purpose of PrEP 
estimates for Ireland. In this study, we therefore chose 
variables which were the same as, or the closest fit to 
French PrEP criteria but restricted our analysis to MISI 
respondents aged 18–64 years.

PrEP is available in France for men and transgender 
people over the age of 18 years who have had sex with 
men and who reported one or more of the following: 
condomless anal intercourse (CAI) with at least two dif-
ferent sexual partners in the last 6  months; episodes 
of sexually transmitted infections (STIs) in the past 
12  months; multiple post-exposure prophylaxis (PEP) 
treatments in the last 12 months; or used drugs during 
sex [8,9].

Stepwise approach to estimate the number 
of MSM likely to present for PrEP 
After estimating the proportion of MISI respondents 
eligible for PrEP (Figure 1), we developed a stepwise 
approach to estimate the MSM population in Ireland 
likely to present for PrEP in the first year of a PrEP pro-
gramme, should this be introduced (Figure 2). Using 
the 2015 Healthy Ireland Survey, which found 6% of 
men in Ireland reporting that their last sex was with 
a man [5], we applied this estimate to the Irish male 
population aged 18–64 years from the 2011 census 
(n  =  1,441,603) [12]. This gave us the estimated num-
ber of MSM in Ireland to be 86,498.

Previous research found that high-risk MSM were twice 
as likely to respond to convenience surveys and report 
more risk behaviours, STI outcomes and HIV test-
ing compared with probability based surveys [13-15]. 
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Therefore, subsequent to estimating the proportion of 
MSM eligible for PrEP using MISI data, we applied a 
50% correction factor to our estimate (Figure 2).

The proportion of MSM accessing STI and HIV testing 
services in Ireland is not available. However, based on 
previous study findings [5,16], we applied a range of 
estimates (15%, 30%, 45%) for the proportion of MSM 
accessing services.

We applied a rate of 58% for the proportion of MSM 
likely to take PrEP based on results from an online sur-
vey of PrEP awareness and acceptability among MSM 
in Scotland, Wales, Northern Ireland and the Republic 
of Ireland [17]. This survey targeted HIV-negative/sta-
tus unknown MSM who reported CAI with two or more 
men in the last year, whereby respondents had similar 
characteristics to the MISI respondents considered in 
the PrEP eligible group.

Results of PrEP estimates 
Applying French PrEP criteria to MISI data, we estimated 
that 23% (95%  confidence interval (CI):  22.7–23.3) of 
the MISI respondents (n = 3,045) would be eligible to 
receive PrEP (Figure 1).

In order to adjust for over-reporting, we applied a 50% 
correction factor to the proportion of MISI respondents 
eligible for PrEP. Applying the adjusted estimate of 
11.5% to the MSM population in Ireland, we estimated 
that 9,947 MSM (95%  CI:  9,765–10,129) in Ireland 
would be eligible for PrEP (Figure 2).

The application of estimate ranges (15%, 30% and 45%) 
to account for the proportion of MSM accessing HIV and 
STI services, further adjusted the estimated number of 
MSM likely to present for or be offered PrEP to between 
1,492 and 4,476 (95% CI: 1,423–4,574) (Figure 2).

Applying 58% for the proportion of MSM likely to take 
PrEP if requested or offered while accessing HIV and STI 
services, we estimated that 865–2,596 (95%  CI:  811–
2,683) MSM would likely present and take PrEP (Figure 
2).

This estimate of 865–2,596 MSM (95% CI: 811–2,683) 
likely to present and take PrEP equates to 1–3% of the 
MSM population in Ireland aged 18–64 years.

Discussion and conclusion 
Through consultation with experts and community 
leaders, we were able to establish suitable criteria, data 
sources and a stepwise approach for estimation of the 
likely number of MSM to present for PrEP in Ireland. We 
estimated that 1–3% of the MSM population accessing 
services in Ireland aged 18–64 years would be likely 
to present and take PrEP. These estimates are currently 
being used to inform the pharmacoeconomic evalua-
tion of Truvada for PrEP in line with the reimbursement 
process for medicines in Ireland.

Our findings are subject to some limitations. These 
estimates are limited to men aged 18–64 years due 
to the age distribution of MISI respondents. However, 
if made available, PrEP would not have an upper age 
limit for eligibility. Also, these estimates are based on 
the proportion of MSM accessing services. However, 
if MSM who are not currently accessing services come 
forward for PrEP, this will increase the number present-
ing for PrEP. We were unable to apply the exact French 
PrEP criteria to some MISI variables, which might have 
under- or over-estimated our findings. The estimate 
for the proportion of MSM likely to take PrEP is based 
on findings from an online survey [17] which may not 
reflect actual uptake when an individual is presented 
with the option of taking PrEP. Although the MISI sur-
vey was large (3,090 respondents), and corrected for 
over-reporting, responses may still not be representa-
tive of the MSM population in Ireland. Finally, the pro-
portion of males in Ireland who are MSM is based on 
a national probability based survey [5], which may be 

Figure 1
Using data from the MSM Internet Survey Ireland (MISI) 
and French pre-exposure prophylaxis (PrEP) criteria to 
estimate the proportion of MISI respondents eligible for 
HIV PrEP, Ireland, 2017 (n =  3,045 survey respondents)

2,870
Never received an HIV test result or 

last HIV test was negativea

370
CAI with ≥2 non-
steady partners in
past 12 monthsb

243
STI diagnosis in
past 12 months 

3,045 
Adult/transmen 18–64 years

181
Use of chemsexd

drugse

Excluded 151 HIV positive men
Excluded 24 men with missing HIV status

706 (23%; 95% CI: 22.7–23.2)
Eligible for PrEP 

119
Ever treated with
Post-exposure
Pro-phylaxis (PEP)c

CAI: condomless anal intercourse; PrEP: pre-exposure prophylaxis; 
STI: sexually transmissible infection; MISI: Men who have sex 
with men Internet Survey Ireland (MISI).

Criteria for receiving PrEP in France have been previously 
described [8,9].

a Number of men who reported to be HIV negative or did not know 
their HIV status.

b This criterion is the closest fit in the MISI survey to the French 
PrEP eligibility criterion ‘CAI with two or more partners in the 
past six months’.

c This criterion is the closest fit in the MISI survey to the French 
PrEP eligibility criterion ‘multiple post-exposure prophylaxis 
(PEP) in the past 12 months’.

d Crystal methamphetamine, gammahydroxybutrate (GHB) or 
gamma-butyrolactone (GBL), mephedrone, ketamine.

e This criterion is the closest fit in the MISI survey to the French 
PrEP eligibility criterion ‘use of drugs during sexual intercourse’.
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an over- or under-estimate of the proportion of MSM in 
Ireland.

These estimates should be reviewed one year post-
implementation of PrEP to calculate future projections. 
It is also important to monitor PrEP uptake to assess its 

utilisation and to support the development of targeted 
implementation programmes and policies to increase 
access for populations most at risk of HIV acquisition.

Given the priority actions within Europe to reduce new 
HIV infections and improve HIV combination prevention 

Figure 2
Stepwise approach to estimating the number of men who have sex with men (MSM) who would likely present for HIV pre-
exposure prophylaxis (PrEP)a in Ireland, 2017

Apply 50% correction for selection bias

11.5%

(95% CI: 11.3–11.7) 

15% accessing
services

1,492

(95% CI: 1,423–1,562)

30% accessing
services 

2,984

45% accessing
services 

4,476

Apply 58% PrEP
uptake 

865 1,731 2,596

Apply to MSM population in Ireland
(estimated as 6% of male population)  

9,947

(95% CI: 9,765–10,129)

Proportion eligible for PrEP
using French PrEP eligibility
criteriaa 

Correction for selection
bias in convenience surveysb

Nationally representative
Heathy Ireland MSM 
estimatec 

Online survey estimate of
MSM likely to take PrEPe 

Estimates for proportion of
MSM accessing HIV and STI
servicesd 

Proportion of MSM eligible for PrEP using 
MISI data 

23%

(95% CI: 22.7–23.3)

(95% CI: 2,896–3,075) (95% CI: 4,379–4,574)

(95% CI: 811–922) (95% CI: 1,658–1,806) (95% CI: 2,511–2,683)

Apply 58% PrEP
uptake 

Apply 58% PrEP
uptake 

CI: confidence interval; MSM: men who have sex with men; PrEP: pre-exposure prophylaxis; STI: sexually transmitted infection.

a Estimated proportion of respondents to a behavioural survey, who might present for HIV pre-exposure prophylaxis based on French PrEP 
eligibility criteria [8,9].

b Based on findings that high-risk MSM were twice as likely to respond to convenience surveys and report more risk behaviours, STI outcomes 
and HIV testing, compared with probability based surveys [13-15].

c 6% estimate based on [5].

d Applied proportions of MSM accessing STI and HIV testing services in Ireland based on [5,16].

e 58% PrEP uptake rate based on [17].
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programmes for MSM, other countries may consider 
replicating the approach we took to estimate the num-
ber likely to present for PrEP.
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Clinical effectiveness of pre-exposure prophylaxis 
(PrEP) for preventing HIV acquisition in men who have 
sex with men (MSM) at high HIV risk is established. 
A static decision analytical model was constructed 
to inform policy prioritisation in England around 
cost-effectiveness and budgetary impact of a PrEP 
programme covering 5,000 MSM during an initial high-
risk period. National genitourinary medicine clinic 
surveillance data informed key HIV risk assumptions. 
Pragmatic large-scale implementation scenarios were 
explored. At 86% effectiveness, PrEP given to 5,000 
MSM at 3.3 per 100 person-years annual HIV incidence, 
assuming risk compensation (20% HIV incidence 
increase), averted 118 HIV infections over remaining 
lifetimes and was cost saving. Lower effectiveness 
(64%) gave an incremental cost-effectiveness ratio 
of + GBP 23,500 (EUR 32,000) per quality-adjusted 
life year (QALY) gained. Investment of GBP 26.9 mil-
lion (EUR 36.6 million) in year-1 breaks even anywhere 
from year-23 (86% effectiveness) to year-33 (64% 
effectiveness). PrEP cost-effectiveness was highly 
sensitive to year-1 HIV incidence, PrEP adherence/
effectiveness, and antiretroviral drug costs. There is 
much uncertainty around HIV incidence in those given 
PrEP and adherence/effectiveness, especially under 
programme scale-up. Substantially reduced PrEP drug 
costs are needed to give the necessary assurance of 
cost-effectiveness, and for an affordable public health 
programme of sufficient size.

Introduction 
In the United Kingdom (UK) new prevention initiatives 
are needed to reduce the estimated 2,800 incident HIV 
infections occurring annually in men who have sex with 
men (MSM) [1]. The UK PROUD study demonstrated that 
HIV pre-exposure prophylaxis (PrEP) with daily oral 
antiretroviral (ARV) drug combination tenofovir diso-
proxil and emtricitabine in addition to standard-of-care 
risk reduction for MSM at high HIV risk, reduced HIV 
incidence over the participant follow-up period by 86% 

(90% confidence interval (CI): 64–96%) [2]. The PROUD 
data on PrEP effectiveness, supported by the placebo-
controlled efficacy data from iPrEX and IPERGAY, 
showed that PrEP offers a major opportunity to reduce 
HIV incidence in MSM [3,4]. A PrEP policy was proposed 
by National Health Service (NHS) England for high HIV 
risk attendees of the 215 genitourinary medicine (GUM) 
clinics in England that provide free, confidential, open-
access sexual health services [5].

In England, new clinical commissioning policies are pri-
oritised on their effectiveness and value for money [6]. 
Cost-effectiveness evidence is reviewed, with incre-
mental value for money of competing services scored 
and compared on the basis of their incremental costs 
and incremental benefits. In other areas of publically 
funded public health prevention programmes (e.g. 
immunisation), one decision criterion used is a high 
certainty that the incremental cost-effectiveness ratio 
(ICER) falls below a recommended threshold, currently 
GBP 20,000 (EUR 27,210) per quality-adjusted life year 
(QALY) gained [7,8]. In addition, the affordability of any 
new service must be ensured based on practical eligi-
bility criteria that are developed to guarantee the ser-
vice reaches those with greatest need [6].

A static decision analytical model was used to explore 
the economic implications of a first phase scale-up of 
a PrEP programme for MSM GUM clinic attendees at 
high HIV risk, beginning in 2016. The method is valid 
for a modest scale initial PrEP programme with limited 
indirect (herd) effect [9], and was chosen for the rela-
tively limited assumptions required, its transparency 
and ease of interpretation for decision makers, and 
because of the increasing uncertainties when estimat-
ing costs and effects after 5 to 10 years. Moreover, the 
technique was suitable because the impact on popu-
lation disease dynamics is likely to be limited in the 
early years of a PrEP policy given the small numbers 
protected relative to the total at risk [9].
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Methods
The perspective of a healthcare provider was taken. A 
5,000 person-years PrEP coverage level was judged to 
be reasonable for this initial scale-up period, based 
on the range suggested by a multidisciplinary, multi-
stakeholder group of clinicians, patients, commission-
ers (budget holders) and public health practitioners 
[5]. The 4,500–6,500 range was generated after con-
sidering the evidence around likely programme roll-out 
scenarios, the GUM clinic activity dataset (GUMCAD) 
estimated need, patient-level uptake as informed by 
community surveys about willingness to take PrEP, 
and considered potential organisational challenges of 
delivery across many GUM clinics as well as evidence 
of PrEP scale-up in other countries [10].

The lifetime HIV risk of 5,000 MSM who began an initial 
high HIV risk period of one year on PrEP was compared 
with the lifetime risk of the same group in the absence 
of PrEP (Figure 1). This required age distribution of MSM 
at high behavioural risk and estimates of HIV acquisi-
tion during the high-risk period of PrEP eligibility, as 
well as estimates of lifetime HIV acquisition, to account 
for the residual HIV risk after the high-risk period had 
passed. PrEP provision to a single high-risk year was 
modelled at the cohort-level. At the individual-level, 
should high risk continue beyond the first year, then 
that individual will form part of a new high-risk cohort 
in the second year. The ICER for PrEP remains the same 
for the second cohort as for the previous year’s high-
risk cohort.

Data were extracted from GUMCAD [11], a comprehen-
sive, pseudo-anonymised digital download of patient-
level data on all sexually transmitted infection (STI) 
services and diagnoses provided in GUM clinics in 
England. Each pseudo-anonymised record contains 
a clinic identifier as well as a local patient number, 
so data from the same individual attending the same 
clinic can be linked longitudinally. Estimates of lifetime 
HIV risk were adjusted to the age-distribution of MSM 
GUM clinic attendees, using averages for years 2013–
14 (see supplementary material [12]).

In the principal scenarios, MSM receiving PrEP were 
assumed to be prescribed daily tenofovir disoproxil and 
emtricitabine combined tablet, in accordance with the 
European Medicines Agency licensed prevention indi-
cation [13]. Event-based dosing (i.e. PrEP given before 
and after sexual exposure) for an average of four tab-
lets used per 7-day period, was explored in sensitivity 
analyses [4].

Figure 1
Decision analytical model structure comparing no-PrEP 
with PrEP in 5,000 men who have sex with men at high 
HIV riska, England, 2016

Subsequent lifetime 
HIV negative  (4,152) 

Subsequent lifetime 
HIV positive  (683) 

Subsequent lifetime HIV negative  
(4,152) 

Year 1 HIV negative  
(4,835) 

Year 1 HIV positive 
(165) 

No PrEP in Year 1 

HIV-PrEP in Year 1 

Year 1 HIV positive 
(86% effectiveness: 28) 
(64% effectiveness: 71)

Year 1 HIV negative  
(86% effectiveness: 137 protected) 
(64% effectiveness: 94 protected) 

Subsequent lifetime HIV positive  
(86% effectiveness: 19) 
(64% effectiveness: 13) 

Subsequent lifetime HIV negative  
(86% effectiveness: 118) 
(64% effectiveness: 81) 

Year 1 HIV negative  
(4,835) 

Subsequent lifetime HIV positive  
(683) 

(5,000 HIV negative MSM)

(5,000 HIV negative MSM)

MSM: men who have sex with men; PrEP: pre-exposure 
prophylaxis.

Red and green colours are used to indicate the estimated numbers 
of HIV-positive or negative MSM respectively, after a defined 
period (i.e. after the first year of PrEP (year-1) or, for the control 
group, after year-1 without PrEP, and for the remaining lifetime 
in both groups).

a HIV incidence in Year-1 is 3.3 per 100 person-years and cumulative 
lifetime incidence without PrEP is 16.96%.

Figure 2
Impact of year-1 PrEPa on HIV incidence over 10 years for 
5,000 MSM at initial high HIV risk, England, 2016–2025
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The bars on this chart represent the number of new HIV infections 
by year: (i) In the absence of PrEP (blue bars); (ii) If PrEP is given 
in year-1 and assuming 86% effectiveness + risk compensation 
(turquoise bars); (iii) and if PrEP is given in year-1 and assuming 
64% effectiveness + risk compensation (green bars).

Up to age 75 years, there were 848 HIV infections without PrEP, 
and 730 with PrEP at 86% effectiveness and 767 with PrEP at 
64% effectiveness. Slightly more later-HIV infections occur in 
those given PrEP during year-1 as the MSM protected by PrEP 
become susceptible on stopping PrEP, albeit at a much lower 
risk level.

a PrEP effectiveness at either 86% or 64%, both with risk 
compensation adjustment (see text).
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Figure 3
Multivariate sensitivity of incremental cost-effectiveness ratio (ICER) for different levels of pre-exposure prophylaxis (PrEP) 
effectiveness, England, 2014/15 cost values
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PrEP effectivenessb

Parameter combinationsa

BNF: British National Formulary; GUM: genitourinary medicine; GUMCAD: GUM clinic activity dataset; MSM: men who have sex with men; STI: sexually transmitted infection; UK: United Kingdom.

a First parameter combination (i.e. Year-1 HIV incidence of 3.3 per 100 person-years) assumed within second combination, first and second within third, etc.

b 44% was the efficacy level reported in the iPrEx trial; 86% was the UK PROUD trial observed clinical effectiveness level, while 64% and 96% were the lower- and upper-bound 90% confidence intervals reported in 
this latter trial [2,3].

c Reported HIV incidence in the deferred part (no PrEP, n = 267 MSM) of the PROUD trial [2].

d Estimated HIV incidence in HIV-negative MSM with documented rectal bacterial STI diagnosis in 2012, GUMCAD analysis.

e Estimated HIV incidence in all HIV-negative MSM GUM attendees in 2012, GUMCAD analysis.

f 21% reduction in PrEP drug price due to 50% event-based dosing i.e. prorated 5.5 tablets per 7-day. This assumed that if an MSM was prescribed event-based dosing, then only four tablets would be dispensed for 
every 7-day i.e. 4/7 of the drug cost. Event-based dosing frequency based on the findings reported in the IPERGAY trial [4]. Service provision through GUM clinics remained the same, as frequency of monitoring 
remained the same.

g 43% reduction in PrEP drug price due to 100% event-based dosing (four tablets per 7-day).

h 90% reduction in PrEP drug price due to fall in current tenofovir disoproxil/emtricitabine price following patent expiry of the PrEP drug used. This is an arbitrary assumption. The future price is dependent on market 
competition. The exact timing of when this will happen, however, is uncertain. The patents for tenofovir disoproxil and emtricitabine expired in 2016 and July 2017, respectively. However, Truvada as a combination 
tablet containing both tenofovir disoproxil/emtricitabine has a supplementary protection certificate (SPC) providing market exclusivity protection until February 2020, although this SPC is being challenged [39].



19www.eurosurveillance.org

Individuals given PrEP will be managed via GUM clin-
ics; for a one year programme, each individual will have 
five visits to the clinic, at month 0, 1, 3, 6, and 9. The 
first visit includes assessment of clinical need for PrEP, 
confirmation of HIV and STI status, and measurement 
of renal function. Subsequent visits are for monitoring 
of drug adherence, tolerability, and safety, together 
with quarterly checking of HIV and STI status [2]. The 
additional elements of GUM clinic care directly attrib-
utable to PrEP were micro-costed (see supplementary 
material [12]).

Estimating HIV incidence
GUMCAD data on HIV-negative clinic attending MSM 
for 2009 to 2013 were extracted. Diagnosis or not of 
any bacterial STI in the previous year was used to indi-
cate recent condomless anal intercourse and to stratify 
the future risk of being diagnosed with HIV. Those with 
a bacterial STI in the previous year were labelled ‘high-
risk’ and eligible for PrEP, and those without as having 
‘medium-risk’ for HIV acquisition [14]. To estimate cur-
rent HIV incidence in these strata, records were used 
of MSM with at least one additional documented HIV 
test between 43 to 365 days after the first HIV test 

Figure 4
Univariate sensitivity of pre-exposure prophylaxis (PrEP) incremental cost-effectiveness ratio (ICER) around base casea for 
plausible rangesb of key parameters, 2014/15 cost values

5,000 high-risk MSM person-years; 3.3 per 100 person-years Year 1 incidence; 64% effectiveness + 20% HIV incidence increase when given HIV-PrEP as risk compensation
input input input ICER (output) ICER (output) ICER (output)
lower base case upper lower base case upper

Disutility in undiagnosed HIV 0.11-                       -                         21,632.94 23,465.43 1,832                                 
Disutility in diagnosed HIV -                         2,499.00               23,465.43 21,537.24 1,928                                 
Annual care cost of undiagnosed HIV -0.13 -0.11 -0.10 20,609.24 23,465.43 25,212.50 4,603                                 
Risk compensation (see text) 0% 20% 30% 13,295.96 23,465.43 29,582.40 16,286                               
Reduction in ARV  treatment cost from 2019 0% 80% 23,465.43 48,146.14 24,681                               
Discount rate for future costs and QALYs 1.50% 3.50% -3,684.12 23,465.43 27,150                               
Event-based (4/7) Dosing 0% 100% 23,465.43 -13,152.83 36,618                               
Reduction in HIV-PrEP BNF Annual Drug Price 90% 0% -55,609.87 23,465.43 79,075                               
Year-1 HIV incidence (per 100 person-years) 0.44                       0.64                       0.96                       89,608.29 23,465.43 -12,996.52 102,605                            
PrEP effectiveness 2.00                       3.30                       9.00                       81,304.04 23,465.43 -32,928.30 114,232                            

 GBP -80K  GBP -60K  GBP -40K  GBP -20K  GBP 0 GBP 20K GBP 40K GBP 60K GBP 80K GBP 100K

EUR -109K  EUR -82K  EUR -54K  EUR -27K  EUR 0 EUR 27K EUR 54K EUR 82K GBP 109K EUR 136K

Disutility in undiagnosed HIV

Disutility in diagnosed HIV

Annual care cost of undiagnosed HIV

Risk compensation (see text)

Reduction in ARV  treatment cost from 2019

Discount rate for future costs and QALYs

Event-based (4/7) Dosing

Reduction in HIV-PrEP BNF annual drug price

Year-1 HIV incidence (per 100 person-years)

PrEP effectiveness 44%

2

0%

0%

3.50%

80%

30%

0.10

GBP 0
(EUR 0)

Base 

9

96 %

90%

100%

1.50%

0%

0%

0.13

0.11 0

GBP 2,499
EUR (3,400)

ARV: antiretroviral; BNF: British National Formulary; QALY: quality-adjusted life year.

a Base case ICER + GBP 23,500 (EUR 31,900) per QALY gained, set at 64% PrEP effectiveness and a 20% increase in HIV incidence in those given 
PrEP due to risk compensation (see text).

b Extremes of parameter ranges shown at either end of horizontal bars.
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Table 1
Economic parameter estimates used in the two principal scenarios (providing PrEP or not), and value or range explored in 
sensitivity analyses, England, 2014/15 cost values

Parameter Value
Sensitivity analyses range 

(min. to max. value of 
scenarios considered)

Explanatory notes and data source

Discount rate (cost) 3.5%   1.5% – 3.5%   [7]
Discount rate (QALYs) 3.5%   1.5% – 3.5%   [7]
Costs

Annual cost of PrEP drug
GBP 4,331 

 
(EUR 5,892)

  GBP 433 – GBP 4,331 
 

  (EUR 589 – EUR 5,892) 
 

  Discount range:  
 

  20% to 90%

  [32] (last accessed 5 August 2016); price 
excludes VAT and was directly applied to the 

cost-effectiveness analysis

Annual cost of PrEP-related GUM tariffs
GBP 176 

 
(EUR 239)

  ND   [2,33], see also supplementary material [12]

PEPSE drug costa (averted in those taking PrEP)

GBP 772a 
 

(EUR 1,050)  
 

per PEPSE 
course

  NA
  [32] (BNF last accessed 5 August 2016); price 
excludes VAT and was directly applied to the 

cost-effectiveness analysis

PEPSE GUM clinic costs (averted in those taking 
PrEP)

GBP 250 
 

(EUR 340) 
 

per PEPSE 
course

  NA   [33] (adapted to the current study)

Annual cost of an undiagnosed HIV infection
GBP 0  

 
(EUR 0)

  GBP 0 – GBP 2,499 
 

  (EUR 0 – EUR 3,400)

  Assumption; GBP 2,499 based on HIV care 
costs for individuals diagnosed at CD4+ > 200 
cells per mm3 not on ARV treatmentb [17,21]

Annual cost of ARV treatment per 
HIV-positive individual

GBP 4,741  
 

(EUR 6,450)

  Price reductions from 
2019:  

 
  range 0% to 80%

  [20]c

Annual care cost of HIV + CD4 > 200 cells per 
mm3

GBP 4,734  
 

(EUR 6,441)
  ND   [17,21]

Annual care cost of HIV + CD4 < 200 cells per mm3
GBP 7,479  

 
(EUR 10,175)

  ND   [17,21]

Time to CD4+ recovery from < 200 cells per mm3 3 months   NA   Based on analysis of HIV data [18]
QALY values
Disutility between HIV infection and diagnosis 0   0 – 0.11   Assumption [34]
Disutility associated with HIV infection – per 
annum 0.11   0.10 – 0.13   [34]

Utility values in UK men aged over 75 yearsd 0.75   NA   [35]

ARV: antiretroviral; BNF: British National Formulary; GUM: genitourinary medicine; max: maximum; min: minimum; NA: not applicable; ND: not 
done; NHS: National Health Service; NICE: The National Institute for Health and Care Excellence; PEPSE: post-exposure prophylaxis; PrEP: 
pre-exposure prophylaxis; QALY: quality-adjusted life year; VAT: value added tax; UK: United Kingdom.

a This price represents the highest possible cost of current PEPSE drug recommended for use by NHS England (tenofovir disoproxil/
emtricitabine/raltegravir) based on BNF list price, excluding VAT for the cost-effectiveness analysis in accordance with NICE Methods Guide.

b Cost excludes specific HIV-related costs such as CD4+ and viral load measurements, and resistance testing (personal communication, V 
Cambiano, December 2015).

c Principal scenario used NHS England reported spend on ARV treatment. In sensitivity analyses, although actual timing of availability of 
generic ARVs for treatment is unknown, sensitivity analyses explored potential availability from 2019. This was based on the estimated 
patent expiration of individual compounds of the combination ARV treatment tenofovir disoproxil/emtricitabine/efavirenz (proprietary 
name: Atripla) by 2018 [36]. Combination tenofovir disoproxil/emtricitabine/efavirenz is one of the British HIV Association preferred choice 
of ARV treatment to begin with in therapy-naïve patients [37].

d We assumed that an HIV-positive individual has a life-expectancy of 75 years [38]. Given that the life-expectancy at birth for males in 
England (2010 to 2012 Office for National Statistics estimates) was 79 years, this meant that an HIV-positive individual who dies at age 75 
years would have lost four years of quality of life [16]. We combined this last four years with the utility values among UK men aged above 75 
years (0.75 per year), which was obtained from the EQ-5D utility values for UK male population, to obtain the QALY losses during these final 
four years of life lost consequent to earlier deaths related to HIV [35].
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documented in 2012, the most recent year with suffi-
cient data (followed-up to end 2013) for analysis [14]. 
HIV incidence estimation methodology follows that 
used in Desai et al. [14].

MSM who did not attend a GUM clinic were assumed to 
be at ‘low-risk’ [14] (see also supplementary material 
[12]). To estimate HIV incidence in this stratum, total 
MSM numbers were calculated by combining the male 
proportion reporting same-sex partnerships in a 2010–
12 national survey with 2012 male population estimates 
[15,16]. Estimated MSM living with HIV (diagnosed and 
undiagnosed) and GUM attending HIV-negative MSM 
were subtracted to get the denominator of those at 
low-risk [1]. Estimated HIV infections that occur in high- 
and medium-risk MSM were subtracted from the back-
calculation estimate of all 2012 HIV infections in MSM 
to give the numerator for those at low-risk.

MSM eligible for PrEP begin at high-risk and move to 
medium- or low-risk at a changing probability. Lifetime 
HIV incidence combined movement between risk 
strata with estimated stratum-specific HIV incidence. 
Follow-up of high-risk MSM clinic attendees informed 
the proportions that stayed high-risk with bacterial STI 
diagnoses each year, those that became medium-risk 
who attended a clinic annually without bacterial STI 
diagnosis, and those without clinic attendance who 
became low-risk. Allowance was made for any transi-
tion from low- or medium-risk back to medium- or high-
risk. If in 2013, x% of MSM who began as high-risk in 
2009 remained high-risk, y% had become medium-
risk, and z% low-risk, and HIV incidence was  Η,  Μ, 

and  Λ  for high, medium, and low-risk respectively, 
then the weighted average HIV incidence in 2013 was 
(x%*Η) + (y%*Μ) + (z%*Λ). Similarly calculated weighted 
HIV incidence averages were used for years 2010, 2011 
and 2012. By assuming the same rate of change in risk 
from 2009 through 2013 and the same HIV incidence 
by risk stratum, future HIV incidence in 2017 through 
2020 was estimated for MSM who began as high-risk 
in 2016 (PrEP programme year-1). After year-5 in 2020, 
future annual HIV incidence was interpolated using a 
constant rate of reduction until it reached Λ, and sub-
sequently kept at  Λ  until age 75 years, after which 
risk of HIV acquisition was assumed to be zero. This 
approach created a declining HIV incidence over time. 
A slightly higher number remained susceptible in the 
PrEP group due to their PrEP protection during the first 
year. Therefore, over the subsequent lifetime to age 75 
years, the absolute number of HIV infections each year 
was slightly greater in the PrEP group compared with 
the non-PrEP group (Figure 2).

Economic evaluation
A national guide for technology appraisals was fol-
lowed [7]. PrEP users were assumed not to require HIV 
post-exposure prophylaxis following sexual exposure 
(PEPSE). Lifetime HIV infection care cost (excluding 
ARV costs) were stratified by CD4+ status at diagno-
sis [7,17]. HIV surveillance data were used to estimate 
average time to diagnosis once infected, CD4+ count at 
diagnosis, and rate of CD4+ recovery upon ARV com-
mencement [18] (see also supplementary material [12]). 
Prompt initiation of ARV treatment following diagnosis 
was assumed [19].

Table 2
Population size and HIV incidence in men having sex with men (MSM), England, 2012

HIV-negative MSM by risk stratum MSM numbersa Annual HIV incidence, per 100 
person-years (95% CI)

Annual HIV 
infectionsa

a. HIV incidence in GUM clinic attendees (directly estimatedb)
High-risk – GUM clinic attendees with bacterial STI in previous year and/
or at first attendance of year 17,400 3.3 (2.8–4.9)c 570d

Medium-risk – GUM clinic attendees with no recorded bacterial STI in 
previous year or at first attendance of year 68,100 1.5 (1.3–1.8)c 1,020d

b. Overall HIV incidence, England
PHE back-calculatione 2,790
c. HIV incidence in non-GUM clinic attendees (indirectly estimatedf)
Low-risk – HIV-negative non-GUM clinic attendees 395,000 0.3 1,200

CI: confidence interval; GUM: genitourinary medicine; ONS: Office for National Statistics; MPES: multi-parameter evidence synthesis; Natsal: 
National Survey on Sexual Attitudes and Lifestyles; PHE: Public Health England; STI: sexually transmitted infection.

a Numbers rounded to three significant figures or nearest 10.
b Estimated using 2013 Genitourinary Medicine Clinical Activity Dataset – GUMCAD [11].
c As observed in re-attending sub-group.
d Applying observed incidence to whole group and rounded to three significant figures or nearest 10.
e Year 2012 estimated numbers, using methodology as described in Birrell et al., 2013 [30].
f Estimated 1,200 annual infections calculated by deducting number of infections among GUM clinic attendees (high-risk and medium-risk; 

1,595) from overall annual HIV incidence (2,790) [30]. Low-risk population size of 395,000 (i.e. non-GUM attending MSM) estimated using 
a combination of MPES (England and Wales, aged 15–44 years), ONS (England and Wales population estimates for mid-2012), and Natsal-3 
(proportion of MSM by age group), to obtain an estimate of the non-GUM attending MSM population in England for ages 15–74 years 
[1,15,16]. HIV incidence in this low-risk group (1,200 annual infections per 395,000 population) rounded to 0.3 per 100 person-years.
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Drug treatment costs used average 2013–15 NHS 
England ARV cost [20]. Future costs and QALYs were 
discounted annually by 3.5% and adjusted to 2014/15 
GBP values (EUR values presented in parentheses, 
using year end 31 December 2015 historical exchange 
rates of GBP 1 equals EUR 1.3605) [7,21]. Economic 
parameters are presented in Table 1.

Model outputs included number of new HIV infections 
and the ICER, as cost per QALY gained, of PrEP com-
pared with no PrEP. Budget impact analyses were pre-
sented in present 2014/15 values and included value 
added tax (VAT: + 20%) on PrEP drug costs [7]. PrEP 
service investment time to break-even was calculated 
as the years to when the cumulative savings from HIV 
infections averted in year-1 began to exceed PrEP costs 
in year-1.

Risk compensation
Published evidence suggests increased frequency 
of condomless anal sex subsequent to PrEP use and 
increased STI diagnoses [2,22]. Risk compensation 
would also lead to an increase in HIV exposure. With 
PrEP scale-up, adherence may reduce and thereby 
increase HIV transmission. To explore risk compensa-
tion, an arbitrary increase of HIV incidence by 20% in 
those given PrEP was assumed in the principal scenar-
ios. At 64% PrEP effectiveness, for example, annual HIV 
incidence is (100% – 64%) * Η = 36% * Η, where, Η = HIV 
incidence in high-risk MSM. If  Η  is increased by 20% 
due to risk compensation, then annual HIV incidence 
becomes (100 – 64%)*(100% + 20%) *Η = 43.2% * Η.

Sensitivity analyses
Sensitivity analyses explored plausible ranges of key 
parameter values (Table 1). Univariate sensitivity analy-
ses were based on cautious choices considered more 
plausible with substantial scale-up. The scenario with 
64% PrEP effectiveness and risk compensation was the 
preferred benchmark and corresponding ICERs were 
plotted on a tornado diagram.

Multivariate sensitivity analyses were conducted to 
illustrate the margin of certainty around whether or 
not PrEP would remain cost-effective, at different PrEP 
effectiveness level (Figure 3). Due to the nature of the 
uncertainties, full probabilistic sensitivity analysis was 
not possible.

Results
An estimated 466,000 HIV-negative MSM aged between 
15 to 75 years-old live in England in 2012, 85,500 (23%) 
of whom attended GUM clinics during that year. A fifth 
of the 85,500 (17,400 MSM) had a documented bacte-
rial STI diagnosis i.e. proxy for high risk. Over time, 
GUMCAD data have shown an increase in the number 
of HIV-negative MSM GUM attendees, as well as the 
subset diagnosed with bacterial STI. Thus, the 5,000 
person-years PrEP covered 29% of the GUMCAD identi-
fied high-risk cohort (who may not represent all high-
risk MSM as not all attended GUM clinics [23]), 6% of all 

HIV-negative MSM GUM attendees, and just 1% of the 
estimated HIV-negative MSM population in England.

The HIV incidence observed in the high-risk PrEP-
eligible stratum was 3.3 per 100 person-years (95% 
CI: 2.8–4.9 per 100 person-years), and 1.5 per 100 
person-years (95% CI: 1.3–1.8 per 100 person-years) in 
the medium-risk stratum. In the low-risk MSM stratum 
the indirectly estimated HIV incidence was 0.3 per 100 
person-years (Table 2). The HIV incidence estimates 
showed that GUM attending MSM had higher HIV risk 
than non-GUM attending MSM.

Of the 11,742 MSM without diagnosed HIV and with 
a recent bacterial STI (proxy for high HIV risk), who 
attended clinic in 2009 (the first of a five year, 2009–
2013, longitudinal analysis), only 26% were categorised 
as high-risk in 2010. This decrease in the proportion of 
the initial 2009 attendees categorised as high-risk in 
subsequent years continued through 2011, 2012 and 
2013, to 10%, 7% and 5% (see supplementary material 
[12]). Consequently, there was a large reduction in the 
weighted average annual HIV incidence for year-2 to 
year-5 (Figure 2). Interpolating the declining risk behav-
iour in the cohort and subsequent HIV acquisition for-
ward, the annual HIV incidence reached the lower risk 
tier of 0.3 per 100 person-years annually by year-9, 
after which it was kept constant until age 75 years.

Combining the weighted average annual HIV incidence 
for MSM and the age distribution of MSM clinic attend-
ees in 2013 and 2014, the estimated lifetime HIV inci-
dence to age 75 years in an MSM clinic attendee who 
began year-1 at high-risk, was 16.96%.

Applying a 20% HIV incidence increase to those given 
PrEP in year-1, as a risk compensation adjustment, the 
estimated cumulative HIV incidence to age 75 years 
was reduced from 16.96% (no PrEP) to 15.4% at 64% 
PrEP effectiveness, while at 86% effectiveness, it fell 
to 14.6%.

After the year-1 high-risk period, HIV incidence reduced 
to 1.35 per 100 person-years and PrEP was no longer 
indicated. Moreover, a small fraction of those who were 
protected by PrEP during the first year became infected 
later in life. The contribution of PrEP, given only dur-
ing the year-1 high-risk period, to reducing lifetime HIV 
risk was modest, impacting on close to 20% of lifetime 
risk, because of the relatively short period that MSM 
remained at high risk (see supplementary material 
[12]).

Economic evaluation
Without PrEP in year-1, an estimated 848 HIV infections 
occurred, producing future discounted HIV care costs of 
GBP 84.3 million (EUR 115 million), and a loss of 1,830 
QALYs (discounted). Almost half of these infections 
occurred within the first 10 years (see supplementary 
material [12]).
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Assuming daily PrEP at 86% effectiveness (with risk 
compensation), an estimated 730 lifetime HIV infec-
tions occurred. Year-1 PrEP cost (drug and GUM clinic) of 
GBP 22.5 million (EUR 30.7 million) prevented GBP 24.1 
million (EUR 32.9 million) HIV care costs (discounted) 
and GBP 256,000 (EUR 348,000) PEPSE-related costs, 
saved 361 QALYs (discounted), and over a lifetime was 
cost-saving (i.e. ICER is negative), compared with no 
PrEP. Delivering PrEP to 5,000 high-risk MSM resulted 
in 137 less year-1 HIV infections. However, 19 of these 
137 acquired HIV while at medium- or low-risk later 
in life, reducing the total infections prevented to 118. 
Nevertheless, these 19 infections were delayed with 
corresponding reductions in costs and QALY losses.

At 64% PrEP effectiveness (with risk compensation), 
the lifetime HIV infections were 767. Year-1 PrEP service 
cost of GBP 22.5 million (EUR 30.7 million) prevented 
GBP 16.5 million (EUR 22.4 million) HIV care costs 
(discounted) and GBP 256,000 (EUR 348,000) PEPSE-
related costs, and saved 247 QALYs (discounted). 
Under this scenario, the ICER increased to + GBP 23,500 
(EUR 31,900), just above the current cost-effectiveness 
threshold for England [7]. The reduced effectiveness 
gave 94 less year-1 HIV infections, although 13 of the 
94 acquired HIV in later years.

The ICER was very sensitive to assumptions about HIV 
incidence in the PrEP eligible group, PrEP effectiveness 
when scaled-up, PrEP drug costs, and future reduc-
tions in the cost of ARV treatment (Figure 4).

PrEP was much less cost-effective if HIV incidence was 
2 per 100 person-years (the estimated overall HIV inci-
dence in MSM GUM clinic attendees), or if PrEP effec-
tiveness dropped to 44%. Similarly, albeit to a lesser 
extent, reduced future treatment costs produced a less 
favourable ICER for PrEP. However, a more favourable 
ICER resulted through reducing PrEP drug costs, either 
through price reduction or reduced dosing frequency 
from daily to event-based.

If, under scale-up, PrEP stayed 86% effective with 20% 
HIV risk increase (risk compensation adjustment), then 
for most parameter combinations a PrEP policy stays 
cost-effective, unless the eligible group HIV incidence 
was 2 per 100 person-years or less (Figure 3). If, how-
ever, effectiveness was 64% with the same degree of 
risk compensation, then a PrEP service will only be 
cost-effective if year-1 incidence is over 3.3 per 100 
person-years and there is no change in future HIV treat-
ment costs (i.e. ignoring availability for treatment of 
generic ARVs by 2019, see notes for Table 1), or if PrEP 
drug cost is reduced.

Budgetary implications
In a single year, a PrEP service of 5,000 person years 
cost GBP 26.9 million (EUR 36.6 million), at current 
British National Formulary (BNF) list price (inclusive 
of 20% VAT). As HIV care costs accrued over time, it 
took many years before investment in the first year 

was recovered. At 86% PrEP effectiveness, it took 23 
years of cumulative savings from HIV care cost averted 
for the year-1 investment to break even and 33 years 
if PrEP was only 64% effective, both assuming risk 
compensation.

If there was a substantial reduction in PrEP drug price 
(e.g. by 90%), the budget to cover 5,000 person years 
became GBP 3.48 million (EUR 4.73 million). Break-
even of year-1 investment happened by the fifth year 
at 86% effectiveness or by the sixth year at 64% effec-
tiveness, again assuming risk compensation.

Time to break-even of the initial year of PrEP was 
extended should future HIV treatment costs reduce. At 
current BNF list price, a 30% reduction in future ARV 
treatment costs from 2019 onwards increased the time 
to break-even of the one-year investment in PrEP in 
2016 to 38 years, assuming 64% PrEP effectiveness 
with risk compensation.

Discussion 
Oral PrEP given to MSM at high HIV risk, assuming good 
adherence and correspondingly high clinical effective-
ness, was potentially cost-effective in England. The 
ICERs, however, were very sensitive to key parameters 
such as the risk of HIV for PrEP recipients and adher-
ence (effectiveness). When PrEP is scaled-up to ser-
vice provision level there is doubt that the values for 
these parameters observed in clinical trial settings will 
apply. Moreover, at the current BNF price the budgetary 
impact of a modest annual programme of 5,000 PrEP 
person years was considerable.

The cost-effectiveness of PrEP scale-up depends first 
on reaching those at high risk of HIV, who need to 
be identified, offered and to accept PrEP; if many at 
medium-risk take PrEP, HIV incidence in those taking 
PrEP will be overestimated. Second, PrEP adherence 
may be lower with scale-up than in smaller clinical tri-
als; results from ‘real-world’ effectiveness trials, which 
generally recruit committed early adopters who may 
be at exceptionally high-risk, may not be repeated in 
programmes for all at high-risk [24]. Third, there is 
uncertainty about whether or not condomless anal 
intercourse frequency will increase in those given PrEP 
(risk compensation), leading to more exposures and 
increased HIV in those with poor PrEP adherence as 
well as increased bacterial STIs and hepatitis C, thus 
blunting PrEP benefit; so far a possible HIV incidence 
increase mediated through diminished adherence 
during scale-up has not been observed, but there is 
emerging evidence suggesting risk compensation and 
bacterial STI increase in those on PrEP [25]. Sensitivity 
analyses of plausible combinations of these factors 
did not give a high degree of certainty that the ICER 
for PrEP would be below GBP 20,000 (EUR 27,210) 
per QALY gained [7]. Moreover, despite differences 
in model structure and input assumptions that were 
appropriate for England, these findings were broadly 
in agreement with economic evaluations from other 
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high income countries [26-29], which found ICERs to 
be highly dependent on HIV incidence, costs of the 
PrEP drug and adherence-related effectiveness. This 
analysis highlights critical considerations for PrEP 
implementation in other European countries, even if 
their HIV epidemic is different, as the problems arising 
around implementation, financial considerations, and 
programme sustainability are common.

A key strength of this study was the use of empirical 
data on many thousands of MSM attending GUM clinics 
in England over a contemporary period to measure HIV 
incidence and risk turnover. A critical assumption was 
that future HIV incidence in MSM GUM clinic attendees 
will replicate that observed between 2009 and 2013, 
and further consequences of any recent changes in 
sexual behaviour were not captured. However, it was 
reasonable to extrapolate forward current HIV inci-
dence estimates given the scale and timeliness of the 
source GUMCAD data and the recent back-calculation 
estimates that showed no change in overall HIV inci-
dence in MSM [1,30].

A major limitation of our analysis was the use of a 
static decision analysis approach instead of a dynamic 
transmission model, as it did not quantify the benefit 
of PrEP on the wider HIV epidemic in England, includ-
ing the benefits for those not given PrEP. Therefore, 
there was an underestimation of the total benefit. 
Nevertheless, since our cohort of 5,000 MSM was very 
small (1%) compared with the overall HIV-negative 
MSM population in England, and modest compared 
with the higher risk group of GUM attendees (29%), the 
likely indirect impact of the PrEP programme would be 
limited. Recently, Nichols et al. quantified this indirect 
effect of a similarly modest PrEP intervention (average 
4,500 MSM annually) delivered to a Dutch MSM popula-
tion using a dynamic model and showed only a 13–16% 
change in the ICER when indirect effects were included 
[26]. Therefore, with a modest programme, the majority 
of benefits fall on those given PrEP. Should a very large 
PrEP programme be implemented, the long-term indi-
rect effects would increase in dominance and a static 
modelling approach would be inappropriate.

In conclusion, whether or not PrEP drug is priced at a 
level that guarantees favourable cost effectiveness, 
reduced budgetary impact, and a shorter return on 
investment period, the analysis highlights other ques-
tions about PrEP scale-up that directly affect the finan-
cial considerations and the sustainability of any future 
programme. When proposed high-risk eligibility crite-
ria are implemented, who and how many will access 
and take up PrEP? Will PrEP be taken up by those in 
whom PrEP is clinically recommended? What will be 
their level of adherence? What will be the effectiveness 
of regular clinical risk assessment at assuring that only 
those at continuing high-risk stay on PrEP to maintain 
cost-effectiveness and equitable access based on clini-
cal need? These questions should be answered before 
embarking on a long-term PrEP-based intervention. A 

further clinical trial is proposed as a means to do this 
[31].
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The ECDC held an expert meeting in Stockholm on 
27–28 April 2016 to discuss practical considerations 
for pre-exposure prophylaxis (PrEP) implementation in 
Europe. The meeting focused on four key areas: (i) eli-
gibility criteria for PrEP in Europe; (ii) appropriate mod-
els of service delivery; (iii) cost-effectiveness of PrEP, 
and (iv) routine monitoring of people on PrEP.

PrEP is the regular use of an antiretroviral medication 
by people who are uninfected to prevent the acquisi-
tion of HIV infection. Currently Emtricitabine/Tenofovir 
Disoproxil Fumarate (TDF/FTC) or tenofovir alone is 
used. Since 2010, the efficacy of oral PrEP has been 
shown in four randomised controlled trials [1-4]. In 
2015, the World Health Organization (WHO) recom-
mended that PrEP should be offered as an additional 
prevention option for people at substantial risk of HIV 
infection as part of combination prevention approaches 
[5].

In the European Union/European Economic Area (EU/
EEA), men who have sex with men (MSM) are dispro-
portionately affected by human immunodeficiency 
virus (HIV) and other sexually transmitted infections 
(STI) [6,7]. Consequently, strengthening efforts to 
reduce the incidence of HIV and STI among MSM is a 
priority for the European Centre for Disease Prevention 
and Control (ECDC), which recently published compre-
hensive guidance on HIV and STI prevention among 
MSM [8] and an opinion encouraging countries to con-
sider integrating PrEP into their existing HIV prevention 
packages for those most at-risk of HIV infection, start-
ing with MSM.

Eligibility criteria for pre-exposure 
prophylaxis in Europe
Elske Hoornenborg from the AMPrEP project in 
Amsterdam, the Netherlands, provided an overview 
of eligibility criteria for PrEP. Review of PrEP studies, 
demonstration projects and existing guidelines show 

that eligibility criteria are very similar. WHO guide-
lines recommend PrEP for population groups with HIV 
incidence > 3%; United States (US) Centers for Disease 
Control and Prevention guidelines recommend PrEP 
for MSM at substantial risk of HIV, and European AIDS 
Clinical Society (EACS) guidelines recommend PrEP for 
MSM or transgender people with inconsistent condom 
use with casual partners or an HIV positive partner not 
on treatment, with recent STI or use of post-exposure 
prophylaxis (PEP) [5,9,10].

Key issues emerging from the presentation and follow-
ing discussion include:

• Eligibility criteria may need to be adapted to reflect 
the epidemiological context, since population 
groups at high risk of HIV differ between countries 
in Europe. MSM at high risk for HIV acquisition are 
a key group for which PrEP is being considered in 
many EU/EEA countries.

• The need (i.e. those at high risk of HIV) and demand 
(i.e. those coming forward for PrEP or accepting if 
offered) of PrEP should be considered separately 
when formulating eligibility criteria.

• Eligibility criteria should ensure that PrEP use max-
imises public health benefit and cost- effectiveness.

• Some country representatives expressed concerns 
about people who do not meet eligibility criteria 
but are still obtaining PrEP. However, the evidence 
to-date suggests that most MSM seeking PrEP self-
select, i.e. they are at high risk of HIV.

Appropriate models of service delivery
Sheena McCormack, from University College London 
(UCL), United Kingdom (UK), presented an overview of 
options for delivering PrEP, including delivery in clinic-
based services, community-based services, by HIV 
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specialists, primary care physicians, peers and online. 
She pointed out that whichever model is chosen, con-
sideration must be given to suitable systems for pur-
chasing drugs, additional resource requirements and 
how best to integrate PrEP into existing services. 
Integrating PrEP should be relatively straightforward 
for countries with services offering HIV and STI diagno-
sis and treatment and PEP, as PrEP is relatively simple 
to prescribe as there are limited drug choices and few 
side effects or drug interactions.

Key issues emerging from the presentation and follow-
ing discussion include:

• Feasible options will depend on the country context 
and the way in which the health system is organ-
ised. In some countries, primary care physicians 
provide HIV and STI treatment and care and could 
deliver PrEP, but, in others, HIV care and follow up 
is provided by HIV or infectious diseases specialists.

• Given differences in country contexts, it is not fea-
sible to make Europe-wide recommendations. Each 
country will need to consider where HIV/STI test-
ing and treatment are best delivered. However, 
European guidance on general principles and mini-
mum standards, e.g. for safe prescribing, quality of 
care and monitoring, and maximising the benefits of 
PrEP as a prevention tool, would be helpful.

• Encouraging people who are at risk but who are HIV 
negative to engage with health services is critical, 
and MSM-friendly services can facilitate this.

• Community-based services should have appropriate 
referral links and pathways in place to ensure that 
people on PrEP receive follow-up care and routine 
monitoring. Specific concerns about online delivery 
of PrEP include how to promote adherence and pro-
vide follow-up care, as well as how to ensure that 
people are purchasing genuine drugs and reduce the 
risks associated with stock outs of drugs.

Cost and cost-effectiveness of PrEP
Valentina Cambiano (UCL) and Nigel Field (UCL and 
Public Health England, UK) presented work on the cost-
effectiveness of PrEP among MSM in the UK, using two 
different models, and the work by Brooke Nichols and 
colleagues (Erasmus Medical Center, Rotterdam) in the 
Netherlands.

Available evidence suggests that significant reduc-
tions in drug prices will be needed for PrEP to be con-
sidered cost-effective (now) if the time horizon under 
consideration is only short-medium term. However, 
each infection averted now is averting health service 
antiretroviral therapy costs for many decades to come 
and so it is appropriate to consider a long-term time 
scale (e.g. 80 years). Based on the modelling con-
ducted by Cambiano and colleagues and by Nichols and 
colleagues, PrEP is likely to prove to be cost effective, 

although in the Netherlands only if PrEP is taken on 
demand considering a long time horizon. Presenters 
pointed out that making the public health case for an 
intervention such as PrEP, which has a substantial 
short-term budget impact but potential for substantial 
longer-term savings in cost and public health benefit, 
is challenging.

Key issues emerging from the presentation and follow-
ing discussion include:

• Demonstrating the impact of PrEP on new HIV infec-
tions outside of clinical trials will be critical. Positive 
results from France, where PrEP is currently imple-
mented, and from demonstration projects showing 
a reduction in new infections will be important evi-
dence to aid decision makers considering PrEP.

• As individual countries might need to conduct their 
own cost-effectiveness studies, some guidance to 
standardise these cost-effectiveness studies would 
be useful. Some participants in the meeting were 
doubtful whether the cost-effectiveness arguments 
would be of value in convincing policymakers, as 
decisions are more strongly influenced by the short-
term budget impact.

• The cost of the drugs is the key barrier to free pro-
vision of PrEP by public health services. Costs are 
expected to drop once generic drugs become avail-
able in Europe.

Monitoring of people on PrEP
The key points related to routine clinical and public 
health monitoring of people on PrEP such as adher-
ence, drug resistance and regular STI screening were 
covered in three presentations.

Pep Coll (Barcelona Checkpoint, Spain) provided an 
overview of the evidence about adherence to PrEP. 
Studies have shown that PrEP is efficacious if it is taken 
as prescribed (in the range of 90%). Ensuring adher-
ence to the dosing regimen is crucial whether PrEP is 
taken daily or on demand. The barriers to adherence 
include stigma, lack of community acceptance of PrEP, 
the need to conceal PrEP use, chemsex, mental health 
problems, social factors, and mobility.

Robert Grant (University of California, San Francisco, 
US) discussed the issue of drug resistance in the context 
of PrEP. Concerns have been raised that generalised or 
inappropriate PrEP use could result in the development 
and transmission of drug-resistant strains of HIV. Drug 
resistance during PrEP use and PrEP trials has been 
low. A systematic review of drug resistance in PrEP tri-
als found that there were five cases of incident drug 
resistance in 9,222 people in the active PrEP arms, i.e. 
the overall risk of resistance was 0.5%. The risk of drug 
resistance is higher in people with acute HIV infection 
when they start PrEP, i.e. in the window period, but is 
low in those who seroconvert while taking PrEP. There 
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is a case report of oral FTC/TDF PrEP failure to prevent 
HIV infection despite good adherence. This was a very 
particular case involving the acquisition of an exten-
sively resistant virus mutated strain. One strategy to 
mitigate the risk of drug resistance could be the use of 
more sensitive assays to detect acute HIV infection in 
the window period.

In her second talk, Sheena McCormack discussed the 
impact on other STIs following the introduction of 
PrEP. Both overall European Union/European Economic 
Area (EU/EEA) and UK data show that bacterial STIs 
were increasing among MSM before PrEP, particularly 
among high risk MSM. Data from the UK PROUD study, 
which was conducted among HIV-negative MSM with a 
high burden of self-reported STI, show that there was 
no difference in the proportion with an STI between 
those on PrEP and those not on PrEP after 12 months, 
with both groups followed up for HIV and STI every 3 
months. The incidence of STIs among MSM is increas-
ing and is likely to continue to increase in Europe with 
or without PrEP. PrEP can contribute positively to STI 
control by increasing regular asymptomatic screening, 
prompt treatment and partner notification, at the same 
time as providing support to MSM who want to reduce 
risk behaviour.

Key issues emerging from the presentations and fol-
lowing discussions include:

• Lack of access to PrEP through health services will 
contribute to adherence problems, because if users 
are purchasing PrEP online they might not receive 
quality products, or find it hard to continue to pay or 
the supplies will not be reliable.

• The rise in practicing condomless sex resulting 
in greater exposure to STIs by those on PrEP is of 
concern to some stakeholders. In particular there 
are concerns that widespread PrEP use could lead 
to an increase in the incidence of MDR gonorrhoea, 
although this has not been seen in the US or in 
France so far. In France, rates of gonorrhoea among 
PrEP users have actually dropped even though rates 
of testing have increased in this risk group. In the 
UK, data from the PROUD study indicates that there 
is still a good level of condom use in this risk group.

• Clear evidence and messages to various stakehold-
ers (policymakers, public health experts, clinicians, 
community representatives, etc.) about PrEP and 
STIs (e.g. that STI rates are already high in those 
MSM who would benefit most from PrEP, or that 
rates of STI are increasing with or without PrEP) will 
be critical. However, an additional increase in STIs is 
still likely (as was the case historically with similar 
major developments such as the introduction of oral 
contraceptives) and the health services need to plan 
for this eventuality.

• PrEP should be provided as part of a comprehensive 
package which will also allow for earlier diagnosis 
and linkage to care of STIs and for other interven-
tions that may reduce the incidence of STIs.

• Surveillance systems should be adapted in order to 
monitor the use of PrEP, including use outside public 
health systems, and PrEP failures to ensure suitable 
measures are carried out to maximise the effective-
ness of this prevention strategy.

Conclusions
PrEP should not be considered in isolation but as an 
additional option for people at substantial risk of HIV 
infection as one element of a combination prevention 
approach. There may be several models of service pro-
vision that may deliver PrEP effectively to those popu-
lation groups at highest risk of HIV and the final choice 
will be determined by the specificities and organisa-
tion of countries’ health services. The current cost of 
PrEP remains the main obstacle for implementation 
in the European setting. The second main obstacle is 
the potential impact of PrEP on risk behaviour by an 
already high risk population. However, a well-planned 
PrEP service will make good use of the need for PrEP 
users to attend regular check-ups ensuring prompt 
diagnosis, treatment and the offer of partner notifi-
cation, while providing specific support to MSM who 
want to reduce their risk behaviour. Meeting partici-
pants identified a number of priority activities that that 
could be considered to support policy and implemen-
tation of PrEP in the EU/EEA, including: updating the 
current ECDC evidence-based guidance on HIV and STI 
prevention among MSM to include the new evidence 
on PrEP implementation; developing a model/tool to 
support comparable national cost-effectiveness stud-
ies; working with Member States to identify minimum 
standards and principles for service delivery; explor-
ing the possibility of using national surveillance data 
to estimate the number of people in need of PrEP; iden-
tify standard indicators to monitor PrEP and explore 
the potential to use European HIV cohorts to monitor 
PrEP use and impact.
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